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Codeine and its Alternates for Pain 
and Cough Relief 

1. Codeine, Exclusive of its Antitussive Action 

This report-the first of a series on codeine and its alternates for pain and cough relief

presents a detailed evaluation of experimental and clinical data concerning the analgesic 

action of codeine (the antitussive action will be assessed separately). The authors discuss 

the pharmacology of the drug, including side-effects and toxicity; effects on the respiratory, 

circulatory, digestive and urinary systems; tolerance, dependence and liability to abuse; 

metabolic effects; and mechanism of action. 

Though codeine is generally more toxic than morphine to animals on account of its 

convulsant action, it is less toxic to man, possibly because it produces less respiratory 

depression. Again, tolerance to its analgesic effects has been demonstrated in several animal 

species, but dependence in man is observed far less frequently than it is with morphine, and 

the abstinence syndrome is less intense. From their extensive review of the evidence 

available, the authors conclude that codeine is a good analgesic and that little risk to 
public health is likely to arise from its clinical use to relieve pain. 
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Codeine, C1sH210aN, the methyl ether of mor
phine, was first isolated in 1832 by Robiquet 
(1832, 1833), who found it as an impurity accom
panying morphine which had been extracted from 
opium. Gerhardt (1842, 1843) was the first to 
obtain analytical values corresponding to the true 
empirical formula, but the character of the alka-
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loid as the methyl ether of morphine was not 
established until 1881 (Grimaux, 1881), although 
speculation to this effect had appeared earlier 
(Matthiesson & Wright, 1870; Wright, 1872). 
Codeine is found in opium in much smaller 
amount than morphine, usually between 0.2% and 
0.8 %. It has not been reported as appearing in 
any plant other than the poppy and has been 
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found in only two species of Papaveraceae. It is 
the second alkaloid to appear in the young plant, 
being detectable about 30 days after the seed 
has sprouted. According to Rapport, Stermitz & 
Baker (1960), the sequence in biosynthesis, con
firmed by feeding experiments with radioactive 
material, is thebaine to codeine to morphine. 
Poppy seeds do not contain codeine (Kerbosch, 
1910). 

The first therapeutic trials of codeine were re
ported in 1834. Barbier (1834), having given doses 
of one or two grains orally, noted the occurrence 
of slc~p without a feeling of heaviness, pain relief 
in some cases and euphoria on one occasion; Mar
tin (1834) reported improvement in tubercular 
cough after only one quarter of a grain of codeine 
orally; and Gregory (1834) of Edinburgh seems to 
have performed the first clinical pharmacological 
experiment with codeine. He gave it as the citrate 
to some of his students and said that three grains 
orally had no effect, but that six grains caused 
acceleration of the pulse, a feeling of warmth 
about the head and an exhilaration of the spirit. 
There was also generalized itching, and later de
pression, nausea and vomiting. Robiquet (1834), 
who placed great importance on the role of co
deine in the action of opium, was surprised that 
Gregory saw so little effect and attributed this to 
the use of a salt instead of the free base. Gregory 
may have used a very impure sample of codeine 
or, not too unlikely at that time, his students may 
have been using opium, so that this was a very 
early record of cross-tolerance. Probably for simi
lar reasons, Garrod •(1864) also failed to obtain an 
analgesic effect even with doses of five grains of 
codeine. Later, when effects with codeine were 
obtained, there was a very general belief that these 
were due to the presence of morphine as a con
taminant, hence the weak and variable action (cf. 
the current suggestion (Adler, 1962, 1963 ; San
filippo, 1953b; Johannesson & Schou, 1963), 
supported in part by the studies of metabolites, 
that codeine acts mainly through the morphine 
produced by demethylation in vivo). However, 
Moore (1874) insisted that codeine acted inde
pendently in its own right. Other early accounts 
of a hypnotic effect and of the clinical usefulness 
of codeine were published by Krebel (1856) and 
Aran (1862). 

From these early beginnings the popularity of 
codeine as a therapeutic agent grew slowly 
through the remainder of the 19th century, but at 

an increasing rate as time went on. In 1928, in the 
USA alone, the consumption of codeine amounted 
to 3844 kg (US Treasury Department, Bureau of 
Narcotics, 1928). In 1934, the first year for which 
figures are available, world manufacture of co
deine totalled 17 tons (Permanent Central Opium 
Board, 1948); in 1947, 42 tons (Permanent Central 
Opium Board, 1949); in 1953, 67 tons; and in 
1963, 118 tons (Permanent Central Opium Board, 
1964). In the USA, with a population increase 
of about 50% from 1928 to 1963, codeine con
sumption increased almost fivefold, to 18 877 kg. 
Initially, of course, codeine was derived from 
opium, but, as therapeutic needs increased, it was 
obtained more and more by conversion of mor
phine. Of the reported world manufacture of 
morphine, 65% was converted to codeine in 1934, 
80% in 1948, and slightly more than 90% in 1963. 

A United States Pharmacopeia and National 
Formulary survey of 10 000 prescriptions in 1931-
32 revealed that codeine was an ingredient in just 
under 900 of them. In 1940, at a meeting of the 
American Pharmaceutical Association in Rich
mond, Va., M. J. Andrews reported that another 
survey, covering 19 000 prescriptions, listed co
deine as an ingredient in 2190 per 10 000. This 
later survey covered the states of Maryland, Penn
sylvania, Ohio, Virginia, West Virginia and the 
District of Columbia. In later tabulations the fre
quency of codeine-containing prescriptions was 
lower, but such prescriptions still appeared well up 
on the list of popular remedies (FDC Reports, 
1965), and today codeine continues to be one of 
the drugs most often used in medical practice. 
Currently, 60-75% of the codeine used in the USA 
is in analgesic medication and only about 25% 
in cough mixtures (estimate of the US Bureau of 
Narcotics), but 25% is almost 5000 kg, or more 
than 70 000 000 fluid ounces of cough syrup. 

There has been a levelling-off trend in the world 
consumption of codeine in recent years (Perma
nent Central Opium Board, 1964), but the con
sumption remains high-a fact that is the more 
remarkable in view of the great effort which has 
been made to find a worthy substitute and the 
many candidates to that end which have appeared. 
Apparently the use of other agents has increased 
total analgesic and antitussive medication and, at 
most, has only offset the increased codeine con
sumption which would have been expected as a 
result of increasing world population and the 
broadening of medical coverage. And, again, in 
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the USA, despite the introduction of newer agents, 
the growth rate for the use of codeine preparations 
continues to increase : in the years 1963 to 1965, 
inclusive, it amounted to 15.7%. 

Small & Lutz (1932) reviewed the chemistry 
and Krueger, Eddy & Sumwalt (1943) the phar
macology of the opium alkaloids. Both reviews, 
of course, included codeine and its derivatives, but 
both, unfortunately, have long been out of print. 
Besides, the section on the pharmacology of co
deine was mainly a summary or tabulation of 
what was found in the literature. Reynolds 
& Randall (1957) have written a supplementary 
review of the opium alkaloids, including some of 
the newer derivatives and synthetic agents, but 
little space is given to codeine. The situation just 
outlined would seem to warrant a comprehensive 
review, attempting to arrive as clearly as possible 
at the present status of codeine in terms of efficacy 
and safety and at that of the many substitutes for 
it which have been offered. 

The pain-relieving and cough-suppressing effects 
of codeine may be mutually supporting in some 
instances in therapeutic practice, but mostly the 
intent is to attain either relief of pain or relief of 
cough and the evidence indicates that the two 
effects may be arrived at independently. Efforts in 
the search for a codeine substitute have therefore 
been channelled towards studying analgesic poten
tial and antitussive potential separately, not de
manding--or, perhaps more accurately, expect
ing-both effects with the same agent, and always 
placing emphasis on safety and the avoidance of 
abuse liability. So, the best approach to the pro
posed review would seem to be : first, a description 
of codeine, exclusive of its antitussive action, cov
ering such aspects as analgesic action, side-action 
liability, toxicity, dependence properties and abuse 
liability, and other properties which may affect 
therapeutic action; secondly, a description under 
similar headings of the agents which have been 
offered as codeine-like analgesics; thirdly, a brief 
review of mechanism and methodology in the 
study of antitussive action, a discussion of the 
independence of antitussive and analgesic effects, 
and a description of the antitussive effectiveness of 
codeine ; and, finally, a description of the agents 
which have been offered as alternative or superior 
antitussives. 

Codeine has been in use for more than a cen
tury so that a complete review of its clinical litera
ture as analgesic or antitussive is out of the ques-

tion. We must also be selective with respect to 
pharmacological data, giving emphasis to more 
recent quantitative studies, but bearing in mind 
historical significance and pertinence to, or con
flict with, what appears to be the consensus to
day. We shall, however, try to cover fairly com
pletely the literature on the alternates. Presumably 
by 1870 codeine preparations of greater purity and 
uniformity became available because about then 
reports on its efficacy became more consistent and 
nearer to present-day evaluations. Bouchut (1872), 
for example, as the result of observations on chil
dren, 3-13 years of age, estimated the potency of 
codeine as one-third that of morphine. Brunton 
(1888) claimed that codeine was a powerful agent 
for the relief of abdominal pain, particularly so 
because the dose could be increased without 
causing drowsiness, interference with respiration 
or constipating action. The last might be a disad
vantage if diarrhoea accompanied the abdominal 
pain. Freund (1889), striving to check Brunton's 
claim, agreed with him on the relative freedom 
from drowsiness, constipation, etc., but found the 
drug ineffective in uterine pain, perhaps because 
of the smooth muscle cramping component of 
such pain. Freund said that codeine at a dose of 
30 mg was effective against pain of ovarian origin 
for long periods without need for increase in dose. 
Loewenmeyer (1890) confirmed Brunton's claim 
generally, but thought that the hypnotic power of 
codeine was greatly underestimated. 

About this time-the latter part of the 19th 
century-recognition of the dependence-producing 
properties of morphine was emerging and not a 
few reports appeared on its substitution by co
deine. This will be discussed in the section on 
dependence and abuse >liability, but references to 
Lindenberger (1885); Schmidt (1890); Kobler 
(1890); Gittermann (1891); Mann (1891); and 
Mattison (189la, 1891b) are pertinent here. Mat
tison (op. cit.) urged the use of codeine in place of 
morphine on the grounds that, in his opinion, 
there was less risk of a habit forming. He said 
that codeine had the advantages of not producing 
craving, not producing unpleasant gastric symp
toms and not requiring the dosage to be increased 
on long usage. Shortly afterwards, Mann (1891) 
endorsed Mattison's recommendation, saying that 
he had used codeine daily for more than 15 years 
to the entire exclusion of morphine and had never 
observed the formation of a codeine habit or 
needed to increase the dose. 
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The early clinical trials of codeine, and the early 
impressions of poor or irregular effectiveness, 
have been noted, as has the growing awareness in 
those days of its usefulness in place of morphine 
in many situations. However, nothing resembling 
quantitative comparison appeared until much 
later, largely, of course, because both adequate 
methodology and appreciation of the need for 
such a comparison were lacking at that time. We 
recognized the need and began to produce the 
methods when we thought, hopefully, that the 
therapeutic benefits of morphine might be ob
tained more safely. Only very recently have the 
dose-action and time-action relationships of paren
teral and oral doses, especially in the clinical situa
tion, been studied extensively. 

ANALGESIC ACTION 

Measurement of potency in animal experiments 

There have been a great many reports of at
tempts to assess the analgesic potency of codeine 
in animals; many of these reports are summarized 
in Table 1, where the results have been arranged 
according to the species used and the method of 
evaluation. It should be pointed out, however, 
that the latter, even though said to be " hot-plate " 
or " tail-flick ", for example, was not necessarily 
uniform in detail, and that methods of analysis of 
data were different, even when the experimental 
method was said to be the same. The procedure 
and the method of analysis, however, were the 
same when codeine and morphine doses, as a basis 
for relative potency, were reported by the same 
author. The table lists 65 comparisons of codeine 
with morphine by the subcutaneous route of ad
ministration. In one third of these the potency 
ratio was between 0.100 and 0.180 and in another 
third it was between 0.200 and 0.296. In ten 
instances codeine was said to be nearly half-or 
even just over half-as effective as morphine and 
in seven it was reported to be less than one-tenth 
as effective. When the drugs were given intra
peritoneally, the ratios were similar to those ob
tained with subcutaneous administration, whereas 
in five out of only nine comparisons of oral doses 
the ratio was 0.300 or more: In one trial of 
intracerebral injection in mice the ratio was only 
0.092, and the author (Adler, 1963) argued from 
this low relative potency of codeine that the drug 
acted only through the morphine liberated in vivo 
by 0-demethylation. The higher ratios of activity 

in the great majority of experiments with various 
other routes of administration hardly support this 
theory. It would appear from all the data on anal
gesic testing in animals that codeine for this para
meter may be considered one-fourth to one
seventh as effective as morphine. However, the 
ratio may not be the same at all dose levels 
Krueger (1955), analysing published data on anal
gesic effect by the tail-flick method in mice, de
monstrated a steeper dose-effect curve for codeine 
than for morphine. At lower doses morphine was 
eleven times more effective, but at doses which 
produced nearly complete analgesia in all animals 
it was only three times more effective than co
deine 

Assessment of analgesic effectiveness in man 

One of the first-perhaps the first-attempt to 
quantify the effect of codeine and other opium 
alkaloids on the pain threshold in man was de
scribed by Macht, Herman & Levy (1916). These 
investigators applied fine electrodes to four body
areas (hand, tongue, lip, nose), eliciting painful 
sensations by stimulation with induced current 
Expressed in electrical units the threshold of pain 
was elevated 80% in one subject (there were three 
subjects in the experiment) with 10 mg of mor
phine sulfate and 32% only with 20 mg of codeine 
phosphate. Both drugs were given subcutaneously. 
It was said that, in one subject, morphine in
creased sensitivity to pain and also that papaverine 
and narcotine raised the pain threshold, findings 
which cast some doubt on the procedure, but the 
result with morphine and codeine was in general 
agreement with experience. Macht, Johnson & 
Bollinger (1916) reported a little later that, with 
the same technique for producing painful sensa
tions, the threshold was raised slightly by the topi
cal application to the lip, tongue or back of the 
hand, for one to three minutes, of a 2% solution 
of morphine sulfate or a 5% solution of codeine 
phosphate, a result suggesting some local anaes
thetic action. There are, however, inconsistencies 
in this report too. 

Another early attempt at pain-threshold deter
mination and the effect of the opium alkaloids was 
reported by Heinroth (1926). He also used faradic 
stimulation, applying it to a tooth in six subjects 
and giving the drugs orally. A small decrease in 
sensitivity was obtained with 50 mg of codeine 
phosphate, but it was less than that obtained 
with 8 or 15 mg of morphine hydrochloride. 
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TABLE 1 

ANALGESIC TESTING IN ANIMALS: RELATIVE POTENCY OF CODEINE AND MORPHINE 
(MORPHINE= 1.00) a 

Effective dose a 
Procedure I Route of I (mg/kg) Potency Reference administration b ratio 

Codeine I Morphine 

Species : MOUSE 

Clamping of tail IV 25.3 Kissel, Albert & Boxill (1961) 

Clamping of tail se 24.7 7.0 0.283 Kissel, Albert & Boxill (1961) 

Clamping of tail 0 97.0 52.5 0.541 Kissel, Albert & Boxill (1961) 

Clamping of tail se 50.0 Ohshiro (1960) 

Clamping of tail se 62.0 15.0 0.242 Shapiro & Wilson (1964) 

Clamping of tail se 13.5 0.31 0.023 Shemano & Wendel (1964) 

Pressure on tail se 1.6 0.8 0.500 d Takagi et al. (1958) 

Pressure on tail se 25.0 4.0 0.160 Molitor & Latven (1937) 

Tail-flick, radiant heat IC 1.08 0.01 0.092 Adler (1963) 

Tail-flick, radiant heat IC 2.50 c 0.05 0.020 Adler (1964) 

Tail-flick, radiant heat se 30.0 6.0 0.200 Wirth (1952) 

Tail-flick, radiant heat se 25.0 Brossi et al. (1960); Besendorf et al (1962) 
Randall (1963) 

Tail-flick, radiant heat se 8.3 1.7 0.204 Haas et al. (1953) 

Tail-flick, radiant heat lP 14.5 Miller & Anderson (1954) 

Tail-flick, radiant heat se 5.2 2.4 0.461 Haas (1955) 

Tail-flick, radiant heat se 10.8 2.3 0.213 Friebel & Reichle (1956) 

Tail-flick, radiant heat 0 58.0 Piala, High & Burke (1965) 

Tail-flick, infra-red heat se 4.9 2.3 0.469 Kraushaar (1953) 

Tail withdrawal from 
immersion in hot water lP 20.0 4.59 0.229 Ben-Bassat, Peretz & Sulman (1959) 

Hot-plate se 14.0 e 2.1 0.150 Joshi & May (1965) 

Hot-plate se 7.5 e 1.17 0.160 Joshi & May (1965) 

Hot-plate se 76.0 21.0 0.276 van Proosdij-Hartzema (1958) 

Hot-plate se 24.3 12.5 0.514 Kugita et al. (1964) 

Hot-plate se 53.0 11.8 0.222 Janssen & Jageneau (1956); 
Janssen (1959) 

Hot-plate 0 22.0 Emele, Shanaman & Warren (1961) 

Hot-plate se 37.3 4.3 0.115 Weinstock (1961) 

Hot-plate lP 19.0 Berger et al. (1960) 

a Doses are as administered by the authors, rarely as base, usually as salt: phosphate or hydrochloride or, occasionally, 
sulfate of codeine; sulfate or hydrochloride of morphine. Unless otherwise noted, the dose is the EDso calculated by the author. The 
method of calculation varied but it was, of course, the same in each case for both drugs. These differences only very slightly 
affect the potency ratios, our major interest in this tabulation. 

b IV= intravenous; SC = subcutaneous; 0 = oral; IC = intracerebral; lP = intraperitoneal; IM = intramuscular. 
c Comparable effect at doses quoted; ED,. not calculated. 
<l Author said ratio of effectiveness varied with the degree of effect compared. For minimal effect the ratio was 0.413, for 

maximal effect, 0.708. 
e From the National Institutes of Health (USA). The higher figures, confirmed many times over a ten-year period, were 

obtained on Institute-raised "all-purpose" mice. In 1961 the strain was improved by changes in dietary and environmental con
ditions. The lower figures, now also confirmed repeatedly, were obtained on this improved strain. The relative potency for a wide 
variety of agents and for both parenteral and oral administration has remained the same. 
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TABLE 1 (continued) 

Effective dose b 

Procedure Route of (mg/kg) Potency Reference administration b ratio 
Codeine I Morphine 

Species: MOUSE (continued) 

Hot-plate se 18.0 2.2 0.122 Blumberg & Dayton (1959) 

Hot-plate se 75.0 Randall (1963) 

Hot-plate 0 43.2 e 3.90 0.090 N. B. Eddy (unpublished data) 

Hot-plate 0 19.2. 1.74 0.090 N. B. Eddy (unpublished data) 

Hot-plate se 50.0 D. K. de Jongh (personal communication, 
1957) 

Hot-plate 0 160.0 R. Cahen (personal communication, 1964) 

Hot-plate lP 40.0 R. Cahen (personal communication, 1964) 

Hot-plate se 57.of 7.5 0.131 Woolfe & Macdonald (1944) 

Hot-plate 0 66.0 Piala, High & Burke (1965) 

Hot-plate 0 200.0 Cahen & Boucherle (1961a) 

Hot-plate lP 30.0 c 10.0 0.333 Johannesson (1965) 

Hot-plate at 60"C .. , se 20.0 3.0 0.150 Takagi & Kameyama (1959) 

Hot-plate at 65"C se 50.0 c 12.0 0.240 Jacob & Blozovski (1959) 

Hot-plate at 70"C se 50.0-80.0 c 5.0-7.0 0.092 Karrer & Widmark (1951) 

Squeak, electric stimula-
lion of tail se 50-150 g 20-60 0.260 McKenzie & Beechey (1962) 

Squeak, electric stimula-
14.7 h tlon of tail lP 2.1 0.143 Nilsen (1961) 

Squeak, electric stimula-
lion of tail se 9.4 4.5 0.478 Haas et al. (1953) 

Squeak, electric stimula-
lion of tail se 2.95 2,29 0.776 Kraushaar (1953) 

Squeak, electric stimula-
lion of tail se 4.4 2.2 0.500 Haas (1955) 

Writhing, phenyl-
Emele, Shanaman & Warren (1961) quinone, lP se 10.0 

Writhing, phenyl-
quinone, lP se 4.8 Ohshiro (1960) 

Writhing, phenyl-
Kisser, Albert & Boxill (1961) quinone, lP se 3.0 

Writhing, phenyl-
Siegmund et al. (1957a, 1957b) quinone, lP se 6.4 1.15 0.180 

Writhing, phenyl-
R. Cahen (personal communication, 1964) quinone, lP 0 160.0 

Writhing, phenyl-
_i Parkes & Pickens (1965) quinone, lP se 5.0 0.073 

Writhing, acetic acid, lP se 7.2 1.3 0.180 Whittle (1964) 

Writhing, acetic acid, lP 0 42.0 1.5 0.035 Koster, Anderson & de Beer (1959) 

f Doses which caused 100% increase in time to jump from plate. 
u Dose ranges for four-point assay. EDso not given. 
h Greater sensitivity to stimulus for younger, lighter animals, for males, and for stimulation nearer to root of tail; also strain 

differences reported. 
t Codeine and morphine had a similar protective effec I at 34"C ; at environmental temperature, the latter drug was 13.2 

times more potent. 
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Procedure 

Squeak or struggle, 
tail pinch 

Skin-twitch, radiant heat 

Skin-twitch, radiant heat 

Skin-twitch, radiant heat 

Skin-twitch, radiant heat 

Skin-twitch, radiant heat 

Skin-twitch, radiant heat 

Skin-twitch, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

Tail-flick, radiant heat 

TABLE 1 (continued) 

I Effective dose a 

I 

Route of (mg/kg) 
administration b -----,------1 

Codeine \ Morphine 

lP 

se 
se 
se 
se 
se 
lP 

IV 

se 
se 
se 
se 
lP 

lP 

0 

IV 

IM 

se 
0 

lP 

se 
se 
se 
se 
se 
se 
lP 

se 
se 
se 
se 

ea 75.0 

10.9 

50.0 

42.0 

70.0 

24.0 

49.0 

10.0 

25.0 

13.0 

11.0 k 

17.8 

13.3 

32.0 

46.4 

6.2 

14.8 

6.2 

22.5 

26.0 

5.5 

31.6 

12.5 

13.0 

20.0 

2.7 

Species : RAT 

ea 25.0 

6.0 

15.0 

3.0 

7.5 

7.5 

2.5 

2.6 

3.7 

4.0 

14.0 

1.6 

15.4 

2.0 

4.5 

2.3 

4.0 

0.8 

Potency 
ratio 

0.333 

0.143 

0.214 

0.125 

0.153 

0.750 

0.192 

0.218 

0.278 

0.165 

0.300 

0.258 

0.684 

0.363 

0.100 

0.140 

0.142 

0.0951 

0.595 1 

0.177 

_m 

0.180 

0.296 

Reference 

Buchel & Levy (1949) 

Friebel & Kuhn (1962b, 1964) 

Randall (1963) 

Ercoli & Lewis (1945) 

Ercoli & Lewis (1945) 

Cahen, Epstein & Krementz (1948) 

Ercoli & Lewis (1945) 

Ercoli & Lewis (1945) 

Waiter et al. (1961); Besendorf et al. (1962) 

Reichle & Friebel (1955) 

Murray & Miller (1960) 

Ohshiro (1960) 

Carroll (1959) 

Axelrod & Baeder (1966) 

Carroll (1959) 

Kissel, Albert & Boxill (1961) 

Kissel, Albert & Boxill (1961) 

Kissel, Albert & Boxill (1961) 

Kissel, Albert & Box ill (1961) 

D. K. de Jongh (personal communication, 
1957) 

Green, Ruffell & Walton (1954) 

Orahovats, Winter & Flataker (1955) 

Christensen & Tye (1951) 

Tye & Christensen (1952) 

Bonnycastle & Leonard (1950) 

Bonnycastle & Leonard (1950) 

R. Cahen (personal communication, 1964) 

Friebel & Reichle (1956) 

Smith, D'Amour & D'Amour (1943) 

Herr, Nyiri & Venule! (1952) 

Miller, Robbins & Meyers (1963) 

i Of the four doses reported by Ercoli & Lewis (1945), the first and third are for average measurable analgesia in 40-60% of 
animals, the second and fourth for complete analgesia. 

k In hypophysectomized animals, the EDso for codeine was only 0.26. 
1 First ratio based on quantal response, criterion two or more times standard deviation of mean reaction lime for group; 

second ratio based on graded response, number of animals of group failing to respond up to cut-off time. 
m At the doses given, the analgesia scores-the sum of scores for the group based on degree of increase in reaction time

were 25.5 for codeine and 50.2 for morphine. Since the effects on this basis were not comparable, a ratio cannot be calculated. 
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TABLE 1 (continued) 

Effective dose a 
Procedure Route of (mg/kg) Potency Reference 

administration ° 
Codeine I Morphine 

ratio 

Tail-flick, radiant heat se 
Tail-flick, radiant heat IV 

Tail-flick, radiant heat IV 

Tail-flick, radiant heat lP 

Tail-flick, radiant heat IV 

Tail withdrawal from 
immersion in hot water se 

Tail withdrawal from 
immersion in hot water 0 

Squeak, electric stimula-
lion of tail lP 

Squeak, electric stimula-
lion of tail lP 

Squeak, electrical 
stimulation through 
electrode in rectum se 

Squeak, pressure on tail se 
Squeak, pressure on tail IV 

Squeak, pressure on tail se 
Squeak, pressure on tail se 
Squeak, pressure on tail se 
Jump, electric stimulation 

through , id floor lP 

Jump, electric stimulation 
through grid floor lP 

Hot-plate se 

Pressure on inflamed 
foot (yeast injection) 0 

Squeak, pressure on 
inflamed or normal foot se 

Cramping, evoked by 
oxytocin se 

Skin-twitch, radiant heat 0 

Skin-twitch, radiant heat se 
Skin-twitch, radiant heat lP 

Skin-twitch, radiant heat 0 

Species : RAT (continued) 

64.0 

15.on 

1o.on 

20.0 ° 
10.0 

11.7 

39.0 

16.0P 

30.0P 

7.05C 

5.0 

2.0 

6.0 

2.2 

5.5 

44.0 

5.0 

8.5 

1.26 

<0.333 

<0.200 

0.300 

0.220 

0.470 

1.128 

0.312 

0.283 

0.210q 

0.170 

0.164 

Winter et al. (1954) 

Bass & Van der Brook (1952) 

Bass & Van der Brook (1952) 

lpsen (1949) 

Davies, Raventos & Walpole (1946) 

Janssen et al. (1963) 

Janssen et al. (1963) 

Johannesson & Schou (1963) 

Johannesson & Schou (1963) 

Collins, Weeks & Macgregor (1964) 

Bucket!, Farquaharson & Haining (1964) 

Winder et al. (1961) 

0.150 Winder et al. (1959) 

0.200 Green (1959) 

7.5 

30.0' 

60.0' 

6o.oc 

22.0 

6.25 

5.1 

1.6 

2.0 

2.0 

5.0 

1.5 

0.18 

0.213 

0.066 

0.033 

0.083 

0.240 

0.354 

Species : GUINEA-PIG 

100.0 c 10.0 0.100 

29.0 

0.260 

0.161 

Green, Ruffell & Walton (1954) 

Evans (1961b) 

Evans (1962) 

Johannesson & Woods (1965); 
Johannesson (1965) 

Carroll, Luten & Southward (1961) 

Randall & Selitlo (1957, 1958) 

Murray & Miller (1959, 1960) 

Hildebrandt (1934) 

Friebel & Kuhn (1962b, 1964) 

Winder et al. (1961) 

Winder et al. (1961) 

n Codeine dose was not quite equivalent to that of morphine; therefore, the ratio is an approximation. 
0 Using mean response, dose-effect curves were not parallel. Using percentage of animals not responding up to cut-off 

time, the responses to 20.0, 10.0 and 5.0 mg of codeine were like those to 6.0, 3.0 and 1.5 mg of morphine. 
P First doses for EDn .• , second for EO,., 
q The log-dose/response curves were not parallel. The ratio is for a point on the curve where effects were comparable. 
r Doses for comparable increase in threshold for jump, defined as raising two or more feet from floor. 



Procedure 

CODEINE AND ITS ALTERNATES FOR PAIN AND COUGH RELIEF. I 

TABLE 1 (concluded) 

I 
I Effective dose a 

Route of I (mg/kg) 
lad ministration b __ C_o_d_e-in_e_'I_M_o_r_p_h-in-e-1 

Potency 
ratio 

Species : GUINEA-PIG (continued) 

11 

Reference 

Skin-twitch, radiant heat lP 58.0 D. K. de Jongh (personal communication, 

Skin-twitch, radiant heat 

Pinching foot 

Clamping toes 

Clamping toes 

Pressure on inflamed 
area, evoked by croton 
oil se 

Response to intradermal 
bradykinin 

Electrical stimulation 
ot tooth 

Electric stimulation 
of tooth 

Electric stimulation 
of tooth 

Electric stimulation 
of tooth 

Electric stimulation 
ot tooth 

Prolongation of corneal 
anaesthesia 

Prolongation of corneal 
anaesthesia 

se 
se 
se 
lP 

0 

se 

se 

IV 

IV 

se 

-" 

IV 

IV 

Pressure on tip of tail IM 

Skin-twitch, radiant heat SC 

Clamping toes IV 

Skin pinched in clamp SC 

48.5 

140.0 c 

40.4 

600.0 c 

40.0 c 

28.ot 

7.4 

10.0 

12.3 

40.0° 

18.0 

1o.o• 

8o.oc 

26.0 V 

1.0 c 

11.5 

8.0 

5.4 

400.0 

10.0 

5.0 

0.209 

0.057 

0.133 8 

0.380 

0.660 

0.250 

0.178 

Species : RABBIT 

3.3 0.268 

ea 0.500 

4.0 0.100 

3.6 0.200 

Species: CAT 

1.0 0.100 

Species: DOG 

12.0 0.150 

Species: CHICK 

230.0 8.846 

Species: HORSE 

0.2 0.200 

I 

I 

1957) 

Frlebel & Reichle (1956) 

Takagi et al. (1963). 

Collier, Warner & Sherry (1961) 

Collier, Warner & Sherry (1961) 

Hesse, Roesler & Buhler (1930) 

Collier & Lee (1963) 

Frommel et al. (1959) 

Waiter et al. (1961); Besendorf et al. (1962) 

Randall (1963) 

Haas et al. (1953) 

Leaders & Keasling (1962) 

Weiss (1932) 

Hotovy (1956) 

Eddy (1932b) 

Andrews & Workman (1941) 

Schneider (1961) 

Amadon & Craige (1935, 1937) 

8 Potency ratio varied with time after injection; 0.293 at 30 minutes, 0.133 at one hour and 0.102 at two hours. 
t Doses requiring 34% increase in threshold current to elicit response. 
" Concerned with subcutaneous versus oral potencies, 7.63 for codeine, 8.88 for morphine. The doses used were 35 to 70 for 

codeine, 16 to 32 for morphine subcutaneously; 280 to 560 for codeine, 160 to 320 for morphine orally. 
v Author notes remarkably poor effect of morphine, the dose of which was close to the LDso. Effectiveness of codeine eo m· 

parable to other species. No explanation. 
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Papaverine had no effect. Dihydrocodeine, at a 
dose of 20 mg, was more effective than 50 mg 
of codeine, but was less effective than 15 mg 
of morphine. These results place the drugs in the 
relationship to be expected from laboratory experi
ments; however, 15 mg of morphine orally is not 
an effective dose against most clinical pain. 

Mullin & Luckhardt (1935) and Seevers & 
Pfeiffer (1936) used von Frey hairs to evoke 
sensations, and compared codeine with morphine 
and other agents. The former workers explored 
the effects of drugs on tactile sense as well as on 
pain. They said that morphine sulfate (0.25 to 0.5 
grain) and, to some extent, codeine sulfate (1.0 to 
1.5 grain) reduced sensitivity to pain without 
appreciably affecting tactile sensitivity. Later, 
Wikler, Goodell & Wolff (1945) confirmed this 
selective effect on pain sensation. They used 60 mg 
of codeine phosphate and 15 mg of morphine 
sulfate in six normal subjects and found that 
neither drug affected touch perception, hearing, 
smell or appreciation of vibration or weight, 
though both had the usual effect on the pain 
threshold. Macht & Macht (1939) had earlier 
found some dulling of auditory acuity after the 
subcutaneous administration of codeine to normal 
human subjects and a greater effect of morphine 
on the same sensation. 

Seevers & Pfeiffer (op. cit.) said that 64 mg of 
codeine phosphate gave about the same response 
with respect to pain sense as 10 mg of morphine 
sulfate, both administered subcutaneously. When 
the drugs were given at the same doses intra
venously in four of the eight normal subjects, the 
peak effect was reached sooner and the duration 
of effect was shorter. These authors included 
heroin and hydromorphone in their comparisons. 
All subjects agreed that morphine produced the 
strongest narcosis (mental sluggishness, incoordi
nation of speech and movement, muscular weak
ness, inability to concentrate and desire to sleep), 
and codeine the weakest. A sense of well-being 
was most apparent with heroin, and was only very 
slight with codeine. 

In 1940, Wolff, Hardy & Goodell introduced 
their method for eliciting a pain threshold by 
applying radiant heat to a blackened area of the 
forehead, and described in detail the effects of 
morphine and codeine (Wolff, Hardy & Goodell, 
1940). The authors themselves were the subjects. 
Morphine sulfate was given subcutaneously at 
total doses of 0.1-30 mg and codeine phosphate 

intramuscularly at total doses of 15-120 mg. The 
first effect with morphine, a 10% rise in threshold, 
was seen with 0.5 mg; the 30-mg dose raised the 
threshold about 93%. The effect of codeine was 
only a 45% rise in threshold with 60 mg, and no 
further rise was obtained with 120 mg or by repe
tition of the 60-mg dose twice at SO-minute inter
vals. A 20% rise in the threshold was observed 
with 2 mg of morphine or 15 mg of codeine ; a 
50% rise with 8 mg of morphine or 60 mg of 
codeine; and a 75% rise with 15 mg of morphine 
(no dose of codeine was tried in this instance). 
The ratio of doses for the same effect was the 
same for the first two dose-pairs, and the low 
ceiling effect with codeine, much lower than for 
morphine, has been both confirmed and denied 
from clinical experience (see below). Unfortu
nately, subsequent investigation has failed to 
establish a satisfactory correlation between thresh
old increases with this technique and relief of 
pathological pain. Not all investigators have been 
able to show a significant increase in threshold 
with codeine by this method (Andrell, 1954) 
or even consistently with morphine (Denton 
& Beecher, 1949), and Hardy & Cattell (1950), 
from wide experience with normal subjects (medi
cal students), concluded that untrained persons 
could not be used successfully for the determina
tion of threshold-raising effects. However, Hardy, 
Wolff & Goodell (1952), in a further elaboration 
of their method, again using themselves as sub
jects, sought to distinguish between changes in 
thresholds for pricking pain produced by radiant 
heat and aching pain produced by pressure on 
multiple spots on the forehead. The changes in 
threshold were recorded in terms of judgement of 
pain intensity in dols (authors' scale). After 30 mg 
of codeine intramuscularly, the average threshold 
change at 95 minutes was 2.0 dols for pricking 
pain and 1.56 dols for aching pain. After admini
stration of a placebo, the average change was 0.5 
dol for pricking pain and 0.1 dol for aching pain. 

Andrews (1943) used the radiant-heat technique 
for a comparison of the threshold-raising effects 
of subcutaneous morphine and codeine in post
addicts. The amount of increase in threshold was 
less than in normal subjects, but was the same for 
100 mg of codeine and 20 mg of morphine in the 
same patients. Andrews' results seem to indicate 
some residual tolerance and cross-tolerance, but he 
notes that morphine gave as good symptomatic 
relief in post-addicts as in normal individuals, 
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again indicating the lack of correlation between 
increases in threshold for experimental pain and 
relief of pathological pain. 

Slaughter (1950) also used the radiant-heat 
method in six normal subjects and plotted varia
tions in threshold for 150 minutes after drug ad
ministration. The numerical value for the area 
under the curve was 0 after 32 mg and only 5 after 
64 mg of codeine phosphate ; it was 20 after 8 mg 
and 150 after 16 mg of morphine sulfate. 

Tainter (1948) quoted Barlow as having ob
tained an increase in pain threshold to a heat 
stimulus of only 15% after 22 mg of codeine, as 
compared with an increase of 75 % after 17 mg of 
morphine. Both drugs were given intramuscu
larly. The figures are the averages of 16 experi
ments. Also, Slomka & Gross (1951) recorded an 
increase of only 11.2% in the time to respond to 
radiant heat after 30 mg of codeine sulfate orally 
in five normal subjects, while the increase in the 
time to respond after a placebo was 1.4%. 

Kunkle et al. (1949) were unable to detect any 
effect of codeine on another variety of induced 
pain in normal adults, the spread of pain produced 
by cold (0°C). Robinson (1960) also saw no 
appreciable effect on the tooth-pain threshold (sti
mulation by high frequency current) with either 
0.75 grain of codeine orally in seven patients or 1.0 
grain orally in five patients. Other drugs, alpha
prodine, anileridine, pethidine, and levorphanol, to 
be sure, produced only small threshold changes. 
Harris & Brandel (1950) said that one grain of 
codeine phosphate, or five grains of aspirin plus 
five grains of phenacetin, or a placebo, produced 
on the average, in 14 subjects, a small rise in the 
pain threshold for electrical stimulation of tooth 
pulp, not significantly different for the three medi
cations but greater than if nothing was given. 
Later Harris & Blockus (1952), stimulating filled 
teeth electrically in nine normal adult males, 
found that 65 mg of codeine phosphate intra
muscularly elevated the threshold above the aver- · 
age premedication level, the average threshold 
when no treatment was given and the average 
threshold after placebos. Sherman et al. (1963) 
also obtained a very definite elevation of tooth
pain threshold in six tests on five subjects with 30 
mg of codeine. The threshold variation with a 
placebo was not more than 5%, and large doses of 
aspirin caused only a small increase on the average 
in many tests. 

Deneau and eo-workers (Deneau & Gowdey, 

1952 ; Deneau, Waud & Gowdey, 1953) produced 
pain in normal subjects by pressure applied 
through a sphygmomanometer cuff to the calf of 
the leg. The normal threshold varied by not more 
than ± 10 mm Hg and, in repeated trials on 93 
subjects, the average increase in threshold was less 
than 5%. Aspirin (20 grains, 105 subjects) raised 
the threshold 18%, codeine (32 mg, 18 subjects) 
32.5%, and pethidine (100 mg, 25 subjects) 25%. 
These are average figures and the drugs were given 
orally. 

Wolff et al. (1966) employed two algesimetric 
methods in 24 volunteers, cutaneous electrical 
stimulation of two fingers and immersion of the 
hand in ice water. Each subject participated in 
four experimental sessions ; in two the medication 
was a placebo and in two codeine 60 mg orally, in 
a balanced double-blind block design. Codeine 
consistently increased significantly the tolerance of 
pain in both methods, but exerted a smaller and 
only occasionally significant effect on the pain 
threshold. 

The pioneers in the technique of controlled 
evaluation of analgesics against postoperative pain 
on a double-blind basis were Beecher and his 
associates (Deuton & Beecher, 1949; Keats, 
Beecher & Mosteller, 1950). A dose was consid
ered analgesic only if pain relief was reported at 
both one and two hours after medication. The 
criterion of effectiveness was the percentage of 
doses giving analgesia, and comparisons were 
made of the percentages for two or more agents in 
the same subjects. All doses were expressed as mg 
of the salt employed per 70 kg of body-weight. 
Oral doses of codeine (60 mg), morphine (10 mg), 
aspirin (300 and 600 mg), and placebo were com
pared in one study (Beecher et al., 1953), and 
parenteral doses of morphine (always 10 mg) and 
codeine (ranging from 30 to 120 mg) in another 
(Lasagna & Beecher, 1954a, 1954b). The effect of 
the oral doses of morphine and codeine could not 
be distinguished from that of the placebo, whereas 
both doses of aspirin were superior to the placebo. 
The dose of morphine, we believe, was too small 
for one to expect a significant effect ; but the lack 
of effect with codeine is surprising. The authors 
had confidence in their method, however, because 
of the patients' ability to distinguish the effects of 
aspirin and placebo. With regard to parenteral 
administration, the effect of 120 mg of codeine 
was more marked in respect of duration than 
percentage relief, and, moreover, only approached 
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and did not equal the effect of 10 mg of mor
phine. Beaver (1965) suggests that Beecher's fail
ure to find a significant difference between codeine 
and placebo orally and his estimate of the relative 
ineffectiveness of codeine parenterally may be re
lated to his use of a quantal response as the 
criterion of effect (50% or more relief at two 
observation times). This would be likely to under
estimate the effect if the peak were reached 
slowly, especially with oral administration. 

From his own work and judgement of clinical 
experience at the time, Seevers (1942) expressed 
the opinion that the peak clinical analgesic effect 
of codeine was obtained with a dose of 60 mg of 
codeine, that the effect of such a dose was only a 
50% elevation of the pain threshold, and that a 
dose of 120 mg neither increased nor prolonged 
the effect. A little later, Dille (1951) concurred, 
saying that, if a dose of 60 mg was ineffective, a 
larger dose would be of no value but might pro· 
duce excitement and restlessness. Bonica (1958) 
agreed essentially with these views, though sug
gesting that doses larger than 64 mg might have a 
more prolonged effect, and Keats (1956) estimated 
the potency of codeine, even at 120 mg, as less 
than that of 10 mg of morphine. 

R. W. Houde and his associates 1 have studied 
intensively the oral and parenteral effectiveness of 
morphine and codeine and the relative effective
ness of these drugs by the two routes of admini
stration and have come to a different conclusion. 
Their clinical material was cancer patients with 
chronic pain. These workers, too, accumulated 
cross-over data, but based their estimates of 
degree of pain relief and of relative potency on 
observed effects of graded doses of both drugs in 
the same patients. In addition they gave numerical 
values to degrees of pain reported and evolved 
pain-relief scores from the numerical difference 
between the pre-drug level of pain and the degree 
of pain reported at hourly intervals after drug 
administration. Parenteral doses of morphine sui
fate were consistently 8 and 16 mg ; parenteral 
doses of codeine phosphate ranged from 30 mg to 
as high as 240 mg. Oral doses of morphine were 
20-90 mg and of codeine 30-360 mg. Houde's esti
mates of equianalgesic doses are: morphine intra
muscularly 10 mg, orally 60 mg; codeine intra
muscularly 130 mg, orally 200 mg. The dose-effect 

1 Personal communication based on reports to the Com
mittee on Drug Addiction and Narcotics, National Academy 
of Sciences-National Research Council, USA, 1959 to 1965. 

and time-effect curves are approximately parallel 
for morphine and codeine when they are com
pared by the same route of administration. How
ever, the dose-effect and time-effect curves are 
flatter for the oral than for the parenteral route. 
Lasagna & Beecher (1954a) showed a definite 
levelling-off of the analgesic effect of morphine 
parenterally at about 15 mg. Houde did not 
observe such levelling-off of the effect of par
enteral doses of either morphine or codeine. 
According to Houde's results, codeine would 
appear to be a better parenteral analgesic than is 
generally conceded. This may, of course, apply 
only to the relief of chronic pain. 

T. Kantor and collaborators 2 compared the 
effect of single oral doses, not cross-over, of co
deine 60 mg, aspirin 600 mg and placebo against 
postoperative and other types of moderate to 
severe pain. They also used numerical values for 
degrees of pain and recorded numerical difference 
from the pre-drug level, summed for hourly obser
vations and averaged per patient. The resulting 
scores were 1.58 for placebo, 4.64 for aspirin and 
5.39 for codeine. Both aspirin and codeine were 
much better than the placebo, and codeine was a 
little better than aspirin. 

J. W. Bellville 3 and the chiefs of anaesthesia 
at half-a-dozen US Veterans Administration hos
pitals are engaged in a study of the oral effective
ness of codeine, aspirin and other analgesics 
against postoperative pain, generally when this has 
begun to subside so that parenteral medication is 
no longer required. From the data currently avail
able on doses of 30 and 90 mg of codeine and 300 
and 900 mg of aspirin, the potency of codeine is 
estimated to be ten times that of aspirin. 

Davies (1954) reported a study of analgesic 
effectiveness in the clinical situation in which co
deine compound B.P. (codeine phosphate 8 mg, 
aspirin 260 mg, phenacetin 260 mg per tablet ; two 
tablets per dose) was compared with a placebo. In 
two separate groups (106 patients in one, 94 pa
tients in the other) codeine compound gave good 
or complete relief in 67% and 63%, respectively; 
the corresponding figures for the placebo were 36 
and 41 %. In a third group of 60 patients with 

' Personal communication based on a report to the Com
mittee on Drug Addiction and Narcotics, National Academy 
of Sciences-National Research Council, USA, 1965. 

• Personal communication based on a report of Bellville 
and eo-workers to the Committee on Drug Addiction and 
Narcotics, National Academy of Sciences-National Research 
Council, USA, 1965. 



CODEINE AND ITS ALTERNATES FOR PAIN AND COUGH RELIEF. 1 15 

more severe pain, codeine compound gave only 
41% satisfactory relief; the placebo was not tried. 
Pawsey & Seeley (1959) tried the same codeine 
compound to limit or prevent pain after tooth 
extractions. Each patient was given two tablets 
before and two tablets five to seven hours after the 
extraction. In groups of 500 patients, 60.5% of 
those who received codeine compound had no 
pain, as compared with 40.8% in the control group 
without codeine. 

Kast (1962) has devised a novel procedure for 
quantifying the degree of clinical pain, applicable 
to the measurement of the degree of relief affor
ded by drugs. Two points, 0.5 mm apart, were 
pressed against the skin surface by air pressure. 
The patient controlled the pressure and released it 
when, in his judgement, the pain produced equal
led the intensity of the pain he was experiencing. 
The pressure used was then a measure of the 
pathological pain intensity. Codeine at a dose of 
15 mg subcutaneously reduced the pain intensity 
value to 10% of that experienced before medica
tion ; placebo reduced it to only 65% of the initial 
value. 

All these observations on man taken together 
indicate about the same ratio of effectiveness, co
deine to morphine, as was concluded from animal 
experiments with respect to experimentally pro
duced pain ; but they suggest a somewhat higher 
ratio for pathological pain and parenteral adminis
tration. The ratio is more favourable to codeine 
when the drugs are given orally. 

There are in the literature many more state
ments on the analgesic effect of codeine in animals 
and man where that drug has been used as the 
standard for comparison in the study of possible 
substitutes. A desirable and acceptable level of 
effectiveness of codeine has been assumed, gener
ally in accord with the preceding analysis, usually 
without the use of another standard. Reference 
will be made to some of this work when the 
codeine alternates are described. 

Combination of codeine with other agents 

There are a great many codeine-containing 
preparations on the market and no attempt has 
been made to review most of them. Many authors, 
however, have described modification of the drug's 
effect by pretreatment or combination with 
another agent, particularly combination with 
aspirin or aspirin, phenacetin and caffeine (APC), 
and this merits attention. While codeine is nearly 

always used per se when it is administered 
parenterally, it is usually combined with aspirin 
or APC for oral administration for the relief of 
pain and it is important to know if there is any 
advantage in the combination. Combination with 
other agents individually is of interest too, because 
significant augmentation of codeine's analgesic 
effect could be clinically important and the results 
might also suggest possibilities with respect to 
mechanism of action. 

In his clinical evaluation of morphine and its 
substitutes, Lasagna (1964) concluded that codeine 
by mouth was a moderately effective analgesic, 
but not superior, on the average, to aspirin when 
these drugs are given in usual doses. Indeed, there 
is evidence, he said, to suggest that aspirin is a 
more reliable and effective agent for short-term 
use. In spite of this, codeine plus aspirin is worth 
trying when either drug alone is ineffective. But 
results perhaps further emphasizing an "aspirin
like " character of codeine analgesia were ob
tained by Lasagna et al. (1962) in normal persons 
when pain was produced by the occlusion of ar
terial blood flow by a sphygmomanometer cuff. 
Three criteria of assessment were used : a delay in 
the onset of pain, the time taken for the pain to 
become intolerable, and the amount of work 
(rhythmic squeezing of a bulb) done during the 
period of pain. Morphine 7.5 to 10 mg, subcutane
ously, delayed the onset of pain but did not affect 
the amount of work done. Neither codeine, 60 mg 
orally, nor aspirin, 600 mg orally, affected the 
onset of pain, but both drugs increased the 
amount of work done. 

Eisman (1961) stated quite positively: "It is my 
opinion that the combination of codeine and as
pirin is of considerably more value than can be 
accounted for by the sum of the parts." Gruber et 
al. (1961), on the other hand, thought that the 
addition of APC to codeine did not significantly 
modify the effectiveness in postpartum pain, while 
Hart (1960) said that, while codeine plus four 
grains each of aspirin and phenacetin was com
monly the treatment of choice for arthritis, the 
codeine added little to the over-all effectiveness. 
D. Wilson's results (1960) with arthritic pain were 
also negative. He obtained improvement in six of 
16 patients with 10 grains of aspirin and in five of 
15 with codeine compound (codeine plus APC). 
Haynes & Morrison (1961) used codeine in com
bination with aspirin or APC for the treatment of 
439 patients with pain associated with oral surgery, 
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ordering two capsules every two hours to be taken 
as long as needed. They found that 16 mg of 
codeine, combined with APC (aspirin 226 mg, phe
nacetin 161 mg and caffeine 31 mg), gave complete 
relief of severe or moderately severe pain in 30 of 
32 trials and complete relief of moderate pain in 
44 of 46. The same dose of codeine, plus 325 mg 
of aspirin, gave complete relief in 24 of 29 and in 
32 of 37 patients in the two pain groups, respec
tively. One can hardly conclude a significant 
difference in groups of this size, and codeine alone 
was not tried. 

Bonnycastle, Ipsen & Molland (1950) compared 
codeine alone, aspirin alone, and a combination of 
the two, using the rat tail-flick response to a 
radiant-heat stimulus. The mixture showed no 
more than simple summation of effects and this 
varied with the level of effect at which the com
parison was made. Later, Fuchs & Giertz (1960) 
carried out similar experiments. They also used 
rats and the tail-flick response and recorded the 
percentage changes in the average reaction time. 
They compared a mixture (codeine phosphate 1, 
aspirin 20, phenacetin 20, caffeine 5, and phenyl
ethylbarbituric acid 2.5 mg per 25 m!) with co
deine alone, with each of the other components 
alone and with codeine in combination with each 
of the other components. The maximum effect 
with the mixture was an increase in reaction time 
of 20% and with codeine alone an increase of 
25% at a dose of 20 mg per kg. Each of the other 
ingredients alone produced little or no (barbitu
rate) increase in reaction time, and only codeine 
plus caffeine seemed to produce a greater effect 
than either drug alone. 

Table 2 summarizes the quantitative data on 
clinical comparisons of codeine and codeine plus 
aspirin or an aspirin mixture, assembled from the 
literature. The composition of the APC mixture 
has varied as well as the method of expressing the 
degree of pain relief (see footnotes to the table), 
but in most instances the codeine-aspirin or co
deine-APC mixture has been more effective than 
either component alone. However, the increment 
is generally small and suggests, at most, additive 
effects rather than potentiation, due perhaps, as 
Houde (personal communication) has suggested, to 
multiple sites of action. 

With respect to other agents credited with modi
fying the effect of codeine (mostly increasing its 
efficacy, but a few, in addition to nalorphine, 
decreasing it), these are so diverse that no entirely 

consistent order can be followed in describing the 
results. Glaubach (1941), for example, gave rats, 
mice and rabbits 4 or 5 g of sulfapyridine per kg 
and found that 24 hours later various effects of 
codeine, including analgesic action and toxicity, 
were enhanced. Perhaps related is the much more 
recent report of Banic & Medakovic (1962) that 
pretreatment of rats with carbon tetrachloride en
hanced and prolonged the analgesic effect of co
deine as well as that of morphine. Even small 
normally ineffective doses became effective after 
the pretreatment. Perhaps both sulfapyridine and 
carbon tetrachloride modified metabolic handling 
(conjugation, N-demethylation) in the liver. 

Neither alcohol (Forney et al., 1962, 1963), 
nor barbiturate (Fuchs & Giertz, 1960 ; Tye 
& Christensen, 1952) enhanced the effect of co
deine, though alcohol increased the sedative effect 
of morphine in mice and dogs. Addition of thio
pentone, indeed, raised the ED5o of codeine in 
mice tested by the Haffner method (pinching the 
tail) from 62 to 110 mg per kg. A similar change 
was seen when thiopentone was administered with 
morphine, heroin or pethidine. No explanation 
was offered. Meprobamate and its close relative, 
carisoprodol, also failed to increase the anal
gesic effect of codeine (Berger et al., 1960). On 
the other hand, a phenothiazine derivative-
2-trifluoromethyl-10- [3-(~-morpholinoethylamino)
propyll-phenothiazine (A-3680)-increased the 
analgesic effect of both codeine and morphine in 
the rat tail-flick and mouse phenylquinone writh
ing tests, particularly with respect to duration of 
action (Weiss & Rossi, 1962), and chlorpromazine 
appeared to increase the effectiveness of codeine 
against clinical pain (Sadove et al., 1954; Wallis, 
1955). 

According to Wilhelrni (1952) butazolidine en
hanced and prolonged the analgesic effect of co
deine and morphine. The Haffner method and 
mice were used. The dose of codeine was 40 mg 
per kg, intraperitoneally, and that of butazolidine 
was 100 mg, given 15 minutes before or simultane
ously with the codeine. In both cases the percent
age of mice showing analgesia was more than 
doubled throughout the first hour after administra
tion of the codeine. Methaqualone (2-methyl-3-
(a-tolyl)quinazolone), which had some antitussive 
but no analgesic action by itself, in mice tested 
by the hot-plate method increased the analgesic 
effectiveness of both oral and intraperitoneal doses 
of codeine. The parenteral doses (40 mg of 
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TABLE 2 

ANALGESIC EFFECTIVENESS OF CODEINE COMPARED WITH CODEINE PLUS ASPIRIN 
OR ASPIRIN MIXTURE 

Number and type of patient I Codeine a I 
Aspirin or 

I Result b Reference mixture a 

10 Normal volunteers 30 - 2.3oc Strand, Henninger & Dille (1958) 
- A300 1.15 
- p 1.69 
30 p 2.72 

10 Normal volunteers - APC 8.4 a Harris & Allgood (1980) 
32 APC 10.8 

50 Normal volunteers 65 - 13.4• Brown & Landmesser (1961) 
32.5 APC 11.0 

60 Elderly, chronic pain 65 - 2.321 Cass & Frederik (1959) 
32 APC 2.31 

38 Elderly, chronic pain 40 - 1.49 g Cass, Frederik & Teodoro (1959) 
- A300 1.34 
40 A300 1.64 

80 Elderly, chronic pain 65 - 521 h Boyle, Solomonson & Petersen (1980) 
- A650 506 
32 A325 536 

34 Elderly, chronic pain - APC 1.13 1 Cass & Frederik (1963a) 
30 APC 1.78 

44 Elderly, chronic pain 50 - 2.36i Cass & Frederik (1963b) 
- A800 2.18 

41 Elderly, chronic pain 50 APC 2.26 Cass & Frederik (1963b) 

32 Arthritic patients - A650 _k Farr & Payne (1980) 
32 A650 

11 Cancer patients 32 - 81 1 Houde & Wallenstein (1953) 

- A800 95 
32 A600 143 

46 Cancer patients 15 - 1.91 m Houde; P Beaver (1965, 1966) 
30 - 1.93 

17 

a Total mg per dose orally. A = Aspirin; APC = Variable composition, see below; P = Phenerphan (aspirin 162 mg, 
phenacetin 194 mg, phenobarbital 16.2 mg, hyoscyamine 0.31 mg). 

b Results are cross-over data unless otherwise indicated. 
c Electrical stimulation of teeth. Peak increase in threshold (volts). 
a Electrical stimulation of teeth. Peak increase in threshold (centivolts). APC = aspirin 437.5 mg, phenacetin 312.5 mg, 

caffeine 62.5 mg. 
• Sphygmomanometer cuff round calf of leg. Percentage increase in threshold measured in mm Hg. APC = aspirin 227 mg, 

phenacetin 32 mg (probably typographical error for 162 mg), caffeine 32.4 m g. Not cross-over data. 
I Each drug three times a day for a week. Average pain-relief score; patients questioned three times a day. APC = aspirin 

227 mg, phenacetin 162 mg, caffeine 32.4 mg. 
g Administration twice a day for a week. Average pain-relief scores. 
h Administration two to four times a day for five days. Rid it values based on patient's judgement of pain as better, worse 

or unchanged. 
1 Administration four times a day for six days. Average pain-relief scores, APC as in footnote f. 
i Same as footnote (, except cross-over data for codeine and aspirin only. 
k Each medication for one week. Patient recorded degree of pain four times a day. Aspirin superior to placebo for relieving 

morning pain; aspirin plus codeine superior to placebo for relieving morning and evening pain; general impression for the week: 
no one medication better than another. 

1 Total pain-relief score, sum of differences from pain at time of administration. Severe pain = 4, no pain = 0. 
m Average pain-relief score, rated as in footnote/, Only partly cross-over data. 

2 
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TABLE 2 (concluded) 

Number and type of patient Codeine a Aspirin or 

I Result b I Reference mixture a 

37 Cancer patients - A400 2.54 Houde; P Beaver (1965, 1966) 

- A600 2.54 

27 Cancer patients 5 A200 1.93 Houde; P Beaver (1965, 1966) 
10 A400 2.41 

26 Cancer patients 10 A 100 3.08 Houde; P Beaver (1965, 1966) 
10 A200 2.85 

154/55 Postpartum patients 32.5 - 23/45; 3/52 n Prockop, Eckenhoff & McEiroy (1960) 

151/46 Postpartum patients - APC 44/20; 4/57 Prockop, Eckenhoff & McEiroy (1960) 

142/39 Postpartum patients 32.5 APC 36/20; 15/44 Prockop, Eckenhoff & McEiroy (1960) 

47 Postpartum patients 32 - 3.40 ° Gruber et al. (1961); Gruber, Baptisti 
43 Postpartum patients - APC 4.32 & Chernish (1962) 
42 Postpartum patients 32 APC 4.50 

47 Postoperative patients - p 2.07q Lehrman, Love man & Gruber (1960) 
48 Postoperative patients 32 p 2.51 
50 Postoperative patients 30 p 2.36 

157 Postpartum patients 30 A600 87.3 /80.5 r Shook & Sharpe (1962) 
- APC 90.2/66.6 

n Both cramping and incisional pain (first and second figures for number of patients) noted and relief of each (first and 
second pairs of figures in results) recorded as percentage adequate/percentage inadequate relief. APC as in footnote{. 

0 Sum of scores for pain intensity (severe pain = 4, no pain = 0) and scores for _pain relief; means for all patients. APC 
as in footnote r. 

P Personal communication based on report to Committee on Drug Addiction and Narcotics, National Academy of Sciences 
-National Research Council, USA, 1961. 

q Tooth extractions and/or minor oral surgery. Each patient given 8 capsules to be taken at 4-hour intervals. Average number 
taken: P, 4.15; codeine plus P (first trial), 2.56; codeine plus P (second trial), 3.88. Average pain-relief scores were as shown. 

r APC = aspirin 400 mg, phenacetin 260 mg, caffeine 80 mg, isobutylallyl barbituric acid 100 mg. The results are expressed 
as percentage of patients relieved of uterine cramping pain (first figure) and of pain of other origin (second figure). 

methaqualone plus 25 mg of codeine) had as great 
an effect as 50 mg of codeine alone, and the oral 
doses (40 mg of methaqualone plus 50 mg of 
codeine) approximately doubled the increase in 
reaction time produced by 50 mg of codeine alone 
(Boissier & Pagny, 1959; Boissier & Font du 
Picard, 1960). Cass & Frederik (1958) confirmed 
this effect of methaqualone, reporting enhance
ment of the relief afforded by codeine of the 
chronic pain of elderly persons. 

McKenzie (1960), also using mice and the hot
plate method, said that, although amiphenazole 
increased the analgesic effect of morphine whether 
given orally, subcutaneously or intraperitoneally, it 
had only a brief and variable effect on codeine 
analgesia. He suggested that a free phenolic hy
droxyl might be necessary for the potentiation to 

occur and, therefore, amiphenazole perhaps acted 
only on the morphine liberated from codeine in 
vivo. Lightowler & Smith (1963), in contrast, ob
tained a greater potentiation of codeine (ninefold) 
than of morphine (sixfold) analgesia in the rat 
with a substance identified as WS-10 (~-(N-pyr

rolidyl)-butyroanilid). 
Dexamphetamine and some other amines have 

been reported to increase the analgesic effect of 
codeine. The threshold for "jump " in rats stimu
lated electrically through the grid floor was more 
than 25% higher with 30 mg of codeine plus 2.5 
mg of dexamphetamine than with 30 mg of co
deine alone (Evans, 1961a, 1961 b) ; the threshold 
was shifted downwards by the addition of caf
feine, 12 mg per kg. Orphenadrine produced a 
dose-related inhibition of writhing in mice, but 
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was inactive by other analgesia testing methods in 
animals. It increased more than additively the 
effect of codeine in the writhing test and the 
authors (Diamond, Gingel & Gaudette, 1963) said 
that exploratory tests indicated a similar enhance
ment of analgesic action in man. Shemano et al. 
(1964) found that (Z-allyl phenethylamine increas
ed the analgesic effectiveness of codeine twofold 
or threefold ; they also said that dexamphetamine 
acted similarly. Cook, Navis & Fellows (1954) 
reported a less marked increase in activity with 
SKF-525-A (~-diethylaminoethyl diphenylpropyl 
acetate). They used rats and a modified tail-flick 
method. Codeine at 60 mg per kg orally produced 
analgesia (failure to respond up to cut-off time) in 
50% of animals in 40 minutes with return of reac
tion time to normal within 160 minutes. If 50 mg 
per kg of SKF-525-A was given orally 40 minutes 
before the same dose of codeine, analgesia devel
oped in 80% of the animals and was still present 

, in 50% of them at 160 minutes. 
There have been reports of increased activity 

when various other alkaloids were combined with 
codeine. Slaughter (1946) claimed that 32 mg of 
codeine with 0.5 mg of neostigmine added pro
duced as much analgesia as a 64-mg dose of 
codeine alone, and Schneider & McArthur (1956) 
found that the effect of codeine was increased by 
ibogaine. Both authors said that the potentiation 
occurred also with other opiates. The former used 
the radiat-heat method in normal men, the lat
ter the radiant-heat tail-flick method in mice. 
Orahovats, Lehman & Chapin (1957) used radiant 
heat to evoke a skin twitch in dogs and found that 
quinine, though by itself it had no effect on reac
tion time, increased the effect of both morphine 
and codeine. The peak effect occurred earlier and 
was higher, and the over-all effect lasted longer. 
Pellmont (1954) reported synergism of codeine and 
Ievorphanol and, recently, Johannesson & Woods 
(1965) described the enhancement of the analgesic 
effect of codeine by the addition of a small 
amount of morphine and that of morphine by a 
small amount of codeine. They used rats and a 
modified hot-plate method. The effect of 60 mg of 
codeine was increased and lengthened by the addi
tion of 0.295 mg of morphine, and the effect of 5.0 
mg of morphine was increased, but not length
ened, by 3.5 mg of codeine. The doses are per 
kg, given subcutaneously. Experiments at the 
National Institutes of Health (USA), using the 
hot-plate, mice and similar ratios, have failed to 

confirm this synergism between codeine and 
morphine. 

Oxytocin of natural origin, but not material pre
pared in the laboratory, when administered intra
peritoneally, reduced the ED5o for the tail
flick method in rats from 11.0 to 5.1 mg of co
deine, from 2.6 to 0.18 mg of morphine and from 
7.3 to 2.0 mg of pethidine, all per kg doses sub
cutaneously. In hypophysectomized animals, the 
ED5o of codeine was only 0.26 mg per kg 
(Murray & Miller, 1959, 1960). 

Sigg, Caprio & Schneider (1958) found that pre
treatment with reserpine reduced the analgesic 
action of codeine, and according to Engelhom 
(1960) a quite unrelated substance, Silomat-
1-(p-chlorophenyl)-2, 3-dimethyl-4-dimethyl-amino
butanol-did also. Silomat is reported to have 
antitussive but no analgesic action. 

The form in which codeine is administered may 
affect the result. There are solubility differences 
in the sulfate, the hydrochloride and the phos
phate of codeine, but differences in the effect of 
these salts do not appear to be material if the 
relative content of codeine base in the salts is 
taken into account. Caujolle, Gayrel & Izard 
(1956), however, found that administration of co
deine as the phenylborate was more effective in 
analgesic tests in rats and rabbits. Also, 50 mg of 
codeine phenylborate was equivalent to 10 mg of 
morphine in patients with severe visceral pain-a 
relatively greater effectiveness than is found 
generally with the other salts. Casparis, Kiihni 
& Leinzinger (1949) prepared several codeine 
glycosides. The toxicity of these compounds was 
equivalent to that of their codeine content, but, 
whereas the duration of effect of codeine hydro
chloride was 2.5 hours, it was only 1.5 hours for a 
simple monoglycoside. However, the duration of 
effect was six hours for codeine tetrahydroacetyl
glycoside and still longer, ten hours, if codeine was 
administered as a mixture with tetrahydroacetyl
glycoside. Formation of a codeine resinate also 
prolonged activity (Becker, 1958; Becker & Hays, 
1958). With rats and the tail-flick method, 50 mg 
of codeine sulfate gave an average increase in 
reaction time of 7.76 seconds for less than 
90 minutes and 75 mg gave an average increase 
of 17.1 seconds for 90-180 minutes. When the 
drug was administered as codeine resinate, the 
duration of effect was extended to 4-12 hours. The 
doses were per kg, given orally. Becker (1958) 
also said that codeine as a resin complex had an 
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analgesic effect which lasted four hours, as com
pared with one hour for codeine sulfate. More
over, the codeine-resin complex was only one
third or one-fourth as toxic as the sulfate (Becker 
& Swift, 1958). As mentioned earlier, metha
qualone increased the duration of action of 
codeine sulfate, and it has been found to act 
similarly with codeine resinate. Methylatropine, 
too, but not phenyltoloxamine, prolonged the 
effect of codeine resinate. According to Cass, 
Frederik & Teodoro (1959), codeine combined 
with methaqualone as an ion-exchange resin also 
increased the duration of analgesic effect against 
,chronic pain. 

On the other hand, formation of a quaternary 
salt of codeine-the methochloride, for exam
ple-reduced the analgesic effectiveness materially 
(Eddy, 1933 ; Slomka & Schueler, 1951). 

Nalorphine has been reported to have a definite 
antagonistic influence on the analgesic effect of 
morphine and to have, in greater or lesser degree, 
an antagonistic influence on the analgesic effect 
of codeine. The routes of administration have 
varied, and the ratio between the antagonist and 
the opiate has been shown to be of the greatest 
importance. Winter et al. (1954) gave 64 mg per 
kg of codeine subcutaneously to rats and meas
ured the tail-flick reaction to radiant heat. The 
experiments were repeated with the same dose of 
codeine with 1.0 mg per kg of nalorphine added. 
The peak reaction time was 9.1 seconds and the 
area under the reaction time curve was 477 min-s 
with codeine alone, as compared with 6.1 seconds 
and 123 min-s, respectively, with codeine plus 
nalorphine. Adler (1963) measured reaction time 
for the tail-flick in mice and injected morphine, 
0.02 mg per kg, or codeine, 1.08 mg per kg, into 
the cerebral ventricles. These doses caused a sig
nificant lengthening of reaction time in 7 out of 10 
animals with morphine alone and in only 2 out of 
10 animals 30 minutes after administration of 
nalorphine, 100 mg per kg, intra peritoneally. 
Codeine caused an increase in reaction time in 6 
out of 10 animals with and without nalorphine pre
treatment. Johannesson (1965) used mice and the 
hot-plate method and reported that nalorphine 
antagonized the analgesic effect of codeine to a 
greater extent than it did that of morphine. 
Weinstock (1961), also using the hot-plate method 
with mice, found that nalorphine antagonized 

'the analgesic effect of both morphine and codeine, 
, as well as the capacity of these drugs to produce 

lens opacities. No investigation of the effects of 
nalorphine on the analgesic effect of codeine in 
man has been reported. 

Variation with age, diet, etc. 

Nilsen (1961), applying an electrical stimulus to 
the tails of mice, reported a lower threshold for 
response in younger, smaller animals and in males. 
The percentage of animals affected by a given 
dose of codeine was greater the lower the initial 
threshold. Nilsen found a difference also between 
two strains of mice. At a dose of 12.5 mg of 
codeine per kg intraperitoneally, 53% of one strain 
and 38% of another showed a rise in threshold 
indicative of analgesia. 

Observations at the National Institutes of 
Health (USA) (Joshi & May, 1965) showed a re
markable and consistent change in the EDso for 
analgesia testing by the hot-plate method with a 
change in the "quality" of the mice. These labora
tories carried for years an inbred strain of " all- • 
purpose" mice. In 1961, changes in diet and other 
modifications of environment were made to im
prove the quality of the animals and increase their 
resistance to infection. The following tabulation 
shows the consistent difference in ED5o which fol
lowed improvement in the quality of the mice. 
The observations and calculation of ED5o on the 
old mice were repeated many times and the obser
vations on the new mice have been repeated with 
strikingly uniform results. 

ED., (hot-plate method; mg per kg subcutaneously) 

Agent Previous all· New mice 
purpose mice 

Morphine hydrochloride 2.1 1.2 
Codeine hydrochloride 14.0 7.5 
Pethidine hydrochloride 9.9 4.7 
Levorphanol tartrate 0.5 0.2 

Potency for analgesia compared with potency for 
other effects 

It was concluded earlier (page 6) that the anal
gesic potency of codeine by experimental methods 
in animals was one-fourth to one-seventh that of 
morphine. For man, for either experimental or 
clinical pain, the relative potency was of the same 
order or a little lower. Table 3 cites eight reports 
in which the ED5o for codeine for analgesia test
ing in animals and the LDso were determined on 
the same species and by the same route of admini
stration; most of these reports include comparable 
figures for morphine. 
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TABLE 3 

ANALGESIC POTENCY AND TOXICITY OF CODEINE AND MORPHINE IN MICE 

Reference 

Codeine 

IV 13.5 86 6.4 Shemano & Wendel (1964) 

lP 9.1 130 14.2 Ben-Bassat, Peretz & Sulman (1959) 

se 24.3 231 9.5 Kugita et al. (1964) 

se 25.0 200 8.0 Emele, Shanaman & Warren (1961) 

se 37.3 142 3.8 Weinstock (1961) 

se 50.0 251 5.0 D. K. de Jongh (personal communication, 1957) 

se 14.5 201 14.0 Miller & Anderson (1954) 

se 14.0 241 17.2 Joshi & May (1965) 

Average I 9.76 

Morphine 

IV 5.6 180 32.1 

lP 4.6 335 72.8 

se 12.5 274 22.0 

se 4.3 396 92.1 

se 4.8 420 87,5 

se 2.1 531 253.0 

Average I 93.2 

Investigators have in many instances measured 
more than one effect, frequently but not always 
relating the findings to analgesic activity and some
times carrying out parallel experiments with mor
phine. It is not to be expected that the dosage will 
be the same for different effects, but it is of 
interest to see whether or not effectiveness changes 
uniformly with the chemical change from mor
phine to codeine. Table 4 shows the doses of 
codeine and morphine producing various equal 
effects ; as for the toxicity data in Table 3, only 
instances in which the same species and the same 
route of administration were employed have been 
included. 

Other workers-for example, Gyang, Kosterlitz 
& Lees (1964)-have claimed a good correlation 
between the analgesic and intestinal effects of 
morphine and codeine and a number of other 

Shemano & Wendel (1964) 

Ben-Bassat, Peretz & Sulman (1964) 

Kugita et al. (1964) 

Weinstock (1961) 

Miller & Anderson (1954) 

Joshi & May (1965) 

related agents. The ratio of analgesic potency of 
codeine to that of morphine, they said, was 0.08 
and the concentration of codeine inhibiting the 
peristaltic reflex in the guinea-pig was 1.8 and of 
morphine 0.05 11g per ml for a ratio of 0.028. 
Gaensler (1951) found that the potency ratio, 
codeine to morphine, was the same for relief of 
pain and for increase in intrabiliary pressure in 
patients after cholecystectomy. However, Friend 
(1957) estimated that the effect of codeine on the 
higher cerebral centres of man was only one
twentieth that of morphine. 

It is apparent that the ratio between the doses of 
morphine and codeine that elicit analgesic and 
other effects may be approximately the same, but 
there are many exceptions. The data as a whole 
hardly support the suggestion that codeine acts 
through the morphine liberated from it in vivo. 
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TABLE 4 

DOSES OF CODEINE AND MORPHINE PRODUCING EQUAL EFFECTS 

Effect, species, route of administration I 
Effective dose a I I 

Ratio 

Codeine I Morphine 

Reference 

Analgesia, rat, SC 0.200 Green (1959) 

Respiratory rate, rat, SC 0.220 Green (1959) 

Gastric-emptying time, rat, SC 0.200 Green (1959) 

Intestinal propulsion, mice, intracisternal Green (1959) 

Anti-inflammatory, rat, SC 10 2 0.200 Crepax & Silvestrini (1963) 

Antipyretic, rat, SC 50 30 0.600 Crepax & Silvestrini (1963) 

Analgesia, mice, SC 8.3 1.7 0.205 Haas et al. (1953) 

Spontaneous activity, mice, SC 37.4 6.8 0.182 Haas et al. (1953) 

Analgesia, mice, SC 53.0 11.8 0.222 Janssen & Jageneau (1956) 

Mydriasis, mice, SC 70.0 13.1 0.187 Janssen & Jageneau (1956) 

Analgesia, rat, SC 13.0 2.3 0.177 Reichle & Friebel (1955) 

Antitussive, rat, SC 10.0 3.0 0.300 Reichle & Friebel (1955) 

Analgesia, mice, IV 13.5 5.6 0.414 Shemano & Wendel (1964) 

Straub reaction, mice, IV 56.0 6.3 0.112 Shemano & Wendel (1964) 

Analgesia, mice, SC 30.6 4.3 0.140 Weinstock (1961) 

Lens opacity, mice, SC 140.0 37.3 0.266 Weinstock (1961) 

Analgesia, cat, IM 8.0 0.75 0.094 Krueger, Eddy & Sumwalt (1943) 

Excitement, cat, IM 8.0 0.57 0.071 Krueger, Eddy & Sumwalt (1943) 

Emesis, cat, IM 16.0 0.22 0.013 Krueger, Eddy & Sumwalt (1943) 

Respiratory depression, rabbit, SC 1.3 0.15 0.115 Krueger, Eddy & Sumwalt (1943) 

Intestinal evacuation, rabbit, se 16.0 6.0 0.375 Krueger, Eddy & Sumwalt (1943) 

Analgesia, mice, SC 76.0 21.0 0.276 van Proosdij-Hartzema (1958) 

Straub reaction, mice, se 17.0 2.1 0.123 van Proosdij-Hartzema (1958) 

Spinal reflex, dog, IV 17.9 1.0 0.055 Martin et al. (1964) 

Mydriasis, dog, IV 14.1 1.0 0.071 Martin et al. (1964) 

Antipyretic, dog, IV 9.4 1.0 0.106 Martin et al. (1964) 

Analgesia, rat, SC 18.0 2.2 0.122 Blumberg & Dayton (1959) 

Conditioned response, blocking, rat 70.0 9.9 0.141 Blumberg & Dayton (1959) 

Analgesia, rat, SC 62.9 5.9 0.094 Edwards (1959) 

Conditioned avoidance, rat, SC 35.0 2.9 0.082 Edwards (1959) 

Analgesia, man, SC 0.100 R. W. Houde et al. (personal communication, 1961) 

Respiratory effect, man, SC 0.104 R. W. Houde et al. (personal communication, 1961) 

a Usually EDso (mg/kg). 
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SEDATIVE ACTION AND OTHER EFFECTS 

ON THE NERVOUS SYSTEM 

The sedative effect of codeine is not marked, at 
least so far as it is indicated by complaints of 
drowsiness in clinical use, but there are some inter
esting observations of action on the nervous sys
tem that are worth noting, whether or not they are 
clearly depressant in character. Macht & Macht 
(1939), for example, reported that morphine, 
8 mg, and codeine, 20 mg, prolonged the time 
required for normal persons, mostly college stu
dents, to perform arithmetic problems and also 
decreased performance in a tapping test. Barlow 
(1932) observed the struggles of rats tied down on 
their backs and the degree of tranquillization (de
crease in struggles per unit of time) obtained after 
subcutaneous injection of morphine and codeine. 
With morphine, struggling was reduced 25% by a 
dose of 2.0 mg per kg and was abolished by 
administration of 19-21 mg per kg. With codeine, 
struggling was reduced less than 10 % by 21 mg 
per kg and 80% by 42 mg per kg, and was sup
pressed by 63 mg per kg. The dose-effect gradient 
was much steeper for codeine than for morphine. 
Somewhat contradictorily, Barlow & Stormont 
(1932) reported that codeine was relatively in
effective as premedication for nitrous oxide an
aesthesia in rats. He used two criteria of assess
ment: time to induce anaesthesia with 95% nitrous 
oxide and duration of anaesthesia when oxygen 
concentration was increased to 15%. 

No premedication 
Morphine, 16.8-63 mg/kg 
Codeine, 42-336 mg/kg 

Induction time 
(minutes) 

2-10 
1.5-2 

7->10 

Duration 
(minutes) 

<30 
17.4-94 

30 or less 

Peterson & Haynes (1958) and Lebeau (1958) 
have considered the possibility of premedication 
with codeine in humans, the latter author asserting 
that the dose would need to be four times the 
usual dose of morphine. 

Eddy & Simon (1935) and Eddy & Ahrens 
(1935) sought to use the performance of maze
trained rats as a measure of central depressant 
(sedative) action. The major effect of morphine 
and related compounds was delay in the starting 
time of trained animals placed on the beginning 
section with food as the motivation for perform
ance. The minimal effective doses to cause appre
ciable delay were 5.4 and 16.0 mg per kg, 
intraperitoneally, of morphine and codeine, res-

pectively, calculated as alkaloidal base. Since 
other mechanisms than central depression might 
have accounted for the delay noted, the method 
was abandoned, but not too different results were 
obtained in another series of experiments, also 
using rats. If the animals were tied back down
wards and released with as little disturbance as 
possible, they normally righted themselves im
mediately. When morphine or codeine was 
given intraperitoneally, the righting was delayed. 
The minimal effective doses were 6.75 and 36.1 mg 
per kg intraperitoneally for the two drugs, res
pectively, again calculated as alkaloidal base 
(Small et al., 1938). 

Corne, Pickering & Warner (1963) compared 
two methods judged to be of value for assessing 
central depressant action-namely, inhibition of 
the head twitch caused in mice by intraperitoneal 
injection of 5-hydroxytryptophan, and inhibition 
of the pinna reflex from mechanical stimulation 
of the ear. The ED5oS for codeine for these two 
methods were 7.7 and 220 mg per kg, respectively, 
while for morphine they were 1.6 and 16 mg 
per kg. 

Another indication of depressant action was re
ported by Karasik & Markova (1956). Subnar
cotic doses of barbiturates-hexenal (hexobarbi
tal), for example-cause hyperkinesia in mice. 
The authors found that this could be prevented by 
previous subcutaneous injection of morphine, 
1-3 mg per kg, or codeine, 25-30 mg per kg. 
This effect could still be obtained after decerebra
tion showing that the site of action was below 
the cerebral level. Similarly, Bonnycastle, Cook 
& lpsen (1953) showed that the tail-flick in rats, 
commonly employed as an indicator of analgesic 
action, was obtainable in animals with the cord 
transected in the dorsal region, though the calcu
lated ED5o was slightly higher in the spinal 
animal. 

Cook & Bonnycastle (1953) sectioned the cord 
at the fourth or fifth thoracic segment in anaesthe
tized cats and found that codeine facilitated the 
flexor reflex evoked by stimulation of the pop
liteal nerve. On the other hand, Martin et al. 
(1964) found that codeine as well as morphine 
inhibited the ipsilateral flexor reflex in chronic 
spinal dogs. The dosages used ranged from 0.25 to 
0.5 mg per kg intravenously for morphine sulfate 
and from 2.5 to 5.0 mg per kg intravenously, or 
20 mg per kg orally, for codeine sulfate. The 
authors said that 17.9 mg of codeine was as effec-
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tive as 1.0 mg of morphine in bringing about the 
inhibition. 
:' Other effects on 'reflex activity have been re
ported by Akad (1952) and ·Bri.icke et al. (1956), 
while Torda & Wolff (1947) and Krivoy (1960) 
have demonstrated effects on peripheral action. 
Akad said that, in addition to excitement, codeine 
phosphate, 40-300 mg per kg subcutaneously, in
creased reflexes in the cat, and that convulsions 
occurred with 80 mg per kg and above. Briicke 
and eo-workers described a pseudo pain reflex 
(movement due to mechanical stimulation), in 
rabbits anaesthetized with Evipan (hexobarbital) 
which codeine only partially but morphine com
pletely suppressed. The doses for partial suppres
sion were 40 and 15 mg per kg, respectively, given 
30 minutes before the Evipan. 

Torda & Wolff (1947) immersed the rectus ab
dominis muscle of the frog in solutions containing 
acetylcholine or potassium, this causing shorten
ing of the muscle fibres. The effect of added 
codeine was curare-like, decreasing the sensitivity 
to acetylcholine, but affecting little or .increasing 
the sensitivity to potassium. Krivoy (1960) dis
sected free both sciatic nerves of the frog, immers
ing one in drug solution, 10·' g per litre, and 
keeping the other as control. The nerve was stim
ulated near its central end, and amplitude of 
spike potentials and after-discharge were re
corded. Codeine reduced the amplitude gradually 
to about 85% of the control in 85 minutes; mor
phine caused a reduction to 60% in 100 minutes. 
Both drugs caused a gradual increase in positive 
after-potentials, indicative of decreased excitability 
of the nerve fibres. 

Several investigators have determined the effect 
of codeine on conditioned and avoidance res
ponses other than those seen in the usual anal
gesic tests. Norton (1959) trained rats to press a 
bar to obtain food pellets, usually three, from a 
box at three-minute intervals. Sometimes only one 
or two pellets were obtained. Neither morphine 
nor codeine at the dosage given ( 40 mg per kg 
orally in each case) affected the animal's ability to 
press the bar appropriately to obtain the correct 
number of pellets, but both drugs affected time 
discrimination. Van Proosdij-Hartzema (1959) de
termined in rats the effect of morphine and other 
drugs, including codeine, on an unconditioned res
ponse (climbing a pole in response to an electrical 
stimulus) and on a conditioned response (climbing 
the pole during the waiting period to avoid the 

shock). At 2 mg per kg, subcutaneously, mor
phine significantly blocked the conditioned but not 
the unconditioned response; at 32 mg per kg it 
almost completely . blocked the conditioned res
ponse and effected a ~so% reduction in the uncon
ditioned response. Codeine was less effective 
against the conditioned response. Blumberg 
& Dayton (1959), using codeine and morphine, 
compared the ED50 in rats for the conditioned 
response of the preceding experiment with the 
ED50 for analgesia by the hot-plate method. The 
drugs were given subcutaneously. The results were 
as follows: 

Codeine phosphate 
MorPhine sulfate 

ED,. ( mg per kg 

Conditioned-response Analgesic 
blocking response 

70 
9.9 

18 
2.2 

Edwards (1959) compared the ED50s for the 
effect of codeine phosphate on three levels of 
adaptive behaviour in the rat. The conditioned 
response was avoidance of electrical shock by 
pressing a lever on light and tone warning. The 
results are shown below: 

Codeine phosphate 
Morphine sulfate 

ED., (mg per kg) 

Withdrawal of Conditioned Analgesic 
headfrom avoidance response 
observer's (tail-flick) 

fingers 

23.3 
4.0 

35.0 
2.9 

62.9 
5.9 

In both Blumberg's and Edwards' experiments, 
the ratio of effectiveness between morphine and 
codeine was found to be approximately the same 
for suppression of conditioned response and res
ponse to a noxious stimulus. 

Vernier & Knapp (personal communication, 
1962) and, later, Halpern & Aleva (1964) des
cribed experiments in which electrodes were im
planted stereotactically in different areas of a 
monkey's brain. The animal could terminate sti
mulation through the electrodes by suitable bar
pressing; if it failed to do so, the stimulation was 
terminated and started again at a higher intensity. 
Drugs were given intramuscularly (morphine) or 
intraperitoneally (codeine). Both drugs raised the 
aversive threshold markedly but differently ac
cording to the placement of the electrodes. The 
threshold doses were 0.25 mg per kg for mor
phine, 1.0 mg per kg for codeine. 

Kay, Gorodetzky & Martin (1967) have com
pared graded doses of morphine and codeine, ad-
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ministered intramuscularly, particularly in respect 
of the dose-effect relationship of the subjective 
and behavioural effects of the two drugs. In in
vestigations on 20 human volunteers (male, post
addicts), these authors gave to each subject in 
random order, at weekly intervals, a placebo, 7.5, 
15 and 30 mg of morphine sulfate and 90, 180 and 
360 mg of codeine phosphate per 70 kg of body
weight. Subjects and experienced observers filled 
out questionnaires, and some objective measure
ments-notably, of pupil size-were made hourly. 
Potency ratios were calculated for miosis, opiate 
signs, opiate symptoms and liking, as judged by 
subjects and observers ; in every case the signs and 
symptoms were dose-related. The findings were as 
follows: 

Miosis 
Opiate signs 
Opiate symptoms 
Liking (observers) 
Liking (subjects) 

Relative potency * 
Total •• Peak ••• 

14.2 
8.2 

10.8 
9.9 

10.4 

9.9 
9.0 
9.3 
6.6 
7.1 

• Expressed as mg of codeine phosphate equivalent to 1.0 mg of 
morphine sulfate. 

•• Based on the sum of live hourly observations; 20 subjects. 
*** Based on the sum of the effects at each hour of the maximal 

effect for each dose, corrected by placebo at that hour. 

The ratios shown above agree well with the 
analgesic potency ratios between morphine and 
codeine commented on earlier. Within the dose 
ranges used, morphine and codeine produced simi
lar patterns of action and had a similar time
action course for all variables except miosis, where 
codeine showed a more rapid onset and a shorter 
duration of effect. The scores for the opiate signs 
and symptoms are interesting evidence of the qua
litative similarity of effects (see Table 5). 

SIDE-EFFECTS AND TOXIC REACTIONS 

The side-effects encountered with therapeutic 
doses are of obvious concern in the determination 
of the satisfactoriness of a drug. The following 
general statements are typical of the literature in 
this connexion with regard to codeine. The most 
troublesome side-effect is constipation; nausea and 
vomiting are uncommon (G. M. Wilson, 1960). 
Codeine is less sedative and less emetic than 
morphine, but still liable to tolerance (Vasselin, 
1960). In the treatment of carcinoma of the 
rectum, codeine is only a mild analgesic, whose 
only advantage is the production of very mild 
side-effects (Sadove et al., 1955). Alstead (1940) 

treated chronic bronchitis with a grain of codeine 
orally four times a day. He said that the drug 
was well tolerated and only one patient out of 
20 complained of drowsiness. In another study, 
65 mg of codeine or 32 mg of codeine plus 325 mg 
of aspirin were administered to about 40 of 121 
elderly patients with chronic pain ; only one 
patient receiving codeine plus aspirin had gastro
intestinal symptoms requiring discontinuance of 
the drug, and no other side-effects were noted 
(Boyle, Solomonson & Petersen, 1960). Houde 
(personal communication, 1959) has said that, in 
his cancer patients, similar side-effects occurred 
with equipotent analgesic doses of codeine and 
morphine, except that greater sedation was 
observed with the latter drug. He said also that 
the frequency of side-effects was not a factor 
limiting increased dosage for increased effect. 
Gruber et al. (1961) found that in postpartum 
patients codeine was associated with a significantly 
greater frequency of side-effects than placebo. In 
a later report, Gruber, Baptisti & Chernish (1962) 
said that 43 of 47 postpartum patients receiving 
32 mg of codeine noted one or more of the symp
toms on a check list for a total of 86, while 36 of 
46 patients receiving a placebo noted similar symp
toms on a list totalling 70. A side-effect score was 
compiled: 128 for codeine and 114 for placebo. 
DeKornfeld & Lasagna (personal communication, 
1961) also reported on postpartum patients and 
said that side-effects, such as headache, drowsi
ness, nausea and vomiting, occurred in 7 % of 
50 patients after 60 mg of codeine and in 5% 
of 42 patients after a placebo ; 600 mg of 
aspirin, however, caused only sweating in 2% of 
48 patients. 

Seevers & Pfeiffer (1936), in their study of the 
effect of codeine and other opiates on pain sensi
tivity in normal subjects, included some observa
tions on other effects. Codeine produced very 
little narcosis (mental sluggishness, inability to 
concentrate, desire to sleep and muscular weak
ness) or euphoria at a subcutaneous dose of 
64 mg, but a mild urticarial reaction sometimes 
occurred. 

Steele (1943) studied the relation between pre
operative medication and postoperative nausea 
and vomiting. He observed that of 24 patients 
nauseated by 10 mg of morphine only 10 experi
enced nausea with 64 mg of codeine sulfate sub
cutaneously. Silk (1963) reported on 242 post
operative patients (excluding those undergoing 
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TABLE 5 
QUALITATIVE RESPONSE TO MORPHINE AND CODEINE a 

I 

Placebo 1---M--.---or_p_h_in_e_(-.m_g_) ______ -----,c_o_de_i_n_e_(m--.---g) __ _ 

7.5 15 30 90 180 360 

Opiate signs: 

Scratching 0.1 2.1 3.2 4.6 2.6 3.4 4.9 

Red eye 0.2 1.8 3.3 4.0 3.0 4.0 4.4 

Relaxed 1.0 4.4 4.8 5.0 4.3 4.9 4.9 

Coasting 0.1 1.5 1.9 3.5 2.0 3.0 4.2 

Soap-boxing 0.1 1.0 1.4 2.6 1.3 1.7 2.0 

Vomiting 0 0.1 0.6 0.5 0 0.1 0.8 

Nodding 0 0.2 0.3 0.9 0.1 0.6 1.7 

Sleepy 0.3 0.1 0.3 1.0 0.6 0.6 1.4 

Nervous 0 0 0 0 0 0 0.2 

Opiate symptoms: 

Turning of stomach 0 0.8 2.2 2.3 0.5 0.7 1.5 

Itching of skin 0 0.5 1.4 3.2 0.7 1.9 3.8 

Relaxed 0 2.0 2.3 4.0 2.1 2.5 1.9 

Coasting 0 0.3 0.8 1.6 0.4 I 1.6 1.9 

Soap-boxing 0 0 0.2 1.0 0.4 0.5 0.6 

Pleasant sick 0 0 0.2 0.7 0.3 0.2 0.6 

Drive 0 0.3 0.3 0.6 0.1 0.2 0.3 

Sleepy 0 0.1 1.0 0.1 0.3 1.1 1.9 

Nervous 0 0 0 0.3 0 0.1 1.0 

a Each value represents the mean (for 20 subjects) total response (5-hour sum of positive res
ponses). All signs and symptoms were given a weight of 1.0, except scratching, coasting, nodding, 
itching of skin and drive, which were given a weight of 2. 

major abdominal, thoracic or neurosurgery). 
After 30 mg of codeine plus APC, nausea was 
slight in 12%, moderate in 8%, and severe in 2%; 
constipation was slight in 31% and marked in 
4%. Sadove et al. (1961) saw only one adverse 
reaction (headache) to codeine in 31 postoperative 
orthopaedic patients who received a variety of 
oral medications in cross-over design. Magee 
& DeJong (1959) said that nausea occurred in nine 
of 45 patients given codeine (32 or 64 mg every 
three hours up to 10 doses) for headache, and 
Connell & Kellock (1959) said that drowsiness 
was complained of by only two persons out of 
nine who were given 30 mg of codeine three times 
a day for nonspecific diarrhoea. Finally-a mildly 
adverse note-'an anonymous writer has said that 
codeine is not mainly used or to be preferred as 

an analgesic, and constipation and nausea are 
troublesome side-effects (Med. Surg., 1962). 

More detailed statements about the frequency 
of side-effects after codeine are summarized in 
Table 6. Comparative figures are given for placebo, 
or, if the codeine was given in a mixture, for 
the mixture without the codeine, where such fig
ures are available. An over-all look at these data 
permits of some general statements. One or more 
side-effects have been reported as frequent in 
some instances but, on the average, the frequency 
was only about 10% after codeine and 5% after 
placebo. Nausea was noted in 7.9% of observa
tions, drowsiness in 5.6% and constipation in only 
3.4 %, again average figures for all doses. However, 
each of these symptoms, as well as dizziness or 
lightheadedness, appeared to be dose-related. 
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Codeine dose (mg) 
Number of observations 
Nausea 
Constipation 
Dizziness and/or Jight

headedness 

30-32.5 
3188 
224=6.9% 
183=5.7% 

110=3.4% 

60-65 
655 
146=22.3% 
57= 8.7% 

136=20.7% 

The frequency of 22.3 % for nausea and 
20.7% for dizziness that occurred with the larger, 
more effective doses of codeine must be consi
dered significantly disturbing in ambulatory 
patients, as most of these were; and it is hoped 
that this frequency might be reduced with one of 
the potential substitutes. However, drowsiness 
indicative of sedation, not always an unwanted 
symptom anyway, was much less frequent even 
with the larger doses, and constipation, so often 
complained of, was hardly significant according to 
these average figures. 

The use of codeine has sometimes caused the 
appearance of a more or less extensive skin erup
tion and, rarely, considering the total amount of 
codeine used, has provoked a more severe toxic 
reaction. The earliest report we have found of a 
skin rash after codeine is that of an 18-month-old 
child, who had been given 20 mg of codeine daily 
(Pollak, 1893). After several days, pinhead 
papules on a red base appeared on the face and 
upper thorax ; they disappeared when the drug was 
discontinued. Essen (1894) reported another case 
of rash induced by codeine ; and Scheer & Keil 
(1934) described a patient, a woman of 48, who 
developed a follicular eruption on a broad zone of 
erythema after a single dose of 65 mg of codeine 
(after the eruption disappeared, a patch test was 
positive for codeine but negative for morphine and 
Pantopon). Seidman (1943) reported on a patient 
who developed a similar rash with itching after 
three 15-mg doses and, later, after a single 15-mg 
dose of codeine ; in this case, patch tests were 
negative for both codeine and morphine. Other 
cases have been reported by Moyer (1948), Mac
kenzie (1949, 1951) and Schoenfeld (1960). In the 
tabulation of side-effects in Table 6 we found a 
skin rash mentioned infrequently. According to 
Berkowitz, Glaser & Johnstone (1953), 1.5% of 
children known to have allergies of some sort 
showed allergic reactions to tests with codeine 
whereas children without a history of allergy all 
gave negative results in such tests. Touraine 
& Scemama (1936) have reported positive intra
dermal tests with codeine. 

Contact dermatitis, traceable in part at least to 

codeine, has been seen in workmen engaged in the 
manufacture of narcotics and occasionally in 
nurses. Low (1924) said that codeine was the most 
common cause among the workmen and Pignot 
(1931) came to a similar conclusion. Dore 
& Prosser Thomas (1944) and Colman Green 
(1944) reported at some length on contact derma
titis in an Edinburgh plant processing opium to 
morphine, but did not refer specifically to co
deine. Jordon & Osborne (1939) described four 
cases, one in a woman who moulded morphine 
tablets and three in nurses. All gave positive patch 
tests with morphine ; one was negative, two were 
weakly positive and one was strongly positive in 
patch tests with codeine. The concentration of 
codeine used for testing was greater than that of 
morphine and the positive reactions might have 
been due to metabolically released morphine. 
Palmer (1942) reported on a student nurse who 
developed increasingly severe reactions on re
peated exposure to codeine ; sometimes, the reac
tions were quite fleeting and, on the last occasion, 
followed the taking of a codeine-containing cough 
preparation. 

Nearly 20 years ago, the International Labour 
Office (1948) collected information on contact der
matitis through questionnaires sent to the 62 
opium-processing factories operating throughout 
the world. Of the 35 replying, seven reported 
codeine sensitivity, with a frequency as follows : 

Number of workers 

23 
Not stated 

50 
70 
23 
6 

16 

Percentage sensitive 
(approximate) 

22 
30 
1 

20 
7 
2 
3 

All the affected workers had been exposed for 
10 days or more and most of them for several 
weeks, and removal from contact was the only 
adequate treatment. Morphine was mentioned in 
every case so that sensitivity to it would be pre
sumed. Bronchitis and asthma were occasional 
accompaniments. 

More severe reactions have been reported by 
Seevers & Pfeiffer (1936), Kirchmair (1959) and 
von Sailer (1961). Seevers & Pfeiffer saw a mild 
urticarial reaction in several of their subjects 
(normal volunteers) after 64 mg of codeine and 
observed an anaphylactic-like episode in two 
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persons after intravenous injection of the same 
dose. There was flushing of the face, paresthesias, 
intolerable itching and pilomotor activity. One 
subject became pale, with a clammy skin, and expe
rienced intense nausea, attacks of vomiting, scin
tillating scotoma and severe throbbing headache. 
The symptoms appeared in two minutes and, 
except for the headache, were gone within 45 min
utes. Similar reactions have been seen at the 
A!ddiction Researoh Center, Lexington, Ky.1 when 
codeine has been given intravenously in observa
tions on dependence liability. Such reactions have 

lit.tJe practical significance, however, because intra
venous administration of codeine is not a normal 
therapeutic procedure. 

Kirchmair's patient developed thrombopenia, 
epistaxis and haematuria after being given three 
suppositories containing codeine, phenacetin and 
aspmn. In subsequent tests, 20 mg of codeine 
caused a 20% reduction in thrombocytes within 
two hours; the other components had no effect. 
The symptoms in von Sailer's case were similar, 
appearing after a codeine mixture for headache, 
and the patient was also shown to be sensitive 
("allergic") to the codeine only. Sutter, Beaulieu 
& Birt (1962) reported that 30 mg of codeine phos
phate (also 15 mg in one case), subcutaneously. 

1 A division of the National Institute of Mental Health, 
National Institutes of Health, Public Health Service, US 
Department of Health, Education, and Welfare. 

a Figures represent frequency of reports of a particular symptom among patients or among total observations as shown in. 
the first column. The first figure under any heading refers to codeine, the second to placebo or other control. Oral doses of salt, 
usually phosphate, unless otherwise indicated. 

b A = aspirin; APC = aspirin, phenacetin and caffeine, usually 225 mg, 162 mg and 32 mg, respectively; P = placebo. 
c The figures in parentheses refer to the following numbered notes: 

(1) Normal subjects, students; experimental pain. The smaller dose of codeine was given with APC, but APC alone was 
not reported. 

(2) Normal male volunteers; experimental pain. 
(3) Normal volunteers; experimental cough. Codeine doses were 5, 15 and 30 mg, 6 to 8 subJects per dose; 24 observations 

with placebo. Other= dry mouth. 
(4) Normal subjects; without pain; cross-over data. Various other minor symptoms were reported. 
(5) Elderly patients with chronic pain. 
(6) 44 elderly patients with chronic pain; observations three times a day for six days. 
(7) 38 elderly patients; observations as in (6). Other= dry mouth. 
(8) Patients with chronic pain. A dose of codeine, a placebo and another dose of codeine, each given for three days. 

Figures are total number of days on which symptom was reported. 
(9) Patients with chronic pain. Each dose of codeine was combined with APC, but no figures ·are given for APC alone. 

(10) Dental patients; pain due to oral surgery. First dose of codeine given with APC, second dose with aspirin. No figures 
are given for APC or aspirin alone. Placebo given to another group. No cross-over data. 

(11) Dental patients; pain due to oral surgery. No control data. 
(12) Dental patients; pain due to oral surgery. Codeine given with APC; comparison with placebo in other patients. 
(13) Dental patients; pain due to oral procedures. Codeine given with APC, which in this case included phenobarbital and 

hyoscyamine. Other= tiredness and unsteadiness. 
(14) 107 surgical and 99 medical cases with moderate pain. No control data. Other= weakness. 
(15) Ear, nose and throat patients; moderate to severe pain. Two groups of 50 patients each; no cross-over data. Other= 

weakness. 
(16) Patients in student health service; acute upper respiratory tract infections. Separate groups received codeine and 

placebo. 
(17) Antitussive medication. No control data. 
(18) Antitussive medication; 65 patients received both codeine and placebo. 
(19) Antitussive medication. 
(20) Postpartum patients. 
(21) Postpartum patients. Codeine given with APC. Comparison with placebo in a separate group. Other= itching (5/2) 

and visual disturbance (2/1). 
(22) Postoperative orthopaedic patients. Oral administration begun 48 hours after operation; parenteral administration of 

other agent in the interval. 
(23) Postoperative patients. 
(24) Dental patients. After extractions, one capsule every 4 hours as needed; reporting after 49 hours. Other: for codeine, 

insomnia (4), fatigue (6), nervousness (7), itching (3) and ringing in ears (2); for placebo, insomnia (6), fatigue (5), 
nervousness (3), itching (2) and ringing in ears (3). 

(25) 50 patients with chronic pain given two capsules four times a day for a week, each medication, in random order; 38 com
pleted the series. The capsules contained dextropropoxyphene 32 mg plus aspirin 325 mg, or codeine 32 mg plus 
aspirin 325 mg, or placebo. Side-effects (nausea, vomiting, anorexia, headache, dizziness, itching and rash) occurred, 
with decreasing frequency, in the order stated, in 13.5-15.7 % of the patients; there was no significant difference 
among the three medications. 

(26) Dental patients after extractions with oral surgery. Each dose, average five per patient, given with 65) mg of aspirin. 
(27) Surgical patients, judged amenable to oral medication, usually 48 hours after surgery. 
(28) Antitussive medication. Each dose given with APC. 
(29) Pain of various origin. Each dose given with 650 mg of aspirin. 
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precipitated flushing in three of five patients 
and gave rise to a weal at the site of injection 
in the other two; the reactions took 24-36 hours to 
subside. The authors showed that there was high 
histamine excretion associated with the more sev
ere reactions. Histamine release may have been a 
factor in the other toxic reactions which have been 
described. 

The report of Devereux (1953) of the effect on 
himself of a three-quarter grain dose of codeine 
taken as a hypnotic might be described as a toxic 
reaction, certainly as an unusual one. He was a 
psychologist, had been reading about paresthesias 
and, one suspects from the size of the dose, was 
accustomed to taking the drug. In 20 minutes he 
felt wide awake, with decreased cutaneous sensi
tivity, paresthesias and some incoordination. He 
had a feeling of mental clarity with very vivid 
imaginary experiences, mostly visual memories. 

RESPIRATORY EFFECT 

Obviously, in so far as respiratory depression 
accompanies the therapeutic use of codeine, it is 
an undesirable side-effect. Therefore, we propose 
to consider separately the respiratory effect of 
codeine and the quantitative data available in this 
connexion. 

A very early attempt to determine the respira
tory effect of codeine was made by Fubini (1881). 
He performed experiments on dogs, rabbits, rats, 
guinea-pigs, and pigeons, administering subcutane
ously total doses per animal of 5 and 10 mg of 
both morphine and codeine. The effects were qua
litatively the same, depression, and were only a 
little more marked with morphine than with co
deine. W. Heinz,1 using rabbits and also report
ing only total doses per animal, found that codeine 
could have a greater effect than morphine on 
respiration. Dreser's observations a few years later 
were a little more quantitative. He estimated 
the respiratory depressant dose for the rabbit to be 
one-hundredth the lethal dose for heroin and one
tenth the lethal dose for codeine (Dreser, 1898b). 
Impens (1899) gave increasing doses per kg sub
cutaneously to rabbits and measured respiratory 
rate, minute volume and response to 3 % carbon 
dioxide. The minimally effective respiratory de
pressant dose of morphine was 2.5 mg per kg and 
of codeine 10-13 mg per kg. Winternitz (1899) 

1 Dissertation, Bonn, Germany, 1890. 

reported at about the same time that codeine, even 
at doses of 40-60 mg orally, did not affect respira
tory rate, tidal volume or the sensitivity of the 
centre to carbon dioxide in three experiments on 
man. Thirty years later, he reiterated this impres
sion of relative lack of effect of codeine on respi
ration in man (Winternitz, 1929). In the interim, 
various authors reported on the respiratory effects 
of codeine in different species, among them : 
Brinda (1901), Voegtlin & Wiggers (1918) and 
Schmidt (1924) for the dog; Schmidt & Rarer 
(1922, 1923) for the cat; Meissner (1913), Macht 
(1915), Schmidt (1924), and Barlow (1933) for the 
rabbit ; and Barlow (1933) for the rat. 

Later Wright (1934) established dose-effect rela
tionships of codeine in the unanaesthetized rabbit 
for various parameters of respiratory function 
over a dose range of 2-20 mg per kg subcutane
ously. He said : 

" A study of the respiratory effect of codeine is com
plicated by the fact that this drug is convulsant at a dose 
of 20 mgm per kilogram or less and causes a measurable 
increase in oxygen consumption at 10 mgm per kilogram. 
However, there is a decrease in the respiratory rate over 
a dose range of 2-15 mgm per kilogram and a decrease in 
the minute volume over a dose range of 3-10 mgm per 
kilogram. At more than 10 mgm per kilogram the effect 
of codeine on the respiratory activity is extremely variable 
one hour after the injection, any earlier depression being 
masked by the activity of the animal. The respiratory 
rate and minute volume during the administration of 
carbon dioxide (5 to 10 per cent) is decreased by doses 
between 2 and 20 mgm per kilogram. The heart rate is 
decreased by doses from 5 to 20 mgm per kilogram. 
The rectal temperature is not affected by any of the doses 
given." 

Wright calculated the minimal effective dose of 
codeine base to depress the respiratory rate and 
the minute volume response to carbon dioxide as 
1.6 mg per kg and that to depress the respiratory 
minute volume for inhalation of room air as 
2.4 mg per kg. The corresponding figures for 
morphine base were 0.32 and 0.32 mg per kg 
(Wright & Barbour, 1935). This work probably 
still represents the most accurate determination 
available of respiratory effect in the unanaesthe
tized animal. 

With the intravenous route of administration 
and anaesthetized animals, the following results 
have been reported. According to Giudicelli, 
Chabrier & Kristensson (1951), 10 mg per kg of 
codeine decreased the rate of respiration in the 
rabbit 31% and the amplitude 22%; the same dose 
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of morphine decreased the rate 94% and the am
plitude 47%. Haas (1955) found that, in the cat, 
codeine decreased the respiratory minute volume 
12% at a dose of 3.0 mg per kg and 52% at a 
dose of 5.0 mg per kg. Huggins, Glass & Bryan 
(1950, 1951) anaesthetized their dogs with barbital 
and then administered codeine 20 and 40 mg per 
kg intravenously; all the animals died from respi
ratory depression. However, administration of 
20 mg per kg of nalorphine, also intravenously, 
before or 20 minutes after injection of the same 
doses of codeine antagonized the respiratory 
effect, permitting all animals to survive. Brliunlich 
& Hofmann (1962), on the other hand, said that 
the time interval between the injections of codeine 
and nalorphine was critical for antagonism of 
respiratory effect. They worked with rats and 
found that pretreatment with nalorphine gave 
only partial protection. La Barre & Plisnier (1959) 
observed significant respiratory depression in the 
chloralosed dog with as little 1.0 mg per kg of 
codeine intravenously. A similar effect has been 
seen by others using this dose for the determina
tion of antitussive action. 

Green (1959) compared the analgesic and respi
ratory effects of codeine and morphine in mice 
and found the ratio of effectiveness (mor
phine = 1.00) essentially the same for both, being 
0.20 for analgesia and 0.22 for respiratory depres
sion. In rats, according to Rauh, Osterberg 
& Cote (1959), the dose which caused 100% 
increase in reaction time (tail-flick) produced a 
50% reduction in minute volume in the case 
of codeine and a 60% reduction with morphine. 
Friebel & Kuhn (1962a) said that the antitussive 
dose of codeine for the guinea-pig, 15.4 mg per 
kg subcutaneously, reduced the respiratory rate 
by 5% and the minute volume by 21 %. 

Niggli & Burkhardt (1958) reported that doses 
of codeine of 0.3-3.0 mg per kg intravenously in 
dogs anaesthetized with thiopental did not affect 
the duration of normal expiration or provoke other 
respiratory phenomena. However, if the trachea 
was clamped the duration of the expiratory effort 
was lengthened by the same doses, a phenomenon 
interpreted by the authors as reinforcement of the 
expiratory reflex. However, Gruhzit & Schub 
(1956) found that codeine injected either intra
venously or into the right atrium in anaesthetized 
dogs and cats brought about expiratory apnoea, 
which they thought was due in part at least to 
stimulation of pulmonary chemoreceptors. 

Snyder (personal communication, 1957), study
ing the effect of drugs on the foetus in utero and 
on the labour mechanism, reported a decrease in 
foetal respiratory rate to less than one-third after 
three injections of codeine, 1.0 mg per kg, intra
venously in the mother. 

As to studies on the effect of codeine on respira
tion in man, apart from the historical references 
already briefly mentioned, the most pertinent are 
recent observations with modern techniques. Bell
ville et al. (1958b, .1958c) found a significant respi
ratory depressant effect in five normal subjects, 
indicated by displacement of the alveolar ventila
tion-alveolar PC02 response curve. The dose 
was 60 mg orally. Isbell & Fraser (1953), on the 
other hand, had earlier detected no significant 
effect on respiratory minute volume with the same 
dose by the same route of administration in sup
posedly non-tolerant, formerly opiate-dependent 
individuals. The difference in the results obtained 
by the two groups of workers may be due to a 
difference in the sensitivity of measurement or to 
the fact that there was some residual tolerance in 
Isbell & Fraser's subjects. Whatever the explana
tion, tolerance to the respiratory effect of the 
opiates appears to be rapidly and very extensively 
lost, since many formerly dependent individuals 
have died because they did not realize that a 
period of abstinence had caused at least the major 
portion of their tolerance to respiratory depression 
to disappear. 

Another report by Bellville et al. (1958a) des
cribes a comparison, by the method previously 
used, of the respiratory effects of morphine and 
codeine, and the modification of these effects by 
the simultaneous administration of caffeine. The 
doses employed-60 mg of codeine sulfate and 
10 mg of morphine sulfate, which were not quite 
analgesically equivalent, and 62.5 or 125 mg of 
caffeine-were all given intramuscularly to four 
normal subjects, not less than 36 hours elapsing 
between doses. The effect of morphine was 
greater than that of codeine, the mean values (in 
mm Hg) for alveolar PC02 change being 7.25 for 
morphine as compared with 4.24 for codeine, but 
the caffeine exerted as great an effect on the 
morphine as on the codeine depression. Houde, 
Wallenstein, and associates 1 and Wallenstein, 
Houde & Bellville (1961), measuring the respira-

1 Personal communication based on a report to the Com
mittee on Drug Addiction and Narcotics, National Academy 
of Sciences-National Research Council, USA, 1961. 
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tory effects of morphine and codeine, given intra
muscularly, in seven normal volunteers, estimated 
that the ratio was 9.6: 1, as compared, with their 
ratio of 10: 1 for peak analgesic effect in the relief 
of chronic pain. The doses for the respiratory 
study were 5 and 10 mg for morphine and 30, 60 
and 120 mg for codeine. 

Bellville and his collaborators (personal com
munication, 1959) observed that, if their normal 
subjects became drowsy or fell asleep during the 
breathing experiments, respiratory activity, as 
measured by displacement of the response to 
C02 in mm Hg PC02, was depressed. In their 
experiments, respiration was depressed less by co
deine (60 mg orally) than during drowsiness or 
light sleep. The average displacement figures (in 
mm Hg PC02) were 3.4 for codeine, 5.4 for 
drowsiness, 5.8 for light sleep, and 8.3 for moder
ately deep sleep. 

Flecker (1961) measured the rate, depth and 
minute volume of respiration in normal subjects 
and gave doses of 0.5-1.0 mg of codeine intra
venously at intervals of one minute forty seconds. 
A total dose of 3-4 mg decreased the minute 
volume 20%. and doses of 4-5 mg caused periodic 
respiration. Harris (1965) determined the response 
of ten normal adult volunteers to exposure to both 
excess carbon dioxide and low oxygen. Both 30 
and 60 mg of codeine orally slightly depressed the 
reponse to carbon dioxide, but only the lower dose 
depressed the response to low oxygen. Perhaps the 
higher dose failed because of an opposing excita
tory effect (compare Wright's statement on 
page 31); several subjects complained spontane
ously of a feeling of unease. 

Codeine is unquestionably a respiratory depres
sant, bearing, in respect of minimal effects, ap
proximately the same ratio to morphine as it does 
for analgesia. Presumably the mechanism of ac
tion is the same for both drugs, but Gruhzit (1957) 
has postulated an effect of codeine on respiratory 
reflexes as a contributing factor, and Niggli 
& Burkhardt (1958) have in fact demons
trated an effect of codeine on an expiratory reflex. 
(Compare the earlier work of Schmidt & Harer, 
1922, 1923.) Overdoses of codeine, however, are 
less likely than those of morphine to produce 
apnoea (see section on poisoning), and Conrado 
(1944) has reported on five patients in whom co
deine, 60 mg parenterally, relieved the dyspnoea of 
asthma, although at the same time it caused a 
marked reduction in respiration. 

Boyd & Millar (1954) found no effect on the 
output of respiratory tract fluid after administra
tion of doses of 0.1-100 mg per kg of codeine 
orally in anaesthetized cats or rabbits. Ernst 
(1938) reported that, after administration of bar
ium powder (Neobar) intratracheally in cats, the 
maximum dose of morphine which caused no 
effect on the movement of the powder by ciliary 
motion was 0.25 mg per kg subcutaneously for 
morphine, as compared with 15 for codeine. The 
doses for antitussive effect in his experiments were 
0.5 mg per kg for morphine and 3.0 mg per kg for 
codeine. The two effects were therefore hardly 
related. Van Dongen & Leusink (1953), also using 
cats and insufflating very fine barium powder into 
the trachea, said that the powder was normally 
removed in one or two hours, but that its removal 
was delayed to four to six hours after 0.5 mg of 
morphine or 5.0 mg of codeine per kg. 

CIRCULATORY EFFECT 

Codeine administered orally probably has no sig
nificant effect on the blood pressure but it may 
decrease the heart rate when the dose is 30-90 mg 
(Von den Velden, 1914) or 0.2-1.0 mg per kg 
(Chen & Anderson, 1930). Intravenous admini
stration, to be sure not a common route of admini
stration, may cause hypotensive, shock-like epi
sodes. Seevers & Pfeiffer (1936) have described 
such an episode (see page 27) and so has 
Brown (1953). The latter was comparing the effec
tiveness of codeine with that of pethidine as a 
supplement to nitrous oxide-oxygen anaesthesia. 
For all patients, premedication and induction were 
essentially the same ; 100 received codeine intra
venously in 15-mg doses and 100 pethidine, 25 mg, 
as required. In the codeine group, one patient had 
a hypotensive episode lasting about 40 minutes ; 
twelve developed some sort of circulatory distur
bance, five of them also showing a slight or mod
erate degree of shock. The author said that codeine 
was as efficient as pethidine for supplementing an
aesthesia, but had no advantage over it. In one 
patient who already had occasional extrasystoles, 
the number increased after the injection of 
codeine. On the other hand, Leimdorfer (1954) 
claimed that extrasystoles might disappear after 
the administration of codeine orally in its usual 
dose. To test this observation, he gave codeine 
intravenously to dogs under light anaesthesia in 
conjunction with epinephrine or norepinephrine. 

3 
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also administered intravenously. If the codeine 
was given too rapidly, a big fall in blood pres
sure could occur ; but if the dose of 1.0 mg per kg 
was given very slowly or in divided doses, the 
fall in pressure was smaller and the epinephrine 
arrhythmia did not appear. 

Foster gave graded doses of codeine hydro
chloride intravenously to unanaesthetized dogs 
(1934a) and anaesthetized cats (1934b) and ob
tained the following results in respect of blood 
pressure. 

Dose (mgfkg) No. of animals 

Dogs 
0.5 2 
1.0 2 
1.0 2 
2.0 2 
2.0 2 
4.0 2 

Result 

No effect 
No effect 

-30 mm Hg or more 
-10 to -30 mm Hg 

>-30mmHg 
>-30mmHg 

Minimal effective dose, 1.0 mg per kg. 

Cats 
0.1 2 -4.0 mm Hg average 
1.0 2 -7.5 mm Hg average 
2.0 2 -28.0 mm Hg average 
5.0 3 -47.5 mm Hg average 

Calculated as free base, a dose of 0.95 mg per kg was likely to produce 
a fall of 10 mm Hg and a dose of 1.3 mg per kg a fall of 20 mm Hg. 

Huggins & Bryan (1951) administered codeine 
intravenously to barbitalized dogs and found that, 
like morphine in these circumstances, it lowered 
the blood pressure and increased the heart rate, 
both effects being dose-related. There was peri
pheral vasodilatation enhanced by an effect on the 
vasomotor centre. 

Vina (1952) sought to localize the site of action 
of codeine on the circulation by injecting the 
drug at various points into the vascular bed. He 
made similar injections of morphine. Codeine, he 
thought, acted principally on the heart and carotid 
sinus ; morphine did not affect the carotid sinus 
and was more peripheral in its action. 

It has also been suggested that the hypotensive 
effect of morphine and codeine is exerted through 
the release of histamine. Sutter, Beaulieu & Birt 
(1962) showed that there was at least a time asso
ciation between histamine-like skin reactions and 
increased urinary histamine after subcutaneous in
jection of codeine. Salem & Aviado (1964) said 
that codeine released histamine and this might 
be a factor in bronchoconstriction. Thompson 
& Walton (1964) determined plasma and whole
blood histamine levels after both morphine and 
codeine intravenously in anaesthetized dogs, only 

one injection per dog. Blood pressure was also 
recorded. Doses ranging from 0.5 to 20 mg per kg 
were followed by an increase in plasma histamine 
up to 1000 11g per litre from an initial level of 
only about 4 11g per litre and by decrements of 
mean arterial pressure which correlated with the 
histamine increase ; the relationship, however, was 
not as close for codeine as for morphine. 

In contrast to these last observations, Vallery
Radot et al. (1942) reported a protective effect of 
codeine phosphate against anaphylactic shock in 
the rabbit. The dose of codeine was 10-20 mg per 
kg intravenously, which was said not to cause a 
change in arterial pressure. 

EFFECT ON GASTROINTESTINAL TRACT 

AND OTHER SMOOTH MUSCLE 

Gastrointestinal tract 

A major effect of codeine, as of morphine, in 
the intact animal is an increase in tone ; this has 
been demonstrated by many authors, of whom 
only a few need be quoted here to illustrate the 
detail and dose-effect relationships. 

More than 50 years ago Von den Velden (1910) 
determined through X-ray examination that small 
doses of morphine (5 mg), orally or subcutane
ously, increased peristalsis in the pyloric portion of 
the human stomach. Larger doses caused contrac
tion of the sphincter antri and delayed gastric 
emptying time. He said that the tone of the sto
mach wall was also increased. Codeine acted simi
larly, but required larger doses. 

Codeine administered subcutaneously has been 
found to delay gastric emptying time in the dog 
(Bonsmann, 1932; Zunz & Delcorde, 1922; Zunz, 
1922; Braecke & Tremonti, 1932; Plant & Miller, 
1928). 

Plant & Miller (op. cit.) studied systematically 
the motor activity of the gastrointestinal tract by 
means of records from baJioons in the stomach 
and in Thiry-Vella loops of unanaesthetized dogs, 
principaJiy as modified by morphine, but they also 
did a few experiments with codeine. They said 
that the principal effect of morphine on the sto
mach was a decrease in muscular tone. Codeine 
produced the same effect but was weaker ; the 
effect of 1.0 mg per kg was the same as that of 
0.25 mg per kg of morphine in the same dog. 
Plant & Miller (1926) reported earlier that the 
primary effect of morphine on the small intestine 
was stimulation of many phases of muscular 
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activity; tone, frequency and amplitude of peri
staltic waves and amplitude of rhythmic contrac
tions were all increased. Again the effect of codeine 
was similar, 1.1 mg per kg of codeine sulfate in
creasing the amplitude and frequency of peristaltic 
waves without change in tone. All doses of mor
phine sulfate of 0.15 mg per kg and above had the 
same effect, and in addition caused an increase in 
tone. 

Krueger intensively studied the movements of 
the small intestine under the influence of mor
phine and related substances, including codeine. 
He also recorded from balloons in Thiry-Vella 
loops of unanaesthetized dogs. Subcutaneous in
jection of codeine hydrochloride in doses of 0.3-
4.0 mg per kg caused a decrease in tone; doses of 
5.0-6.0 mg per kg caused an increase in tone in 
three experiments and a decrease, sometimes suc
ceeded by a rise in tone above the initial level, in 
five others. The frequency of the rhythmic move
ments was generally increased ; the amplitude of 
the rhythmic contractions was often increased and 
peristaltic frequency and amplitude were increased 
(Krueger & Eddy, 1932). Representing the activ
ity of morphine on the intestine as 100, the effect 
of codeine amounted to only 8 in respect of in
creased rhythmic frequency and 8-15 in respect of 
increase in tone (Krueger, 1934). Walton & Lacey 
(1935a) repeated Krueger's experiments on Thiry
Vella loops of unanaesthetized dogs and reported 
a similar ratio for the excitatory effects of mor
phine and codeine ; the minimal effective dose of 
morphine was 0.3 mg per kg and that of codeine 
was 3.0 mg per kg. 

Myers carried out a series of experiments on the 
effects of opiates, including codeine, on the gastro
intestinal tract of decerebrate cats. Records were 
made from balloons inserted into various parts of 
the canal. The drugs were usually given intra
venously. Very small doses of codeine, 0.05 mg 
per kg, initially increased the tone of the pyloric 
sphincter, but the increase was followed by a de
crease in tone below normal. The degree and 
duration of the increase in tone were dose-related 
and the secondary decrease did not occur with 
doses of 0.25 mg per kg or more. Morphine in
creased the tone of the sphincter at 0.01 mg per 
kg and above. For an effect on the wall of the 
stomach the dose of codeine required was 1.0 mg 
per kg ; with 2.0 mg per kg there was an increase 
in the amplitude and a decrease in the frequency 
of contractions, with a later decrease in tone. 

With morphine the loss in tone occurred with 
0.25 mg per kg and above (Myers, 1939a). When 
the balloon was placed in the small intestine, an 
increase in tone was recorded, as in the dog, with 
a dose of 0.05 mg per kg of morphine or 0.25 mg 
per kg of codeine. The tone of the ileocolic 
sphincter was increased (Myers, 1939b). The 
effect on the caecum was mainly an increase in the 
amplitude of the peristaltic contractions (Myers, 
1939c), while the effect on the rectum was an 
increase in tone (Myers, 1940a). On both struc
tures codeine was less effective than morphine. In 
a later report, Myers (1940b) discussed his pre
vious work and concluded : " The effects of co
deine upon the alimentary tract, therefore, do not 
deviate very much from the normal and would not 
produce a constipating action." 

In the rabbit, codeine diminished gastric peri
stalsis (Swirski, 1908) but increased the peristaltic 
activity of the intestine (Kin, 1932). The older 
experiments with excised intestinal segments from 
the rabbit were inconsistent, some showing activity 
as decreased (Alvarez, 1918; La Barre, 1924), some 
as increased (Pal & Popper, 1913 ; Baur, 1925) and 
some as unchanged (Meissner, 1913; von Issekutz, 
Leinzinger & von Issekutz, 1934), while in more 
recent experiments with segments of guinea-pig 
intestine depression has predominated. According 
to Takagi & Takayanagi (1962), codeine in a con
centration of 8 X lQ-6 decreased the effective
ness of barium chloride in producing contractions 
of intestinal segments (mice and guinea-pigs) but 
not that of acetylcholine. Medakovic (1959) set up 
segments of guinea-pig ileum in such a way that 
peristaltic waves could be recorded and drug ad
ministered into the lumen. The activity was inhi
bited by morphine in a concentration of 
lQ-5-1 0-7 and by codeine, but the latter was only 
one-twentieth to one-fiftieth as effective. The inhi
bitory effect was also apparent in antagonism of 
the excitatory effect of substance P (Medakovic 
& Radmanovic, 1959). Paton (1957) reported fur
ther that morphine and codeine depressed both the 
twitch and the tetanic contraction produced in 
coaxially stimulated guinea-pig ileum through re
duction of acetylcholine release from cholinergic 
nerve endings. The potency of morphine was 
20 times that of codeine for this effect. 

Eddy (1932a, 1934, 1935) measured intestinal 
evacuation per hour in the rabbit by simply count
ing the faecal pellets. Evacuation was suppressed 
by 16.0 mg per kg of codeine hydrochloride 
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subcutaneously or by 6.0 mg per kg of morphine 
hydrochloride. M. Poirier 1 observed a compar
able effect in mice. In normal undrugged animals 
the caecum was black two hours after the giving 
of a suspension of powdered charcoal by stomach 
tube. If morphine or codeine was administered 
intraperitoneally one hour before the charcoal, the 
transit of the latter was delayed so that the cae
cum might still be white at the two-hour sacrifice 
time. The ED50 for this effect was 9.0 mg per kg 
for morphine and 32.5 mg per kg for codeine. 
Later, Margolin (1954) observed that codeine inhi
bited intestinal propulsion in mice whether it was 
given intravenously or intracranially and therefore 
concluded that the effect was, in part at least, 
exerted through the central nervous system. 

In line with these observations on intestinal pro
pulsion, Connell & Kelloch (1959), treating nine 
patients with non-specific diarrhoea of at least six 
months' duration, found that codeine, 30 mg by 
mouth three times a day, reduced the average 
number of stools per week from 21 to 9. 

Commonly, a prompt effect of morphine or 
codeine administration in the dog is defaecation, 
which Koppanyi (1930) concluded resulted from 
action on a medullary defaecation centre. Mundy 
& Brand (1955) also postulated a chemoreceptor 
trigger zone in the medulla independent of that for 
emesis. Codeine su1fate, 30 mg per kg intra
muscularly, produced defaecation in 80% of 
31 tests on 11 cats. Vomiting did not occur. The 
frequency of defaecation was not affected by 
vagotomy or fasting, but was decreased by decere
bration or chronic lesions of the medulla. 

lntrabiliary pressure 

Gaensler, McGowan & Henderson (1948) and 
Gaensler (1950) measured the pressure, in mm of 
water, from a tube in the common bile duct after 
chlolecystectomy. They reported the following 
figures: 

1Vo. of patients Drug Dose Average increase 
in pressure 

10 Morphine lOmg 175 mm 
40 Morphine 10 mg 121 mm 
10 Codeine 60 mg 94mm 
25 Codeine 60mg 48mm 

The increased pressure resulted from contraction 
of the duodenal wall involving the sphincter Oddi. 
Later, Gaensler (1951) compared the pressure 
change with the analgesic effect of the two agents 

1 Thesis, Paris, 1961. 

in postoperative patients with a tube in the gall 
bladder. With 10 mg of morphine, the pressure 
was increased 56% on the average (40 observa
tions in 30 patients), beginning to rise in 7-15 mi
nutes, reaching its peak in 30 minutes and return
ing to normal in 5 hours. With 60 mg of codeine, 
the pressure was increased only 12% on the aver
age (27 observations in 22 patients), beginning to 
rise in 7-15 minutes, reaching its peak in 60 
minutes and returning to normal in 4 hours. 
Gaensler reported an analgesic score of 140 for 
morphine and only 40 for codeine. The relative 
potency for the two effects was approximately the 
same. Gaensler's results confirm earlier observa
tions of Necheles & Kozoll (1942) on a very few 
patients. They said that similar effects were ob
tained in barbitalized dogs (Kozoll & Necheles, 
1942). The results are consistent, too, with the 
demonstration by Bergh (1942) of prolonged con
traction of the sphincter Oddi in six experiments 
on human subjects. Recently Jacobbson, Ker
venter & Kock (1961) also reported elevation of 
common bile duct pressure after 10-20 mg of 
codeine hydrochloride by mouth. The increase 
amounted to 60-200 mm of water and was some
times accompanied by pain. Gaensler had said 
that the opiates might precipitate symptoms of 
biliary colic. 

Ureter 

Macht (1916) recorded the contractions of ex
cised rings of the ureter, from the pig mainly, and 
applied morphine and related substances. The 
effect of morphine, as well as of codeine, was one 
of increased contraction and increased tone. 

Urinary bladder 

Jackson (1916) reported that a total dose of 
25 mg of codeine intravenously in the dog caused 
a marked contraction of the urinary bladder. 
Urinary retention due to contraction of the muscular 
ring at the neck of the bladder is a not uncommon 
side-effect of morphine administration. It can 
probably occur with codeine but must be very 
infrequent. It has not been included in the tabulation 
of side-effects in Table 6, but Seitz (1957) thought 
that an effect on the bladder was a factor in his 
treatment of urinary frequency. He gave 15 patients 
either 50 mg of codeine phosphate plus 500 mg of 
phenacetin once a day or 25 mg plus 250 mg night 
and morning. Frequency and discomfort were 
relieved in 13 of them after several days of treatment. 
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Uterus 

The activity of rabbit uterus was increased by 
codeine in situ (Horikoshi, 1933a, 1933b) and ex
cised (Koh, 1935), as was also that of the excised 
uterus of the guinea-pig (Dellepiane, 1931). The 
last-mentioned author said that as the concentra
tion of the codeine increased uterine activity was 
depressed. 

Bronchi 

Morphine causes bronchoconstriction and is 
contraindicated in bronchial asthma on that ac
count. The effect of codeine may be the same in 
kind but is certainly less in degree, though few 
quantitative data are available. Jackson (1914, 
1916) and Cameron & Tainter (1936) said that 
codeine constricted the bronchioles in situ in the 
dog, though the effect was slight. Macht & Ting 
(1921) found little tendency for morphine or co
deine to increase the tone of bronchial muscle 
strips of the pig, but said that these opiates never 
caused relaxation. Mitchell & Cooke (1955) in
duced contraction of isolated bronchial muscle of 
the dog or rabbit by application of acetylcholine, 
an effect which was potentiated by morphine, at a 
concentration of 5 mg per 100 ml not by co
deine. In fact, the latter drug was found to inhibit 
the effect of acetylcholine. In dogs in which 
bronchoconstriction was produced by intravenous 
administration of acetylcholine or histamine, 
neither morphine nor codeine relieved the spasm 
(Plisnier & La Barre, 1955). In another report, 
La Barre & Plisnier (1959) said that 1.0 mg per kg 
of codeine intravenously in the chloralosed dog 
invariably produced bronchoconstriction. Gillespie 
(1955) warned that codeine, as well as morphine, 
should be avoided in asthmatic patients and Cohen 
& Rudolph (1932) observed one fatal outcome 
when codeine was used in asthma. 

EFFECT ON BLOOD ENZYMES AND OTHER 

ENZYME SYSTEMS 

Thirty years ago, Cho (1936) reported that a 
single injection of codeine in the rabbit increased 
the blood catalase content significantly and that 
tolerance to this effect developed slowly with re
peated injections. Morphine acted similarly but 
more rapidly, and with it tolerance developed in 7 
or 8 weeks, as compared with 12 weeks with co
deine. Moreover, morphine-tolerant rabbits were 
cross-tolerant to codeine (Cho, 1938). The per-

centage changes in blood catalase level after ad
ministration of codeine phosphate subcutaneously 
were as follows : 

Dose Normal rabbit 
Morphine-

(mgfkg) tolerant rabbit 

10 11% 0% 
30 15% 5% 
50 22% 11% 

Wiberg & Tuba (1954) detected a species differ
ence in the effect of codeine phosphate. They 
used rats and mice, both in the state of active 
digestion. In the former, doses of 63 and 175 mg 
per kg subcutaneously appeared to have no effect 
on serum amylase; in the latter, 175 mg per kg 
increased serum amylase, from 42.4 to 52.8 units, 
three hours after administration. 

In some attempts to measure blood enzymes 
after codeine administration in man, the results 
have shown only infrequent small increases, very 
possibly indirectly produced. Since codeine causes 
contraction of the duodenum and of the sphincter 
Oddi, increased pressure in the common duct 
should result in greater absorption from the 
backed-up secretions. Gross et al. (1951) reported 
that 130 mg of codeine sulfate subcutaneously in
creased serum amylase and lipase levels in only 
seven of 29 patients. In the one patient for whom 
details were given, the effect was obtained on two 
occasions and persisted for 24 hours. Berk, Harris 
& Pringle (1960) obtained an even less positive 
result. In their investigation, 45 males, non-alco
holic and without indication of digestive or hepa
tic malfunction, were observed. Each received 
only one injection: 12, codeine phosphate 120 mg 
subcutaneously; 15, morphine sulfate 15 mg sub
cutaneously; 13, pethidine hydrochloride subcuta
neously ; and 5 saline. The results were on the 
whole irregular and unpredictable; in only 14 pa
tients were serum amylase and lipase increased, 
and two of these had received saline only. The 
report did not state which of the others received 
codeine, but the authors did say that codeine 
affected transaminase more than did either of the 
other analgesics. Pfeffer, Stephenson & Hinton 
(1953), in contrast to the foregoing, found that 
neither morphine nor codeine alone brought about 
any change in serum amylase up to four hours 
after injection into 12 patients who gave no his
tory of gastrointestinal disease. The dose of mor
phine was 15 mg, and that of codeine 90 mg, 
subcutaneously. If the morphine was given after 
lOO units of secretin, the serum amylase level was 
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increased from 170 to 631 units in four hours and 
the effect was still present at six hours. Codeine 
after secretin did not increase the amylase content ; 
on the contrary, the level was slightly lower six 
hours after the injection. 

There have been several investigations of trans
aminase activity, usually employing two criteria of 
assessment. Foulk & Fleisher (1957) said that 
130 mg of codeine subcutaneously increased trans
aminase activity fivefold to tenfold in six of 
16 patients, the increase usually reaching a peak in 
about eight hours and sometimes persisting for 
24 hours. Serum amylase and lipase were in
creased in only one patient. The authors admitted 
that hepatic disturbance was not completely ex
cluded in their investigations. Also, in vitro studies 
showed no effect on transaminase activity when 
codeine was added at a concentration of 
lQ-2-I0-5. Peitersen (1960) gave six patients 
200 mg of codeine orally (in three doses) and 
eight others morphine subcutaneously. None 
showed any change in transaminase. Likewise, 
Adams, Stephens & Gilpatrick (1962) in 13 pa
tients and Shuster, Napier & Henley (1963) in six 
normal persons failed to see any change in trans
aminase activity. The former used 130 mg of co
deine phosphate intramuscularly, the latter 64 mg 
of codeine sulfate or 10 mg of morphine sulfate 
subcutaneously. Not long ago, Mossberg (1964) 
described three patients with symptoms suggestive 
of myocardial infarction. This diagnosis was ques
tioned because of the absence of progressive 
changes in the electrocardiogram. In each patient 
transaminase was elevated ; one had received mor
phine, one pethidine and one codeine. A later 
repetition of the codeine, 32 mg, caused reappear
ance of the symptoms, again with increased trans
aminase. The work of Berk, Harris & Pringle 
(1960) on transaminase activity has already been 
mentioned. 

Various authors have looked for an effect of 
codeine on enzyme activity in vitro (Foulk 
& Fleisher (1957) have been mentioned), on meta
bolic enzyme systems and on digestion and diges
tive enzymes, mostly indicating some degree of 
inhibition. Wang & Bain (1952, 1953) reported a 
58% reduction in the activity of DPN-cytochrome 
C-reductase and cytochrome C-oxidase in rat 
brain homogenates after the addition of morphine 
and only a 10% reduction after the addition of 
codeine, each in a concentration of l0-3 mol. Mor
phine catalysed non-enzymatic reduction; codeine 

did not. Seevers & Shideman (1941) said that 
morphine inhibited glucose and citric dehydro
genases but codeine did not ; neither inhiqited 
succinic or alcohol dehydrogenases. On the 
other hand, morphine hydrochloride inhibited gly
colysis by brewer's yeast 15 %, and codeine 
17.6%. Equal concentrations of the two drugs 
were used. Roma et al. (1924) found the inversion 
of sucrose by yeast invertase diminished with 
0.015% codeine, but Rohmann & Dahlhousen 
(1962) said that neither morphine nor codeine at 
0.01 molar concentration affected yeast fermenta
tion, nor did either drug affect cell division or 
produce morphological changes. Keeser (1933) re
ported decreased activity of a number of enzymes 
in vitro after the addition of codeine, the effective 
concentration varying with the enzyme--0.005-
0.2% for phosphatase, 0.05-0.5% for lecithase and 
0.12-0.48% for tyrosinase; and Shideman, Stare 
& Seevers (1939) said that codeine, as well as 
morphine, inhibited the oxidation of epinephrine 
in a cytochrome enzymatic system. 

According to Wright & Sabine (1943), both 
morphine and codeine inhibited the activity of 
cholinesterase from human, dog and rabbit serum 
and from human and rabbit brain, the former 
drug having the greater effect except on the en
zyme from human serum. The degree of the inhi
bition varied with the source of the enzyme. It 
was in part competitive ; the affinity of the enzyme 
from human serum was greater for the alkaloids 
than for acetylcholine. Watts (1949) also reported 
a greater inhibition of cholinesterase by morphine 
than by codeine. The source of the enzyme was 
beef brain and for the two drugs, respectively, the 
percentage inhibition was 53 and 30 with a con
centration of 2 X 10-2 mol and 80 and 60 with a 
concentration of 4 X 10-2 mol. The results of 
Tonini (1955) paralleled those of Watts whether 
the enzyme was obtained from brain or from 
serum, but Young et al. (1955) found no inhibit
ory effect of codeine on cholinesterase activity. 
Cannava (1953) measured the activity of procaine 
esterase derived from rabbit blood or human plas
ma, and found that it was inhibited by 0.1 mg per 
ml of oxycodone, less so by morphine, and almost 
not at all by codeine. 

Another interesting observation in respect of 
codeine and enzyme activity has been made 
by Rubin et al. (1964a) and Stetzel, Tephly 
& Mannering (1965), who administered sodium 
hexobarbital at a dose of 320 micromols per kg 
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intraperitoneally to young male rats and deter
mined its rate of disappearance (enzymatic des
truction) by measuring the blood concentration at 
30-minute intervals after injection. The rate of dis
appearance was slowed by codeine or ethyl mor
phine but not by morphine. The dose of the 
alkaloid was 128 micromols per kg subcutane
ously. In confirmation, addition of codeine to the 
perfusate in experiments on perfused isolated rat 
livers was found to delay the disappearance of 
hexobarbital, whereas addition of morphine had 
little or no effect. 

The activity of digestive enzymes has also been 
reported to be diminished by codeine. Manca 
(1904) said that codeine, as well as morphine, 
decreased the diastatic power of human saliva and 
that codeine slightly decreased the digestion of 
fibrin by pepsin in an artificial medium, but did 
not affect the ability of a pancreatic extract to 
digest starch. Von Fujitani (1905) tested the effect 
of morphine hydrochloride, morphine sulfate and 
codeine phosphate on the action of pepsin on 
coagulated egg-white. The hydrochloride had no 
effect at concentrations of 0.001-2.0% ; the sulfate 
decreased action to 96% of normal at 
0.5% concentration and to 44% of normal at 
2.0% concentration ; codeine phosphate had no 
effect at concentrations of 0.001-1.0%, but dimini
shed activity to 94% of normal at a concentration 
of 2.0%. Perhaps the nature of the salt was the 
determining factor. According to Puccinini (1924), 
hydrolysis of starch by pancreatin was increased 
by codeine up to 0.02% concentration, but de
creased by concentrations of 0.05-0.5%. Other 
effects of codeine on digestion have been sum
marized by Krueger, Eddy & Sumwalt (1943, 
p. 874), but are related to modification of gastro
intestinal motor activity except for one report on 
diminished gastric activity in man (Abutkoff, 
1890) and one report of decreased pancreatic 
secretion in the dog (Hirata, 1910). 

It is convenient to consider in this section obser
vations on the coagulability of the blood and on 
haemolysis. Macht (1952a, 1952b, 1953) reported 
that morphine accelerated blood-clotting time 
markedly, as did ethyl morphine and heroin, but 
codeine did not. The alkaloids were given paren
terally to the intact rabbit. Shinozaki (1931) had 
said earlier that codeine did accelerate blood co
agulation in the rabbit and a still earlier report, by 
Doyon (1920), claimed that in the dog's blood the 
effect occurred only in vivo and not in vitro. 

Doyon found that for two or three hours after a 
morphine injection drawn blood did not clot and 
prevented the clotting of other blood with which it 
was mixed. He said that codeine could act in the 
same way, but that many animals were refractory 
to this effect of codeine. These observations have 
not been repeated and there may have been faulty 
technique in the handling of the blood. 

The original report of Koeppe (1903) said that 
neither morphine nor codeine in 2.5% solution 
haemolysed red blood corpuscles washed with glu
cose, sodium sulfate or sodium chloride, even in 
24 hours. Later, Rhode (1922) found that both 
alkaloids did cause haemolysis of pig's blood if 
higher concentrations (3 % or 4% for morphine 
hydrochloride, 4% for codeine hydrochloride) 
were used, if the cells were washed with sodium 
chloride solution, 6% and 10%, respectively, and 
if they were washed with sugar solution. Laves 
(1925) later confirmed the haemolytic effect of 
4% solutions of morphine and codeine hydro
chlorides but found that their effect was dimi
nished by washing the cells in glucose ,solution. 
None of these effects on enzyme systems appear 
to be of therapeutic significance. · 

METABOLIC EFFECTS 

Large doses of codeine orally or intravenously 
decreased body temperature in the dog (Dumeril, 
Demarquay & Lecointe, 1851) and in the rabbit, 
unless convulsions occurred (Falck, 1870), but ac
cording to Wright (1934) the small doses injected 
subcutaneously in respiratory experiments were 
without effect. Both species are sedated prior to 
the occurrence of convulsions. On the other hand, 
in the horse which is excited by codeine, body 
temperature increased (Amadon & Craige, 1935). 

Dreser (1898a) said long ago that codeine, 
18 mg per kg in the rabbit, diminished oxygen 
consumption about 10% in the first hour and then 
increased it during the following period of excit
ability. Chin (1940) also reported decreased oxy
gen consumption, as well as decreased carbon di
oxide production, with morphine or codeine up to 
20 mg per kg in the rabbit ; the effect of the 
codeine was less marked and recovered from more 
quickly. Wright (1934), however, found only an 
increase in oxygen consumption, dose-related, 
after subcutaneous administration of codeine in 
the rabbit. No change was observed with 2-5 mg 
per kg, a 17% increase with 10 mg per kg, 
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a 20% increase with 15 mg per kg, and a 
63% increase with 20 mg per kg. Very probably, 
as with body temperature, these differences are 
related to effects on motor activity. In man, a 
decrease in oxygen consumption after codeine has 
sometimes been observed but not an increase. A 
decrease of 5-7% occurred with 20-30 mg sub
cutaneously (Bornstein & Holm, 1926), but no 
change with 60 mg subcutaneously (Winternitz, 
1899) nor with 0.2-1.0 mg per kg orally (Chen 
& Anderson, 1930). According to Boothby 
& Rowntree (1923), the change in basal metabo
lism as measured by oxygen consumption was less 
with a dose of 30 mg than the experimental error 
of the method of measurement. 

Vikhlaev & Ulovich (1955) reported that mice 
given sodium nitrite suffered oxygen deprivation 
and 11.3% died. Codeine at a dose of 9 mg per 
kg intraperitoneally aggravated the condition. On 
the other hand, Williams, Lyons & Bridge (1946) 
could detect no interference with performance in 
men premedicated with codeine when they were 
subjected to a simulated altitude of 35 000 feet 
(about 10 500 metres). 

An antidiuretic effect of codeine, like that of 
morphine, has been described for mice (Klemt, 
1934), for rabbits (Porru, 1925), for dogs (Bons
mann, 1930, 1932; Dsikowsky, 1936; Lipschitz 
& Stokey, 1947) and, presumptively, for man. 
Very early in the use of codeine, Pavy (1869), 
Fraser (1889) and others said that the drug 
decreased the urinary output of diabetics. 

There are many reports in the older literature 
on the effect of codeine on the blood sugar, espe
cially in dogs and rabbits (see Krueger, Eddy 
& Sumwalt (1943), p. 830). More recently, this 
effect has been reinvestigated in comparison with 
that of other morphine-like agents in rabbits by 
Kimura, Keith & Foster (1952) and in dogs by 
Sanfilippo (1948). The general picture was a sharp 
hyperglycaemic effect to which tolerance devel
oped and cross-tolerance between morphine and 
codeine (Ko, 1935; Sanfilippo, 1948, 1953a). 

The work of Shideman, Stare & Seevers (1939) 
on the enzyme systems of intermediary meta
bolism has already been cited. These workers re
ported also (Seevers & Shideman, 1941 ; Shideman 
& Seevers, 1941) that chronic poisoning in the rat 
with morphine or codeine, maximum doses 200 
and 40 mg per kg per day, respectively, did not 
significantly change the cocarboxylase content of 
brain, liver or skeletal muscle. Hahn, Rummel & 

Vormann (1951) said that neither morphine nor 
codeine decreased oxidation and C02 formation 
in the minced liver and brain of the guinea-pig. 

Zauder (1951) reported that codeine, as well as 
morphine but to a lesser extent, increased the 
ascorbic-acid-catalysed oxidation of linoleic acid 
in the brain of the rat. He postulated a role of the 
adrenal in the action. A change in the blood 
picture of mice described by Szerb (1953) was also 
suggested as operating through the pituitary
adrenal cortical system. In man, 30 mg of codeine 
caused an almost uniform but moderate decrease 
of short duration in the eosinophil count. The 
maximum decrease was about 25%. whereas that 
caused by morphine was about 40%. In mice, 
however, codeine, 30 mg per kg, had no significant 
effect on the eosinophils. Ciprut et al. (1962) 
found wide variations in the urinary corticoid ex
cretion of women, but no significant differ
ence-and certainly no decrease-after medication 
with codeine sulfate, 15 mg orally four times a 
day for six or seven days. 

Batterman & Mouratoff (1961) determined the 
salicylate blood level (in mg per 100 ml) in man 10 
and 60 minutes after oral ingestion of 600 mg of 
aspirin and observed a change in the blood level 
-a significant decrease-when 60 mg of codeine 
sulfate was given, orally or intramuscularly, simul
taneously with or 60 minutes before the aspirin. 
The mean levels (about 10 persons per condition) 
were 4.27 for aspirin alone and about 3.00 for 
aspirin plus codeine 60 minutes after the aspirin 
was given. Suppression of a transport mechanism 
within the wall of the small intestine was the 
explanation offered. 

TOXICITY 

In animals 

The older literature, up to 1940, on the lethal 
effect of codeine in animals has been summarized 
in the Pharmacology of the Opium Alkaloids 
(Krueger, Eddy & Sumwalt, 1943) and need not 
be repeated here ; rarely was an accurate 
LD5o calculated. Many, more recent reports have 
given LD5o figures, principally for mice and rats, 
and these are summarized in Table 7. Reports 
which mention the point agree that codeine is 
convulsant at the lethal dose and frequently at 
doses which the animal survives, even doses as low 
as 50% of the LD5o in some cases. The fatal 
dose of LD5o is generally higher for morphine 
than for codeine. The former is less convulsant, 
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TABLE 7 

LDso (mg PER kg) FOR CODEINE AND COMPARISON WITH MORPHINE 

Route of Codeine Calculated 

I 
Morphine I Ratio I Reference administration a LDso as LDso (morphine= 1.0) 

1 

Species : MOUSE 

c 12 Base 5.1 0.42 Adler (1963) 

IV 90 Base Graham (1962) 

IV 67 Hydrochloride Silvestrini (1960); 
Silvestrini & Pozzatti (1961) 

IV 86 Phosphate 38 0.44 Shemano & Wendel (1964) 

IV 68 Sulfate Kissel, Albert & Boxill (1961) 

IV 87 Sulfate O'Dell (1960, 1961) 

IV 70 Hydrochloride D. K. de Jongh (personal communication, 
1957) 

IV 60 Base 135 2.25 Chabrier, Giudicelli & Kristensson (1950); 
IV 55 Bromethylate 50 0.99 Giudicelli, Chabrier & Kristensson 

(1951) 

IV 80-100 Kelentey et al. (1957) 

lP 154 Phosphate Cahen & Boucherle (1961a, 1961b) 

lP 100 Hydrochloride Karrer & Widmark (1951) 

lP 302 324 1.07 Tu liar (1961) 

lP 146 Base 410 2.80 Corrado & Longo (1961) 

lP 125 Hydrochloride Silvestrini (1960); 
Silvestrini & Pozzatti (1961) 

lP 200 Sulfate O'Dell (1960, 1961) 

lP 201 Hydrochloride Miller & Anderson (1954) 

lP 104 Chabrier, Giudicelli & Thuillier (1950) 

lP 154 R. Cahen (personal communication, 1964) 

lP 159 Sulfate 484 3.04 Weiss & Rossi (1962) 

se 130 Hydrochloride Karrer & Widmark (1951) 

se 231 Hydrochloride 274 1.18 Kugita et al. (1964) 

se 200 Phosphate Waiter et al. (1961) 

se 142 Base 396 2.80 Weinstock (1961) 

se 286 Hydrochloride Silvestrini & Pozzatti (1961) 

se 135 Base 269 2.00 Kasl! et al. (1959) 

se 247 b Hydrobromide Aurousseau & Navarro (1957) 

se 251 Hydrocholride D. K. de Jongh (personal communication, 
1957) 

se 134 Base 370 2.76 Chabrier, Giudicelli & Kristensson (1950) se 365 Bromethylate 345 0.94 

se 134 Chabrier, Giudicelli & Thuillier (1950) 

se 185 Mach! (1957) 

se 190 470 2.47 Haas et al. (1953) 

a IC =intracerebral; IV= intravenous; lP =intraperitoneal; SC =subcutaneous; 0 =oral. 
b Authors reported other LD .. s obtained by other methods of calculation; 235 and 146 mg per kg subcutaneously, 786 and 

460 mg per kg orally. 
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TABLE 7 (continued) 

Route of Codeine Calculated Morphine I Ratio I Reference administration a LD,. as LD,. (morphine= 1.0) 

Species: MOUSE (continued) 

se 120 Phosphate Buckett, Farquaharson & Haining (1964) 

se 120 Kelentey et al. (1957) 

se 241 Base 531 2.20 Krueger, Eddy & Sumwalt (1943) 

se 250 Phosphate 400 1.60 McKenzie & Beechey (1962) 

0 470 Phosphate Cahen & Boucherle (1961a, 1961b) 

0 365 Hydrochloride Silvestrini & Pozzatti (1961) 

0 237 Phosphate Chen, Biller & Montgomery (1960) 

0 395 Sulfate Kissel, Albert & Boxill (1961) 

0 600 Phosphate Chappel, Stegen & Grant (1958) 

0 535 Hydrobromide Aurousseau & Navarro (1957) 

0 640 Hydrochloride D. K. de Jongh (personal communication, 
1957) 

0 479 Hydrochloride 1 229 2.56 N. B. Eddy (unpublished data) 

0 500 Phosphate >2000 >4.00 McKenzie & Beechey (1962) 

Species : RAT 

IV 55 Sulfate Kissel, Albert & Boxill (1961) 

IV 57 Hydrochloride D. K. de Jongh (personal communication, 
1957) 

IV 56 Phosphate Winder et al. (1961) 

lP 175 Phosphate Engelhorn (1960) 

lP 105 Sulfate 530 5.04 Carroll (1959) 

lP 1QOC Preston (1958) 

lP 165 Hydrochloride D. K. de Jongh (personal communication, 
1957) 

lP 118 Phosphate Buckett, Farquaharson & Haining (1964) 

lP 78 Phosphate Winder et al. (1961) 

se 530 Phosphate Cahen (1961) 

se 352 • Sulfate Kissel, Albert & Boxill (1961) 

se 315 Phosphate Engelhorn (1960) 

se 200 Sulfate Hengen & Kasparek (1958) 

se 365 Hydrochloride D. K. de Jongh (personal communication, 
1957) 

se 420 Haas et al. (1953) 

se 262 Phosphate Winder et al. (1961) 

0 480 Phosphate Cahen (1961) 

0 266 Phosphate Chen, Biller & Montgomery (1960) 

0 542 Sulfate Kissel, Albert & Boxill (1961) 

c LD .. for male rats; the LD .. for female rats was 126 mg per kg. Both were reduced when the animals were at an altitude 
of 12 500 feet, with little change on acclimatization. 
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Calculated 
as 

615 Phosphate 

535 Phosphate 

504 Phosphate 

106 d Base 

150-250 Phosphate 

60 Base 

60 Base 

50-80 e Phosphate 

321 Hydrochloride 

69 Base 

95-250. Phosphate 

ea 150 Phosphate 

>800 Phosphate 

60-80 e Phosphate 

250-300 e Phosphate 

250-400. Phosphate 

TABLE 7 (concluded) 

Ratio I 
(morphine= 1.0) 1 

Species: RAT (continued) 

Species: GUINEA-PIG 

Species : RABBIT 

300 5.00 

266 8.30 

Species: DOG 

133 1.92 

Species : CAT 

Species: PIGEON 

Species: HEN 

Reference 

Chappel, Stegen & Grant (1958) 

Engelhorn (1960) 

Winder et al. (1961) 

La Barre & Plisnier (1954) 

Hara (1936) 

Graham (1962) 

Corrado & Longo (1961) 

Hara (1936) 

Eddy (1939) 

Kas~ et al. (1959) 

Hara (1936) 

Cahen (1961) 

Toner & Macko (1952) 

Hara (1936) 

Hara (1936) 

Hara (1936) 
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d The dose quoted is the amount which could be given before death when the drug was administered by intravenous infusion 
at a constant rate. 

e Range of doses at which deaths occurred; no calculation of LDso. 
f Dose at which 50% of animals died; the dose and ratio to morphine varied with age. The figures quoted are for 24-week

old animals. 
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convulsions not always being observed with lethal 
doses and rarely with non-lethal ones. On the 
other hand, since the respiratory depressant effect is 
greater for morphine, convulsant or some other 
action than respiratory depression must play a 
significant role in the fatal outcome with codeine 
in animals. Graham (1962) has suggested the pos
sibility in rabbits of acute cardiac failure. Deaths 
can in part be avoided with morphine by sustain
ing respiration, and with codeine by suppressing 
convulsions. 

Factors affecting toxicity 

Species, sex and age differences are indicated. 
According to the figures in Table 7, codeine is less 
toxic for the rat than for the mouse, intravenously 
and intraperitoneally, is more toxic subcutaneously 
and is of the same order of toxicity orally. Co
deine appears to be more toxic for rabbits, cats 
and dogs than for rodents. Preston (1958) gave 
codeine subcutaneously to Long-Evans male and 
Sprague-Dawley female rats under the atmospheric 
conditions at sea level and also at an altitude of 
12 500 feet (about 4000 m) both before and after 
acclimatization. In the first instance, the LD5o for 
the males was 100 mg per kg and that for the 
females 126. It is not clear if the difference was 
related to the sex or the strain of the animals. At 
the high altitude the LD5oS were initially 52 and 
57 mg per kg, respectively, and after acclimatiza
tion were the same (63 mg per kg) for both 
groups. 

The feeling has been general that children are 
more susceptible than adults to opiates, including 
codeine, but there are few quantitative data. 
Indeed, the reverse has been argued. Dobeli 
(1912) stated that codeine affected all ages alike, 
except unweaned infants, who showed greater sus
ceptibility. Glaser (1961) quite recently recom
mended codeine as the drug of choice in bronchial 
asthma in children and said : " There is very little 
danger of overdosage if ordinary precautions are 
observed since they appear to have a rather high 
tolerance for the drug." Graff et al. (1961), too, 
reported the superiority of codeine as a sedative 
for children in the recovery room. Children of 2-
10 years, who had undergone tonsilectomies under 
cyclopropane-ether anaesthesia, on arrival in the 
recovery room were given, in random order on a 
double-blind basis, 0.02 ml per pound (0.05 ml 
per kg) intramuscularly of a codeine phosphate 
solution (20 mg per ml), a pentobarbital solution 

(50 mg per ml) or a saline placebo. There were 
20 patients in each group. There was transient 
retching or vomiting in four after placebo, in four 
after codeine and in two after pentobarbital. 
There was no significant respiratory or circulatory 
depression. With codeine, 16 children were quiet 
and four restless ; with pentobarbital, six were 
quiet, nine restless and five irrational ; with pla
cebo, seven were quiet, nine restless and four irra
tional. Lenstrup (1951), however, commented on 
the danger of codeine in children with pneumonia 
with accumulated secretion. He cited six cases. 
(See also footnotes i and j to Table 8.) 

Some years ago we undertook (Eddy, 1939) to 
determine whether or not the average fatal dose 
(the dose which killed 50% of animals) and the 
minimal convulsant dose of morphine hydrochlo
ride, codeine hydrochloride and some other mor
phine derivatives varied with the age of the 
animal. Most of the rabbits used were raised in our 
laboratory and we knew the exact age of all. The 
results, in mg per kg subcutaneously, were as fol
lows: 

Age (weeks) Average fatal dose Minimal conl'u/sant 
dose 

Morphine hydrochloride 

1 114 114 
2 171 152 
4 342 266 
6 361 323 

10 380 247 
16 323 209 
24 266 228 

Codeine hydrochloride 

1 48 36 
2 44 36 
4 60 36 
6 64 28 

10 52 20 
16 44 20 
24 32 20 

There was some decrease in toxicity with age, 
more marked with morphine, but a reversal of the 
trend as the animals approached maturity. Con
vulsant action increased after 4-6 weeks absolutely 
and generally with respect to lethality. 

Leser, Thienes & Tyler (1940) reduced the body 
temperature of mice to 18-20°C, gave these ani
mals morphine sulfate (360 mg per kg) or codeine 
hydrochloride (200 mg per kg) intraperitoneally 
and compared the results with the effect of the 
same doses in control animals at room tem
perature. 
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Morphine sulfate Codeine hydrochloride 
Cooled Control Cooled Control 

No. of animals 7 
Survival time (minutes) 105 
Percentage deaths 72 

8 
62 
62 

6 
11 

100 

6 
5 

67 

Survival time was lengthened by cooling, but more 
animals died. The groups were too small to deter
mine whether the result in the latter respect was 
significantly different for the two agents. 

Hara (1936) postulated a relationship between 
the natural to~rance of different species for co
deine and differences in partition coefficient or 
relative affinity of brain tissue for codeine. He 
said the order of toxicity and of affinity for brain 
protein decreased from rabbits and cats to dogs, to 
guinea-pigs, and to pigeons. The affinity of blood 
protein for codeine was less and did not follow the 
same order for the various species. 

Glaubach (1941) pretreated mice with sulfapyri
dine, 5 g per kg orally, and found the toxicity of 
codeine increased. Only one of five mice was 
killed by codeine alone, but 10 out of 10 were 
killed by codeine after sulfapyridine. The toxicity 
of morphine was increased similarly. The dose of 
codeine was 200 mg per kg. Possibly the sulfa
pyridine acted through a toxic effect on the liver, 
but, while partial hepatectomy in rats has in
creased the toxicity of some agents-barbiturates 
and caffeine, for example-the LD5o of codeine, 
according to Fischer, Takacs & Varga (1963), was 
118 mg per kg intraperitoneally in both hepatec
tomized and control animals. 

According to Weiss & Rossi (1962), a tri
ftuorinated phenothiazine (A-3680 ; 2-triftuoro
methyl-1 0- [3- ( ~- morpholinoethylamino)- propyl]
phenothiazine) hydrochloride had little effect on 
the toxicity of codeine sulfate but increased that 
of morphine. The alkaloids were given intra
peritoneally alone or 15 minutes after 10 mg per 
kg of A-3680. The LD5oS for Swiss mice were: 

mg per kg 

Codeine sulfate 159 
Codeine sulfate+A-3680 177 
Morphine sulfate 484 
Morphine sulfate+A-3680 299 

Winter & Flataker (1956) tested the ability of 
nalorphine to affect the lethality of large doses of 
codeine in mic~ and rats. Nalorphine, in a dose 
of 25 mg, given to mice with doses of codeine of 
300-400 mg per kg and repeated half an hour later 
did not protect the animals from convulsions or 
lethal effect. On the other hand, when the same 

dose of nalorphine was given half an hour before 
and one and four hours after 500-1000 mg per kg 
of codeine in rats, all animals survived, though 17 
out of 20 had died with these doses of codeine 
alone. Pretreatment with pentobarbital, 50 mg per 
kg, reduced the occurrence of convulsions after 
450 mg per kg of codeine but did not affect the 
lethal outcome. Later, Braunlich & Hofmann 
(1962) said that the depressive action of lethal 
doses of codeine on respiration and on circulation 
in the rat could be abolished by nalorphine. 

Rao & Hofmann (1962) reported elsewhere on 
the antagonistic effect of (-)3-hydroxy-N-pro
pargylmorphinan. A dose of 150 mg per kg of 
codeine phosphate intraperitoneally caused the 
death of rats by respiratory depression. If the 
antagonist was given when respiratory minute vol
ume was reduced to not more than 50%, good but 
not complete recovery occurred, and a second 
dose of codeine had no effect. If the minute 
volume was allowed to fall to 30% or 40% of 
normal, the antagonist was ineffective. The co
deine alone lowered the blood pressure to about 
60% of normal and the antagonist brought about 
recovery to 80-85% of normal. 

Poisoning 

Poisoning with codeine in man has been far less 
frequent and far less dangerous than poisoning 
with morphine. Man is very susceptible to the 
depressant effect on respiration of overdoses of 
morphine, if tolerance has not been developed by 
repeated administration. Overdoses of codeine are 
less depressant to respiration and perhaps in addi
tion the incipient excitatory effect plays an anti
dotal role. Lochboehler (1899) said that he had 
found in the literature no case of fatal poisoning 
with codeine, and we have found only four re
cords of fatalities since. It seems worth while, 
nevertheless, to summarize briefly the cases of 
poisoning which we have found reported (see 
Table 8), though admittedly we have not scanned 
the clinical literature completely. 

TOLERANCE, DEPENDENCE AND ABUSE LIABILITY 

The literature before 1930 contains comments 
and recommendations with respect to the substitu
tion of codeine for morphine in persons dependent 
on the latter dru·g, especially as a method for 
withdrawal treatment. The ability of codeine to 
relieve the abstinence syndrome was recognized, 
and Lambert (1931) outlined a method for using 
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Patient 

Adult male 

Child 

Adult male 

Adult female 

Adult 

Adult female 

Infant, 3 weeks 

Infant, 6 months 

Infant, 8 weeks 

Infant, 6 months 

Boy, 3 years 

Girl, 4Y, years 

Infant, 9 months 

Infant, 3 months 

Infant, 5 weeks 

Reviewed 13 cases 
in children, six 
months to 3 years 

Adult male asth
matic 

5 cases in infants 
with respiratory 
disease 

6 Cases/ 

Boy, 2 years 

Boy, 4Y, years 

N. B. EDDY AND OTHERS 

TABLE 8 

SOME CASES OF CODEINE POISONING IN MAN 

Alleged codeine dose Principa.l symptoms Outcome 

4 grains+ 1/20 grain strych- Exhilarated, confused; not drowsy; Recovered, 
nine constricted pupils 36 hours 

2 doses of mixture, 100 g in 
30 g syrup of ipecac. a 

Estimated 8 grains as cough 
syrup 

Pills, 4 x 30 mg 

500 mg 

Tablets; 8 grains b 

90 mg within 20 hours 

10 mg 

3 x Y. grain, not simultane
ously 

25 mg within 24 hours 

40 mg 

100 mg, within 2 days 

100 mg, one dose 

Increasing doses in milk every 
other day, up to 20 mg 

4 x 4 mg in 24 hours 

Reported doses in 8: 80, 130, 
390, 190-230, 260, 160, 100-130, 
200 mg 

Estimated 675-1750 mg in 
cough syrup 

-· 
In one dose in normal range 

90 mg from frequent doses of 
cough syrup 

20 x 6 mg for cough within 
1 day 

Vomiting in 15 minutes, drowsy; 
itching; pupils not constricted 

Vomited twice; drowsy; abdominal 
pain; urine retention; pupils con
stricted 

Severe poisoning, no symptoms 
reported 

Signs of poisoning, again no symp
toms reported 

Slept for 18 hours 

Severe poisoning 

Drowsiness followed by increased 
reflexes 

Increasing stupor, shallow respira
tion 

Stupor, shallow respiration, cyano
sis 

Slept for 9 hours 

Weakness, drowsiness progressing 
to apnoea; later restlessness; 
muscular rigidity 

Oedema of face common symptom 

Cyanosis, superficial respiration in 
all; coma in three 

Excitation in two, deep sleep or 
coma in others 

Convulsion; cyanotic; respiration 
8-10 per minute 

Cyanosis; lethargy; respiration 8-10 
per minute; constricted pupils 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Died, 6th dayc 

Recovered 

Recovered 

Recovered 

Died d 

Recovered 

Recovered 

Recovered 

Recovered, 
12 hours 

a The codeine had settled out and, presumably, a large part of the total was taken in the second dose. 
b Had been taking Y,-grain tablets to promote sleep. May have developed tolerance. 
c Death attributed to pertussis and pneumonia, not the direct result of codeine. 
d At autopsy, estimated amount of codeine in body 496 mg, of barbiturate 255 mg. 

Reference 

Myrtle (1874) 

Ambrosoli (1875) 

Walsh (1889) 

Mettenheimer (1891) 

Medvei (1892) 

Spratling (1893) 

Knoepfelmacher 
(1909) 

Knoepfelmacher 
(1909) 

Kinne (1912) 

Dobeli (1912) 

Boissonas (1919) 

Wagemann (1924) 

Wagemann (1924) 

Chiari (1935) 

Piischel (1943) 

Hertz (1949) 

Cornell (1951) 

Samsoe-Jensen 
& Thamdrup (1951, 
1952) 

Lenstru p (1952) 

Fox & Jochinsen 
(1953) 

Fox & Jochinsen 
(1953) 

e Two were twins, 8Y, months, each given 4 x 13 mg in 18 hours; one moribund, the other affected to a minor extent. 
f Codeine may be harmful to children even in normal doses and is completely contraindicated in pneumonia or threatened 

pneumonia. 



Patient 

Boy, 2Y, years 

4 Cases, infants 
1-3 years 

Boy, 12 years 

Child, 2 years 

6 Cases, children 
1-3 years 

7 infants 

Infant, 18 months 

Premature infant, 
1 month 

Infant, 3 months 

Infant, 4 months 

Child, 2Y, years 

Child, 4 weeks 

Child, 9 months 

Child, 23 months 

Child, 23 months 

Child, 6Y, years 

Infant, 11 weeks 

Child, 5 months 

Child, 2Y, years 

CODEINE AND ITS ALTERNATES FOR PAIN AND COUGH RELIEF. 

TABLE 8 (concluded) 

Alleged codeine dose Principal symptoms Outcome 

Brother of preceding patient, Similar to those of preceding patient 
same total dose 

Recovered, 
24 hours 

2 x 60 mg subcutaneously 

66-197 mg in 3-mg doses 

80-200 mg 

30-60 mg 

680 mg as codeine pills 

2 x 5 mg suppositories 

125 mg as cough syrup, 
during 24 hours 

20 mg daily for 2 days 

Unknown quantity of cough 
syrup 

30 mg in 8 hours as cough 
syrup 

12 mg per day for 10 days 

20 mg in suppositories 

8 x 24 mg 

90 mg within 12 hours 

20 mg during 3 days 

30 mg in suppository 

60 mg 

Recovered 

Coma; respiration 14; reflexes near- Recovered 
ly abolished. (Prompt improve-
ment after nalorphine) 

Marked narcosis Died in 
18 hours 

None comatose or showing severe Recovered 
respiratory depression 

Coma; tonic convulsions; periods Recovered 
of apnoea 

Oedema of face; urticaria; deep Died in 
sleep; difficult breathing; cyanosis 36 hours 

Semicoma; cyanosis; irregular res- Recovered 
piration. (Nalorphine, 1 mg) 

Coma; shallow irregular respiration Recovered 
with periods of apnoea; cyanosis; 
constricted pupils 

Pallor; restlessness; opisthotonos; Recovered 
unreactive pupils 

Cyanosis; deep sleep; constricted Recovered 
pupils 

Cyanosis; opisthotonos; muscular Recovered 
spasms; constricted pupils 

Cyanosis; convulsions h Died a few 
hours after 

I 
onset of 
symptoms 

Convulsions Recovered 

Deep sleep; cyanosis; oedema Recovered 
about the mouth 

Cyanosis; opisthotonos; sleep; Recovered 
constricted pupils 

Cyanosis; shallow breathing; Recovered 
general oedema; constricted pupils 

Deep sleep; convulsions; dilated Recovered 
pupils; general erythema 

Sleep; constricted pupils; oedema Recovered 
about the mouth; erythema. (lorfan 
(levallorphan), 1 mg) 

Reference 

Fox & Jochinsen 
(1953) 

Hansen (1953) 
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Salomon et al. (1954) 

Gerchow & Pribilla 
(1954) 

M. Nimb (personal 
communication, 
1956) 

Strakova et al. (1959) 

Tabbane & Corcos 
(1960) 

Weill et al. (1960) 

Davis (1961) 

Davis (1961) g 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler & Weigel 
(1963) 

Rumler. & Weigel 
(1963)' 

Warley (1964) i 

g Author said there were 13 other cases diagnosed as codeine poisoning in the records of the Children's Hospital, Boston, 
Mass. 

h Child had pertussis, measles and pneumonia. 
t Author found 30 other cases in the literature; presumably most are listed in this table. 
1 Author comments on the frequency with which questioning reveals that children brought into the emergency room in a 

semicomatose state, with pin-point pupils, shallow breathing and cyanosis, have for a day or two previously received a cough 
preparation, usually codeine-containing. Advises against giving cough mixtures to children. 
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codeine which, he said, greatly minimized the pa
tient's discomfort. At that time, however, the dic
tum that the degree of satisfactory substitution is 
indicative of ability to produce dependence had 
not been put forward. There are also in the older 
literature records of a few persons primarily de
pendent on codeine, but so few really as to have 
caused a general feeling that codeine was essen
tially non-addicting. Lambert (1931) said that 
among 1700 persons seen in private practice who 
were " addicted " to opiates and other drugs, only 
ten had used codeine. The body of experts ap
pointed by the Council of the League of Nations 
in 1931 to review the situation gave it as their 
considered opinion that "codeine itself is practi
cally harmless from the point of view of produc
ing drug addiction" (Wolff, 1938), although 
Wolff, one of the experts, was careful to point out 
later that this opinion took into account only oral 
administration. Codeine is not mentioned in the 
International Narcotic Drug Convention of 
19 February 1925. There was strong resistance to 
any reference to it in the 1931 Convention (Inter
national Convention for Limiting the Manufacture 
and Regulating the Distribution of Narcotic 
Drugs, signed at Geneva on 13 July 1931), and it 
was only through compromise that provision for 
some degree of control of codeine was included. 
Not long afterwards, however, in the mid-thirties, 
concern began to be felt over a rise in codeine 
consumption in Canada, with evidence of abuse of 
the drug ; and, much more recently, the press has 
alleged abuse of codeine preparations to a consi
derable extent in some parts of the USA. Has 
there been any change in fact and should there be 
a change in attitude, as some have urged in recom
mending the stiffening of control with respect to 
codeine preparations? Since assessment of relative 
safety is one of the major objectives of this re
view, the evidence, both experimental and clinical, 
must be examined closely. 

Animal experiments 

The effect-or the lack of effect, that is, cross
tolerance-of codeine in morphinized animals was 
observed before an attempt was made to establish 
direct tolerance to the drug. Myers (1915, 1916) 
found that dogs tolerant to morphine were simi
larly tolerant to the effect of codeine on respira
tion but not to its effect on the intestine. Joi:H 
& Ettinger (1926) administered morphine to rats 
in increasing doses of 5-30 mg per 100 g for 10-12 

days. The sedative effect disappeared but excita
tion continued. Codeine produced sedation fol
lowed by stimulation in normal animals and pro
duced only stimulation in the morphine-tolerant 
rats. Abstinence phenomena were seen when the 
morphine was stopped and these could be relieved 
by codeine as well as by morphine. Otobe (1933) 
and Okamoto (1934), too, said that cross-tolerance 
between morphine and codeine could be demon
strated in dogs and rabbits, and Takagi et al. 
(1963) claimed that tolerance and cross-tolerance 
between morphine and codeine were easily estab
lished in the guinea-pig with respect to both anal
gesic and antitussive effects. Downs & Eddy 
(1928) made dogs tolerant to morphine with one 
dose a day, subcutaneously, six days a week. To 
produce in the morphine-tolerant dogs the same 
effect as was produced in normal animals, the dose 
of codeine had to be doubled. 

Quite recently, Shuster, Hannam & Boyle 
(1963) made mice tolerant to hydromorphone by 
administering the drug in their drinking fluid 
(evaporated milk diluted 1:3 with water). When 
the mice were taking 60-70 mg per kg per day, 
they were cross-tolerant both to the analgesic 
effect and to the exciting effect on spontaneous 
activity produced in normal animals by morphine, 
5 mg per kg, and codeine, 40 mg per kg. No 
primary tolerance experiments with codeine were 
reported. 

According to Ko (1935), codeine in doses of 5, 
10 and 20 mg per kg increased blood sugar 5%, 
31% and 121 %, respectively, in normal rabbits, 
but only 10%, 8% and 32% in chronically mor
phinized rabbits. Similarly, Cho (1938) reported 
that codeine phosphate in doses of 10, 30 and 
50 mg increased blood catalase 11 %, 15% and 
22%, respectively, in normal rabbits, as compared 
with 0, 5 and 11 % in morphine-tolerant rabbits. 
Sanfilippo (1948, 1953a) found that codeine, like 
morphine, produced hyperglycaemia in the dog. 
The effect of 0.5 mg per kg of morphine hydro
chloride daily, subcutaneously, was lost within a 
week and then 3 mg per kg of codeine hydro
chloride was also ineffective. Dogs receiving co
deine daily, 5 mg per kg, showed no elevation of 
blood sugar after 0.5 mg per kg of morphine. 

Sollmann (1924) administered morphine and co
deine to rats in their food. The dose was doubled 
every week through 17 weeks, increasing with 
morphine to 35 mg per kg and with codeine to 
290 mg per kg. With the former, the rats began to 
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lose weight in the 11th week; with the latter, the 
weight increased throughout, although one-third 
of the animals died-a difference in effect surely 
but not necessarily in tolerance. Himmelsbach, 
Gerlach & Stanton (1935), using resistance to an 
uncomfortable situation (struggles of restrained 
animals per unit of time) as the criterion of effect 
in rats, noted a decrease in tranquillization during 
continued daily administration of morphine or co
deine. The morphine dose was increased from 20 
to 200 mg per kg, the codeine dose from 63 to 
630 mg per kg, subcutaneously. The animals ex
hibited de.finite and increasing pre-injection irrita
bility (increased struggling) as the once-a-day in
jections continued, which gradually subsided to a 
normal level of excitability within seven to nine 
days after complete withdrawal. The authors in
terpreted this irritability as an abstinence pheno
menon ; it certainly indicated tolerance to a seda
tive effect. 

Kuhn & Friebel (1962a) gave codeine phos
phate subcutaneously three times a day to young 
male rats, starting with 10 mg per kg and increas
ing to 22 mg per kg per single dose. In the eighth 
week, nalorphine was given subcutaneously 
30 minutes after a codeine dose and the animals 
were observed for precipitated abstinence signs. 
The authors assigned numerical values to the signs 
which they considered characteristic components 
of the abstinence syndrome and recorded the fol
lowing scores for a group of 20 rats. 

Sign 

Stretching 
Chewing 
Grinding teeth 
Squeaking 
Drooping eyelids 
Infrequent movement 
Increased activity 
Diarrhoea 
Scratching, grooming 

Numerical value Score/Animals• 

3 24/8 
2 22/11 
2 22/11 
2 12/6 
2 32/16 
1 14/14 
1 5/5 
1 1/1 
1 11/11 

* Number of animals in which the particular sign was observed. 

The same authors (Kuhn & Friebel, 1962b) re
ported the appearance of similar signs and ob
tained similar scores when nalorphine was given to 
guinea-pigs which had received codeine phosphate 
in increasing amount, 11.5-41.5 mg per kg, three 
times a day over a 6-week period. 

Buckett (1964) attempted to set up a screening 
procedure for dependence liability, using young 
rats and relying upon the number of writhes 
(stretching of the Kuhn-Friebel abstinence syn-

drome) as the characteristic indicator of absti
nence phenomena and, therefore, of established 
dependence. The animals were injected intraperi
toneally twice daily, starting with 20 mg of mor
phine per kg per dose and increasing 20 mg per kg 
per dose each day to the maintenance dose of 
430 mg. For test purposes, the morning dose was 
omitted. Ninety minutes after it would normally 
have been given, the writhes per animal were 
counted for an hour. A test dose was then adminis
tered and the writhes counted for another hour. 
The giving of serial doses enabled the author to 
determine the amount of drug which would reduce 
the number of writhes to half of the initial 
count-that is, would appreciably and to a uni
form extent affect the abstinence syndrome and 
hence to that extent satisfy the established de
pendence. With morphine the required dose was 
0.8 mg per kg ; with codeine it was 24 mg per kg. 
By this test codeine was a weak substitute, being 
only one-thirtieth as effective as morphine. 

Collins (1963) and Collins & Weeks (1964) also 
attempted a quantitative substitution procedure. 
Using rats with an indwelling intracardiac catheter 
and an arrangement for self-administration of a 
fixed drug dose by pressing on a bar, these workers 
stabilized morphine-dependent animals on a regi
men which required 10 presses of the bar to 
obtain the maintenance dose of 2 mg per kg of 
morphine. By suitable substitution, the amount of 
another drug to maintain the same stabilization 
could be determined. By this technique codeine 
was unusually effective, proving to be two-thirds 
as potent as morphine. 

Tatum, Seevers & Collins (1929) said that some 
tolerance to codeine occurred in dogs after long
continued daily injections of 200-300 mg per kg. 
Such dogs were cross-tolerant to the depressant 
effect of small doses (3 mg per kg) of morphine; 
they showed instead irritability, increased suscepti
bility to the excitant action of morphine. 

Kolb & DuMez (1931) concluded that codeine 
had very little dependence-producing power in 
monkeys, compared with morphine or heroin. 
Only suggestive withdrawal signs were seen in 
three animals after 40-80 mg per kg of codeine 
per day (two doses per day) for six to nine 
months. Four of nine animals, which received 
increasing doses of codeine, died 15 days to six 
months after the start of the injections. In one 
instance codeine failed to satisfy a depen
dence-i.e., prevent the appearance of abstinence 

4 
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phenomena-produced by morphine and main
tained by heroin for 75 days. In his early experi
ments Seevers (1936) encountered difficulty when 
attempting to develop physical dependence by re
peated administration of codeine to monkeys. The 
drug's convulsant action appeared to prevent at
tainment of a sufficient drug concentration on a 
once-a-day administration schedule. Nishida 
(1933), however, reported the development of de
pendence on codeine and an abstinence syndrome 
in monkeys. He gave 60 mg per kg for 408 days 
and said that, to establish dependence, administra
tion must be continued much longer with codeine 
than with morphine. 

In recent years Seevers and his collaborators,1 

in the course of developing a technique for 
screening for physical dependence in the monkey 
(Deneau; 2 Seevers & Deneau, 1963 ; Committee 
on Problems of Drug Dependence, 1966), have 
established that once-a-day administration of 
codeine to monkeys is inadequate. They found 
that maximal tolerance and physical dependence 
developed only if tissue concentration was 
maintained continuously at least at a minimal 
level. For codeine, administration of 3 mg per kg, 
every three hours, seven days a week, was re
quired. If the dose was increased to 5 mg per kg 
every six hours and then to 14 mg per kg every six 
hours, administration of nalorphine on the 15th 
day-and again on the 30th day-precipitated ab
stinence phenomena of low intensity ; and abrupt 
withdrawal after 50 days was followed by an ab
stinence syndrome, which was also of low inten
sity. Nevertheless, in monkeys stabilized on mor
phine (3 mg per kg every six hours) and abruptly 
withdrawn from that drug, 14 mg per kg of 
codeine administered at the 14th hour after with
drawal was as effective as 3 mg per kg of mor
phine for the suppression of the developing absti
nence syndrome. 

Seevers and his group of investigators are also 
studying in monkeys the phenomena of self-ad
ministration of drugs as a possible measure of 
craving, drug-directed behaviour, or psychic de
pendence. A permanent catheter inserted into the 
right heart is connected to motor-driven injecting 
apparatus, the operation of which can be pro
grammed or initiated by the animal by bar-pres-

' Reports to the Committee on Drug Addiction and 
Narcotics, National Academy of Sciences-National Research 
Council, USA, 1954 and subsequently. 

• Thesis, University of Michigan, 1956. 

sing. In these circumstances small doses of co
deine produced mild morphine-like depression, 
larger doses produced hyperexcitability and still 
larger doses produced repeated convulsions, some
times with a fatal outcome. If codeine was admini
stered by design or by accidental bar-pressing and 
provision was made for the monkeys to receive the 
drug by further bar-pressing, four of five animals 
initiated and continued self-administration. If 
morphine was offered under similar conditions, 
eight of 11 monkeys initiated and continued self
administration of it. If tolerance and physical 
dependence were established by programmed ad
ministration, all animals maintained themselves on 
either drug by self-administration. 

La Barre (1965) has described a method for 
assessment of physical dependence in the dog. 
The animal is kept in an individual cage arranged 
for the counting and recording of all movements. 
The dog is stabilized over a long period of time on 
25 mg per kg of morphine, subcutaneously twice a 
day. On abrupt withdrawal of the drug, move
ments increase to a total of 35 000 to 45 000 in 
24 hours. A dependence-producing or supporting 
drug given at the beginning of the second 
24 hours would reduce the abstinence hyperirrita
bility and the number of movements, the degree of 
reduction indicating the degree of dependence lia
bility. Two doses of codeine, 50 mg per kg, had 
little effect. Curiously, the drug was a little more 
effective if phenacetin was administered with it 
(La Barre, 1964). 

Akad (1952), Tavat & Akcasu (1956) and, later, 
Cullumbine & Konop (1959) postulated a rela
tionship between the exciting effect in the cat and 
the dependence liability of morphine-like agents. 
These workers determined the minimal dose re
quired to produce motor excitement and compared 
this with effective, analgesic doses and with esti
mated dependence liability in man. Motor activity 
was measured in a spring-supported cage, but not 
only did the reported doses differ, the ratios be
tween them were also quite different. If the 
method has predictive value, one would expect the 
ratios to be at least approximately the same. The 
minimal exciting doses for morphine and codeine, 
respectively, were 0.2-0.3 and 6.0 mg per kg ac
cording to Tavat & Akcasu, and 2.0 and 5.0 mg 
per kg according to Cullumbine & Konop. 

Shemano & Wendel (1960, 1964) have suggested 
another correlation of possible predictive value. 
They determined by intravenous administration in 
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mice the LD50 and an ED50 for the Straub reac
tion, calculated a " Straub index " by dividing the 
first figure by the second, and compared the rank 
order of this Straub index with the rank order of 
dependence liability as deduced by the authors 
from published observations in man (Addiction 
Research Center). For some of the compounds 
pertinent to this report, the rank orders were : 

Straub index 

Heroin 1 
Morphine 2 
Pethidine 6.5 
Metofoline 6.5 
Codeine 9 
Dextropropoxyphene 9 

Dependence 
liability 

2 
2 
5 
9.5 
7 
8 

The Straub index, if used to predict the situation 
in man, would place pethidine too low and metho
pholine too high. The authors pointed out an
other discrepancy : apomorphine had the highest 
Straub index of all compounds tested and it ap· 
parently has no dependence liability. 

Clinical experience 
Long ago Rosenthal (1889) described the substi

tution of codeine in withdrawal from morphine. 
Schmidt (1890) and Gittermann (1891) reported 
similarly, but the latter was disappointed with the 
results. About this time, Mann (1891) and Bond 
(1891), however, were among those recommending 
the wider use of codeine in place of morphine to 
avoid dependence, both denying ever having seen 
a codeine habit. On the other hand, Jackson 
(1893) said that, although no euphoria followed 
the administration of codeine, a thoroughgoing 
codeine habit could be set up easily and would 
require prolonged treatment. An interesting ac
count appeared about this time by an anonymous 
author who evidently realized that in the substitu
tion treatment a codeine dependence replaced the 
morphine dependence (N.Y. med. /., 1893). This 
person described the abstinence syndrome which 
followed the eventual withdrawal of the codeine 
and commented that an eighth of a grain of mor
phine given during the withdrawal period relieved 
the symptoms, but the patient was aware that he 
had been given morphine. After a grain of co
deine the abstinence symptoms faded out without 
any symptom overlay. 

The first recorded case which we have found in 
which codeine was the first and only dependence
producing drug involved was that described by 
Pelz (1905). The drug was prescribed for nervous-

ness, 30 mg orally three times a day, but the 
patient liked the effect and took larger doses, 
attaining at one time an intake of 3 g a day. He 
was treated by abrupt withdrawal several times, 
always relapsing promptly. Pelz's description of 
the abstinence syndrome is clearly indicative of 
drug dependence of morphine type. Other cases 
have been reported over the years ; in a few the 
codeine was taken primarily, but more often it was 
taken to satisfy an already existing dependence to 
morphine or some other opiate. The largest single 
group was reported by Sharman (1934). About 
1933 codeine abuse of almost epidemic propor
tions was occurring in Canada. Importation of the 
drug rose from 311 kg in 1926 to 1040 kg in 1933, 
and the consumption per million inhabitants in 
1933 was 109 kg, as compared with 26 kg in the 
USA and 11 kg in Great Britain. Sharman said 
there were " 34 codeine addicts " in hospitals in 
one Canadian province, some patients having 
taken as much as 5.2 g per day by injection. 
Many of these patients had had experience with 
other drugs before codeine. In 1935, the Canadian 
Government reported awareness of the situation 
and, in 1937, a definite improvement, attributed to 
amendments to the Pharmacy Act of certain of the 
provinces (Wolff, 1938). Treadway (quoted by 
Himmelsbach, 1940, p. 6) reported on 19 cases in 
the official records of the USA, 13 of whom were 
believed to have taken codeine as their primary 
drug of abuse. 

Davenport (1938) wrote a brief review of co
deine addiction and tabulated the 32 cases which 
he had found in the literature. A couple of years 
later, Himmelsbach (1940) expanded this review, 
adding 67 to the list of recorded cases, but he 
considered only 25 of the total number as defi
nitely cases of dependence on codeine. He con
cluded his survey as follows : 

" While codeine addiction is certainly not a myth and in 
some cases the withdrawal signs and symptoms are as 
severe as those which follow withdrawal of morphine 
from morphine addicts, codeine is less addictive than 
morphine. While codeine would seem to have a peculiarly 
specific appeal to certain persons, the chief factors which 
lead to codeine addiction appear to be: (1) Its injudicious 
use in the practice of medicine; (2) inadequate legal con
trol; (3) difficulty in obtaining the usual addiction drugs. 
The chief factors which operate to prevent greater inci
dence of codeine addiction appear to be: (1) Its euphoric 
effects are of decidedly lower order than either morphine 
or heroin; (2) the costofaddiction-sustainingamounts of 
codeine is much greater than for equally effective doses of 
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morphine or heroin; (3) its low solubility and necessarily 
larger dose make the bulk of an effective addiction dose 
decidedly inconvenient to administer. Codeine is certainly 
liable to cause addiction when used in excessive amounts, 
or when it is administered to persons, whose unstable 
nervous make-up causes them to become easy victims of 
the seductive calm produced by opiates." 

It should be remembered that Himmelsbach was 
talking about codeine, not its preparations, and its 
potentialities as a pure drug of morphine type. 

Estimation of dependence liability in man 

Wolff (1938) discussed at length the pros and 
cons of classifying codeine as a dependence-pro
ducing drug. He felt that there was an important 
distinction to be made between the risks and re
sults of oral and those of parenteral administra
tion. He summed up the records with respect to 
the oral use of codeine, after having asked himself 
the question whether there is such a thing as 
genuine codeine addiction, thus: "The question 
could not be answered in the negative; there are, 
however, no sufficiently conclusive findings to jus
tify an affirmative reply . . . In view of the vast 
and justified extension of codeine consumption in 
the world for several decades, the few primary and 
secondary cases together cannot be regarded as a 
danger to public health." After discussing the 
parenteral use of codeine, Wolff concluded: "It 
seems possible for a genuine primary codeine 
addiction to occur, even in persons who were not 
previously addicted to drugs. In order to create 
this addiction, very large doses, administered 
parenterally, are necessary. Genuine tolerance and 
withdrawal symptoms occur, though possibly of a 
milder kind than in the case of morphine." He 
added: " Whether the medical use of codeine is a 
social danger may be answered in the negative. 
The medical practitioner should not be alarmed ... 
and should not allow himself to be deterred from 
prescribing codeine freely in the usual small 
therapeutic doses."... "He must have at least 
one opiate which he can prescribe without the 
restrictions which are necessary in the case of 
others." · 

Many physicians of experience had expressed 
opinions in agreement with Wolff: Dixon (1921), 
Watson (1922), Wilcox (1923), Bonhoeffer & 
Schwarz (1930), Dille (1951), to name only a few. 
In 1935, an editorial (Brit. med. J., 1935) said 
that in a hundred years of use there had been no 
:unequivocal evidence of codeine addiction, but 

that the ingenuity of addicts (in Canada) had 
enabled them to substitute codeine for other drugs 
in a wave of abuse. 

Lambert (1936), on the basis of his own experi
ence and observation, estimated that dependence 
on morphine developed under clinical conditions 
in 23-25 days, and dependence on heroin in a 
week or 10 days, but dependence on codeine did 
not develop for a month or six weeks. In another 
report (Lambert, 1931), he said that among 
1700 patients seen in private practice with addic
tions of all kinds, to the opiates and to hypnotics, 
only 10 had acquired dependence on codeine 
through its use to relieve pain. Lambert revived or 
continued the use of codeine as substitution treat
ment during withdrawal of other opiates and said 
that it was the only drug which would ameliorate 
the withdrawal symptoms (Lambert, 1936). 

Banerji (1961) claimed that patients given 60 mg 
of codeine every six hours for two months would 
usually show some tolerance and addiction and 
mild withdrawal distress. The drug, however, he 
said, was unacceptable to the morphine or heroin 
addict because it produced only slight euphoria 
and failed to relieve the distress of psychic de
pendence. Twenty-five years earlier, Ostromislen
sky (1936) said: "There can be no doubt codeine 
belongs to the typical group of opiates causing 
addiction," though it " still excites doubts in the 
minds of some physicians." Ostromislensky said 
further: " A ' normal ' person, not familiar with 
the effects of morphine, who takes daily small 
insignificant doses of codeine, say one-fourth or 
one-half of one grain of codeine sulfate, three 
times daily, becomes inevitably a codeinist within 
sixty to sixty-five days." Although this coincides 
with Lambert's estimate, most clinicians of experi
ence would not agree, unless perhaps they referred 
to parenteral use only. Certainly, almost com
pletely negative results were obtained in two series 
of experiments of three months' duration or longer 
in which codeine was given orally, double blind, 
three or four times a day for mild to moderate 
chronic pain, The patients were challenged period
ically by subcutaneous administration of a small 
dose of nalorphine to try to precipitate abstinence 
phenomena as an indication of developing physical 
dependence and were observed at the end for 
ten days after abrupt withdrawal (Cass, Laing 
& Frederik, 1961; personal communication, 1963). 

Some cases of dependence on codeine not in
cluded in Himmelsbach's review or reported since 
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TABLE 9 

FREQUENCY OF CODEINE ABUSE IN REPORTS OF DRUG ABUSE GENERALLY 

Reference Drug-dependent persons encountered I Number using or 
or reviewed dependent on codeine 

Doane (1953) 

Thigpen, Thigpen & Cleckley 
(1953) 

Linz (1953) 

Schaumann (personal com
munication, 1957) 

Scheibe (1958) 

Schlesinger, Belizzi & 
Parkhurst (1959) 

Ball (1965) 

Parreiras (1965) 

Paintner (1956) 

Knight & Prout (1951) 

Mayor's Committee on Drug 
Addiction (1930) 

Wagner (1941) 

US Treasury Department, 
Bureau of Narcotics (1957) 

ea 4000, seen by author 

35, treated 

381, in Berlin 

810, collected by inquiry in Germany 

A year's survey, total number not given 

Reports to the Health Department, 
New York State, April1952 to end of 
1958 (3974 cases) 

3301 discharges from Lexington and 
Fort Worth (USA) hospitals 

From Brazil census of persons hospital
ized for drug abuse; in only 4 was the 
drug morphine, in none codeine, in 
225 198 (95 %) alcohol 

748 

75, admitted to hospital for treatment 

308, admitted to hospital for treatment 

550, a German survey in 1941 

44146 reported from police files and 
other known contacts with drug 
abusers up to 1957 

2 

4a 

1401 

0 

0 

13 

118 j 

a One patient also taking pethidine; previous or combined drug experience of the others not 
stated. 

b None known to have taken codeine only. 
c Said to be only drug taken; in two other cases, codeine was taken with another drug. 
a All but one had taken other drugs previously and most simultaneously. 
e Number using codeine, whether or not other drugs taken. 
I Diagnosed as codeine-dependent at time of hospitalization. 
g A review of cases of drug abuse; the drug was codeine in only 4. 
h Codeine said to be the drug of choice. 
1 None dependent on codeine or taking it at the time of admissipn. Only 4 admitted to ever 

having taken codeine. 
1 Records accumulated over flve years. 
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have come to our attention-namely, two by 
Davenport (personal communication, 1938) and 
one each by de Fursac & Monestier (1924), Von
dracek (1941), Gruber & Nelson (1948), Chu 
(1956), Scheibe (1958) and E. Mourius.1 In some 
of these cases othef drugs were taken previously 
or simultaneously. Cieslak (1955) said that he 
had seen dependence on codeine only secondarily 

' Dissertation, Breslau, 1939. 

to abuse of other drugs; however, Maller & 
Constantinescu (1958) described five cases in which 
codeine was taken in excessive amounts in the 
treatment of cough, two patients apparently taking 
a codeine preparation only but the others another 
narcotic previously or simultaneously. A number 
of other authors have reported surveys designed to 
determine the frequency of use of various drugs, 
including the frequency of codeine abuse or de
pendence (see Table 9). 
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Even if the probability of overlap in Table 9 
is disregarded, the frequency of the abuse of 
codeine obviously continues to be low and 
there appears to be no reason to modify 
the opm10n expressed by Wolff in 1938; 
in addition, the following confirmatory com
ments may be cited : Modell (1952), speaking 
at a conference on drug dependence arising 
in medical practice, said that there "are a 
number of instances of primary addiction to co
deine, ... the danger is relatively small ". Travell 
(1952), speaking at the same conference, said: 
" Many have taken codeine for long periods, yet it 
can be discontinued without any disagreeable 
effects if the pain is relieved otherwise. I have yet 
to see my first codeine addict". Remsen (1958), 
discussing the geriatric patient, also said of co
deine : "Its addictive features I have never seen." 
And Krantz & Carr (1958) asserted that patients 
" with arthralgic pain have used codeine as an 
analgesic for years without showing tolerance or 
addiction". Beckman (1958) admitted that cases 
of codeine addiction are reported from time to 
time, but felt that the drug could be looked upon 
as being very nearly non-addictive. Friedman 
& Merritt (1959) believed codeine to be the most 
effective, relatively safe, analgesic drug for the 
treatment of chronic headache and though toler
ance and addiction from continuous use had been 
recognized, these effects were uncommon. The ad 
hoc Panel for the White House Conference on 
Narcotic and Drug Abuse in 1962 (White House 
Conference, 1962) stated: "Primary codeine ad
diction is rare, as is the substitution of codeine for 
another opiate to maintain addiction. The liquid 
preparations are abused occasionally, but are of 
little significance with respect to the general drug 
abuse problem." Anslinger, for more than 30 
years US Commissioner of Narcotics, agreed fully 
with the last-mentioned opinion (personal com
munication, 1963). Hay (1963) said a little later: 
" Much nonsense is talked about the risks of 
addiction to codeine ; in my experience it can be 
used for long periods without any side effects 
other than constipation." 

Very recently Seevers (1967) has reviewed the 
evidence on the abuse of codeine cough prepara
tions, concluding that " the prevalence of the 
abuse of codeine syrups in the general population 
is exceedingly low " and suggesting that a 
" molehill has been blown up to a mountain 
often by politically motivated publicity". Seevers 

posed-and answered on the basis of his own 
experience and his review-the following pertinent 
questions : 

" Can codeine be replaced by non-narcotic antitussives 
currently available? ... [Yes,] in certain specified and limi
ted situations ... Judging from the continued popularity of 
codeine among physicians and laymen alike throughout 
the world in spite of the easy availability of the so-called 
" non-toxic " preparations it seems illogical to abandon 
a drug like codeine which possesses in one agent, not 
only antitussive properties but also pain relief and seda
tive properties which are helpful in relieving the discom
fort often associated with cough ... Codeine serves a need 
which is not presently met by other substances; [the evi
dence] hardly justifies discontinuing its availability for this 
purpose. 

" Does codeine induce morphine-like physical and 
psychological dependence? ... [Yes,] but only under the 
most stringent set of conditions. 

" Should codeine cough syrups be available only on 
prescription in order to protect the public? Unfortunately 
assignment of drugs to prescription status has never 
prevented availability for abuse ... All of the ingredients 
for abuse of these substances would still be present and 
uncontrolled-the same thrill-seeking teenagers, the 
same lack of parental authority, the same failure of en
forcement, the same unethical retailers, the same well
meaning and emotionally inspired, but poorly informed 
reformers, to which would be added the too busy, the weak 
or the unethical physician. 

" Even though codeine cough syrups may not be of 
much significance in the total problem, are they stepping 
stones to more potent narcotics or other drugs? ... A 
cause and effect relationship with cough syrups as a preci
pitating factor in other drug abuse is not easy to de
monstrate, if in fact it exists. Codeine-containing cough 
syrups do not make wild and antisocial teenagers. Drugs 
do not create any new brain functions ... Wild teenagers 
are that way because of their inherited mental and physi
cal characteristics ... They seek an "out" in excessive 
drug use. Today with codeine cough syrups because they 
are easily and illegally available. Tomorrow it will be 
something else ... Over-indulgence in drugs appears to be 
a biological necessity for a sizable fraction of the popula
tion. 

" Is abuse of cough syrups based largely upon their 
alcohol content? When it [alcohol] is present in significant 
quantity it is clearly a contributory factor to the total 
action of the mixture ... however, in some areas syrups 
low in alcohol have a high acceptance and abuse level. 

In conclusion, Seevers said : 

" Codeine, like all psychoactive· drugs, represents and 
will always represent a certain definable hazard for those 
individuals who are prone to drug abuse. It is an error, 
however, to put codeine in the same abuse category as the 
potent depressants and stimulants; heroin, or morphine, 
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barbiturates, cocaine, amphetamines, marihuana, LSD, 
or even the volatile solvents." 

In their total impact, all of the above-opinions, 
occasional case reports, and statistics which in 
some instances at least probably represent a partial 
picture only-point to a very low risk to public 
health from the very common use of codeine and 
its preparations, and we can provide some further, 
very specific, quantitative data. The investigators 
at the Addiction Research Center, Lexington, Ky., 
have carried out many experiments with codeine 
in their post-addict population, evaluating its mor
phine-like properties, euphorigenic effect and sub
stitution potency, as well as the results of pro
longed administration under various conditions. 
Their major experiments of this sort may best be 
summarized in approximate chronological order, 
because the design has often been based on pre
vious experience. 

The work at the Center in this connexion began 
in 1933 and the first report on codeine was that of 
Himmelsbach (1934). The initial attempt was to 
maintain a previously established drug habit by 
administration as a substitute of the drug in ques
tion. The hypothesis was: 

" Given valid addiction to morphine, a definite syn
drome of abstinence phenomena will ensue shortly after 
its abrupt and complete withdrawal. Hence a substance 
which can be completely substituted for morphine without 
permitting the appearance of that syndrome may be 
addicting in itself even though it is an adequate substitute. 
If stability can be maintained by the substituted product 
over a period sufficiently long to rule out abstinence 
resulting from withdrawal of the morphine and then the 
substitute can be withdrawn without the appearance of 
that syndrome, it is probably an adequate non-addicting 
substitute for morphine, but, if abstinence phenomena do 
set in, that substance is addicting." 

In the first experiment, seven white adult males, 
in whom valid dependence on morphine was pre
sent, were physically and psychically stabilized on 
four daily hypodermic injections of morphine sui
fate, 50-150 mg per dose, in each case the dosage 
being sufficient to prevent the appearance of any 
abstinence symptoms. Stabilization was main
tained for 10-30 days. Then, over a period of 
three days, effective doses of codeine were sub
stituted one at a time for each dose of morphine, 
so that after the third day no further morphine 
was given. Stability was maintained by codeine 
for 8-14 days, after which the drug was abruptly 
withdrawn. During the transition to codeine the 

subjects were aware of the transition and, al
though they voiced no objection, showed mild to 
moderate abstinence signs until the codeine dose 
was adjusted upwards sufficiently, to 240-600 mg 
per dose. During the period of stabilization on 
codeine, five men exhibited mild abstinence signs 
at some time; two exhibited none at any time; and 
all were mainly free of abstinence symptoms 
throughout. When the codeine was stopped abrupt
ly, an abstinence syndrome of equal intensity 
to that seen after morphine developed, but a little 
more slowly, reaching a peak at about 30 hours 
and beginning to decline on the fourth or fifth 
day. 

In the second experiment, which involved 19 
subjects, some quantitative refinements were added 
and the drugs were given in part orally (Him
melsbach & Andrews, 1940; Himmelsbach, 1941). 
In this series codeine was substituted for morphine 
abruptly, at an average individual dose of 259 mg 
for 50 mg, subcutaneously, but substitution was 
not quite complete ; mild abstinence signs, re
corded by the recently introduced Kolb-Himmels
bach scale (Kolb & Himmelsbach, 1938), appeared 
throughout the substitution and the syndrome 
following withdrawal was a little less intense 
than that after morphine. The time for the 
abstinence signs to reach 50 % of maximum 
intensity averaged 16.2 hours for codeine 
and 14.4 hours for morphine, not a significant 
difference. In three patients in this second experi
ment, administration of morphine was changed 
from subcutaneous to oral and the number of 
doses increased to 7-10 per day several days before 
the switch to codeine, also given orally. With each 
drug, stabilization was good with these frequent 
doses. The dose of morphine per day was in
creased by 25% when the drug was given orally ; 
the codeine dose averaged the same, 825 mg per 
day, orally and subcutaneously. According to the 
initial hypothesis, these experiments would in
dicate a similar dependence-producing potential 
for codeine whether administration is oral or sub
cutaneous, but on a milligram basis considerably 
less than morphine. 

In many of the patients in each of the experi
ments just described, flushing of the skin of the 
head and arms followed the administration of the 
first few doses of codeine ; tolerance to this effect 
developed rapidly. 

Andrews (1940) recorded the electrical poten
tials of the cerebral cortex in seven of the patients 
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who participated in the second codeine substitu
tion experiment described above. During main
tained drug dependence the percentage of occipital 
alpha rhythm was high (it was higher during mor
phine stabilization than during codeine substitu
tion) and during withdrawal from codeine it re
mained high, usually at least as high as during 
codeine administration. A single injection of co
deine to a drug-free post-addict produced little 
change in the brain potentials, but prolonged the 
time required to block the occipital alpha rhythm. 

Using some of the patients who were involved 
in the substitution experiments, Felix (1940) 
studied the behaviour of five subjects who were 
receiving morphine only, of five others after co
deine substitution and of all ten during and after 
withdrawal. To make his observations as quanti
tative as possible, Felix devised a scale with 
positive and negative ratings with respect to appear
ance, mood, co-operation, activity, and interper
sonal relations. He emphasized that of the two
fold aspects of dependence, psychic and physical, 
it is the psychic element which is responsible for 
most relapses and that, if a drug possesses less 
ability than morphine to produce psychic satisfac
tion, it is likely to be used to a much less extent. 
Felix said codeine was such a drug. He said also 
that patients were frequently willing to go through 
the discomforts of withdrawal rather than con
tinue on codeine because of its inability to pro
duce psychic satisfaction, even though the physical 
dependence was maintained. For a similar reason, 
though some patients may relapse through codeine 
administration, they tend quickly to turn to mor
phine or heroin. The scores with Felix's behaviour 
scale in these studies indicated clearly that neither 
morphine nor codeine, in the doses which just 
provided physiological stabilization (freedom from 
abstinence signs), produced psychic satisfaction 
and that this deficiency was greater with codeine 
than with morphine. 

Kolb (1925) spoke of "positive" and " nega
tive " pleasure to be derived from the use of 
opiates. The former was the elevation of mood 
above the usual emotional plane, experienced pro
bably chiefly in the early development of de
pendence ; the latter was the relief experienced by 
suppression of pain and anxiety-the feeling of 
most persons who receive an opiate and the feeling 
experienced mainly once dependence has devel
oped. While there may be some " positive " plea
sure derived from morphine, there is definitely none 

obtained from codeine, during maintained drug 
dependence. With codeine, even " negative " plea
sure is less evident, as is manifested by an inability 
to attain " normal " peace and calm ; therefore, 
codeine is an unsatisfactory agent from the drug
dependent person's viewpoint. 

Other physicians of experience-Seevers 
& Pfeiffer (1936), for example, in their studies of 
analgesic effects in normal subjects--confirm this 
low rating . of codeine's euphorigenic potency. 
Friend (1957), too, said that the effect of codeine 
on the higher centres was only about one
twentieth that of morphine, resulting in very little 
sedation, euphoria or other central nervous system 
effect. According to Almy & Steinberg (1960). 
codeine is less addicting because it does not induce 
a sufficient degree of euphoria, and Murphree 
(1962) in a recent review concluded that codeine 
produced very little sedation and no euphoria. 

Himmelsbach & Andrews (1943) simplified the 
substitution technique by applying one or two 
doses only at the peak of the abstinence syn
drome. The Kolb-Himmelsbach hourly abstinence 
scale permitted measurement of the abstinence 
phenomena and construction of an average curve 
of abstinence through the first 40 hours after 
abrupt withdrawal of morphine. The score of a 
particular untreated patient should agree with the 
average within plus or minus 2%. and a greater 
deviation would indicate the substitution potential 
(dependence liability) of an agent given at the 
peak of the curve. Single doses of codeine or 
morphine given at the 30th hour after withdrawal 
gave the following deviations from the average 
score for the next ten hours : 

Treatment Dose ( mg) Route• Number of Deviation 
patients Peak Total 

Saline se 7 -3 -I 
Codeine 26 se 6 -11 -1 
Codeine 52 se 13 -25 -18 
Codeine 104 se 6 -37 -20 
Morphine 5 se 5 -27 -18 
Morphine 10 se 10 -29 -23 
Morphine 20 se 7 -46 -34 
Morphine 20 IV 6 -64 -53 

• SC=subcutaneous; IV =intravenous. 

Even the largest dose of codeine, though falling 
between 10 and 20 mg of morphine in peak effect, 
was hardly equivalent to 10 mg of morphine in 
total effect. The ratio of effectiveness, morphine 
to codeine, which was 5.2: 1 in the earlier pro
longed-substitution experiments, would be nearer 
10: 1 in this experiment. 
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Andrews (1943) used the Hardy-Wolff-Goodell 
radiant-heat method to determine pain thresholds 
in post-addicts and normal persons and found 
that, although the initial thresholds were similar, 
opiates raised the threshold less in post-addicts 
than in normal persons. Nevertheless, 100 mg of 
codeine raised the threshold in post-addicts as 
much as did 20 mg of morphine. Andrews noted 
that the ratio of effectiveness, codeine to mor
phine, was very similar for substitution in depen
dence (repeated doses), 0.19, for analgesic thres
hold effect for post-addicts, 0.20, and for relief of 
clinical pain, 0.20. We found (see Table 1) the 
commonest ratio for analgesic experiments in ani
mals to range from 0.14 to 0.25, but Houde's ratio 
for quantitative measurement of clinical pain was 
less than 0.10. 

Fraser et al. (1954) determined by a photo
graphic process the effect of various agents on 
pupil size in post-addicts, looking for a correlation 
between pupillary effect and dependence liability. 
Codeine at a dose of 60 mg subcutaneously or 
orally had little miotic ·effect (less than 10 %) 
and simultaneously little subjective morphine-like 
(euphoric) effect. This result was in line with the 
hypothesis, and over the series of compounds 
tested the correlation was reasonably good. 

Elliott et al. (1964) obtained pupillary constric
tion with codeine, 60 mg intramuscularly, which 
averaged - 1.0 mm for 20 subjects; with mor
phine, 15 mg, the average figure was -1.4 mm. 
These workers were interested in the possibility of 
using nalorphine to detect narcotic drug use, since 
that substance causes pupillary dilatation in per
sons who have taken morphine or heroin ; it 
seemed, however, to fail to do so if the drug taken 
was codeine. They found that after known single 
doses of 66-90 mg of codeine, 1.5-3.0 mg of nal
orphine only increased the pupillary constriction. 
Even if the codeine dose was given every six 
hours, with the dose doubled after three days, 
dilatation of the pupil after nalorphine was irre
gular and, in most subjects, it was positive only 
after four or five days of codeine administration. 
They concluded that nalorphine is not a reliable 
indicator of the use of codeine unless the latter 
drug has been taken continuously over at least five 
days. 

Fraser and associates (1961 b) devised question
naires to be filled out by subjects and observers, 
hourly to determine the immediate effects of single 
doses of drugs, or daily to determine over-all 

effect and persistence of effect during chronic ad
ministration. Among the items in the question
naire were: (1) presence of any drug effect, (2) 
strength of the effect, (3) whether the effect was 
recognized as opiate-like, or like the effect of any 
other drug in the patient's experience, (4) liking of 
the patient for the effect, and (5) whether the 
subject would take the drug if available to him. 
From the answers given, scores were calculated in 
respect of specific points and over-all effect, or 
positive responses were expressed in percentages, 
making possible at least a semi-quantitative com
parison of drugs. The questionnaires have been 
most helpful in assessing morphine-like effects and 
the liking of the post-addict population for differ
ent drug effects.1 

In a specific double-blind cross-over experi
ment using 14 adult male post-addicts, oral 
doses of 60 and 90 mg of codeine phosphate 
were compared with 20 and 30 mg of mor
phine sulfate. With morphine, seven patients 
responded positively at each dose, three and two 
negatively ; with codeine, five and six responded 
positively, four and two negatively, at the two 
doses for morphine-like effects. In another experi
ment (Fraser & Isbell, 1961), 140 mg of codeine 
phosphate was given orally once a week up to 
three doses to eight non-tolerant post-addicts. 
There was no evidence of tolerance and total 
scores (possible score iri parentheses) were 1.9 (14), 
10.5 (56), and 15.2 (98), respectively, for identifica
tion of the drug as "dope" (morphine-like), 
liking, and total morphine-like symptoms. When 
eight subjects were given oral doses of codeine or 
morphine daily for 18-20 days increasing from 
200 mg or 32 mg on the first day to 1500 mg 
or 240 mg on the 18th day, they recognized a 
drug effect 50% of the time with morphine and 
45% with codeine, and they identified morphine as 
dope 50% of the time and codeine as dope 32%. 
On abrupt withdrawal, the total abstinence score 
was 140.1 for morphine, as compared with 113.6 
for codeine. And when four subjects were given 
480 mg of codeine phosphate in four doses orally 
for only five days, the drug was always identified 
as dope, but only one person expressed a liking for 
it or wanted to continue to take it. 

Fraser et al. (1961a) carried out yet another 
short-term experiment in which drugs were given 

' Martin has recently revised the single-dose questionnaire 
!O ~over the original points and to distinguish between sub
jective effects of drugs of different type-morphine-like 
barbiturate-like, etc. ' 
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intravenously in doses above the therapeutic level 
and the subjects were invited to express their lik
ing or preference and to elect to take or not to 
take the drug for seven days, with the further 
option of discontinuing at any point. The doses of 
morphine and codeine given initially were 30 mg 
and 120 mg, respectively; the other drugs tried 
were dextropropoxyphene, 180 mg, and metho
pholine, 180 mg. There were seven subjects in the 
experiment. All elected to take morphine and six 
continued through the seven days ; one discon
tinued on the second day because of excessive 
vomiting. Only four patients would take codeine 
and, of these, three completed the seven days' 
treatment and one stopped on the fourth day. All 
subjects started dextropropoxyphene, but only two 
completed the course of injections. After the ini
tial series of injections and at the end of the 
experiment, the men were asked to rate the drugs 
according to their liking for the effects of each. 
The results are shown below (the first figure is the 
number who rated the drug as first choice 
initially; the second figure is the final rating) : 

Choice* 2 3 4 

Morphine 5/6 1/ 1/ 
Codeine 2/ 2/l 3/3 
Dextropropoxyphene 2/ 4/ l/2 
Metofoline 1/ 4/l 2/2 

• In the final rating, only those who completed the experiment are 
included. 

Obviously codeine was not very acceptable to 
these post-addicts, and was even less so after they 
had been exposed to repeated doses. 

All these quantitative data are consistent with 
the views expressed earlier by many persons of 
experience. We can hardly do better than to con
clude this section with Seever's words : " Since 
drug abuse is currently one of the major medical, 
social, and legal problems which confront the pub
lic, focusing our view on a miniscule fraction 
(codeine) of the total problem diverts attention 
from the broad sociological, medical and educa
tional approaches which appear to offer the only 
real chance of success in at least preventing an 
increase and, hopefully, reducing the incidence of 
drug abuse" (Seevers, 1967). 

METABOLISM OF CODEINE 

About five years ago, an outstanding review 
entitled " The Biological Disposition of Morphine 
and its Surrogates " was compiled by Way 
& Adler and published, in four instalments, in the 

Bulletin of the World Health Organization.1 In 
the second instalment (Way & Adler, 1962), there 
is a very thorough discussion of the absorption, 
distribution, metabolites and excretion of codeine. 
Any attempt at a complete review of these points 
here would be in great part a duplication of the 
work of these authors, but the reader may profit 
by a summary of the salient points and a review of 
the reports on codeine metabolism which have 
appeared since 1960. 

Absorption 

Studies in rats (Latham & Elliott, 1951 ; see also 
data quoted by Way & Adler, 1962) have shown 
that, after subcutaneous injection of 40 mg per kg 
of 3-014CCHa-labelled codeine, 73% of the dose 
was absorbed in 60 minutes and 84.6% in 
120 minutes. In a different strain of rats, Miller 
& Elliott (1955) reported that the analgesic effect 
of a subcutaneous dose of 25 mg per kg of co
deine hydrochloride was fully established in 
15 minutes and that, at the same time, 3.5 1-1g of 
14C-labelled codeine (calculated as base) was pre
sent per gram of tissue throughout the central 
nervous system. In the dog, Woods, Muehlenbeck 
& Mellett (1956) found that, after injection of 
20 mg per kg (in terms of free base) subcutane
ously, the peak level of free codeine in plas
ma-7 1-1g per ml-was attained in 45 minutes 
but the peak level of bound codeine-14 1-1g per 
ml-was not reached until 120 minutes after the 
injection. According to the same authors, after the 
same dose subcutaneously in the monkey, the peak 
levels of free and bound codeine-3 and 15-18 
1-1g per ml, respectively-were reached in about 
an hour. In man, Adler et al. (1955) found 
14C02 in expired air 15 minutes after intra
muscular injection of 22 mg of codeine. They 
reported that approximately the same proportion 
of this dose was excreted in the urine whether the 
drug was given orally or intramuscularly. Larger 
doses orally were apparently not absorbed as well ; 
at any rate, a smaller percentage of the dose was 
excreted after 70.5 mg every four hours for 
12 hours. Absorption would appear to be much 
slower after sublingual administration. Walton 
& Lacey (1935b) said that the dose of codeine 
required to affect intestinal activity in the dog was 
15 times greater when given sublingually than 
when given subcutaneously. 

• A joint reprint of the four instalments was subsequently 
issued. 
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Thus, absorption of codeine subcutaneously or 
orally is good-as good as, and probably better 
than, that of morphine by the oral route. (Way 
& Adler, 1961.) 

Excretion 

Codeine and its metabolites are excreted almost 
entirely by the kidney in man, the monkey and the 
dog, while in the rat the gastrointestinal tract plays 
a significant role in excretion. In man it is rapid, 

about two-thirds of the alkaloidal metabolites ap
pearing in the urine within six hours, though small 
amounts continue to be excreted for several days. 
Only a small part of the dose is excreted as free 
codeine, the greater part appearing as biotrans
formation products ; and the pattern of excretion 
does not seem to be altered greatly by the route of 
administration, by the size of the dose or by toler
ance. Table 10, taken from Way & Adler (1962), 
summarizes the quantitative data then available. 

TABLE 10 

URINARY EXCRETION OF CODEINE AND ITS METABOLITES, EXPRESSED AS PERCENTAGE 
OF DOSE ADMINISTERED * 

I Dose R a\ Time I Codeine 

I 
Norcodeine 

\ 
Animal 

. (mg/kg) oute . (hours) 
Free I Bound Free I Bound 

Man 

Normal 0.33 IM 6 10.8 23.4 1.9 3.5 

" 0.3-0.4 IM 24 6.6-15.9 46.1-51.3 Trace 9.5-12.3 

" 
0.3-0.4 Oral 24 5.2-17.3 31.7-45.5 Trace 10.2-21.3 

" 
0.5 Oral 24 - - - -

" 
1.43C Oral 24 - - - -

" 
4.oc Oral 24 4.0 19.9 2.7 13.6 

Addict 4.8-9.5 c se 24 3.8-7.9 - - -

" 
6.9-14.0 c Oral 24 3.1-5.8 - - -

" 
3.4-10.0 c Oral? 24 11.2 31.6 - -

~------ ----· 

Monkey 

Normal 20 se 24 4-7 27-39 - -

" 
40C se 24 3-10 31-33 - -

Tolerant 40 c se 24 16 23 - -
----------

Dog 

I 
Normal 1.4 se 24 - - - -

" 
14.1 se 24 - - - -

" 
20.0 se 24 4-11 42-58 - -

" 28.2 se I 24 - - - -

Rat 33.3 se 30 2.8 9.2 0 0 

* Reproduced, with slight modifications, from Way & Adler (1962). 
'1 IM = intramuscular; SC = subcutaneous. 
b Estimate based on "CO• from codeine-O"CHa. 
c Divided doses. 
d Semiquantitative data. 
e Estimated based on "C measurements after injection of codeine-N"CHa. 

Morphine 

I Reference 
Free I Bound 

- 7.6 b Adler (1954) 

Trace 5.3-17.2 Adler et al. (1955) 

Trace 4.7-13.0 Adler et al. (1955) 

Trace 4.2-10.4 Paerregaard (1958) 

- 0.5-4.0 d Mannering et al. (1954) 

1.0 6.9 Adler et al. (1955) 

0 - Oberst (1940) 

0 - Oberst (1940) 

0 0 Oberst (1941) 

1.0 6 Woods, Muehlenberg & 
Mellet (1956) 

0.5-2.0 7-10 Woods, Muehlenberg & 
Mellet (1956) 

2. 0 7 Woods, Muehlenberg & 
Mellet (1956) 

·--

Trace 0.87-1.77 Paerregaard (1958) 

Trace 0.93-1.81 Paerregaard (1958) 

<0.2 <0.3 Woods, Muehlenberg & 
M ell et (1956); Woods 
(1957) 

0.02-0.06 1.13-2.21 Paerregaard (1958) 

- 29.3 e Adler (1953) 
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The table indicates the metabolites of codeine 
resulting from N- or 0-demethylation and conju
gation of the parent substance and the demethyl
ated metabolites; Way & Adler (1962) discussed 
at lenght the formation of these products and 
the possible role of the liberated morphine in 
the pharmacological action of administered co
deine. The amount of morphine shown to be 
released in some circumstances is too great to 
exclude its playing a part, but there is too much 
conflicting evidence to accept the metabolite mor
phine as the sole pathway to codeine analgesia and 
other effects. 

Conditions affecting metabolism 

Since 1960, a considerable amount of work has 
been done on quantification, time relationships and 
other factors affecting the formation of codeine 
metabolites, and details have accumulated to sup
plement the review of Way & Adler. Redmont 
& Parker (1963) gave a 65-mg dose of codeine 
phosphate orally to normal persons ; in a group of 
seven, urine was collected for 32 hours, and in a 
group of six it was collected for only 14 hours, 
since excretion had been found to be nearly com
plete after that period of time. The authors ob
served that 57 % of the dose was excreted as 
free and bound codeine, and 14% as free and 
bound morphine ; norcodeine was not determined. 
Codeine was the first product to appear in the 
urine, morphine being found only after three 
hours. The peak excretion rate was observed at 
three hours, and from that time onwards the rates 
of excretion of codeine and morphine were 
approximately parallel. 

Elison & Elliott (1964) studied the kinetics of 
codeine demethylation and concluded that there 
were two enzyme systems involved. They in
cubated a rat-liver preparation with codeine phos
phate and determined formaldehyde formation. 
N-Demethylation occurred at the faster rate. 
After reaching a peak of 12 !-LIDO! per 10 m!, the 
rate of demethylation decreased-a finding which 
was interpreted as indicating that one of the en
zymes was inhibited by increasing concentration of 
its substrate. The same authors (Elison & Elliott, 
1963) also studied demethylation in brain slices 
from male and female rats ; 4 !-LIDO! of drug with a 
14C activity of 0.9-2.7 1-1Ci per mg were used per 
500 mg of tissue. Demethylation was determined 
by accumulation of 14C02. With codeine 3.53% 
of the dose was N-demethylated and 0.72% 
0-demethylated ; with morphine 1.8 % was 

N-demethylated and with pethidine 5.06%-rates 
which were not proportional to analgesic action. 
If the rats were first made tolerant to morphine by 
increasing the dosage from 5 to 100 mg per kg, 
the rate for N-demethylation in brain slices from 
them was 1.95% of the dose, a value not signi
ficantly different from that observed in the slices 
from normal animals. The demethylating en
zyme(s) may be the same in the brain as in the 
liver, but Elison & Elliott said this had not yet 
been proved. 

Kuhn & Friebel (1962b, 1963) administered 
codeine phosphate subcutaneously to rats and 
guinea-pigs daily through six or seven weeks. The 
metabolites determined were free and bound co
deine, morphine and norcodeine. They also found 
traces of normorphine. The percentage of the 
dose administered which was excreted remained 
the same or increased slightly as the dose was 
increased, but the ratio of free to bound codeine 
was not the same for the two species. 

Rat 
Guinea-pig 

Dosage 
(mgfkgfday) 

50-150, 7 weeks 
50-110, 6 weeks 

Percentage of last daily 
dose excreted 

End of first week End of last 
week 

Free Bound Free Bound 

3.2 3.9 9.4 
10.7 5.9 14.3 

2.6 
5.8 

Gram & Fouts (1965) also demonstrated a 
species difference in codeine metabolism. Using 
liver preparations incubated with the drug, they 
found that enzymatic 0-demethylation proceeded 
linearly in the rat for less than 15 minutes but in 
the rabbit for 45 minutes. 

Adler (1962) injected 33 mg per kg of 
N14CH3-labelled codeine subcutaneously into 
rats and determined the morphine concentration at 
intervals. The drug appeared in the plasma within 
15 minutes and persisted beyond 90 minutes. At 
60 minutes the total morphine in the plasma was 
9-11 1-1g per m!, of which 55% was conjugated. 
The concentration of morphine in the brain was 
very small but compatible, according to the 
author, with the hypothesis that pharmacological 
effects are paralleled by biotransformation. In 
another paper (Adler, 1963), it was reported that 
25-30% of 0 14CH3- or N14CH3-labelled co
deine, injected subcutaneously into mice, was 
represented by 14C02 in the expired air within 
24 hours, the greater part appearing within eight 
hours. After the 12th hour demethylation as re
presented by 14C02 was greater in females than 
in males. In a still later report Adler (1964) des-
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cribed the results of injection of both morphine 
and codeine, labelled at the 3-0CHa and 
NCHa positions, into the lateral ventricle of 
mice ; 48% of the injected morphine and 63 % of 
the injected codeine was found in the peripheral 
body tissues within two minutes. With morphine 
the onset of analgesia occurred in about five min
utes after administration, with codeine it occurred 
within half a minute; the doses were equianalgesic, 
0.5 mg per kg for morphine and 2.5 mg per kg for 
codeine. The short onset interval for codeine is 
difficult to determine and one questions whether 
the result was affected by the shock of the injec
tion. Also, the shorter interval for codeine does 
not seem consistent with mediation of the effect of 
the drug through liberated morphine. In the same 
report Adler also described radioautographs of the 
brain showing localization of radioactivity after 
the injection of the labelled drug in the hypo
thalamic and pontile areas and in the hippo
campus. 

Yeh & Woods (1965) studied the absorption, 
distribution and route of excretion of N14CH3 -

labelled codeine in rats. A dose of 2 mg per kg, 
calculated as free base, was injected subcuta
neously. Free codeine, free morphine and con
jugated morphine appeared in the plasma in maxi
mum concentration in 15-30 minutes. The ratio of 
brain to plasma free codeine was about 2, thus 
showing that codeine passes freely into the brain. 
Percentage recoveries were : 

Free codeine 
Free morphine 
Conjugated codeine 
Conjugated morphine 

From bile From urine 

1.3 
0.8 
0.6 

12.0 

10.0 
4.0 
0.3 
4.0 

Faeces from normal rats contained 1.0% of the 
dose as free codeine and 8.0% as free morphine. 
If the bile duct was cannulated, excluding bile 
from the intestine, only trace amounts of alkaloid 
were found in the faeces. Total recovery of the 
injected dose amounted to about 50% and half of 
this amount was free and conjugated morphine. 

Johannesson & Schou (1963) determined the 
morphine concentration in the brain of rats when 
two levels of analgesia were attained. The concen
tration was the same (0.19-0.24!-lg per g, on the 
average) whether the analgesia followed the intra
venous administration of morphine or that of co
deine-a finding which the authors considered 
consistent with 0-demethylation before develop
ment of analgesic effect. In another paper, Johan-

nesson et al. (1965) reported a decrease in the 
enzymatic activity of liver preparations from rats 
made tolerant by subcutaneous administration of 
increasing amounts of codeine. The authors said, 
however, that, although this included a decrease in 
0-demethylation, the change was non-specific and 
a concomitant of the tolerance, not a factor in its 
production. 

Rogers et al. (1963a, 1963b), Dixon, Hart 
& Fouts (1961) and Dixon et al. (1963) inves
tigated the relation between hepatic cell glycogen 
and enzymatic 0-demethylation of codeine. 
Rogers and eo-workers found that prolonged ad
ministration of p-aminosalicylic acid to rats, which 
resulted in glycogen infiltration into liver cells, 
reduced the metabolism of hexobarbital and 
aminopyrine but did not affect microsomal 0-
demethylation of codeine. Yet they reported that 
acute or chronic administration of SKF-525-A, 
which decreased liver glycogen, decreased O-de
methylation. The latter was restored when the 
glycogen was restored. A single dose of SKF-525-
A decreased glycogen maximally in 8-12 hours, 
and the level was restored in 24-48 hours. Con
currently, the rate of demethylation was reduced 
maximally in one hour and restored in 24-
48 hours. 

Dixon, Hart & Fouts in their first report (1961) 
seemed to show a relationship between O-de
methylation and available glycogen. They treated 
rats acutely with alloxan and determined the 0-
demethylation by the amount of morphine pro
duced when codeine was added to liver micro
somal preparations. The results were as follows : 

Condition 

Control 
24 hours after alloxan 
48 hours after alloxan 
72 hours after alloxan 
72 hours after alloxan plus insulin 
After removal of insulin 

Codeine ( p.mol) 
metabolized per g of tissue 

1.9 
2.0 
1.5 
0.5 
2.5 
1.3 

However, when the rats were made chronically 
diabetic by two doses of alloxan given two weeks 
apart, the microsomal ability to metabolize co
deine appeared to be restored. Under these condi
tions the liver preparations metabolized 1.69 !-liDO! 
per g of tissue, as compared with the 1.66 !-liDO! 
per g metabolized by preparations of liver from 
normal rats (Dixon et al., 1963). 

Rubin et al. (1964b) have reported suppression 
(antagonism) of codeine 0-demethylation in in
cubated liver preparations by the addition of leval-
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!orphan and other specific opiate antagonists in the 
morphinan series. The antagonism of enzymatic 
activity did not always parallel the ability to anta
gonize respiratory and analgesic effects. 

Finally, Clouet (1962) showed that when 
ratliver enzyme preparations were incubated 

with norcodeine and S-adenosylmethionine, N
methylation could occur. Codeine was clearly 
identified. The same process occurred with nor
morphine as the substrate and also when normor
phine was injected intracisternally into rats to
gether with 14C-labelled methionine. 

RESUME 

Apres un bref rappel des etudes cliniques publiees 
depuis une centaine d'annees sur les effets de la codeine 
et un apen;u des tendances mondiales de la production 
et de la consommation de cette substance, les auteurs 
traitent en detail de la pharmacologie experimentale et 
clinique de la codeine (abstraction faite des proprietes 
antitussives dont ii sera question dans la troisieme 
tranche de )'etude qui paraitra dans un prochain numero). 

De )'analyse de 128 communications sur les essais 
d'analgesiques chez !'animal, dont 65 comparaisons 
directes entre la codeine et la morphine, il ressort que, 
chez !'animal, la codeine peut etre consideree comme 
quatre a sept fois moins active que la morphine. L'effi
cacite relative de la codeine semble augmenter aux doses 
elevees. En ce qui conceme !'attenuation de la douleur 
experimentalement induite, le rapport d'efficacite entre 
la codeine et la morphine parait etre a peu pres le meme 
chez l'homme que chez )'animal. Pour la douleur patho
logique, le rapport se revele plus favorable a la codeine 
en cas d 'administration par la voie orale. L 'etude cri
tique de diverses preparations associant la codeine a 
d'autres agents, en particulier l'aspirine, la phenacetine 
et la cafeine, n'a rien revele qui permette de conclure 
que leurs effets depassent ce que donne la simple addition 
des effets de chaque agent. 

La codeine exerce un effet sedatif modere. Un tableau 
resumant les donnees presentees dans 35 communica
tions indique les cas de reactions adverses a la codeine. 
La depression respiratoire provoquee par la codeine et 
par la morphine est a peu pres dans le meme rapport 
que les actions analgesiques de ces deux substances. Alors 
que la codeine, aux doses therapeutiques, n'a generale
ment aucun effet sur la circulation, son administration 
par la voie intraveineuse peut provoquer de !'hypotension 
et un certain etat de choc. 

L'action de la codeine sur les muscles lisses de divers 
organes (gastro-intestinaux, biliaires, appareil urinaire, 
bronches) est en general analogue a celle de la morphine, 
mais moins intense. On a etudie ses effets metaboliques 
et son interference avec un certain nombre de systemes 
enzymatiques, mais ils ne semblent pas avoir d'impor
tance du point de vue therapeutique. 

Au cours d'etudes de toxicite sur !'animal, le plus 
souvent limitees a la determination de la DL60, on a 

constate que la dose letale est generalement plus elevee 
pour la morphine que pour la codeine, la letalite etant en 
relation avec la defaillance respiratoire dans le cas de la 
morphine et avec l'action convulsivante dans le cas de 
la codeine. Les experiences faites sur I'animal ne confir
ment pas, en ce qui conceme la codeine, le fait generale
ment observe que les enfants sont plus sensibles que les 
adultes aux opiaces. L'intoxication par la codeine chez 
l'homme serait moins frequente et moins dangereuse que 
)'intoxication par la morphine, ce qui s'explique peut
etre par le fait que la codeine donne une depression respi
ratoire moins forte, partiellement compensee par son 
effet excitant (convulsivant). Neanmoins, sur plus de 
100 cas d'intoxication par la codeine (rarement mortels) 
observes entre 1874 et 1964, plus de 90 etaient des nour
rissons et de jeunes enfants qui avaient re<;u des doses 
therapeutiques trop fortes. 

Dans plusieurs especes animales, on a constate !'appa
rition d'une tolerance aux effets analgesiques et autres 
de la codeine, ainsi qu'une tolerance croisee aux effets 
correspondants de la morphine. Quand on administre 
regulierement de la codeine a des rats ou a des cobayes 
pendant de longues periodes, on peut, avec la nalorphine, 
mettre en evidence )'existence d'une dependance phy
sique. L'etat de dependance persiste chez les rats et les 
singes Iorsque la morphine est remplacee par la codeine. 
Chez le singe, 14 mg/kg de codeine ont une action equi
valant a celle de 3 mg/kg de morphine. 

A !'occasion d'observations cliniques contr61ees, on 
a constate que la codeine est beaucoup moins euphori
sante et sedative que la morphine. Le remplacement de 
la morphine par une quantite cinq fois plus grande de 
codeine chez des sujets dependants s'est accompagne de 
signes benins d'abstinence, et le syndrome qui a suivi la 
suppression complete de la codeine a ete moins intense 
que dans le cas de la morphine. 

L'experience atteste que !'administration therapeutique 
tres courante de la codeine et de ses preparations ne 
represente qu'un danger minime pour la sante publique. 

Les auteurs presentent enfin un examen detaille de la 
transformation metabolique et de la distribution de la 
codeine dans l'organisme, en s'attachant plus particu
lierement au role des metabolites dans les mecanismes 
d'action. 
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Codeine and its Alternates for Pain 

and Cough Relief 

2. Alternates for Pain Relief 

This report-the second of a series on codeine and its alternates for pain and cough 

relief-contains a detailed evaluation of experimental and clinical data on newer sub

stances having analgesic properties comparable to and in approximately the same range 

as those of codeine. The data are discussed under the headings: analgesic effects in animals; 

clinical usefulness; side-effects with particular reference to dependence and abuse liability. 
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CARISOPRODOL 1 

After the discovery and development of mepro
bamate, further exploitation of the dicarbamate 
molecule resulted in the preparation of substances 
which differed widely in their pattern of activity. 
One of these, carisoprodol (2-methyl-2-propyl-1,3-
propanediol carbamate isopropyl carbamate) was 
evaluated initially for paralysis of the intact animal, 
depression of spinal reflexes, anticonvulsant effect 
and relief of decerebrate rigidity (Berger et al., 
1959, 1960; Berger, 1959), but it was also shown to 
have some analgesic activity. It is mainly the latter 

1 Also known as Soma. 
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effect which will be dealt with here, but other effects 
must be considered since some of them, e.g., muscular 
relaxation, may play a part in clinical effectiveness. 

Analgesic effect in animals; general pharmacology 
Berger et al. (1959) found that carisoprodol 

showed no analgesic action by the hot-plate or 
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other methods utilizing a withdrawal response. 
Carisoprodol plus codeine, 50 mg plus 16 mg per 
kg administered intraperitoneally, had no greater 
analgesic effect when measured by the hot-plate 
method than codeine alone; and carisoprodol had 
very little effect, less than aspirin, by the phenyl
quinone-writhing-test in mice. However, it was 
effective against the pain produced by injection of 
silver nitrate into a joint of a rat (Berger et al., 
1960; O'Dell, 1960; Carpi, 1960) and against the 
sensitivity of a rat's paw inflamed by yeast injection 
(Berger et al., 1960). The ED50 for carisoprodol 
administered orally was 130 mg per kg, and for 
aspirin was 415 mg per kg as measured by the silver 
nitrate test; it was 185 mg per kg for carisoprodol 
administered orally and 22 mg per kg for codeine 
sulfate as measured by the yeast test. Carpi said that 
the effect in the silver nitrate test was hardly increased 
at all by the simultaneous administration of an equal 
amount of aspirin. According to O'Dell (1960) 
the threshold for electrical stimulation of the tooth 
pulp in the rabbit was not elevated by 5 mg per kg 
of carisoprodol administered intravenously and 
Frommel, Fleury & Schmidt-Ginzkey (1960), who 
used lOO mg per kg administered orally, reported 
only a small increase in tooth-pulp threshold in the 
guinea-pig; the increase was greater, however, than 
with aspirin. Carron, Luten & Southward (1961) 
found no analgesic effect with carisoprodol at the 
rate of 50 mg per kg administered intraperitoneally 
in cats (tail-pinch method). 

Berger et al. (1959) reported the values of the 
LD50 of carisoprodol when administered intra
venously, intraperitoneally and orally in mice 
to be 165, 980 and 2340 mg per kg respectively, and 
when administered intraperitoneally and orally in 
rats to be 450 and 1320 mg per kg respectively. 

Carron, Luten & Southward (1961) reported a 
similar figure of 1350 mg per kg for the LD50 of 
carisoprodol administered orally in the rat, but a 
lower figure of 1150 mg per kg for mice. They 
said that toxic doses caused symptoms varying from 
progressive depression to respiratory failure and 
they also observed anticonvulsant action. Effective 
oral doses in the rat were 175 mg per kg for electro
convulsions, 70 mg per kg for Metrazol, 1 but more 
than 900 mg per kg for strychnine convulsions. There 
was loss of the righting reflex in rats with 355 mg 
per kg intraperitoneally, muscular relaxation in 
cats with 140 mg per kg intraperitoneally and mild 
sedation and ataxia in dogs with 400 mg per kg 

1 INN = pentetrazol. 

orally. Hexobarbital-sleeping-time in mice was pro
longed with 255 mg per kg orally, the righting 
reflex was depressed with 130 mg per kg intra
venously and spontaneous activity was decreased 
by a much smaller dose (O'Dell, 1960, 1961a). 

Hess, Polt & Goodwin (1959) described the effect 
of carisoprodol on learning, when food was the 
motivation, and on behaviour in young chicks and 
ducklings. A dose of 16 mg per kg had no effect 
on early learning but decreased the rapidity of 
re-learning and restored to normal the aberrant 
behaviour which followed isolation of chicks at 
hatching. Hoffmeister (1962) said that carisoprodol 
depressed various reflexes in rabbits. The doses 
used were 20-80 mg per kg administered intra
venously. DelCastillo & Nelson (1960) found a 
depressant effect on the activity and facilitating 
influences arising in the reticular formation of the 
brain stem and reported later (DelCastillo & Nelson, 
1963) details of effects on the knee-jerk elicited 
through brain-stem stimulation, both facilitatory 
and inhibitory. At intravenous doses as low as 
2 mg per kg carisoprodol consistently increased 
the inhibitory influence through either depression 
of facilitation or direct potentiation of inhibition; 
the former explanation was more probable, but 
the latter should not be excluded. 

Olds & Travis (1959) conducted experiments with 
electrodes implanted in various brain areas in rats 
and an arrangement for self-stimulation, and found 
both augmentation and inhibition of the animal's 
activity. According to Schoetensack & Hallmann 
(1964) small doses of veratramine caused tremors 
or excitation in rats and mice which could be 
completely suppressed by carisoprodol. The ED50 

for suppression of the tremor was 68.5 mg per kg 
and for suppression of the more severe spasms 
was 225 mg per kg administered intraperitoneally. 
Kletzkin (1960) and Berger et al. (1960) described 
electro-encephalographic changes in cats and rabbits. 
An intravenous dose of 5-10 mg of carisoprodol 
caused a marked decrease in the frequency and 
an increase in the amplitude of cortical and 
subcortical waves. Doses of 40-60 mg caused 
irregular high-voltage waves of very low frequency 
interspersed with isoelectric periods. Longo (1960) 
confirmed these findings and noted blocking of 
the arousal reaction to afferent stimuli and to elec
trical stimulation of the reticular formation in cats. 
Kletzkin said that the effects resembled those of 
morphine and pentobarbital, in some respects more 
than those of meprobamate. 
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Douglas, Ludwig & Schlosser (1962) investigated 
the metabolism of carisoprodol in the dog. The 
drug was 14C-labelled in the carbonyl group and 
administered intravenously in doses of 5.1-8.0 mg 
per kg. The main carbamate found in the blood 
was the administered drug, but hydroxycarisoprodol, 
hydroxymeprobamate and meprobamate were also 
found there and were the principal metabolites in the 
urine in the ratio 3 : 3 : I. Very little unchanged 
drug was found in the urine. 

Baird & Menta (1959) attempted to correlate the 
degree of effect of carisoprodol (decreased activity 
and drowsiness) with blood level in children; the 
two were usually, but not always, associated. In 
29 children doses of 25-55 mg were given orally, 
repeated at intervals of one-half or one hour up 
to three or four doses a day. The drug appeared 
in the blood in significant amounts usually in 
30 minutes and the peak level was reached in 3-5 
hours. If the dose was 40 mg or more there was 
still a detectable amount in the blood at 24 hours. 
A dose of 20 mg usually decreased activity within 
60 minutes. All patients who fell asleep could be 
aroused easily. No blood dyscrasia or kidney 
damage was observed. 

Analgesic effect in man; clinical usefulness 

Berger et al. (1960) and Margolin (1960a, 1960b) 
reported thresholds for tooth-pulp stimulation in 
man. Quantitative data (from Margolin, 1960b) 
were obtained with 20 normal subjects by stimulating 
an upper incisor near the base with an electronic 
device. Medications were given orally, double-blind, 
at weekly intervals. Expressing the normal control 
threshold as 100, the mean percentage changes at 60 
and 120 minutes were calculated as follows: 

Placebo 
Codeine phosphate, 30 mg 
Aspirin, 600 mg 
Aspirin, 1200 mg 
Meprobamate, 800 mg 
Carisoprodol, 350 mg 
Carisoprodol, 700 mg 

At 60 min At /20 min 

96 
128 
109 
121 
100 
130 

104 
130 
100 
104 
100 
132 
151 

Margolin calculated the potency of carisoprodol 
in his tests to be 5.9 times that of aspirin. Since no 
muscle response was involved he thought a true 
codeine-like analgesic effect was demonstrated. 

Holliday & Dille (1960) compared carisoprodol 
with other analgesics using tests in which deep, 
aching ]:ain was produced in the back of the hand, 
in normal subjects, by ultrasonic stimulation. The 

hand was withdrawn at the first slight pain and 
the time to withdrawal was the criterion for com
parison. Medications were given orally and average 
withdrawal times (in seconds) were: 

Time after administration (hours) 
Pre-drug 0.5 /.0 2.0 4.0 

Codeine, 60 mg 9.68 10.65 11.98 11.85 11.09 
Carisoprodol, 

700mg 9.86 10.22 10.87 11.15 9.97 
Aspirin, 600 mg 10.84 10.28 10.19 10.85 9.75 
Placebo 11.49 9.84 9.81 9.60 9.22 

The data showed no effect for aspirin or placebo, 
but showed a similar peak effect for codeine and 
carisoprodol; the latter had a shorter duration of 
action. The pre-drug withdrawal times for aspirin 
and placebo trials were, however, high and close 
to the peak times for codeine and carisoprodol. 

Using a different method (arterial occlusion) to 
produce pain, Lasagna, Tetrault & Fallis (1962) 
obtained no greater effect on the threshold with 
700 mg of carisoprodol than with placebo. Both 
codeine (60 mg) and aspirin (600 mg) were more 
effective. These results were from double-blind 
cross-over tests with oral administration. 

There are many reports of the clinical pain
relieving effect of carisoprodol, mainly concerning 
its use for pain associated with a spastic condition 
or a musculoskeletal disorder. These are sum
marized in Table 11. In addition, Goodgold, 
Hohmann & Tajima (1959), Spears & Phelps (1959), 
Currier (1959), Cooper & Epstein (1959), Phelps 
(1959), Spears (1959), Peterson & Wise (1961), 
Carter 1 and others have described the use of cariso
prodol for muscle relaxation, where pain was not 
a factor, and these reports will not be considered 
further except in so far .as reference is made to 
side-effects. Carisoprodol afforded considerable 
relief of musculoskeletal pain, but less relief of 
other kinds of pain, though experience with the 
latter has been limited. This is essentially the opinion 
expressed by the Council on Drugs of the American 
Medical Association (1961) and by Livine (1961) 
and Barr (1963). Muscle relaxant properties are of 
major importance but probably they are not the 
only factors in the analgesic effectiveness of cariso
prodol. 

Side-effects 

The principal side-effect noted with carisoprodol 
has been drowsiness (see Table 12), but comments 

1 Carter, C. H. (1961) Paper presented at the meeting of 
the American Academy for Cerebral Palsy, 9-11 November. 
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TABLE 11 
CLINICAL ANALGESIC EFFECTIVENESS OF CARISOPRODOL 

Patients I Dosage Results Reference 
No. I Indication 

(mg/day) 

25 Headache or backache 4x350 Improvement, 68% Proctor (1959) 

80 Chronic headache 3x350 Improvement, 51 %a Friedman (1959, 1960a) 

52 Postoperative 3x350 Relief of sphincter spasm b Trimpi (1959) 

56 Various conditions complicated 4X400 Excellent relief, 84 %; some relief, 9 % Hyde & Hough (1959) 
by muscle spasm 

154 Orthopaedic conditions 1 600-1 750 Excellent relief, 57%; some relief in all 
others Wein (1959) 

100 " Low-back syndrome" 4X400 Complete relief, 37 %; marked relief, 45 %; 
no relief, 8% c 

Kestler (1959) 

12 Spasticity due to spinal cord 
lesions 3x350 Some improvement, 83% a Gammon & Tucker, (1959) 

17 Musculoskeletal pain 3x700 Slight relief, about 17% e Korst et al. (1959) 

54 Musculoskeletal pain 5x350 Excellent relief, 72%; no relief, 9 % Banninga (1960) 

37 Postpartum 350 No better than placebo f Lasagna & De Kornfeld 
(personal communication, 
1960) 

40 Postpartum 700 No better than placebo Lasagna & De Kornfeld 
(personal communication, 

100 Rheumatic and traumatic 1960) 
musculoskeletal pain 4 or 8x350 Excellent relief, 51 %; moderate, 25/23; 

poor, 4/4 g Kolodny (1960) 

Postoperative 1 400h No better than placebo Adams & Holden (1960) 

43 Musculoskeletal pain 4or8x350 Complete relief, 28%; no relief, 9 % i Neuchiller (1960) 

123 Chronic pain varlousi Complete relief, 25.2 %; no relief, 29.3% Billow et al. (1960b) 

44 Traumatic and chronic 
musculoskeletal pain 2 X 350-4 X 700 Very good relief, 92% k Turek (1961) 

62 Low back and cervical spine 
pain 3 or 4 x350 Very good relief, 77.6 %; no relief, 8% l Winokur (1961) 

68 Traumatic back strain 350 Result given per dose m Gordon (1963) 

50 Leg cramps in elderly 4-6 x350 n Good relief, 82 %; no relief, 8% Stern (1963) 

50 Leg cramps 4X350 Relieved in 70% of cases Chesrow et al. (1963) 

95 Musculoskeletal pain 5x350 Marked relief, 64 %; no relief, 36% Lawrence & Forsyth (1964) 

57 Musculoskeletal pain 3x350 Moderate or better relief, 84.3% 0 Feuer & Avram (1963) 
30 Musculoskeletal pain Superior to aspirin P Redding (1964) 

Postpartum Mixture q Complete or marked relief, 85 % Benson (1963) 

a Used prophylactically and the result given is the reduction in headaches, not the effect in a particular episode. Occurrence 
of headaches appeared to be reduced by 50% when placebo was used. The later report refers to 750 patients in whom several 
agents were used, presumably successively. In a still later report Friedman (1964) speaks highly of the effectiveness in the treatment 
of headache. 

b Begun 24 hours after haemorrhoidectomy. Comparison was with 50 other patients receiving placebo, as to relief of sphincter 
spasm (complete with carisoprodol) and amount of other analgesic required (25% less with carisoprodol). Also fewer catheteriza
tions were required. 

c Distinguished relief of pain (marked 92 %) and of muscle spasm (80 %). 
a Results erratic in some patients, perhaps due to variability in absorption. Drowsiness and weakness prevented increase 

in dosage. 
e Aspirin gave better relief. 
f Single doses: placebo appeared to give better relief. 
g First figure result in traumatic, second figure in rheumatic pain. Drug and placebo were given in alternate weeks, either first. 
h Maximum single dose, repeated for a short period only. 
i Considers muscular relaxation important factor in relief. 
i 400 mg every four hours ordered. If no relief in four hours, next dose 800 mg, if no relief next dose 1200 mg, if no relief 

discontinued. This was the schedule in 17 patients; all obtained some relief. In 40 patients 800 mg was given at time of pain; in 
66 patients, 400 mg every 4 hours. 

k Estimation of results after 2-6 weeks. Symptoms returned when placebo was substituted. 
l Calming effect outstanding; nearly all had less pain on movement. 
m Result given per dose and per symptom in percentage relief compared with placebo (second figure). Pain relief per dose: 

complete, 25/0; marked, 54/14; none, 3/23. Relief of muscle pain, 72/53; of spasm, 80/83; and of rigidity 63/57. 
n One week inert medication, four weeks carisoprodol, one week no medication, four weeks placebo. In half the number of 

patients, carisoprodol-placebo order reversed. No relief with placebo in 80 %. 
0 Drug continued for six days and compared with placebo in another 50 patients: equivalent relief with placebo 54%. 
P Significantly superior to aspirin in producing general improvement. 
q Significance of carisoprodol not clear. The mixture consisted of carisoprodol 200 mg, phenacetin 160 mg, caffeine 32 mg, 

codeine phosphate 16 mg. Used prophylactically for pain, every four hours or on demand. Latter preferred. Administered similarly, 
placebo gave marked relief in 24% and dextropropoxyphene, 32 mg, in 65 %. 
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TABLE 12 

SIDE-EFFECTS WITH CARISOPRODOL 

Total No. of patients reporting side-effects 
number Reference of Drowsi- ! Dizzi-

I Nausea / patients ness I ne ss Other 
I 

25 1 Rash, 1 Proctor (1959) 

56 6 1 Hyde & Hough (1959) 

154 17 Wein (1959) 

100 9 Rash, 2; pruritus, 2 Kestler (1959) 

56 10 Lightheaded, 9; rash, 1; Korst et al. (1959) 
pruritus, 1 

54 11 Banninga (1959) 

110 11 16 2 Kolodny (1960) 

Noted a Adams & Holden (1960) 

43 

Not:d a I 
2 Neuchiller (1960) 

123 2 Rash,2 Billow et al. (1960b) 

44 14 1 Turek (1961) 

62 13 1 Winokur (1961) 

68 1 1 Stomach cramp, 1 Gordon (1963) 

50 17 Stern (1963) 

24 1 3 Gastrointestinal upset, Chesrow et al. (1963) 
1; pruritus, 1 

51 2 5 Lawrence & Forsyth (1964) 

23 Noted Peterson & Wise (1961) 

77 Noted Spears & Phelps (1959) 

25 I 3b I Currier (1959) 

34 
I 

13 I Cooper & Epstein (1959) 

77 I None Spears (1959) 

? 
I I 

None Carter (1961) 

a No number given. b Excessive drowsiness in all 3 patients. 

ndicated incidence of drowsiness in only about 
10% of patients. Other side-effects have been 
infrequent. Honeycutt & Curtis (1962) reported 
an interesting reaction in a woman, 45 years old, 
with lupus erythematosus who was given 350 mg 
three times a day for a painful shoulder. Two 
circumscribed erythematous lesions appeared. She 
was also taking a steroid and other medications; 
when all except the steroid were discontinued the 
eruption faded. Three weeks later it reappeared 
an hour after taking a single carisoprodol tablet: on 
another occasion it reappeared after three tablets, 
and it also appeared after meprobamate. 

Abuse liability 

Deneau & Weiss (1968; and personal communica
tion, 1964) developed a method of measuring drug-

dependence of the barbiturate type in dogs, based 
upon the screening method in the monkey for drug
dependence of the morphine type. Dogs were made 
tolerant to, and dependent on, barbital by prolonged 
daily administration. The dependence was demon
strated by the appearance of a characteristic with
drawal syndrome. After re-stabilization of barbital 
administration the experimental drug was sub
stituted and its ability to satisfy the barbiturate 
dependence was determined. Oral doses of 200 mg 
per kg of carisoprodol every six hours were com
pletely effective and equivalent to 100 mg per kg of 
barbital in preventing the appearance of abstinence 
phenomena. 

Fraser, Essig & Wolbach (1961) tested only oral 
doses of carisoprodol in post-addicts at the Drug 
Addiction Research Center, Lexington, Ky., USA. 



78 N. B. EDDY AND OTHERS 

No significant subjective effects were seen below a 
dose of 1000 mg. This should not be construed as 
excluding the occurrence of drowsiness; morphine
like or other barbiturate-like effects were being 
looked for. Larger doses were barbiturate-like, 
causing mainly sleepiness and moderate ataxia, but 
some patients were obstreperous, silly or difficult 
to manage. Doses of 3600-4800 mg, in three equal 
amounts in 24 hours, were substituted for morphine, 
in persons stabilized on 240 mg of the latter per 
day, without any significant effect on the develop
ment of the abstinence syndrome. Also chronic 
administration to five patients, starting with 1200 mg 
per day, increasing to 4200 mg per day in 16 days 
and to 4800 mg per day in 28 days and continuing 
in one patient for 54 days, caused no barbiturate or 
morphine-like chronic intoxication pattern and no 
eventual withdrawal phenomena. After the adminis
tration of single doses of 1000 mg or more and dur
ing chronic administration, electroencephalogram 
patterns developed changes like those seen with the 
barbiturates, but no abnormalities were seen during 
the withdrawal period like those seen during with
drawal of barbiturates. These experiments showed 
no evidence of carisoprodol having dependence
producing properties and, although the experiments 
in dogs showed the drug's ability to substitute for 
barbiturate, no indication of abuse or dependence 
in man has come to our attention. 

DEXTROPROPOXYPHENE 1 

The chemistry of the series of dialkylamino-1 ,2-
diphenyl butanols, of which propoxyphene is a 
member, and indications of their pharmacological 
activity were reported by Pohland & Sullivan 
(1953). The same authors published the details of 
the synthesis of propoxyphene, and especially of its 
isomers, 2 years later (Pohland & Sullivan, 1955) 
and Robbins (1955) described in detail the phar
macology of the racemate. Using the hot-wire 
technique to evoke a tail-flick in rats, Robbins 
found the analgesic effect of 20-40 mg per kg 
administered subcutaneously to be equivalent to 
that of 2 mg per kg of methadone and 10-20 mg 
per kg to be equivalent to equal amounts of codeine. 
The LD50 for intravenous administration was 
34.7 mg per kg and the respiration of anaesthetized 
dogs was not depressed by sublethal doses admi
nistered subcutaneously or intravenously. The effects 
of large doses were antagonized by nalorphine. 

1 Also known as Darvon. 
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DEXTROPROPOXYPHENE 

Pohland & Sullivan (1955) resolved propoxyphene, 
(a-(±)-4-dimethyl-amino-1,2-diphenyl-3-methyl-2-
propionoxybutane), into its ( + )- and (-)-isomers 
and showed that the analgesic effectiveness of the 
(+)-isomer was twice that of the racemate. At the 
doses used the (-)-isomer was inert in this respect 
but was shown later to have antitussive action and 
will be described in that connexion. Robbins and 
others used the racemate in early studies but in 
the following discussion the dextro-isomer will be 
meant unless otherwise specified. It is marketed as 
Darvon and Darvon Compound (dextropropoxy
phene plus APC) and under other names. 

Pohland, Sullivan & McMahon (1957) synthesized 
radioactive propoxyphene. Later Pohland, Peters 
& Sullivan (1963) proposed an alternative synthesis 
for dextropropoxyphene; Sullivan, Beck & Pohland 
(1963) established the structure, and Patchett & 
Giarrusso (1961), reasoning mainly by analogy, 
discussed its configuration. Clarke (1963) described 
a micro-method for identifying propoxyphene, both 
its racemate and its isomers. 

Analgesic effect in animals; general pharmacology 

Since the original claim for codeine-like effective
ness (Robbins, 1955), propoxyphene has been tested 
in many laboratories, by various methods, for 
analgesic action and frequently figures have been 
given for codeine under the same experimental 
conditions. Using the Eddy-adaptation of the hot
plate method (Eddy & Leimbach, 1953) the calcu
lated ED50s, in mg per kg, 2 in mice were: 

Propoxyphene. HCI 
Dextropropoxyphene. HCI 
Codeine. HCI 

Administration route 
Oral Subcutaneou.v 

122.9 

43.2 

27.3 
8.3 

14.2 

The LD50 for propoxyphene hydrochloride was 
199 mg per kg, and for codeine hydrochloride was 
270 mg per kg, both administered subcutaneously in 
mice. 

• Unpublished results, Laboratory of Chemistry, National 
Institutes of Health, Bethesda, M d., USA. 
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In a study of the relative effectiveness of propoxy
phene, morphine and some morphine-like substances, 
in respect to a number of activities, Green (1959) 
included both racemic propoxyphene and codeine. 
He calculated their effectiveness relative to morphine 
for their analgesic action and for their effect on the 
respiratory rate in rats and also the relationship 
between these two effects. The analgesic effect of 
two or more dose levels was measured by the 
application of heat or pressure to the tail before, 
and 30 minutes after, subcutaneous injection of the 
drug; the respiratory rate was determined immediate
ly after the pain threshold. Expressing the activity of 
morphine sulfate as 1.00, the relative activity of 
codeine phosphate was 0.20 for analgesia and 0.22 
for decrease in respiratory rate; the interrelationship 
ratio was 0.91. The relative activity of propoxy
phene hydrochloride was 0.114 for analgesia and 
0.108 for respiratory effect with an interrelationship 
ratio of 1.05. Green said also that morphine, 
codeine and propoxyphene each inhibited the gastric 
emptying-time and that each reduced the distance 
travelled by a charcoal meal in the intestine of the rat 
similarly, in each case at about four times the 
analgesic dose. 

Kissel, Albert & Boxill (1961) reported the 
analgesic activity, measured by several methods and 
for different routes of administration, and the LD50 

for codeine sulfate and propoxyphene hydrochloride 
as follows: 

Test method 

Tail-flick to radiant heat 
Tail-pinch 

Writhing 

Analgesic ED., (mg,'kg) 

Species and 
route of 

administration • 

Rat, 0 
Mouse, 0 
Mouse, se 
Mouse, IV 
Mouse, Se 

Rat, 0 
Mouse, IV 

Codeine 
su(f'ate 

22.5 
97.0 
24.7 
25.5 
3.0 

Propoxy· 
phene 

hydro
chloride 

18.5 
84.5 
30.0 
14.6 
6.6 

LD., (mg'kg) 

542 
68 

84 
35 

• 0 = oral; SC = subcutaneous; IV = intravenous. 

O'Dell (1960, 1961a) determined the analgesic 
effect of codeine and dextropropoxyphene by the 
hot-plate method in mice (an increase in response 
time of 14% was significant), by the electrical 
stimulation of tooth-pulp in rabbits (an increase in 
the threshold voltage of 6% was significant), by 
recording the spontaneous activity in mice (per
centage increase ( +) or decrease (-) in the number 
of interruptions of a beam of light in a 60-minute 

period), by changes in magnitude of reflexes in dogs 
(flexor and jaw-closure reflexes), and the LD50 of 
these two drugs. The drugs were given intravenously 
and the results (percentages) were as follows: 

Codeine 

Dextro-

Dose An1lgesic eff!ct Activity 
(mgfkg) Mice Ra'>bits (+) (-) 

1.0 2 
2.5 31 6 17 
5.0 37 27 25 

10.0 55 45 40 

propoxyphene 2.5 4 0 
5.0 27 9 20 

10.0 35 31 31 

RC'flexe.r 

No change 
No change 
No change 

Increased 
Increased 

The LD50 for intravenous administration of codeine 
was 87 mg per kg and of dextropropoxyphene 
25 mg per kg; for the latter administered intraperi
toneally it was 128 mg per kg. O'Dell (1961b) 
plotted curves for the various activities and described 
the " profiles " of the drugs tested. The dose
response curve for codeine was steep in the 2.5-
20 mg per kg dose range for analgesia, with accom
panying central depression, but there was no evidence 
of interneuronal blocking. The analgesic dose
response curve for dextropropoxyphene was flatter, 
the drug was less effective in rabbits and there was 
stimulation of motor activity. 

Shemano & Wendel (1960, 1964) compared for 
morphine sulfate, codeine phosphate, and propoxy
phene hydrochloride in mice the ED50 for analgesia 
by the tail-pinch method, the ED50 for the Straub 
reaction and the LD50• The drugs were given 
intravenously and the doses were, respectively, for 
morphine sulfate 0.31, 0.38 and 38.0 mg per kg; for 
codeine phosphate 13.5, 56.0 and 86.0 mg per kg; 
and for dextropropoxyphene hydrochloride 4.7, 9.0 
and 25.0 mg per kg. 

Piala, High & Burke (1965) administered codeine 
sulfate and dextropropoxyphene hydrochloride orally 
to mice. The ED50s for analgesia were 66 and 70 mg 
per kg by the hot-plate method and 58 and 65 mg 
per kg by the tail-flick method. 

Winter & Flataker (1965) injected a yeast suspen
sion into the plantar surface of one foot in young 
rats and applied pressure to the inflamed area and to 
the other normal foot. The threshold (mm Hg 
pressure) for response was about three times higher 
for the normal than for the inflamed foot. Morphine 
sulfate and dextropropoxyphene, administered sub
cutaneously, elevated the threshold in both feet, but 
less in the normal foot in relation to the initial 
threshold as shown in the following tabulation: 
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Threshold (mm Hg) 

Dose Inflamed Normal 
(mgjkg) foot foot 

Initial 11-12 34-35 
Morphine sulfate 0.22 23 41 

0.67 39 45 
2.00 60 53 

Dextro-
propoxyphene. HCI 2.70 26 41 

8.10 40 46 
24.20 67 62 

Collins, Weeks & Macgregor (1964) applied 
electrical stimuli to rats' tails and measured the effect 
of analgesic drugs on the reaction times for vocaliza
tion responses. Drugs were given subcutaneously 
and taking the level for morphine as 1.0 the relative 
effectiveness of codeine was 0.21 and of dextropro
poxyphene was 0.39. 

Lim et al. (1964) were particularly interested in the 
site of analgesic action and attempted to differentiate 
central and peripheral action by the responses 
obtained after intravenous or cephalad or caudad 
intra-arterial injection in dogs. The painful stimulus 
was intra-arterial injection of bradykinin and 
vocalization the criterion of effect. The reported 
ED50s, in mg per kg, were as follows: 

Intra-arterial 
Intravenous 

Central Peripheral 

Morphine sulfate 1.0 
Dextropropoxyphene. HCI 4.0 

0.56 No analgesia 
1.0 No analgesia 

They concluded that there was a central site of 
action for both drugs. The relative effectiveness of 
dextropropoxyphene was remarkably high with each 
route of administration. 

The technique of McConnell (1962) showed that 
the effectiveness of dextropropoxyphene relative to 
morphine was greater than by the more usual 
methods. Rats received an electrical stimulus 
through their feet and were able to cut off the 
stimulation by pressing a lever. Dextropropoxy
phene was one-fourth as effective as morphine in 
raising the threshold stimulus which the rat would 
withstand. 

Hoffmeister (personal communication, 1966) was 
interested in the site of action and a possible relation
ship to dependence-producing properties. He im
planted electrodes in various areas of the brain in 
unanaesthetized cats and recorded spontaneous 
changes in electrical activity and changes in response 
to stimulation after the administration of drugs. 
Morphine produced spontaneous changes in the 
electrical record from the thalamus and the rhin
encephalon; dextropropoxyphene did not. Both 

drugs produced changes in the response to stimula
tion, but the changes were weaker with dextropro
poxyphene. Since the rhinencephalon is alleged to be 
concerned with affective reactions, the above results 
might be related to a difference in euphorigenic 
effect. 

De Sanctis et al. (1965) compared dextropropoxy
phene and codeine administered orally and sub
cutaneously in dogs, using elevation of the threshold 
for the skin-twitch to radiant heat as the criterion. 
When administered orally dextropropoxyphene gave 
a graded dose response; codeine, though it elevated 
the threshold, did not give a graded dose response 
because of the occurrence of emesis. When given 
sulx:utaneously dextropropoxyphene gave an in
consistent response; codeine gave a graded dose 
response. 

Emele & Schanamann (1965) compared a number 
of the milder analgesics by four analgesic methods 
and, though they did not report doses, implied that 
codeine and dextropropoxyphene were equally 
effective. 

Rodriguez & Pardo (1966) suggested a new tech
nique which may be of value for relative potency 
determination. Dogs were trained to walk along a 
standard pathway: motor performance was impaired 
by the production of pain in the hind limb and 
improvement in performance was facilitated by the 
usual analgesics. Results with aspirin, codeine and 
dextropropoxyphene were comparable to clinical 
estimates of the effects of these agents. 

Forney et al. (1963) determined the minimal doses 
of morphine, dextropropoxyphene and codeine 
required to produce mild incoordination in dogs, 
when given alone or simultaneously with one gram 
of ethanol per kilogram. The drugs were given 
subcutaneously, without and with alcohol, and the 
minimal doses were: 0.63 and 0.16 mg per kg for 
morphine, a 4-fold increase in depressant action; 
10.0 and 2.5 mg per kg for dextropropoxyphene, 
also a 4-fold increase; and 2.5 and 2.5 mg per kg for 
codeine, no change. Forney et al. (1962) had given 
the same drugs orally to mice which had been 
rendered immobile by the intraperitoneal injection of 
ethanol, at the rate of 0.5 m! per 20 g mouse. The 
minimal effective dose of morphine to lengthen the 
immobility-time was, according to the authors, 
100 mg per kg (the reported figures seem to show a 
greater effectiveness than this); but neither dextro
propoxyphene at doses of 12.5-200 mg per kg nor 
codeine at 12.5-300 mg per kg had any effect on 
the immobility-time. The highest dose of dextro-
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propoxyphene was followed by the death of 8 out of 
10 animals. 

Gruber et al. (personal communication, 1957) 
reported the following figures for the LD50s of 
racemic propoxyphene and dextropropoxyphene in 
mgfkg: 
Species and route 
of administration * 

Mice, IV 
Mice, se 
Mice,O 
Rat, IV 
Rat, 0 

Dextropropoxyphenc Racemic propoxyphene 

31.8 

268.7 
23.2 

273.7 

29.3 
211.7 
273.7 
22.2 

184.9 
*IV = intravenous; SC = subcutaneous; 0 oral. 

They said also that sublethal doses, subcutaneously 
or intravenously, did not decrease respiratory minute 
volume in the dog. 

Jung (1962) described a method for determining 
spasmolytic action on excised uterine strips of the rat. 
The strips were thrown into tetanic contraction by 
the addition of an excess of potassium to the bath. 
Drugs were added to a concentration of 1.0 mg/100 
m!. Dextropropoxyphene caused a 41.7% reduction 
in the tetanic contraction, but pethidine had no 
spasmolytic action. The effects of morphine and 
codeine were not reported. Jung (1963) said, never
theless, that dextropropoxyphene increased tone and 
shortened contractions in the human uterus in the 
first stage of labour. A dose of 75 mg was given 
intravenously in 22 cases with an oxytocin-like effect 
in 90% of the trials. Intra-uterine pressure changes 
were recorded. Given intramuscularly the drug had 
less spasmogenic effect, causing an increase in tone 
in only 20% of trials, but increasing the frequency 
and regularity of the contractions. Two cases are 
mentioned, both primipar~e, in which a delayed 
labour was initiated by the intravenous injection of 
dextropropoxyphene; in one of the cases oxytocin 
was also given. In contrast, Braband (1961) gave 
dextropropoxyphene, 75 mg intramuscularly or 
150 mg rectally, twice a day for 4-12 weeks to 
patients with a stenosed oesophagus due to cancer. 
The author said that the passage of food was made 
easier in all cases, because of a spasmolytic effect 
which appeared in 30 minutes and lasted about 
four hours; it was confirmed by X-ray in seven 
cases. 

Fischetti & Paroli (1963) said that a dose of 
morphine of 25 mg per kg in rats and 10 mg per kg 
in guinea-pigs gave some protection against other
wise fatal pulmonary oedema due to epinephrine. 
Dextropropoxyphene at a dose of 3 mg per kg in 

guinea-pigs was ineffective but at that dose could 
hardly be expected to be otherwise. 

Summing-up the foregoing reports, the analgesic 
effect of dextropropoxyphene measured by various 
techniques in experimental animals has been a little 
greater or a little less than, but on the whole not very 
different from, that of codeine. The LD50, however, 
has always been less than half that of codeine given 
intravenously. 

Dextropropoxyphene, like codeine, is convulsant 
in animals. Chapman & Walaszek (1962) studied the 
convulsant action particularly in adult female rats 
and the effect of nalorphine on its frequency and 
duration. At a dose of 40 mg per kg, intraperitoneal
ly, dextropropoxyphene hydrochloride first produced 
depression, immobility and a catatonic state, as with 
morphine, followed in 5-10 minutes by convulsions. 
Below 40 mg per kg usually only the depression 
occurred. Nalorphine, 0.5 mg per kg, given 10 min
utes before the dextropropoxyphene decreased the 
frequency of convulsions and shortened the convul
sant period as shown below. It also significantly 
increased the intravenous LD50 from 68 to 105 mg 
per kg. 

Dose of dextro- Mortality (%} Convulsant period 
propoxyphene-HCI (min) 

(mgfkg) Alone After 
Alone After 

nalorphine nalorphine 

30 0 0 0 0 
40 0 0 22.5 0 
50 6.6 0 27.5 6.2 
60 46.6 0 43.0 16.0 
80 80.0 10 70.4 25.2 

100 100.0 20 Died 42.7 

If the nalorphine was given after the convulsions 
started, their duration was also decreased in propor
tion to the dose of nalorphine. With a dose of 
65 mg per kg of dextropropoxyphene the mortality 
was 50% and the convulsant period averaged 
49.6 minutes. The results with added nalorphine 
were: 

Nalorphine dose 
(mgfkg} 

0.1 
0.5 

20.0 

Mortality 
(%) 

12.5 
12.5 
0 

Duration of convulsions 
(mfn) 

25.8 
19.8 

5.1 

These authors said that sectioning the cord in the rat 
did not affect the LD60 of dextropropoxyphene, but 
after this treatment convulsive movements occurred 
only in the part of the body above the lesion. 

Rob bins (I 955), in his first report on the pharmaco
logy of propoxyphene, said that effects oflarge doses 
were antagonized by nalorphine. 

6 
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Analgesic effect in man; clinical experience 

The laboratory results with dextropropoxyphene 
indicated an analgesic effectiveness in the codeine 
range but this was not very clearly demonstrated in 
observations on experimental pain in man. Brown 
& Landmesser (1961) used the method of Deneau, 
Waud & Gowdey (1953) in which an inflatable cuff, 
connected to a mercury manometer, was placed 
around the calf of the leg and distended by air 
pressure under the control of the subject until pain 
was felt. Fifty student volunteers took doses of 
65 mg of dextropropoxyphene, 65 mg of codeine, 
and 32.5 mg of each of these drugs plus APC 
(aspirin 210 mg, phenacetin 150 mg, caffeine 30 mg) 
and placebo on five consecutive days in random 
order. There were wide variations in the initial and 
in the hourly thresholds, but the average of all 
results was as follows: 

Dose 

Dextropropoxyphene 65 mg 
Codeine 65 mg 
Dextropropoxyphene 

+APC 32.5 mg 
Codeine + APC 32.5 mg 
Placebo 

Percentage 
Initial increase 

threshold Aft After 
(mmHg) I h~~r 4hours 

260 6.5 3.5 
275 13.4 9.8 

264 11.3 7.2 
272 11.0 8.5 
276 5.8 4.0 

Nevertheless many clinical reports on the analgesic 
effectiveness of dextropropoxyphene have appeared 
and these are summarized in Table 13. Comparable 
figures for codeine are given wherever possible with 
a judgement (the reviewer's) of their relative effective
ness: ±, when the two appeared to be equal; 
+ when dextropropoxyphene appeared to be more 
effective; -, when it was less effective. All doses 
were given orally unless otherwise indicated. The 
table concludes with a summary of opinions or judge
ments of others, for comparison with our own, based 
for the most part on their own experience as clinical 
investigators. 

The data in Table 13 show that dextropropoxy
phene was usually less effective than codeine and 
only rarely superior to it. The judgements at the end 
of the table are similarly divided; the more recent 
ones are the least favourable. Eisman (1961) 
considered dextropropoxyphene to have only one
half the potency of codeine and Beaver (1965, 1966) 
reached a similar conclusion. He said that it had 
proved superior to placebo in doses of 65 mg or 
more but that the efficacy of lower doses was 
questionable; it was certainly no more and pos-

sibly less effective than the usually employed dose 
of aspirin or APC. Dextropropoxyphene is most 
often used in combination with APC, with per
haps some additive advantage, as with codeine 
plus APC. 

In each of the three reports on the use of dextro
propoxyphene parenterally (Lasagna & DeKomfeld, 
personal communication, 1962; Stoelting, Stoelting 
& Gruber, 1962; Houde, Murphy & Wallenstein, 
personal communication, 1962) equal doses of it and 
pethidine were compared and in each case the latter 
was the more effective. Houde calculated equi
analgesic doses to be 50 mg of pethidine and 140 and 
180 mg of dextropropoxyphene for the total and 
peak analgesic effect. 

With respect to the use of dextropropoxyphene in 
obstetrics, four reports have come to our attention. 
Wunder (1961) tried it in 131 of 500 patients who 
required medication to hasten labour. The first dose 
was 75 mg intramuscularly; a second dose (necessary 
in only four cases) was 50 mg. Labour was shortened 
in both primiparae and multiparae, in comparison 
with its usual duration, more so in the primiparae 
and more so the less advanced the cervical dilatation 
at the time of administration. The strength of the 
uterine contractions was not influenced. 

Bauer (1961), also concerned with the duration of 
labour, reported the results of 226 cases and these 
indicated that propoxyphene brought about a sig
nificant shortening of labour-an average reduction 
of 139 minutes in 128 primiparae, and 92 minutes in 
98 multiparae. A good analgesic effect was also 
attained. A supplementary note said that a 
similar result had been obtained in an additional 
500 cases. Bauer also gave an intramuscular dose 
of 75 mg. 

Reckendorf (1962) summarized the results ob
tained with dextropropoxyphene in more than 3000 
obstetrical cases in 60 hospitals. He said that the 
first stage of labour was shortened without an effect 
on uterine contractions. There were no reports of 
impaired respiratory activity in the newborn or of 
increased postpartum bleeding. If the drug was 
given intravenously a fall in blood pressure was seen 

-in some cases. Reckendorf reported a spasmolytic 
effect on the intestine and uterus of guinea-pigs and 
rabbits. 

Estelmann (1962) found that dextropropoxyphene 
at a dose of 75 mg, intramuscularly, shortened the 
first stage of labour, in 240 cases. The effect was 
greater in primiparae and the earlier the drug was 
given in the first stage. 
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TABLE 13 

CLINICAL ANALGESIC EFFECTIVENESS OF DEXTROPROPOXYPHENE 

Observations 

14 patients, chronic pain; 1 
or 2 capsules 5 or 6 times 
per 24 h; each medication 
for 24 h. Complete cross-over 

9 patients, chronic pain; 5 
doses per day for 3 days, pla
cebo for 3 days, other dose 
of same drug for 3 days 

101 patients, chronic pain; 
procedure as in preceding 
report 

A year's experience with 
arthritic patients 

300 patients, dental pro
cedures 

38 patients acute, 32 patients 
chronic pain 

Chronic pain. Series (1) 68 
patients; (2) 67 patients; (3) 
53 patients; (4) 36 patients. 
Medication 3 time a day, 7 
days. Degree of pain 1 hour 
after dose for pain relief 
score 

15 patients, malignancy or 
herpes zoster; 2-10 doses 
per patient in 2-4 days 

Chronic pain; one drug at 
noon, other at midnight for 
5 days, placebo at 6.00 a.m. 
and 6.00 p.m. 

48 patients, arthritis or neu
ritis; drug 4 times a day 

20 patients, chronic pain; 
usually 3-4 doses per day, 
6-30 days 

38 patients, chronic pain 

Dental patients, 1 or 2 cap
sules every 4 h; those taking 
6 or more doses compared 

200 dental patients 

132 postoperative patients; 
23 patients, chronic pain 

70 patients, chronic pain; 
drugs 3 times a day, 7 days, 
cross-over 

70 patients, anxiety and pain, 
including 10 postpartum pa
tients; drug 3 times a day 

Medications 

Per cap: dextropropoxyphene. 
HCI, 50 mg; aspirin, 325 mg; 
codeine phosphate 32.5 mg; 
placebo 

Dextropropoxyphene. HCI 
and codeine phosphate, each 
32.5 and 65 mg; placebo 

As in preceding report 

No details 

Dextropropoxyphene · HCI 
32 mg usually, up to 12 doses 
per patients; 65 mg in 17 pa
tients 

Dextropropoxyphene • HCI, 
64 mg, plus aspirin, 650 mg, 
every 6 to 7 hours 

(1) Dextropropoxyphene · HCI, 
32,65 and 130 mg; 32 mg olus 
325 mg aspirin; codeine phos
phate, 65 mg; placebo. (2) 
dextropropoxyphene • HCI, 
32.5 mg, alone and with APC. 
(3) dextropropoxyphene · HCI, 
32, 65 and 130 m g. (4) Codeine 
phosphate, 32, 64 and 130 mg 

Dextropropoxyphene HCI, 
100 mg 

Dextropropoxyphene HCI, 
65 mg; pethidine· HCI, 50 mg 

Dextropropoxyphene HCI, 
65 mg, or 32 mg plus aspirin 

Dextropropoxyphene HCI, 
65 mg, or 32 mg plus aspirin 

Dextropropoxyphene HCI, 
65 mg, alone or plus APC 

Dextropropoxyphene • HCI 
and codeine phosphate, each 
32 mg plus APC per capsule; 
placebo 

Results 

No difference between drugs; 
each better than placebo 

No significant difference be
tween drugs or doses; each 
better than placebo 

Similar effect for both drugs 
at equal doses; each better 
than placebo 

Approaches codeine in effec
tiveness 

Complete relief 90%; no com
parative data 

Good or excellent relief: 
92.2% in acute, 84.4% in 
chronic pain 

(1) and (3) 130 mg less effec
tive than lower doses; (4) 130 
mg most effective; pain relief 
scores generally lower for 
dextropropoxyphene than for 
codeine 

Slightly less effective than 
pethidine 

Slightly less over-all relief 
than with pethidine 

Effective in majority of cases 

Good or excellent relief in 17 

Generally superior to aspirin, 
350 mg, or codeine, 65 mg 

Good or excellent relief: pro
poxyphene, 22 of 29; codeine, 
28 of 31; placebo, 18 of 20 

Dextropropoxyphene · HCI, Excellent relief in 91 % of 
32 mg, plus aspirin, 325 mg, cases 
and Ultran, 15 mg 

Dextropropoxyphene 
30 mg 

HCI, Good or excellent relief, 122 
of 132, and 17 of 23 

Dextropropoxyphene HCI Drugs equally effective; better 
and codeine phosphate, each than placebo 
32, 65 and 130 mg; placebo 

Dextropropoxyphene • HCI, 
32 mg, plus aspirin, 325 mg, 
plus Ultran, 150 mg 

Good or excellent relief in 63 
(90 %) of cases 

Appraisal 

± 

± 
± 

± 

+ 

± 

Reference 

Gruber (1955); 
Gruber et al. (1955) 

Gruber (1956) 
Gruber et al. (1956) 

Gruber (1957) 

Williams (1958) 

83 

Mellars & Herms (1958) 

Settel (1958) 

Cass & Frederick 

(1959) 

Sahagian-Edwards 
(1958) 

Wang & Gruber (1958) 

Lozada (1958) 

Malamud (1958) 

Yanguas (1959) 

Becker (1959) 

Mead (1959) 

Querci & Stangalino 
(1959) 

Cass & Frederik 
(personal communica
tion 1959) 

Reverie Coma 
(1960, 1961) 
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TABLE 13 (continued) 

======O==b=se=r=v=at=io==ns========~======M==e=d=ic=a=ti=o=n=s====·==~==========R=e=s=u=lt=s========~~A==p=pr=a=is=a=I~~·~====R=e=f=er=e=n=c=e==== 
About 300 dental patients; 
one capsule 3-4 times a day 
or every 4 hours 

Dental patients: (1) 47 pa
tients; (2) 104 patients; (3) 
98 patients; drug every 4 
hours for 48 hours. Average 
pain relief per dose 

1500 patients, headache, pro
bably one-third on each drug, 
all on placebo; prophylacti
cally 

Postpartum patients; 1 or 
2 capsules 3 times a day 

1200 dental patients 

62 patients various 

68 dental patients 

Postoperative orthopaedic 
patients, 50 per medication 

Postpartum patients: (1) 42; 
(2) 48; (3) 53; (4) 39 

35 postoperative orthopaedic 
patients 

Dental patients; 1 capsule 
every 4 hours 

37 surgical (traumatic) 
patients 

Postoperative patients; each 
drug for 7 days, random 
order 

300 patients, pain of various 
origin; average 5 doses per 
day, 5 days 

Postpartum patients; 1 or 2 
capsules 4 times a day 

Postpartum patients; drugs 
at 8.00 a.m. if patients re
quested. Latin square design 

63 patients, chronic pain; 
drugs 4 times a day, 3 months 

Same as preceding reference Excellent relief ,90%: drug of 
choice for these patients 

(1) Control= APC plus hyos- Average pain relief score: 
cyamine and phenobarbital; (1) 2.07; (2) 2.41; (3) 2.43 
(2) dextropropoxyphene · HCI, 
32 mg, plus control; (3) co-
deine phosphate, 32 mg, plus 
control 

(1) Dextropropoxyphene · HCI; Percentage improved: (1) 62; 
(2) aspirin; (3) APC; (2) 55; (3) 71; (4) 45 
(4) placebo 

(1) APC; (2) codeine phos
phate, 32.5 mg; (3) codeine 
plus APC; (4) dextropropoxy
phene · HCI, 32.5 mg; (5) pro
poxyphene plus APC; 
(6) placebo 

Percentage complete/partial 
relief, cramp: incisionai pain. 
(1) 44/36: 4/39; (2) 23/42: 3/45; 
(3) 36/44:15/41; (4) 14/33: 6/35; 
(5) 34/37: 6/32; (6) 8/32: 0/36. 

Relief excellent, 24.2 %; good, 
' 69.1 %; poor, 6.7% 

Dextropropoxyphene • HCI Good relief in 42 of 62 cases 
plus APC plus Ultran 

(1) and (2) dextropropoxy- Satisfactory relief: (1) 50%; 
phene · HCI, 32 mg alone and (2) 91 %; (3) 60 %; (4) 34.8% 
with APC; codeine phos-
phate, (3) 32 mg plus APC; 
(4) placebo 

(1) placebo; (2) and (3) dextro
propoxyphene · HCI, 32 and 
65 mg; (4) and (5) codeine 
phosphate, 30 and 60 mg 

(1) placebo; (2) aspirin, 600 
mg (3) codeine phosphate, 
60 mg; (4) dextropropoxy
phene · HCI, 60 mg 

Adequate relief at 90 min: (1) 
42%. (2) 54%; (3) 76 %; (4) 
66%; (5) 86% 

(2) and (3) indistinguishable 
and better than (1) and (4) 
which were indistinguishable 

(1) dextropropoxyphene · HCI, Satisfactory relief: (1) 73 %; 
60 mg; (2) placebo (2) 50 %; crossovers: (1) 77 %; 

Per capsule: (1) codeine 
phosphate 16 mg plus aspirin 
325 mg; (2) codeine phos
phate, 16 mg, plus APC; (3) 
dextropropoxyphene · HCI, 
32 mg, plus APC; (4) placebo 

Dextropropoxyphene; 
codeine 

Dextropropoxyphene • HCI, 
100 mg; pethidine· HCI, 
100 mg 

Dextror>ropoxyphene · HCI, 
60 mg 

(2) 36% 

Complete relief: (1) 56 of 66; 
(2) 74 of 78; (3) 57 of 142; (4) 30 
of 58 

Equally effective 

Complete relief: propoxy
phene, 49.5 %; pethidine, 
53.0% 

Satisfactory relief, 72.6% 

Dextropropoxyphene • HCI, No significant difference or 
codeine phosphate, each, 32 dose-effect relationship 
mg, alone and with APC 

Dextropropoxyphene • HCI, No difference in relief among 
32 and 65 mg; codeine ph os- medications 
phate, 32 mg; pethidine· HCI, 
32 mg; placebo 

65 mg; codeine phosphate, 
Dextropropoxyphene · HCI, I No significant difference 

32.5 mg, plus APC 

± 

+ 

± 

± 

Scott & Whitman 
(1960) 

Lehrman. Loveman & 
Gruber (1960) 

Friedman (1960) 

Prockop, Eckenhoff & 
McEiroy (1960) 

Lowe (1959) 

Yanguas & Toledo 
(1961) 

Ping & Redish (1961) 

Sadove & Schiffrin 
(1961); Sadove, Schiff
rin & Ali (1961); Schiff
rin, Sadove & Bruce 
(1961) 

DeKornfeid & Lasagna 
(personal communica
tion 1961) 

Sadove & Bruce 
(1961a) 

Haynes & Morrison 
(1961) 

Barrios (1962) 

Niesenbaum & 
Deutsch (1962) 

Cohen et al. (1966) 

Gruber et al. (1961) 

Gruber, Baptist! & 
Chernish (1962) 

Cass, Laing & 
Frederik (1961) 
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Observations 

Dental patients, >100 per 
medication: drug every 4 
hours for 2 days 

228 patients, oral surgery; 
drug every 6 h to 3 doses 

80 patients, chronic pain; 
medication 2-4 per day, 5-7 
days 

Elderly patients, pain of vari
ous origin, >50 per medica
tion 

Postpartum patients, 200 per 
druQ; criterion number of 
doses requested 

Postoperative patients; 1 
capsule every 2-6 h. Not 
cross-over 

Patients after oral surgery; 1 
capsule every 4 h, 2 or 3 days 

45 patients, headache 

About 1 800 patients after 
oral surgery; 1 or 2 capsules 
every 4 h; each medication 

94 postoperative orthopaedic 
patients; cross-over 

31 patients chronic pain, 
cross-over; each drug 4 
times a day, 6 days 

Postpartum patients; 40 
doses each medication 

40 postpartum patients per 
medication 

49 patients, chronic pain, per 
dose; 2-8 doses per patient 

Postoperative patients; oral 
doses between subcutane
ous doses of morphine, 12-
15 mg 

100 patients, chronic pain of 
cancer; pethidine previously 
in 75 

85 patients, chronic pain and 
anxiety 

100 postoperative patients, 
random order, 3 days 

TABLE 13 (continued) 

Medications 

Dextropropoxyphene • HCI, 
65 mg; codeine sulfate, 60 mg; 
placebo 

Results 

Good relief: codeine, 97.6 %,; 
propoxyphene, 68.2% 

Dextropropoxyphene HCI Complete relief 77.5% 
plus APC 

Dextropropoxyphene HCI, 
65 mg, and 32 mg, plus aspirin 
325 mg; codeine phosphate, 
65 mg, and 32 mg, plus aspirin; 
placebo; aspirin, 650 mg 

Dextropropoxyphene • HCI, 
65 mg, and 32 mg, plus APC; 
APC alone; codeine sulfate, 
32 mg; aspirin, 333 mg; 
placebo 

Dextropropoxyphene HCI 
and codeine phosphate each 
32.5 mg plus APC 

(1) dextropropoxyphene • HCI, 
65 mg; (2) codeine phosphate, 
32.5 mg; (3) aspirin, 325 mg; 
(4) placebo 

Dextropropoxyphene • HCI 
and codeine phosphate, each 
32 mg 

Dextropropoxyphene HCI, 
32 mg; codeine phosphate, 
32 mg; aspirin, 600 mg; 
placebo 

Each capsule dextropropoxy
phene • HCI or codeine phos
phate, 32.5 mg, plus APC 

Dextropropoxyphene HCI, 
100 mg; codeine phosphate, 
65 mg; pethidine • HCI, 100 
mg; placebo 

Dextropropoxyphene HCI, 
64 mg plus APC; codeine 
phosphate, 60 mg, plus APC; 
placebo 

Codeine plus aspirin best; 
propoxyphene plus aspirin, 
codeine alone and aspirin 
equal 

Only propoxyphene plus APC 
and aspirin better than 
placebo 

6.22 and 5.68 doses per patient 
requested. Difference not sig
nificant 

Some relief: (1) 69 of 76; (2) 25 
of 38; (3) 16 of 40; (4) 2 of 40 

Better relief than previous 
medication: propoxyphene, 
80.2 %: codeine, 84.6% 

Good or complete relief: pro
poxyphene, 29 %: codeine, 
31 %:aspirin, 25%; placebo, 
18% 

Complete relief: propoxyphe
ne, 77.8%: codeine, 81.6%: 
placebo, 63.8 %. No relief, 
same order: 4.5%: 5.5%: 
13.1% 

Pain relief, average (%): pro
poxvphene, 60.5; codeine, 
56.5; pethidine, 65.4; placebo, 
42.0 

Average oain relief score: 
propoxyphene, 1.90; codeine, 
2.52; placebo, 0.93 

Dextropropoxyphene 
32 mg; placebo 

HCI, Complete relief: propoxy
phene, 65,%; placebo, 24% 

Dextropropoxyphene HCI, 
65 mg, plus APC; codeine 
phosphate, 68 mg, plus 
aspirin, 600 mg 

Dextropropoxyphene • HCI, 
32.5 and 65 mg; placebo 

Dextropropoxyphene • HCI or 
codeine phosphate, 32.5 mg, 
plus APC 

Dextropropoxyphene HCI, 
100 mg 

Dextropropoxyphene HCI, 
30 or 45 mg 

Dextropropoxyphene • HCI or 
pethidine • HCI, 100 mg; 
placebo 

Patients requesting 8 or fewer 
doses: propoxyphene, 31; co
deine, 37 

Satisfactory relief: propoxy
phene, 32.5 mg, 43 %: 65 mg, 
51%: placebo, 36% 

Nearly equally effective. Aver
age mg per patient: propoxy
phene, 117; codeine, 195 

Partial to satisfactory relief, 
70 %. Relief with pethidine, 
73% 

Satisfactory relief, 70.6 % 

Relief almost identical, better 
than placebo 

!Appraisal 

+ 

± 

± 

± 

± 

+ 
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Reference 

Chllton, Lewandowski 
& Cameron (1961) 

Koslin (1963) 

Boyle, Solomonson & 
Petersen (1960) 

Marrs, Glas & Silvanl 
(1959) 

Santiago & Danforth 
(1959) 

Valentine & Martin 
(1959) 

Koslln (1959) 

Magee & DeJong 
(1959) 

Wagner & Hubbel 
(1959) 

Van Bergen, North & 
Karp (1960) 

Cass & Frederlk 
(1964a) 

Benson (1963) 

Headley (1963) 

Batterman, Mouratoff 
& Kaufman (1964) 

Zimmerman, Machling 
& Omura (1960) 

Billow et al (1960a) 

Acquavlva & Greco 
(1960) 

Relss & Aufses (1961) 
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Observations 

61 patients, pain of various 
origin 

50 patients, acute pain 

90 postpartum patients, 
drugs successively 4 times a 
day each for 2 days; 50 pa
tients, chronic pain. drugs 
successively each 3 days 

40 patients, arthritic pain; 4 
times a day, about 300 doses 
per medication 

43 patients, pain of various 
origin 

24 patients, pain of various 
origin 

Postoperative patients; each 
drug parenterally: 48 and 43 
doses at the lower, 45 and 
39 doses at the higher level 

Postoperative patients, 28-
32 per dose group, not cross
over. Parental 

Patients, chronic pain of 
cancer, cross-over. Parental 

N. B. EDDY AND OTHERS 

TABLE 13 (concluded) 

Medications 

Dextropropoxyphene · HCI, 
30 or 65 mg, oral; 30 or 60 mg, 
intramuscular; 100 mg, rectal 
to 200 mg per day 

Dextropropoxyphene HCI, 
32 mg, plus aspirin, 325 mg; 
placebo 

Results 

Complete relief, 31 %: nearly 
complete, 23%: none, 7% 

Pain scores reduced: pro
poxyphene, 217 to 75; placebo, 
208 to 146 

Dextropropoxyphene · HCI or Pain relief same for both 
codeine phosphate each 32 drugs 
and 64 mg 

Dextropropoxyphene • HCI 
plus aspirin, 325 mg, aspirin, 
325 mg, placebo. Resin-coated 
tablets 

Dextropropoxyphene HCI, 
30 mg 

(1) dextropropoxyphene · HCI, 
65 mg, plus APC; (2) plus 
aspirin, 325 mg; (3) plus APC 
and (4) plus aspirin, 325 mg, 
mechanically separated; (5) 
aspirin alone, 325 mg 

Dextropropoxyphene HCI 
and pethidine · HCI, each 50 
and 100 mg 

Dextropropoxyphene HCI, 
25, 50 and 100 mg; placebo; 
pethidine · HCI 25, 50 and 
100 mg 

Dextropropoxyphene HCI 
and pethidine · HCI, 50 and 
100 mg and 100 and 200 mg of 
the former versus 50 and 100 
mg ot the latter 

Pain scores reduced: pro
poxyphene, 3.07 to 1.49; aspi
rin, 3.19 to 1.80; placebo, 3.09 
to 2.67 

Relief complete, 40%: poor, 
25% 

Average pain-relief score per 
dose: (1) 0.33; (2) 0.30; (3) 0.30; 
(4) 0.29; (5) 0.15 

Propoxyphene less effective; 
difference greater at the high
er dose-level 

Average pain-relief score: 
placebo, 120; propoxyphene, 
25 mg 158, 50 mg 177, 100 mg, 
201; pethidine, 25 mg 144, 50 
mg 185, 100 mg 279 

Calculated 140 mg for total 
relief, 180 mg for peak effect 
of propoxyphene equal to 50 
mg pethidine 

Judgement based on own experience and literature 

Dextropropoxyphene plus APC produces as much or more analgesia than codeine plus APC 

Equally as effective as codeine 

Approximately equal to codeine 

Dextropropoxyphene plus APC more effective than aspirin 

For equal effect, amount required approximately twice that for codeine 

Little better than APC 

Approaches the effectiveness of codeine 

Equal to or a little less effective than codeine 

Inferior to codeine, but useful 

Probably less effective than standard analgesics, such as aspirin and codeine 

As effective as codeine; best combined with aspirin 

!Appraisal I 

± 

Reference 

Zuccoli (1961) 

Setter (1959a) 

Wilson, Deere & 
Desiderio (1959) 

Setter (1959b) 

Bono & Mapelli (1959) 

Wang (1965) 

Lasagna & DeKornfeld 
(personal communica
tion, 1962) 

Stoelting, Stoelting & 
Gruber (1962) 

Houde, Murphy & 
Wallenstein (personal 
communication, 1962) 

Ping (1956) 

Bauerle (1958) 

Council on Drugs of 
of AMA (1958) 

Lascala & Potente 
(1960) 

Eisman (1961) 

Chamberlain (1961) 

Cass & Frederik (1963a) 

Brit. med. J. (1963) 

Chartier (1963) 

Lasagna (1964) 

Friedman (1964) 
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Side-effects 

It has been stated frequently, sometimes specificar 
ly and sometimes by implication, that dextro
propoxyphene produces fewer side-effects than 
codeine (Barrios, 1962; Billow, 1960a; De Kornfeld 
& Lasagna, 1961; Friedman, 1960b; Gruber, 1956; 
Gruber et al. 1961; Gruber, Baptisti & Chernish, 
1962; Lowe, 1959; Mead, 1959; Mellars & Herms, 
1958; Ping & Redish, 1961; Reverte Coma, 1960; 
Sadove & Bruce, 1961a; Scott & Whitman, 1960; 
Yanguas, 1959; Zuccoli, 1961). Some (Gruber et al., 
1955; Houde, Murphy & Wallenstein, personal 
communication, 1962) have said that the two were 
similar in this respect. Table 14 summarizes those 
reports in which the kind and frequency of side
effects produced by dextropropoxyphene have been 
stated and also gives similar data for codeine, where 
this was available in the same reports. 

Qualitatively the side-effects are the same for both 
drugs and, as the summary for all doses at the end 
of the table shows, there is little difference in their 
frequency. At the lower doses, however, side-effects 
were more frequent for codeine but this is hardly 
significant since these doses are generally not 
analgesically equivalent. Acquaviva & Greco (1960) 
and Bauer, Pretsky & Waiter (1965) said that 
dextropropoxyphene caused no respiratory or circu
latory disturbances and Burget & Greene (1962) 
reported that a dose of 130 mg, orally, in five male 
volunteers caused no consistent change in the 
response to accumulating carbon dioxide in re
breathing experiments and no change in other physio
logical processes. Bellville & Seed (1968; and person
al communication, 1966) compared codeine and 
dextropropoxyphene in nine normal subjects using 
the displacement of PC02 in mm Hg as the criterion 
and obtained evidence of some respiratory depression 
with each drug. The potency of dextropropoxyphene 
relative to codeine was 0.33. The doses used orally 
were 30 and 60 mg of each drug in one study, 60 and 
120 mg of codeine and 90 and 180 mg of dextro
propoxyphene in another. 

Querci & Stangalino (1959) recorded the electro
encephalogram in a patient who received two 60-mg 
doses of dextropropoxyphene within two hours; the 
only change was one resembling the sleep pattern. 
Bauer, Pretsky & Waiter (1965) gave a total dose of 
9.2 mg per kg of propoxyphene intravenously 
(whether the racemate or the dextro-isomer is not 
stated, but it was probably the latter), in doses of 
1 mg per kg at a time, to patients under nitrous 
oxide-oxygen anaesthesia and produced convulsions 

preceded by epileptiform changes in the electro
encephalogram. The dose, however, was about 
10 times that usually given orally. 

Poisoning 

A number of cases of poisoning with dextro
propoxyphene, with two deaths, have been reported. 
A two-year-old child swallowed four 65-mg capsules 
at 6.00 p.m. At 7.20 p.m. the child was staggering, 
became lethargic and at 7.50 p.m. was cyanotic with 
shallow breathing, followed by apnoea and coma. 
The pupils were constricted and there were general
ized convulsions but the circulation was well main
tained and the child recovered (Hyatt, 1962). 
Another child reportedly took an unknown quantity 
of dextropropoxyphene (the drug was found in the 
urine), became unconscious and cyanotic, with 
shallow breathing and convulsions. Six hours later 
the child could be roused partially and it sub
sequently recovered (Starts, 1963). An infant of 
17 months swallowed nine times 32 mg. About 45 
minutes later there was ataxia, reflexes disappeared 
and stupor ensued, with depressed breathing and 
periods of apnoea. Consciousness began to return 
in 90 minutes and there was complete recovery in 
eight hours (Frasier et al., 1963). A one-year-old 
infant ingested 20 times 32 mg and 45 minutes later 
was unconscious and cyanotic, with gasping respi
ration only two per minute. The pupils were 
constricted, reflexes were abolished and convulsions 
occurred. Repeated nalorphine injections caused 
temporary improvement but the child died 12 hours 
after the drug was taken (Frasier et al., 1963). A 
six-year-old child ingested an unknown number of 
capsules and vomited several times. No capsules 
were seen in the vomitus. No respiratory depression 
occurred and the child recovered promptly (Jacob
ziner & Raybin, 1963). Another four-year-old 
child, apparently took nine times 65 mg and was 
discovered in convulsions, and was cyanotic, with 
gasping respiration, progressing to apnoea. The 
child responded promptly to nalorphine and reco
vered (Swarts, 1964). 

Three cases of intentional overdosage in adults 
have been reported. A 62-year-old female was seen 
four hours after ingesting 12 times 65 mg. She was 
severely depressed, with respiration five per minute, 
and her deep reflexes were depressed but her circu
lation was apparently unaffected. She appeared to 
be fully recovered in 18 hours (Chapman & Lewis, 
1962). The second case was a girl of 15 who took 
40 times 32 mg of dextropropoxyphene hydro-



TABLE 14 

FREQUENCY OF SIDE-EFFECTS WITH DEXTROPROPOXYPHENE IN COMPARISON WITH CODEINE 

Medication a I No of I Drowsi-1 Nausea I Consti-1 Abdom-~ Dizzi- I Skin I A nor-

I and dose • and inal Other Reference 
(m g) patients ness vomiting pation distress ne ss reaction exia 

D--32.5 161 10 6 17 4 

C-32.5 154 16 9 19 7 

D--32.5+ APC 149 11 4 10 3 

C--32.5+ APC 142 17 11 21 6 Prockop, Eckenhoff & 

D--65 35 11 4 3 1 
McEiroy (1960) 

C--65 42 4 2 5 2 

D--65+ APC 4 1 1 1 

C--65+ APC 24 7 2 8 2 
--------------- -~·--------

D--32.5 9 1 1 1 

C--32.5 9 3 4 1 
Gruber et al. (1956) 

D--65 9 1 3 1 3 1 

C--65 9 1 5 2 2 1 
------------------------- ---

D-32.5b 303 33 33 26 20 11 2 9 

C-32.5b 303 32 34 44 26 7 2 20 2 
Gruber (1957) 

D--65b 303 41 22 32 19 10 8 16 6 

C--65 b 303 43 71 51 35 21 5 31 13 r 
------------ -------------

D-32.5 49 1 2 1 2 Batterman, Mouratoff 

D--65 49 1 4 1 5 1 1 6 
& Kaufman (1964) 

------ -------------------

D-32 48 1 19 3 5 

C-32 42 3 20 2 10 Wilson, Deere & 

D-32, 34 50 1 4 1 5 
Desiderio (1959) 

C-32, 34 50 4 12 2 
------- -------------------------

D-32.5 268 3 1 1 2 1 
Koslln (1959) 

C-32.5 273 11 42 9 16 14 1 
---------------------------

D-32.5 50 2 Magee & De Jong 

C-32.5 50 9 
(1959) 

------------------------
D-32.5+ APC 104 60 19 1 74 a Lehrman, Loveman & 

C-32.5+ APC 98 52 12 5 71 8 Gruber (1960) 

------ ------------------

D--32.5+ APC 1 831 21 47 4 23 14 Wagner & Hubbell 

C-32.5+ APC 1843 50 131 19 49 18 
(1959) 

---------------------------

D-32.5+ APC 62 1 
Ping & Redish (1961) 

C-32.5+ APC 68 4 
--- ---------------------

D-32+ APC 211 2 1 3 1 Koslln (1960) 

aD = Dextropropoxyphene.HC1; C = codeine phosphate or sulfate; APC = aspirin, phenacetine and caffeine; A = 
aspirin. 

b 101 patients. Drug given four times a day for three days. Figures are days on which side-effect was noted. 
c Other= nervousness 1, diarrhoea 4, headache 6, tinnitus 1, sweating 1. 
a Other= nervousness 13, tiredness 45, unsteadiness 15, difficulty In breathing 1. 
6 Other= nervousness 9, tiredness 35, unsteadiness 18, difficulty in breathing 5, palpitation 2. 



TABLE 14 (continued) 

Medica1ion I No of I Orowsi-1 Nausea I Cons1i-l Abdom- Oizzi- I Skin A nor-

I 
and dose • and . lnal reac11on exla 01her Reference 

(m g) pa11en1s ness vomiling pa11on dislress ne ss 

0-32.5+ APC 29 4 3 4 1 Becker (1959) 

C-32.5+ APC 31 4 1 3 1 
-------- ---- ---- ----- --- ------

0-32.5+ A 70 15 5 1 2 1 Rever1e Coma (1961) 
-------·--- ----· ------· --- ------

0-32.5+ A 70 3 3 2 Set1el (1956) 
------- ----- ------- -------

0-65 ,50 5 1 1 1 1 Brown & Landmesser 

C-65 50 6 3 6 1 
(1961) 

------- ---- ---------- ---- -· 

0-65 157 12 16 3 10 241 Chllton, Lewandow-
ski & Cameron (1961) 

-------- ------ -----------------

0-65g 1 716 106 111 449 31 158 11 Cass, Laing & Frede-

C-32.5+ APC 1 681 36 41 228 78 76 28" 
rik (1961) 

------ --- ----------------- ----

0-65+ APC 73 9 4 5 1 Haynes & Morrison 

C-32.5+ APC 78 4 2 
(1961) 

2 1 1 

C-32.5+ A 68 6 6 1 4 1 
------------- ------- ---- -------

0-65+ APC 228 25 9 7 6 1 9 Koslin (1963) 
-------------------------- ---

0-65+ APC 235 20 20 23 25 14 141 j Wang (1965) 

0-65+ A 235 35 24 17 11 47 i 
---------- --------------------

0-65+ A 70 15 1 1 Reverte Coma (1961) 
--------------- ------- ------

0-100 302 8 2 1 2 Van Bergen, North & 
Karp (1960) 

C-65 305 8 8 5 3 3 

Totals for each dose-rate 

-32,32.5 883 48 46 50 21 34 4 19 

0
-32,32.5 831 63 97 131 39 53 20 26 

-32.5+ APC 2386 98 75 1 8 36 1 92 
c 

-32.5+ APC 3941 163 202 233 100 148 2 124 
0 

-64,65 2319 177 161 485 24 183 22 49 49 
c 

-64,65 709 64 90 53 40 38 5 31 37 
0 
-65+ APC 540 55 34 23 32 25 8 152 

C-65+ APC 102 11 4 8 1 

Totals (or all doses of each medicament 

0 No. 7 367 454 346 565 137 292 19 

I 
19 367 ' 

% 6.16% 4.69% 7.66% 1.85% 3.96% 0.25% 0.25% 4.98% 

c No. 5 621 307 396 374 189 243 9 51 166 
% 5.46% 7.04% 6.65% 3.36% 4.32% 0.16% 

I 
0.90% 2.95% 

f Other= Insomnia 1, fatigue 3, headache 15, nervousness 5. 
g 63 patients on drug for about 3 months, 4 times a day. Figures are days on which side-effect was reported. Other= ner-

vousness 9, sweating 2. 
11 Other= nervousness 26, sweating 2. 
t Other included: hiccough 12, nervousness 19, Insomnia 34, headache 5, sweating 16, tremor 14, dry mouth 43. 
i Other= nervousness 13, hiccough 5, tremor 10, Insomnia 13, headache 6. 



90 N. B. EDDY AND OTHERS 

chloride at 9.30 a.m. She was given an emetic and 
vomited twice, but became increasingly lethargic and 
at 10.30 a.m. was comatose and cyanotic with 
shallow respiration. Convulsions began early and 
were persistent. She was given 5 mg nalorphine 
intravenously and this was repeated twice within 
10 hours. Other medications were given in an 
attempt to control the convulsions and improve the 
circulation. She died on the fifth day, having develop
ed cerebral oedema from the prolonged convulsions, 
with hypoxia and circulatory collapse (McCarthy & 
Keenan, 1964). The occurrence of polyuria was a 
prominent feature of this case. Bower et al. (1965), 
using the surviving toad bladder and a diffusion 
set-up, were able to demonstrate antagonism be
tween both dextro- and laevo-propoxyphene and 
antidiuretic hormone. Their results suggested that 
the polyuria in the McCarthy-Keenan case was the 
result of drug-induced nephrogenic diabetes insipi
dus. A recent poisoning case was that of a young 
woman, 18 years old, who took 26 capsules, estimated 
to contain 832 mg of dextropropoxyphene at about 
8.00 a.m. She was drowsy and drunken in about 
half-an-hour, with convulsions at one hour followed 
by coma and apnoea. The pupils were dilated and 
the deep reflexes absent. Each of four doses of 
nalorphine at half-hour intervals caused improve
ment with some relapse between. She began to react 
to painful stimuli after four hours, was disoriented 
for some time but recovered (Qureshi, 1964). 

Tolerance, dependence and abuse liability 

Robbins (1955) gave rats 40 mg of racemic pro
poxyphene twice a day for nine days. No tolerance 
could be demonstrated. A dose of 10 or 20 mg per kg 
had as much analgesic effect as before the chronic 
administration was started. There was no tolerance 
to toxic effects either, because increasing the dose to 
80 mg per kg killed the animals. 

Sim & Green (personal communication, 1958) 
reported to the contrary. Adult male rats were 
injected subcutaneously daily for 15 days with 
codeine phosphate or dextropropoxyphene hydro
chloride. The doses were 20 and 60 mg per kg of the 
former, 28.3 and 85 mg per kg of the latter. Analgesia 
was measured by reaction-time for tail-flick to 
radiant heat and respiratory rate was counted on the 
1st and 15th days. The intensity of peak analgesic 
action was reduced and the duration of analgesia 
was decreased with both drugs, as indicated by the 
decreased number of animals showing analgesia at 
successive observation periods after 15 days ad-

ministration. The number of rats per group whose 
reaction-time was at least twice that of the control, at 
intervals between 0.5 and 3 hours after injection, on 
the 1st and 15th days is shown below: 

Drug Dose 
(mgfkg) 

First day 

Interval after irljectiun 
(hours) 

0.5 1 2 3 

Codeine phosphate 20 7/10 4/10 2/10 0/10 
10/10 10/10 9/10 8/10 Codeine phosphate 60 

Dextropropoxyphene. 
HCI 28.3 9/10 8/10 4/10 0/10 

9/10 9/10 6/10 4/10 
Dextropropoxyphene. 

HCI 85 
Fi/teenth 

day 

Codeine phosphate • 20 3/9 1/9 1/9 0/9 
10/10 8/10 4/10 1/10 Codeine phosphate 60 

Dextropropoxyphene. 
HCl • 28.3 4/9 3/9 0/9 0/9 

7/8 4/8 1/8 0/8 
Dextropropoxyphene. 

HCl • 85 
* One or two animals died during the course of the experim<nt. 

There was also tolerance to the respiratory effect 
and the changes in the respiratory rate per minute, at 
intervals after injection, are shown below: 

Drug 

Codeine phosphate 
Codeine phosphate 
Dextropropoxyphene. 

HCI 
Dextropropoxyphene. 

HCI 
Saline control 

Codeine phosphate 
Codeine phosphate 
Dextropropoxyphene. 

HCl 
Dextropropoxyphene. 

HCI 
Saline control 

Dose 
(mg/kg) 

First day 

Interval after injec:tion 
(hours) 

() 0.5 1 2 3 

20 310 184 280 272 282 
60 296 148 152 188 246 

28.3 294 204 170 270 268 

85 268 194 192 200 248 
274 240 252 252 285 

FiFteenth 
·day 

20 258 198 242 273 278 
60 290 194 216 248 320 

28.3 315 284 309 296 322 

85 328 238 258 238 273 
280 274 306 286 290 

In monkeys, made tolerant to and stabilized on 
3 mg per kg of morphine sulfate, subcutaneously, 
every six hours, the abstinence signs 14 hours after 
withdrawal from such administration were reduced 
by 10 mg per kg of propoxyphene hydrochloride, 
subcutaneously, as much as by 2 mg per kg of 
morphine. Also when propoxyphene was adminis
tered chronically to monkeys at a dosage of 60-
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'90 mg per kg every six hours for 31 days and then 
abruptly withdrawn, an abstinence syndrome of low 
to intermediate intensity developed (Deneau, 1956).1 

Hoffmeister (personal communication, 1966) also 
said that dextropropoxyphene affected the abstinence 
syndrome in morphine-dependent monkeys, but only 
to a slight and variable degree. 

Shemano & Wendel (1964) suggested that the 
-correlation between the intravenous LD50 and the 
Straub reaction ED50, or the analgesic ED50 in mice, 
the Straub index and the analgesic index would have 
predictive value for dependence liability and calcu
lated similar indices for codeine and dextropropoxy
phene. 

The tests at the Addiction Research Center were 
begun in 1956 with the racemate and continued with 
the dextro-isomer.2 Single oral doses of the race
mate of 50-1000 mg were given to post-addicts in 
41 trials on 25 men. Below 600 mg there were no defi
nite subjective or objective effects. With doses of 
600-800 mg most of the men were drowsy and some 
-complained of dizziness; none said that the effects 
were similar to those of morphine until 800 mg were 
given and then only three of the eight subjects so 
reported. With the maximum dose of 1000 mg, one 
patient was apprehensive and showed tremor, pallor 
and sweating. In subjects stabilized on 240-280 mg 
per day of morphine sulfate, administered subcu
taneously, propoxyphene was substituted for the 
regular morphine doses as an oral dose of 200 or 
400 mg, to a total of 1200 or 2400 mg in 24 hours, and 
-compared with continuation of a placebo. With con
tinuation of morphine hourly, Himmelsbach scores 
varied from 3 to 8 points, with placebo the hourly 
score rose to 32 and with propoxyphene the hourly 
score varied from 13 to 23 points. Thus the results 
with propoxyphene were significantly different from 
those with placebo and morphine and were indicative 
<>f partial satisfaction of the morphine-dependence 
and, therefore, also of some dependence liability. In 
another experiment, 1600 mg of codeine orally per 
day substituted for morphine more satisfactorily than 
800 mg of propoxyphene orally per day, the largest 
dose which could be continued safely in the judgement 
<>f the investigators, for a two-week period. In still 
another experiment complete suppression of the 
morphine abstinence syndrome was not obtained 

• Also in Report to Committee on Drug Addiction and 
Narcotics, National Academy of Sciences-National 
Research Council, Washington, D.C., USA. 

• Reported to the Committee on Drug Addiction and 
Narcotics, National Academy of Sciences-National Research 
Council, Washington, D.C., USA (1956). 

(three subjects) with oral doses of 1200 mg per day 
of dextropropoxyphene. One of these men developed 
a toxic psychosis on the fifth day of substitution, 
another had hallucinations and the third complained 
of nervousness and anxiety. The net conclusion from 
these first experiments was that propoxyphene and 
its dextro-isomer had some dependence-producing 
potential, but substantially less than that of codeine. 

In subsequent experiments, Fraser et al. used only 
dextropropoxyphene hydrochloride, comparing it 
under different conditions with codeine and some
times with other agents. In 1961 they (Fraser et al., 
1961c) devised the questionnaires to be filled in by 
both subjects and observers for closer appraisal of 
opiate-like symptoms, identification of an agent as 
" dope " (like morphine, or like another drug in the 
subject's experience) and the subject's liking for a 
drug. These were used hourly after single doses and 
daily during chronic administration. Some experi
ments using the questionnaires, differing in detail as 
to dosage, route and duration of administration, etc., 
may be described as follows: 

Expt no. 1. Eleven non-tolerant post-addicts 
were given oral doses of 300 and 600 mg of dextro
propoxyphene; codeine was not used for comparison. 
Half of the subjects " felt " the drug at the lower 
dose-level, and all felt it at the higher dose-level; 
with the latter, 75% of the subjects identified the 
effects as "opiate-like" (Fraser et al., 1961a). 

Expt no. 2. Fourteen non-tolerant post-addicts 
were given single intravenous doses of 120 mg 
dextropropoxyphene hydrochloride, 60 and 120 mg 
of codeine and a placebo in a cross-over design at 
weekly intervals. The subjects readily differentiated 
both drugs from the placebo. Identification as 
" dope " was made in 80% of the cases with the 
higher dose of codeine, and in 70% of the cases with 
dextropropoxyphene. The liking-score was the same 
for the 120 mg doses of the two drugs, but codeine 
was rated higher for other parameters including 
pupillary constriction (Fraser et al., 1961c). 

Expt no. 3. Eight subjects who had been stabilized 
on 240 mg of morphine per day were withdrawn by 
substitution and gradual reduction of methadone. 
They were drug-free for 7-10 days and while still 
unstable and in a drug-craving condition, they were 
given a single dose of 20 mg of morphine or 180 mg 
of dextropropoxyphene intravenously. For all para
meters, the latter was significantly morphine-like, 
but its effect was less than that of the dose of 
morphine given (Fraser et al., 1961b). 
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Expt no. 4. Nine patients received single intra
venous doses of 12 and 24 mg of morphine sulfate 
and 160 mg of dextropropoxyphene hydrochloride 
on a double-blind cross-over basis, in random 
sequence. They identified morphine as " dope " in 
between 90 and I 00% of the cases, and dextropro
poxyphene as dope in 80% of the cases. The latter 
was thought to be a barbiturate in 4% of the cases 
and otherwise was thought to be a blank (Martin, 
personal communication, 1964). 

Expt no. 5. In 11 post-addicts an oral dose of 
400 mg of dextropropoxyphene was compared with 
400 mg of prodilidine. The former was identified as 
an opiate six times, as a blank twice and " felt " but 
unidentified three times (Fraser, 1964). 

Expt no. 6. In 12 men 180 mg of dextropropoxy
phene, 20 mg of morphine, and 300 mg of prodilidine 
were given intravenously in random order (Fraser, 
1964). The comparative scores were: 

Tdenti- 0 . 
1 

Liking Pupll/ary 
Feel drug fied as PI~ e for constric-

dope symp oms drug tion 

Morphine 4.67 
Dextropropoxyphene 3.42 
Prodilidine 2.50 

4.58 19.17 7.50 10.04 
3.17 13.42 6.50 7.40 
1.92 7.25 4.25 4.54 

Chemish & Gruber (1960) reported experiments 
with I 2 patients who had been taking dextropropoxy
phene for chronic pain, 65 mg four times a day for 
six months, and another patient who had been taking 
still larger amounts. They were challenged with 
nalorphine, which precipitates abstinence signs when 
physical dependence has been established, with 
negative results. The authors said, with respect to 
these patients, that no euphoria, tolerance or physical 
dependence had been demonstrated. 

Barrios (1962) who compared the usefulness of 
codeine and dextropropoxyphene in the treatment of 
traumatic pain and considered them equally effective 
believed that he saw more tolerance with codeine. 

Cass, Laing & Frederik (1961) administered 65 mg 
of dextropropoxyphene hydrochloride four times a 
day, for three months, to 19 patients with moderate 
chronic pain, and 32.5 mg of codeine phosphate plus 
APC, four times a day, for a similar period, to 
16 similar patients and challenged all of them with a 
nalorphine injection every two weeks. Consistent, 
progressive or clear-cut signs of physical dependence 
on either drug were not detected. On abrupt with
drawal, at the end of the three months, very mild 
signs, possibly suggestive of some dependence, were 
seen in four patients of each group. 

Elson & Domino (1963) described a single patient 
who became psychically and probably physically 
dependent on dextropropoxyphene, first adminis
tered on prescription for pain. The patient claimed 
to have taken, at one time, 75 times 65 mg per day, 
experiencing exhilaration and euphoria. In hospital 
he was given 780 mg of dextropropoxyphene orally 
without the appearance of toxic symptoms. When 
the drug was withdrawn nervousness, abdominal 
cramps, diarrhoea, sweating and yawning occurred. 
This patient had been dependent on hydrocodone 
and pethidine previously but claimed he had been 
drug-free for four years at the time the dextropro
poxyphene was started. On discharge from the 
hospital the patient relapsed to the use of this drug. 

Isbell (personal communication, 1959) reported 
information about a patient, also given dextropro
poxyphene initially for pain, who increased his dose 
voluntarily because it relieved his tensions and 
worries, but who could apparently discontinue the 
drug at least for periods of several days. On hospi
talization he showed no abstinence signs, though he 
was probably psychically dependent on the drug. 

As a result of the earliest report of dependence
liability studies from the Addiction Research Center, 
Lexington, Ky., USA, the Committee on Drug 
Addiction and Narcotics 1 of the National Academy 
of Sciences-National Research Council, USA; con
cluded that propoxyphene, and hence its dextro
isomer, had sufficient dependence-producing poten
tial to warrant its control as a narcotic, preferably 
comparable to that of codeine. The WHO Expert 
Committee on Drugs Liable to Produce Addiction 
(1956) concurred in this opinion and the WHO Expert 
Committee on Addiction-Producing Drugs (1958) 
reiterated this view two years later when it said: 

"Whereas it has not been shown that propoxyphene is 
devoid of addiction-sustaining or addiction-producing 
properties, although its potentiality in these respects is 
substantially less than that of codeine, 

" Whereas it is desirable to keep close watch on and to 
restrict carefully to medical and scientific needs the 
manufacture of a new substance with some narcotic 
properties, but strict control of such a substance at all 
levels may not be necessary, and 

"Inasmuch as the control provided in the 1931 Con
vention for drugs in Group II is designed for recording 
and supervision of manufacture and wholesale without 
restriction on retail trade. 

" The Committee concluded that its opinion with 
respect to classification and control of propoxyphene and 

1 Minutes of 18th Meeting (1957) Bull. Drug Addiction & 
Narcotics, p. 1517. 
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its salts as a codeine-like sub~tance, ... is valid and should 
be maintained. " 

The Committee's recommendation was accepted 
by 32 nations and propoxyphene was placed under 
their regimen of narcotics control. 

The Council on Drugs of the American Medical 
Association (1958) expressed a very mild view on the 
dependence-producing properties of dextropropoxy
phene. " The addicting liability of dextropropoxy
phene has been extensively studied and the evidence 
indicates that the drug has either little or none." 
The British Medical Journal (1963) expressed itself 
similarly, " . . . less liable to lead to addiction than 
codeine." 

When dextropropoxyphene had been on the 
market for five years both the National Research 
Council, Committee on Drug Addiction and Nar
cotics (USA) 1 and the WHO Expert Committee on 
Addiction-Producing Drugs (1964) reviewed the 
situation and both adopted similar statements. The 
WHO Expert Committee reported that: " ... on 
the basis of five years of marketing experienre and 
repeated observations at the Addiction Research 
Center, Lexington, Ky., USA, in comparison with 
other substances, the risk of dextropropoxyphene to 
public health appeared to be sufficiently low as not 
now to require international narcotics control." 

Some indications of recent abuse of dextropro
poxyphene have come to our attention. Claghom & 
Schoolar (1966) have said, " .. . in populations of 
persons particularly prone to drug misuse, the drug 
had become a source of abuse." These authors 
mentioned two practices-(1) oral ingestion followed 
by hot water or coffee to promote absorption, and 
(2) solution in cold water, filtering through cotton, 
concentration by boiling and intravenous injection
and described three cases. The first, a nurse, had 
taken the drug for a year for pain, increasing to 
14 capsules (910 mg) daily, a level which she main
tained for about five months. She had a number of 
convulsions and other psychiatric symptoms and 
was judged to have had an acute psychotic episode 
and an acute organic brain syndrome secondary to 
propoxyphene-induced seizures. The second and 
third cases were males who had used heroin and 
related drugs and employed the intravenous route 
for the administration of dextropropoxyphene. One 
man used 20-40 propoxyphene capsules daily to 
control withdrawal symptoms when he was unable 

' Minutes of the 24th Meeting (1962) Bull Drug Addiction 
& Narcotics, p. 2701. 

to get the needed quantity of heroin. He had 
convulsions, nervousness, tremor and headache. The 
other man, presumably withdrawn from heroin, 
claimed to have required 100 capsules daily. He said 
that he obtained brief initial euphoria without the 
pleasurable abdominal sensation noted with heroin. 
He showed no serious withdrawal symptoms when 
the use of propoxyphene was suspended. A private 
physician reported to one of us the case of a young 
woman who showed a typical morphine-like absti
nence syndrome on suspension of dextropropoxy
phene administration and relapsed promptly to use 
of the drug after discharge from hospital. 

No doubt there is need to be aware of the possi
bility of abuse of dextropropoxyphene, but a change 
in the views expressed in the resolutions of the 
National Research Council (USA) and WHO Expert 
Committees, which have been quoted, would not be 
warranted. 

Metabolism 

Lee, Scott & Pohland (1957, 1959), using N 14CH3-

Iabelled propoxyphene prepared by Pohland, Sullivan 
& McMahon (1957), incubated the compound with 
slices of rat liver for 30 minutes and recovered 
12.3% of the radioactivity as 14C02, indicating 
N-demethylation. Similar incubation with other 
tissues including brain, whole blood and kidney 
yielded 14C02 only with the kidney and its demethyl
ating activity was only 0.5-2.5% of that found with 
liver slices. After intravenous injection in rats of 
4 mg per kg of the labelled propoxyphene 38% of 
the radioactivity appeared as 14C02 in the expired 
air within 22 hours and this was essentially all that 
was eliminated in this way. 

Very little propoxyphene was excreted unchanged 
in the rat or in man. In the rat, using the labelled 
material, 2.9% of the radioactivity appeared in the 
urine in the first six hours; the urinary excretion at 
22 hours was 13% and at 48 hours 15 %. Roughly 
35% of the dose appeared in the faeces in 48 hours. 
In normal human volunteers, after 100 mg orally 
every four hours for 16 hours, the amounts recovered 
in the urine in 24 hours, in three subjects, were only 
3%, 10%, and 3% of the amount ingested. The 
authors did recover, however, a des-N-methylpro
poxyphene as a dinitrophenyl derivative so that N-de
methylation also took place in man in vivo. 

Amundson, Johnson & Manthey (1965) adminis
tered 65 mg of dextropropoxyphene orally at 
7.30 a.m. to eight fasting, healthy males on two 
occasions and collected urine at 2-hour intervals to 
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TABLE 15 

DOSES OF CODEINE AND DIHYDROCODEINE FOR EQUAL EFFECT 

Species, route I 
of 

administration a 
Method Dihydro

codeine Codeine Reference 

Mice, SC Hot-plate 12.4 14.2 Eddy, unpublished data 

Mice, 0 Hot-plate 43.4 43.2 Eddy, unpublished data 

Mice, lP Hot-plate 10 20 b Martinez & Stamburgo (1958) 

Mice, SC Hot-plate 28.4 37.3 Weinstock (1961) 

Mice, lP Hot-plate 60 40 Cahen (1964) 

Mice, 0 Hot-plate 125 160 Cahen (1964) 

Mice, 0 Writhing 160 160 Cahen (1964) 

Mice, lP Writhing 5 5 (2) Welss & Rossi (1962) 

Mice, SC Radiant heat 19.0 10.8 Friebel & Reichle (1956) 

Mice, SC Tail-flick, radiant heat 2.6 5.2 Haas (1955) 

Mice, SC Tail-flick, electrical stimulation 2.2 4.4 Haas (1955) 

Rat, lP Tail-flick, radiant heat 20 20 c Weiss & Rossi (1962) 

Guinea-pig, SC Skin-twitch, radiant heat 80.0 48.5 Freibel & Reichle (1956) 

Cat, IM Pressure on tail 7.20 8.04 Krueger, Eddy & Sumwalt (1943) 

Dog, se Tooth pulp, electrical stimulation 30 30 Keasling & Gross (personal communica-
lion, 1957) 

a SC = subcutaneous; 0 =oral; lP =intraperitoneal; IM =intramuscular. 
b Authors compared 20, 10 and 5 mg per kg of codeine with 10, 5 and 2.5 mg per kg of dihydrocodeine. In each dose-pair a 

similar percentage increase in reaction time was obtained with the two drugs. From the data as a whole the authors calculated that 
dihydrocodeine was 2.3 times as potent as codeine. 

c In both tests the effect of dihydrocodeine was a little more persistent. The action of both drugs was potentiated by2-tri
fluoromethyl-10-[3-(/3-morpholinoethylamino)-propyl]-phenothiazine. 2-HCI (A-3680), particularly in respect to duration. 

12 hours and at 12-hour intervals to 48 hours. The 
assay method determined the total amount of drug, 
as administered and of metabolites, and differentia
tion between these was by chromatography. Of the 
administered dose 25% was excreted in the urine in 
48 hours (mean, all subjects). Unchanged drug was 
excreted mainly in the first six hours and metabolite 
mainly after six hours, none at all being found 
within four hours. The metabolite (des-N-methyl
propoxyphene) was excreted in greater quantity than 
unchanged drug. 

DIHYDROCODEINE 1 

Dihydrocodeine was introduced in Germany as an 
antitussive about 50 years ago and has continued to 
be used moderately as such through the years. It 
was administered orally and almost no attention was 
paid to its potentiality as an analgesic. The acute 
interest in this possibility which was aroused in the 

' Also known as Paracodin. 

USA a little more than ten years ago gave rise to a 
number of carefully controlled clinical investigations. 
We (Eddy, Halbach & Braenden, 1957) have already 
reviewed this work, summarizing the situation in 
these words: 

" Dihydrocodeine is an effective analgesic, which, how
ever, never seems to attain quite the potency of morphine. 
Its optimal dose is 30 mg. At that dose very little, if any, 
respiratory depression occurs and no other side-effects of 
significance other than drowsiness. Increasing the dose to 
60 mg increases the analgesia only slightly but does cause 
the appearance of morphine-like side-effects and res
piratory depression." 

In order that this conclusion may be re-evaluated, 
we shall review mainly experiences with dihydro
codeine which have been reported since 1957. 

Analgesic effect in animals 
Figures available for the analgesic effect in tests in 

animals in comparison with codeine are presented in 
Table 15. 
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TABLE 16 

CLINICAL EFFECTIVENESS OF DIHYDROCODEINE 

No. of 

I Type of patient I 
Dosage, route of Comment I Reference 

patients administration a 

60 Postoperative, 348 50 mg, IM Relief: excellent, 35 %; moderate, 56.7 %; Code & Jone (1959) 
doses slight, 8.3% b 

218 Postoperative 30 mg, IM Relief: satisfactory, 77% c Lund (1959) 

? Postoperative 30, 60 and 90 mg, se 30 mg less, 60 mg equal and 90 mg more Keats, Telford & Ku-
effective than 10 mg morphine rosu (1957) 

63 Dental, post-extrac- 30 mg, 0 Relief: 73% d Keesling & Keats 
lion (1958) 

84 Chronic pain 30 mg, 0 for 3 days Equally effective as 100 mg pethidine, Dundee (1960) 
orally; side-effects less 

? Cancer, cross-over, 30 and 60 mg se 68 mg equivalent to 10 mg morphine e Seed et al. (1958) 
random order 

14 Obstetric 30 to 50 mg se Inadequate/ Purkis (1960) 

50 Obstetric, 72 doses 30 mg, se -Adequate relief, 86 %, g Myers (1958) 

45 Postpartum 15 or30 mg se 72% of multipara more comfortable than Myers (1958) 
after previous delivery 

115 Obstetric 30 mg + 0.4 mg sco- Equivalent to 65-75 mg pethidine with Ruch & Ruch (1957) 
polamine, se fewer side-effects 

aIM= intramuscular; SC = subcutaneous; 0 =oral. 
b The side-effects of 348 dihydrocodeine doses were: sweating 2.9 %, giddiness 1.4 %, nausea and vomiting 3.5 %, and head

ache 27.6 %- There was no placebo control. 
c Relief was satisfactory in 90% of 156 morphine doses and 47% in 90 placebo doses. There were 188 doses of dihydrocodeine 

given. In cross-overs 30 mg of dihydrocodeine was less effective than 10 mg of morphine. 
d Side-effects were: sleepiness 32 %, dizziness 22 %, nausea 22 %, and vomiting 10 %. In contrast, with placebo, side-effects 

were: sleepiness 16%, dizziness 6%, nausea 5% and headache 2%- Relief with placebo was 61 %-
e With respect to respiratory depression, 77 mg of dihydrocodeine was equivalent to 10 mg of morphine. The authors con

cluded that dihydrocodeine possessed all of the pharmacological properties of morphine in approximately the same relative pro
portions. 

f Comparison was with 198 patients without drug and 66 who received pethidine. There was more delay in completion of 
labour and more delay in regular breathing of the infant in the dihydrocodeine group. If the dose was increased for greater effec
tiveness there was more respiratory depression in the infant. 

g No interference with duration of labour and less depression of respiration in the infant than with pethidine. With dihydro
codeine normal cry and breathing were delayed two minutes or more in 22.0 %; with pethidine in 37.5 %-

Fischer, Szabo & Stamburgo (1960) said that the 
analgesic effect of dihydrocodeine (mice, hot-plate) 
was enhanced by metoxadone [2-(o-methoxyphen
oxymethyl)-5-oxazolidone]. The doses were 12.5 mg 
of dihydrocodeine plus 25 or 50 mg of metoxadone 
per kg, subcutaneously. Results with codeine were 
not reported. 

Only occasionally has dihydrocodeine been report
ed to be less effective than codeine, usually its effect 
has been equal to or slightly greater than that of 
codeine. On the average its effect was about one
third greater. Keasling & Gross (personal com
munication, 1957) said that the effect of 40-80 fLmol 
per kg of dihydrocodeine, intravenously, on the 
tooth-pulp threshold in rabbits equalled that of 
1-4 fLmOl per kg of levorphanol, also intravenously. 

Clinical effectiveness 

Additional references since 1957 to the clinical 
analgesic effectiveness of dihydrocodeine are sum
marized in Table 16. 

Keats, Telford & Kurosu (1957) tested the res
piratory effect of 30 and 60 mg of dihydrocodeine 
against 10 mg of morphine in seven normal subjects. 
All received all doses in random order. The 60-mg 
dose caused less depression at one hour and greater 
return towards normal at three hours than the 1 0-mg 
dose of morphine. These authors also compared the 
subjective effects of 60 mg of dihydrocodeine and 
10 mg of morphine in 30 patients awaiting elective 
surgery and needing no analgesic medication. The 
results in percentages of the patient group were: 
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Drunkenness 
Depression 
Dizziness 
Cheerfulness 
Lack of cheerfulness 
Sedation 
Nausea 
Euphoria 
Dislike of drug 

Morphine 

30 
20 
60 
20 
23 
81 
27 
17 
36 

Dihydrqcodeine 

25 
13 
43 
10 
13 
46 
13 
8 

55 

Swerdlow & Foldes (1958), Levin (1957, 1958) and 
Virtue & Payne (1958) have reported on the trial of 
dihydrocodeine as an anaesthetic supplement. 

The 19 patients of Swerdlow & Foldes were pre
medicated with 8-11 mg of morphine plus atropine, 
lightly anaesthetized with thiopental sodium, nitrous 
oxide and oxygen and were then given 1.5 mg per kg 
of dihydrocodeine, intravenously. Blood pressure 
and respiration (rate, tidal volume and minute 
volume) were measured before and at 3, 6, 10 and 
15 minutes after the dihydrocodeine. Respiratory 
rate decreased to 64.1 %, tidal volume increased by 
55.8% and minute volume did not change signifi
cantly. Heart rate increased 25% at three to six 
minutes, and the systolic blood pressure fell from 
115.8 to 61.6 at three minutes and was 84.7 at 
fifteen minutes. In most patients there were signs of 
histamine release and central nervous system stimu
lation. Analgesia was not as good as would be ex
pected with similar administration of pethidine. 

Levin (1958), also supplementing thiopental so
dium, nitrous oxide and oxygen, used initial doses 
of dihydrocodeine of 12.5-100 mg. With the highest 
dose there was a marked fall in blood pressure, 
erythema and sometimes apnoea, promptly combated 
by nalorphine. At the usual dose of 50 mg the 
analgesia was good but not sufficient to prevent 
coughing on insertion of the endotracheal tube. 
Levin thought dihydrocodeine offered no advantage 
over pethidine for supplementation. 

The results observed by Virtue & Payne (1958) 
were also disappointing. Their doses in 12 patients 
ranged from 30 to 120 mg. None of the patients was 
quietened sufficiently and the one who received 
120 mg experienced a severe drop in blood pres
sure. 

Eckenhoff, Helrich & Rolph (1957) found the use 
of 30 mg of dihydrocodeine, subcutaneously, in the 
recovery room, less effective than 10 mg of morphine. 
Doses of 50 or 60 mg in five normal subjects pro
duced a slight depression of respiration but no 
change in the response to accumulating carbon 

dioxide in re-breathing experiments. Three of seven 
normal individuals fainted when subjected to a 
50-60° head-up tilt after these doses of dihydro
codeine. 

Lundy (1957) made the surprising statement that 
in a number of patients with severe chronic pain, 
10 mg of dihydrocodeine by mouth was more 
effective than a grain of codeine and its effect lasted 
twice as long. On the other hand, Hunter (1959) 
judged that a dose of 90 mg was required to equal 
the effect of 10 mg of morphine but that side-effects 
would be less. 

Weinstock (1961) found that dihydrocodeine, like 
morphine and codeine, produced lens opacities in 
mice. The ED50 was a little less than for codeine, 
121 mg versus 140 mg per kg, subcutaneously, as was 
the ED50 for analgesia, 28.4 versus 37.3 mg per kg, 
whereas the LD50 was a little higher, 194 against 
142 mg per kg, subcutaneously. 

Dependence liability 

Himmelsbach (1941) and later Isbell (personal 
communication, 1952), on the basis of substitution 
tests in morphine-dependent persons at the Addic
tion Research Center, Lexington, Ky., USA, judged 
the dependence-producing potentiality of dihydro
codeine comparable to that of codeine. Deneau 
(1956),1 by the standard screening procedure for 
physical dependence capacity in monkeys, found a 
dose of 12 mg per kg of dihydrocodeine equivalent 
to 3.0 mg per kg of morphine. The comparable dose 
for codeine was 14 mg per kg. A few cases of 
dependence on dihydrocodeine have been reported 
in the literature, principally where the patient had 
turned to that drug after using other narcotics 
(Linz, 1953; Cieslak, 1955). 

The claim has been made that the effect of dihydro
codeine is improved and side-effects reduced by its 
administration as a pectinate (Boyd, 1959; Frileux & 
Series, 1959; Series, 1960). We have not found a 
record of carefully controlled comparisons. 

ETHOHEPTAZINE 

With the extensive exploration of the phenyl
piperidines as background after the discovery of the 
morphine-like effect of pethidine, chemists naturally 
speculated on the influence of a heterocyclic ring 
in the molecule, with more or fewer carbon atoms. 

' Also (1956) in Report to Committee on Drug Addiction 
and Narcotics, National Academy of Sciences-National 
Research Council, Washington, D.C., USA. 
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TABLE 17 

EFFECT OF DIFFERENT DRUGS IN ADDITION TO PENTOBARBITAL 
ON THE SLEEPING-TIME (m in) OF MICE a 

Pentobarbital, 50 mg/kg Pentobarbital, 
20 mg/kg Dose Drug (mg/kg) I Pre-treated I I Pre-treated I Pre-treated Control 15 min Control 24 hrs Control 15 min 

Ethoheptazine 40 55.7 116.2 

Ethoheptazine 80 208.4 

Pethidine 24 69.3 125.7 

Pethidine 40 201.4 

Morphine 10 45.9 70.2 

Morphine 120 68.2 

a From Glassman & Seifter (1955). 

In the mid-fifties the synthesis of the hexamethyl
eneimine analogue ethoheptazine (ethyl 1-methyl-4-
phenyl-4-hexamethyleneimine carboxylate) was de
scribed (Blicke & Tsao, 1953; Diamond & Bruce, 
1954; Diamond, Bruce & Tyson 1957) and later 
modifications were synthesized which, in many 
instances, paralleled the changes which had been 
effected in the pethidine series. The structure-action 
relationships are not pertinent, however, to the 
present discussion, because no other potential code
ne substitute has resulted. 

Pharmacology 

0 ~ ~/cooc, Hs 

/ ~'\ 
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I 
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ETHOHEPTAZINE 

Seifter et al. (1954, 1955) and Glassman & Seifter 
(1955, 1956) reported on the analgesic and sedative 
properties of ethoheptazine. They found it to be 
one-third as effective an analgesic as pethidine by the 
tail-flick method in rats, and we 1 have obtained an 
ED50 of 42.6 mg per kg, subcutaneously, by the 
hot-plate method in mice, a little lower potency 
than the result in the rat. Recently Axelrod & 

1 Eddy, unpublished. 

68.4 23.6 0.6 20.5 

24.6 

53.6 41.9 1.0 17.3 

28.6 

50.8 71.1 0.6 5.6 

89.4 

Baeder (1966) reported an ED50 in the same range, 
i.e., 34 mg per kg, subcutaneously, by the tail-flick 
method, and Lim et al. (1964) reported an ED50 

which may indicate a relatively lower potency in the 
dog. Their criterion of effect was vocalization after 
intra-arterial injection of bradykinin. The intra
venous ED50 of ethoheptazine citrate was 24 mg per 
kg, of dextropropoxyphene hydrochloride 4.6 mg 
per kg and of morphine sulfate 1.0 mg per kg. 

Ethoheptazine and other analgesics " potentiated " 
the sedative effect (sleeping time) of pentobarbital in 
mice, if they were given intraperitoneally 15 min 
before an effective or a subthreshold dose (Table 17). 
Given 24 hours before pentobarbital, ethoheptazine 
and pethidine appeared to shorten the sleeping 
time; morphine still lengthened it. The results were 
the same with hexobarbital. Glassman et al. (1955) 
said that ethoheptazine did not depress respiration 
even at doses which caused a fall in blood pressure. 
Also it did not produce morphine-like excitement in 
cats. 

We found 1 the LD50 of ethoheptazine to be 
190 mg per kg when administered subcutaneously in 
mice, in the same range as that for pethidine. 

According to Walkenstein et al. (1958) ethohepta
zine was rapidly absorbed, the blood showing the 
highest concentration within an hour. The greatest 
amount of the drug was found in the liver and 
kidneys. They administered 35-50 mg per kg of a 
14C-labelled compound intraperitoneally in dogs, 
rats and rabbits. Very little of the drug was excreted 
unchanged (2-4% in dogs and rats). Three metabolic 
pathways were identified: (1) hydrolysis to the 

7 
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No. of I 
patients 

330 

127 

72 

40 

71 

53 

39 

227 

35 

150 

150 

ea 100 

187 

30 

106 

350 

200 

50 

225 

75 
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TABLE 18 

CLINICAL ANALGESIC EFFECTIVENESS OF ORAL ETHOHEPTAZINE CITRATE 

Indication, regimen Dosage: 
Ethoheptazine + other 

Chronic musculoskeletal 50-250 mg; aspirin 
pain; graded doses every 
4 hours for 1-16 weeks; 
>200 trials 

Pain of various origin 

Pain of various origin 

Mainly pain due to dental 
extractions 

Pain of various origin 

Chronic pain; 4 x 1 capsule 
per day for 7 days, cross-over 

Postpartum; single doses 

Postoperative, gynaecological 

Postpartum; 1-4 doses per 
patient, every 4 h as needed. 
A total of 100 doses 

Postpartum; single doses 

Oral surgery; average 6 doses 
per patient 
Oral surgery; average 5 doses 
of codeine per patient 

Mostly traumatic musculo
skeletal pain; usually 1 or 2 
tablets every 4 hours 

Various, alone 

Various, with aspirin 

76 mg + aspirin, 325 mg (or 
double this amount) every 
4 hours 

75 mg + aspirin, 325 mg 

100 mg; 100 mg + aspirin, 
600 n g; codeine 30 mg + as
pirin, 600 mg; aspirin, 600 mg; 
placebo 

75 mg + aspirin, 325 mg 

150 mg +aspirin, 650 mg 

75 mg and 150 mg, compared 
with aspirin, 600 mg; placebo 

75 mg + aspirin, 325 mg; 

codeine, 32 mg + aspirin, 
650 mg 

Per tablet: 75 mg + aspirin, 
250 mg 

Result 

Safe effective dose, 50 mg 

Relief: ambulatory, 73 %; 
hospitalized, 62 %: postpar
tum, 82 %. Results better 
when combined with aspirin 

Relief (no. of patients): 

100% 
Single dose 30 
Double dose 26 

50% 

6 
6 

Relief: complete, 11; >50%, 
15. Slightly less effective than 
codeine, 30 mg + APC 

Ethoheptazine + aspirin and 
codeine + aspirin equal; 
better than either alone or 
aspirin alone; all better than 
placebo 

Relief: 
complete, 64 %: none, 13% 
complete, 56%: none, 20% 

Relief: satisfactory, 91 % 

Reference 

Gittinger, Grossman 
& Batterman (1955) 

Batterman et al. 
(1957) 

Haynes & Morrison 
(1957) 

Gutensohn, Lesko & 
De Vito (1957) 

Cass, Frederik & 
Bartholomay (1958); 
Cass & Frederik 
(1960) 

Roden & Haugen 
(1958, 1959) 

McCarthy & Ullery 
(1959) 

Inferior to aspirin, hardly dis- De Kornfeld & 
tinguishable from placebo Lasagna (1959) 

Relief: excellent or good, 111, 
each drug; none, 12 (etho
heptazine), 9 (codeine) 

Equivalent to codeine, 30 mg; 
aspirin, 600 mg 

Albertson (1959) 

Barber (1959) 

Dental 150 mg + aspirin, 650 mg, Satisfactory, 93.1 % Rankin (1959) 

Dental, pain of extractions 

Chronic musculoskeletal pain 
or tension headache; 1 or 2 
tablets 3 or 4 times per day 

Postpartum 

Postpartum 

Arthritis, acute and degene
rative; 1 tablet per 8 h 

Dental patients 

Oral surgery; 2 capsules 

every 4 hours 

150 mg + aspirin, 650 rng, and 
75 mg + aspirin, 325 mg (3.3 
doses average) after extrac
tion 

Per tablet: 75 rng + aspirin, 
250 mg + meprobamate, 
150 mg 

150 mg + aspirin, 650 mg 
every 4 h to 4 doses; 
codeine 30 mg + aspirin, 600 
mg, same regimen 

75 mg + aspirin, 325 mg, 
sometimes double this 
amount In suppository 

(1) 75 mg + aspirin, 325 rng; 
(2) codeine 32.5 mg + aspirin 
+ phenacetin; (3) placebo 

Per capsule 75 mg + aspirin, 
325 mg 

More effective than aspirin 
alone in 27 patients 

Relief: complete in 91 pa
tients; 50% in 12 patients 

Satisfactory 

Satisfactory 

Relief: excellent, 27; good, 11; 
poor or none, 6 

complete relief: (1) 55.1 %: 
(2) 62.2%: (3) 44.4% 

Relief: complete, 73% 
(severe pain); 95% (moderate 
pain) 

Torr (1959) 

Splitter (1960) 

Fitzgerald, Carrier & 
Carison (1961) 

Bray (1961) 

Brennan & Cohen 
(1961a, 1961b) 

Haynes & Morrison 
(1961) 

----------------------------~--------------------~---------------------L---------------
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No. of I patients Indication, regimen 

66 Oral surgery; 2 capsules 

63 Chronic pain; 4 doses per day 

TABLE 18 (continued) 

Dosage: 
Ethoheptazine + other 

Per capsule 16 mg + aspirin, 
325 mg 

150 mg + aspirin; codeine, 
32.5 mg + APC 

Result Reference 

Relief: complete, 83% Haynes & Morrison 
(severe pain); 86% (moderate (1961) 
pain) 

Equally effective Cass, Laing & 
Frederik (1961) 

75 Pain of various origins; 150 mg +aspirin, 325 mg 
2-8 times per day 

Relief: excellent, 70.6 %; 
good, 17.3 %; 150 mg 
equivalent to 30 mg codeine 

Cinelli & Zucchini 
(1962) 

Dental patients; 2 tablets 
every 4 hours, begun (A) be
fore, or (B) after oral surgery 

Per tablet: (1) 75 mg + 
aspirin, 300 mg; (2) 75 IT'g + 

No. of patients Complete relief Brennan (1963) 
(A) (B) (A) (B) asp nn, 250 mg + meproba

mate, 150 mg; (3) aspirin, (1) 
300 mg; (4) placebo (2) 

33 
35 
38 
36 

38 66.6 % 38.4 % 
42 54.2% 57.1 % 
38 60.5% 57.8% 
31 27.7% 35.4% 

(3) 
(4) 

50 Per medication group; pain Per capsule: (1) 75 mg + Relief: complete 50% poor Kolodny (1963) 
of various origin; 4 x 2 cap- aspirin, 325 mg; (2) 75 mg + or none 
suies per day aspirin, 250 mg + meproba- (1) 22 8 20 mate, 150 mg; (3) codeine, (2) 22 18 10 15 mg + aspirin, 325 mg; (3) 20 17 13 (4) placebo (4) 8 9 33 

64 Pain of various origin 100 mg + APC every 3 hours Relief: complete, 23: >50%, 33 Warner (1964) 

Postpartum; 2 capsules per Per capsule: (1) 75 mg + No. of Relief Brunl & Holt (1965) 
dose on demand; first 4 doses patients score 
per patient evaluated 

aspirin, 325 mg; (2) codeine, 
15 mg + aspirin, 325 mg; (1) 182 3.30 

184 (3) aspirin, 325 mg; (4) pia- (2) 3.42 
191 3.24 cebo 

corresponding acid (7-8% in dogs and rats); 
(2) oxidative hydroxylation of the hexamethylenei
mine ring (9% in dogs); and (3) N-demethylation. 

Asatoor et al. (1963) gave 75 mg of ethoheptazine 
orally to normal subjects and analysed the urine 
collected at two-hour intervals for 12 hours. Only 
3.2 mg were recovered in I 2 hours and 70% of this 
appeared in the first six hours. An acid metabolite, 
to the extent of 4-5% of the dose, and its conjugate, 
equal to 3-4% were found in both acid and alkaline 
urine. N-Demethylation seems to have been assumed 
but a nor-compound was not identified. 

Clinical effectiveness 

Reports on clinical effectiveness of ethoheptazine, 
given almost always in combination with aspirin are 
summarized in Table I 8 and notes on the occurrence 
of side-effects in Table 19. References are in the 
same order in the two tables, which should be read 
together. 

Generally ethoheptazine plus aspirin was more 
effective than a placebo; it is difficult to evaluate 
ethoheptazine by itself, because it was so seldom 
given alone or the mixture adequately controlled. 

(3) 
(4) 195 2.86' 

Certainly on a milligram basis it is less effective than 
codeine, but, as it is used, the frequency of side
effects is low. Haynes & Morrison (1961) tried to 
relate the effectiveness of placebo, ethoheptazine 
and codeine to the severity of pain. As pain at time 
of administration increased, effectiveness (percentage 
of patients relieved) fell as follows: 

Placebo 
Ethoheptazine + aspirin 
Codeine + aspirin 
Codeine + APC 

from 78 to 14% 
from 85 to 60% 
from 86 to 83% 
from 96 to 94% 

Codeine was more effective against the more severe 
pain. 

Golbey, Gittinger & Batterman (1955) gave etho
heptazine intramuscularly in patients with acute or 
chronic pain, comparing it with similar hexamethyl
eneimines with another methyl group at position 
2- or 3- of the heterocyclic ring (the latter is the 
alphaprodine analogue). By this route of administra
tion at a dose of 100 mg, each of the three compounds. 
was judged equivalent to pethidine, with minimal 
side-effects from single doses. These parenteral 
doses seemed to have no effect on respiration, oxygen 
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TABLE 19 

SIDE-EFFECTS ASSOCIATED WITH ENTHOHEPTAZINE ADMINISTRATION a 

Reference 

Gittinger, Grossman & Batterman 
(1955) 

Batterman et al. (1957) 

Haynes & Morrison (1957) 

Gutensohn, LeskoZ& De Vito]1957) . ,_ . " .. 
Cass, Frederik & Bartholomay (1958) 

Roden & Haugen (1958, 1959) 

McCarthy & Ullery (1959) 

Albertson (1959) 

Rankin (1959) 

Torr (1959) 

Barber (1959) 

S plitter (1960) 

Brennan & Cohen (1961a, 1961b) 

Haynes & Morrison (1961) 

Cass, Lalng & Frederik (1961) 

Fitzgerald, Carrier & Carlson (1961) 

Cinelli & Zucchini (1962) 

Brennan (1963) 

Kolodny (1963) 

Warner (1964) 

Bruni & Holt (1965) 

I Number of I Side-effects i patients 

>200 trials 250 mg tolerated, but incidence of CNS-stimulation favoured use of 50 mg 
dose 

330 Insignificant in 4 % of patients 

71 

92 

227 

150 

100 
(approx.) 

106 

156 
156 
124 

75 
66 

63 

75 

50 
50 
50 
50 

182 
189 

Drowsiness, 10; dizziness, 3; nausea, 5; insomnia, 1; gastric distress, 1; 
fullness in chest, 1 

Drowsiness, 1; dizziness, 1; nausea, 3; weakness, 2 

Medication: (A) ethoheptazine; (B) ethoheptazine +aspirin; (C) codeine+ 
aspirin; (D) aspirin; and (E) placebo. 

(A) (B) (C) (D) (E) 

Dizziness 1 2 1 1 0 
Constipation 0 1 1 1 1 
Excitement 3 2 2 2 5 
Drowsiness 1 4 1 0 2 
Unsteadiness 3 2 1 1 3 
Nausea and 

vomiting 2 3 5 

Nausea, 0.3%: drowsiness, 5%: gastric distress, 4% of doses 

Nausea, 1.8%: dizziness, 1.0%: drowsiness, 1.0%: gastric distress, 1.0 %; 
pruritus, 0.5% of >1000 doses 

Sleepiness and dizziness, 8; nausea and vomiting, 2. In equal number of 
patients with codeine: sleepiness and dizziness, 31; nausea and vomiting, 
18 

Mild side-effects in only 12 patients 

Light-headedness in 2 patients 

No more gastric distress than to be expected with aspirin. Patients stayed 
at work; given codeine they were sent home 

Drowsiness or dizziness or both, 13; abdominal distress, 1 

Drowsiness Dizziness Nausea 

Ethoheptazine 6 0 6 
Codeine 10 12 13 
Placebo 3 3 0 

Nausea Drowsiness Dizziness Gastric discomfort 

Ethoheptazine 1 4 ' 0 0 
Codeine 6 6 4 1 

Ethoheptazine/codeine: (total number of patient-days and days effect re
ported 1480/1681) nausea, 13/25; drowsiness, 56/36; dizziness, 145/76; 
constipation, 248/228; heartburn, 4/78 

Drowsiness, 6; nausea, 20; gastric distress, 15. In the codeine controls: 
nausea, 43; gastric distress, 31 

Side-effects (gastro intestinal, itching, dizziness) in 10% 

No significant difference in side-effects per drug group 

Nausea Drowsiness Dizziness Gastric discomfort 

Ethoheptazine 1 1 3 3 
Ethoheptazine 5 7 1 2 
Codeine 3 5 4 2 
Placebo 1 1 1 4 

Mild gastric distress or nausea, 4. In 24 treated for 6 months-2 years, no 
therapeutic failures, no evidence of tolerance; laboratory tests revealed 
no adverse effects 

Ethoheptazine: nausea, 1; dizziness, 1 
Codeine: dizz;ness, 1 

a Compare Table 18 for details of drug administration 
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consumption, blood pressure, pulse rate or pupil size. 
Chronic parenteral administration of ethoheptazine, 
however, resulted in a cumulative toxic reaction, 
manifesting itself by central-nervous-system stimula
tion. 

Bauer, Pretsky & Waiter (1965) injected etho
heptazine intravenously in five subjects. The doses 
were 2.1, 4.2 and 8.5 mg per kg. The largest dose 
given over a period of four minutes produced 
epileptiform changes in the electroencephalogram. 
In the awake subject there were visual and auditory 
hallucinations; distorted colour vision, scorpions, 
snakes and other disagreeable objects were reported. 
Even the smallest dose, since it was per kg, was large 
compared with the amount usually given orally. 

Abuse liability 

Ethoheptazine appears to have no ability to 
produce morphine-like physical dependence and no 
evidence of abuse of it or its preparation with aspirin 
has come to our attention. It was tested in Dr 
Seever's laboratory (personal communication, 1954) 
in normal monkeys and in others dependent on 
pethidine or morphine and it. was administered 
chronically. In normal monkeys, 30 mg per kg 
administered subcutaneously produced mydriasis, a 
pilomotor effect and chattering but practically no 
sedative effect. In dependent monkeys doses up to 
20 mg per kg administered subcutaneously, at the 
peak of the abstinence syndrome, had no effect on 
the withdrawal phenomena. In monkeys injected 
every six hours for 41 days with doses increasing 
from 2 to 14 mg per kg there were no signs of 
physical dependence in response to nalorphine 
challenge on the 19th and 32nd day or on abrupt 
withdrawal. When tested at the Addiction Research 
Center, Lexington, Ky., USA (Fraser & Isbell, 
personal communication, 1955; Fraser, 1956) single 
doses of ethoheptazine up to 300 mg, orally in 
post-addicts, had very little subjective or objective 
effect; dry mouth, drowsiness and dizziness were 
seen occasionally. If lOO or 200 mg were given after 
20 or 30 mg of morphine, the euphoric effect of the 
latter was decreased. In morphine-dependent indi
viduals substitution of 100 mg of ethoheptazine every 
four hours, orally or subcutaneously, did not 
suppress the development of abstinence phenomena. 

The apparent lack of dependence-producing prop
erties in ethoheptazine cannot be considered a 
result simply of the presence in the molecule of a 
7-membered heterocyclic ring. When modifications 
of the peripheral groups of the ethoheptazine struc-

ture were made which considerably enhanced.,..the 
analgesic activity, as measured by experimental 
methods in animals, signs of dependence-producing 
properties appeared (Fraser, 1956). 

The Council on Drugs of the American Medical 
Association (1960) summarized the situation in 
respect to ethoheptazine, saying in part, it can be 

" ... used in both ambulatory and hospitalized patients, 
for controlling mild or moderate pain associated with 
musculoskeletal disorders... The drug is ineffective in 
alleviating severe pain... The analgesic effects of 
salicylates and ethoheptazine citrate are apparently ad
ditive. . . The incidence of side effects after usual doses of 
ethoheptazine citrate is relatively low... All of the 
experimental evidence and the results of clinical trial 
support the conclusion that ethoheptazine citrate is 
completely devoid of addiction liability. Nevertheless the 
careless use of the drug is not justified ... " 

ETYMIDE 1 

Analgesic effect in animals; general pharmacology 

The activity of etymide (2-ethoxy-N-methyl-N
[2- (methylphenethylamino )ethyl]- 2,2- diphenyl-acet
amide) was investigated by Krapcho, Turk & Lott 
(1960) and Krapcho & Turk (1963). It had the 
greatest analgesic effect and longest duration of 
action of a series of acetamides tested by Craver et al. 
(1963). On the basis of the tail-flick method in rats 
it was equally as effective as codeine, but by the hot
plate method in mice it was only one-half as effective. 

0"'/0-C.Hs 
C CH, 

0/\_{ CH, 
11 ""' / 0 CH.CH.N 

\H.cH.o 
ETYMIDE 

Tolerance to etymide developed in rats within two 
weeks. Rats tolerant to pethidine were tolerant to 
etymide, but the reverse was not true. Large doses 
produced respiratory depression and hypotension in 
anaesthetized dogs, effects which were antagonized 
by nalorphine. Etymide was spasmolytic on various 
isolated tissues and delayed the passage of a charcoal 
meal in mice. High doses produced moderate, ab
normal hepatic function in rats and dogs, correlated 

' Also known as: etomide, Bandol, Sq 10,269. 
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with degenerative lesions of the liver; recovery, 
however, occurred within three weeks. Piala, Rich 
& Burke (1965) added the observation that the 
compound was as antitussive as codeine in dogs at 
about the same oral dose (4 mg per kg) and Piala, 
High & Burke (1965) described the pharmacology of 
etymide in some detail, and reported analgesic ED60s 
(mg per kg) as follows: 

Hot-plate Tail-flick 
Mice Mice Rats 

Sq 10,269. HCl 56 57 47 
Pethidine. HCl 71 68 58 
Codeine sulfate 66 58 
Propoxyphene. HCl 70 65 

For dogs in which cough was elicited by electrical 
stimulation of the trachea the antitussive potency 
was calculated to be 1.15 times that of codeine. 

Our figure (National Institutes of Health, 1962, 
unpublished) for the analgesic ED50 of etymide by 
the hot-plate method in mice was 80.3 mg per kg, 
with subcutaneous administration. The average 
duration of the effect was 198 minutes, considerably 
longer than for codeine. Our ED60 for codeine, 
estimated by the same method and administered by 
the same route, was 14.2 mg per kg. 

Rectal temperature in dogs was reduced by oral 
doses of etymide by as much as 7°F when the dose 
was 160 mg per kg. With this large dose the hypo
thermia persisted for more than 24 hours. The drug 
also decreased spontaneous activity in mice by 50% 
with 60 mg per kg, but not at all with double that 
dose. In comparison, codeine reduced spontaneous 
activity 80% at the 60-mg dose and 50% at the 
120-mg dose. 

Etymide blocked the electroencephalographic and 
overt arousal responses to pain (tail-pinch) in cats at 
intravenous doses of 1.5 mg per kg or more, but did 
not block the response to sciatic-nerve stimulation 
until a cumulative dose of 11.5 mg per kg had been 
reached. Codeine at 1.0 mg per kg blocked the 
response to pain but not that to sciatic stimulation. 
Intraperitoneal injection in rats of 20 mg per kg of 
Sq 10,269 diminished the conditioned-avoidance 
response by 17% and the unconditioned-avoidance 
response by 10%, but the effect did not persist. 

In acute toxicity tests with mice, increased motor 
activity and tail erection were evident after small oral 
or intraperitoneal doses, and reduced motor activity 
and convulsions after larger doses. In rats, intra
peritoneal doses of I 0-200 mg per kg caused pro
gressive motor depression, mydriasis and catatonia. 

In mice lower concentrations were more lethal than 
higher ones, but there was no sex difference. The 
LD60S for male mice are shown below: 

Route • Concentration (%) LD 10 (mg/kg) 

IV 0.5 40 
lP 1.6 210 
0 1.0 370 
0 2.0 715 
0 5.0 1400 
0 10.0 I 720 

• IV = intravenous; lP = intraperitoneal; 0 = oral. 

The authors believed that low solubility with poor 
absorption and rapid degradation probably account
ed for this difference (Piala, High & Burke, 1965). 

Braun, Krapcho & Hess (1965) studied the excre
tion of ucH3-labelled etymide in rats and dogs. 
Rats given 2.5 mg orally or intraperitoneally showed 
a similar pattern of excretion. Less than 2.0% of the 
administered radioactivity could be accounted for as 
respiratory 14C02• The rate and route of excretion in 
the rat is shown below: 

Percentage of administered dose 
Hounafter Urine Faeces Total Carcass Total 

adn.inistration recovered 

0-24 25.0 48.4 73.4 9.8 83.2 
24-48 4.3 10.7 15.0 3.3 91.0 
48-72 0.9 1.8 2.7 2.5 93.2 
72-96 0.4 0.6 1.0 1.3 93.0 
Total 30.6 61.5 92.1 

In dogs also faeces accounted for the greatest portion 
of administered radioactivity, and the difference 
between amounts in urine and faeces was greater 
than in the rat. The average recovery in three dogs 
was 15.9% in the urine and 64.2% in the faeces. 
Evidence was accumulated of the formation of a 
glucuronide and of primary or secondary amines or 
both. In tissue-slice incubation studies (liver, kidney, 
muscle, brain) metabolism of Sq 10,269, judged by 
the formation of dinitrophenyl derivatives, occurred 
only with liver slices. 

Clinical effectiveness 

Cass & Frederik (l964b) administered etymide to 
35 patients with chronic pain mainly of musculo
skeletal origin. The doses used were 50, 100 and 
150 mg orally three times a day for six days and 
comparison was with a placebo similarly adminis
tered. The degree of pain relief was determined three 
times a day, one hour after medication, and a weekly 
average was calculated. The procedure was double
blind and the medications were given in random 
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sequence to all patients. The average pain relief 
scores were: 

Placebo 0.82 
Etymide 50 mg 1.51 
Etymide 100 mg 1.94 
Etymide 150 mg 2.37 

For each dose level the degree of relief increased a 
little from day to day especially during the first three 
days; with placebo the trend was downward. The 
relief score was greatest at the 4.00 p.m. observation 
at each dose-level of the drug and with the placebo. 
The largest dose of etymide was ranked best by 
34 of the patients; all ranked placebo as least 
effective. The number of patients (out of 35) who 
voluntarily reported the occurrence of side-effects 
after etymide administration is shown below: 

Dose 
Placebo 50 mg 100 mg 150 mg 

Nausea or vomiting 0 0 6 11 
Dizziness 0 1 4 10 
Constipation 2 0 1 7 
Excitement 2 0 1 6 
Drowsiness 3 2 5 17 
Headache 0 0 0 1 
Upset stomach 0 0 1 4 

Blood examinations and urinalyses showed no drug
related abnormalities. 

The relief afforded by an oral dose of 75 mg of 
etymide, as observed by 52 clinical investigators, has 
been tabulated by Craver (personal communication, 
1967) as follows: 

Per-
Average Per- cent age 

Medication No. of pain- cent age reporting 
patients relief gettin!? unde-

score relief sir able 
effects 

Placebo 358 1.49 49.7 29.3 
Codeine, 65 mg 413 3.04 89.1 31.5 
Propoxyphene, 65 mg 359 2.62 78.6 22.8 
Etymide, 75 mg 860 2.77 80.7 42.3 

The most frequently reported side-effects in all 
groups, including patients given placebo, were 
nausea, dizziness, drowsiness, vomiting and abdo
minal cramps. This summary included postpartum, 
post-operative and medical (out-patient, private
practice and chronic) patients. The relief reported 
was greatest against chronic pain (97.3 %) and least 
in medical out-patients (57.3 %). 

Sunshine & Kantor (personal communication, 
1966) tested etymide in comparison with placebo, 
aspirin and codeine in post-surgical or post-fracture 

cases under double-blind conditions with no cross
overs. The percentages of patients reporting anal
gesia at the doses given were as follows: 

Agent and dose 

Placebo 
Aspirin, 600 mg 
Codeine sulfate, 32 mg 
Etymide, 37.5 mg 
Dextropropoxyphene, 32 mg 

No. of 
patients 

49 
51 
50 
48 
49 

Percentage 
r:?porting 
analgesia 

63 
82 
90 
77 
77 

Forrest et al. (personal communication, 1967) 
compared, in a Rerup design, 30 mg of codeine and 
75 mg of etymide in 38 patients and 90 mg of 
codeine and 25 mg of etymide in 39 patients, mainly 
post-operative patients who no longer needed a 
parenteral analgesic. On the basis of this preliminary 
study they estimated 84 mg of etymide to be equiva
lent to 60 mg of codeine. 

Forrest et al. also gave doses of 30, 60 and 120 mg 
of etymide and 60 and 120 mg of codeine orally, 
in random order, to six male volunteers in a double
blind experiment with cross-overs and determined 
respiratory activity by a re-breathing technique. 
Both drugs produced dose-related respiratory de
pression. It was estimated that in this respect 125 mg 
of etymide was equivalent to 100 mg of codeine. 

Dependence-producing properties 

Deneau & Seevers 1 tested etymide for physical 
dependence capacity in monkeys, with both single 
doses and chronic administration. Single sub
cutaneous doses of 2-24 mg per kg in morphine
dependent monkeys at the peak of the abstinence 
syndrome had no suppressant effect on the with
drawal phenomena. Larger doses could not be given 
because of the low solubility of the compound. In 
the chronic study, the drug was given subcutaneously 
every six hours to naive monkeys in doses increasing 
from 5.0 mg per kg for the first five days to 20 mg 
per kg from the 16th to 31st day. The animals were 
challenged with nalorphine on the 14th and 28th 
days and were observed following abrupt with
drawal on the 31st day. The drug produced marked 
irritation at the injection sites. Abstinence pheno
mena were precipitated by nalorphine and a syn
drome of low intensity, disappearing within six days, 
followed abrupt withdrawal. The physical depen
dence capacity was judged to be of a low order. At 

1 Minutes of the 26th Meeting (1964) Bull. Drug Addiction 
& Narcotics, Add. 1, p. 13. 
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autopsy the livers of these monkeys showed no 
pathological changes. 

Cass & Frederik (1964b) subjected 24 patients, 
with persistent pain and a history of little previous 
narcotic experience, to daily administration of ety
mide for three months. The usual dosage was 150 mg 
three times a day and no patient required more than 
600 mg per day. The medication was usually 
effective but mild side-effects were seen in 16 patients, 
most commonly nausea, drowsiness and dizziness. 
The patients were challenged every four weeks by 
administration of nalorphine, but neither in these 
tests nor in the period immediately following abrupt 
withdrawal, at the end of the three months, was any 
evidence of physical dependence detected. No signs 
of toxicity were reported after various laboratory 
tests. 

FENYRAMIDOL 1 

Analgesic effect; general pharmacology 

Fenyramidol (a-(2-pyridylaminomethyl) benzyl 
alcohol) was synthesized by Gray (1962) as one of a 
series of ,8-hydroxyalkylaminopyridines (Gray et al., 
1959) and studied pharmacologically by O'Dell et al. 
(1960) and O'Dell (1960, 1961a, 1961 b), in most 
instances in comparison with codeine. Analgesia 

/~ 0 I 11-NH-CH.-CH-1 § 

"\N/ I 
OH 

FENYRAMIDOL 

was measured by the hot-plate method in mice (an 
average increase in reaction time of 14% or more for 
20 mice was significant), by electrical stimulation of 
tooth-pulp in the rabbit (a 6% increase in voltage 
over that required for response in 50% of the cases 
was significant), and by response after injection of 
silver nitrate in joints of rats. The results for different 
doses of fenyramidol and codeine are shown below : 

Percentage increase in reaction time, hot-plate method 
Mgjkg Route • Fenyramidol Codeine 

2.5 IV 42 31 
5.0 IV 51 37 

10 lP 15 33 
20 lP 22 38 
10 0 33 4 
20 0 34 34 

1 Also known as Analexin. 

Percentage increase in voltage, tooth-pulp stimulation 
Fenyramidol Codeine 

Mgjkg Route Time after Time after 
administration (min) administration (min) 

30 60 90 30 60 90 
5.0 IV 20 18 6 32 16 6 

10.0 0 20 23 0 15 22 3 

• IV = intravenous ; lP = intraperitoneal; 0 = oral. 

The results indicate a close similarity in the potency 
of fenyramidol and codeine. With the silver nitrate 
method 20 mg per kg of fenyramidol, given orally, 
caused a 60% increase in the threshold. The duration 
of the effect was about eight hours. 

The LD50 of fenyramidol was 124 mg per kg 
intravenously, 450 mg per kg intraperitoneally, and 
2425 mg per kg orally, in mice. The LD50 reported 
by O'Dell for codeine was 87 mg per kg intra
venously and 128 mg per kg intraperitoneally. 
Fenyramidol administered intravenously depressed 
the righting-reflex in mice at 30 mg per kg and at 
185 mg per kg when given intraperitoneal!y; it 
reduced spontaneous activity in mice at 50 mg per kg, 
intraperitoneally. O'Dell (1961b) constructed" pro
files " from his results of a number of drugs and said 
that fenyramidol possessed moderately potent anal
gesic activity which was evident over a broad range 
of doses. He also said that it probably had little true 
central depressant or dulling effect but possessed a 
marked centrally-induced muscle relaxant action. 

Carroll, Luten & Southward (1961) tested fenyr
amidol against the sensitivity of yeast-inflamed paws 
in the rat in comparison with other agents, all given 
orally. The ED50s in mg per kg for several agents 
were: 

Aspirin 75 
Dextropropoxyphene 16 

Codeine 22 
Fenyramidol 110 

These authors said that the ED50 for muscle relaxa
tion in the cat was 60 mg per kg, intraperitoneally, 
and for loss of righting reflex in the rat 735 mg per 
kg, intraperitoneally. The LD50 was 355 mg per kg, 
intraperitoneally, in mice and 756 mg per kg, orally, 
in rats. The anticonvulsant dose was 331 mg per kg, 
orally, in the rat for electrically produced convulsions 
and more than 522 mg per kg for strychnine- or 
pentetrazol- produced convulsions. 

Mustala & Penttila (1962) determined the oral 
LD50 for fenyramidol in mice as 405 mg per kg. 
They said it did not prevent strychnine convulsions 
in this species. 

Hoffmeister (1962) elicited various reflexes in the 
head region in rabbits by electrical stimulation and 
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found them depressed by fenyramidol in the dose 
range of 10-50 mg per kg, intravenously. Hexo
barbital depressed these reflexes at 20-50 mg per kg 
and morphine at 1-10 mg per kg. 

According to Miller (1962) only about 1.5% of an 
oral dose of fenyramidol appeared unchanged in the 
urine of the dog. The chief excretory product was a 
glucuronide. After oral or intravenous adminis
tration, most of the drug was deposited in skeletal 
muscle and slowly released for conjugation in the 
liver. 

Kast (personal communication, 1962) obtained 
evidence of an analgesic effect of fenyramidol like 
that of codeine in a different way. A patient in pain 
pressed a pair of points on to his skin until he judged 
the pain produced to be equal to the pathological 
pain. The threshold for the matching experimental 
pain was the amount of pressure required to produce 
it. If the pathological pain were reduced the pressure 
required for the matching experimental pain would 
be less. The average thresholds for 24 post-operative 
patients, in actual pressures (mm Hg), and in pa
rentheses as a percentage of initial threshold, 30 and 
60 minutes after taking 30 mg of codeine or 400 mg 
of fenyramidol were: 

Changes in threshold (mm Hg and %) 
Initial 30min 60 min 

Codeine 
30mg 76.8 (100) 30.0 (47.0) 10.3 (20.0) 

Fenyramidol 
400mg 78.4 (100) 26.0 (51.0) 13.5 (21.0) 

Placebo 56.9 (100) 38.5 (68.0) 36.8 (63.0) 

Clinical experience 

There are a moderate number of reports of clinical 
trials of fenyramidol, at least some of which were 
well controlled, against pain of various origin. These 
are summarized in Table 20. Especially for musculo
skeletal pain, with some muscular stiffness or spasm, 
results have been moderately good with relatively 
few side-effects attributable to gastrointestinal irri
tation. In addition to the quoted cases, Barr (1963) 
and Friedman (1964) have summed up their impres
sion of the drug's usefulness, recommending 200-400 
mg orally every four hours or 100 mg with 300 mg 
of aspirin. The Council on Drugs of the American 
Medical Association (1963) concluded that fenyrami
dol " . . . probably is no more effective than the 
salicylates ... " and " It appears to be relatively 
non-toxic, but more data are necessary to determine 
its possible toxic effects after prolonged use." 

Siegler, Fabiani & Nodine (1967) reported on the 
use of fenyramidol intramuscularly in 70 consecutive 
cases of musculoskeletal pain, mainly of traumatic 
origin. On a double-blind basis, half received a 
placebo injection, half received fenyramidol (1000 mg 
per 5 ml; the exact dose administered is not stated, 
one presumes it to have been 1.0 ml). The condition 
of the patients was re-evaluated for pain relief, 
decreased muscular spasm, increased motion and 
side-effects 30-60 min after injection. The pain 
relief was good in 10, and excellent in one of the 
patients with placebo, good in 13 and excellent in 
eight of the patients with fenyramidol. Giving 
numerical values to the degree of relief, the average 
score for placebo was 0.77 and 1.71 for fenyramidol 
The blood pressure fell slightly in two patients, and 
more markedly in one, after fenyramidol, and 
slightly in one after placebo. There was significantly 
greater improvement in motion and spasm after 
fenyramidol than after placebo. The authors recom
mend the use of injectable fenyramidol in the type of 
case described. 

Tests for dependence liability 

Fraser, Essig & Wolbach (1961) carried out the 
usual tests at the Addiction Research Center, 
Lexington, Ky., USA, for dependence-producing 
properties. Single doses up to 750 mg, orally, in 
post-addicts produced no subjective or objective 
effects, except sleepiness, in one of six patients at the 
highest dose. Attempts to substitute for morphine in 
morphine-dependent persons produced no significant 
suppression of abstinence phenomena. The total 
dose was 1500 mg in three doses in 24 hours. 
Chronic administration of 600 mg four times a day, 
increasing to 4500 mg per day in 18 days and 
continued for an additional 42 days produced no 
signs of physical dependence. The patients did not 
like the drug and in two out of four the dose was 
reduced to 3300 mg a day because of sleepiness and 
other complaints. By these tests fenyramidol was not 
at all morphine-like. 

METOFOLINE 1 

Although, in the early days of their discovery, the 
natural isoquinoline alkaloids of opium, narcotine 
and papaverine, were credited with sedative proper
ties, hence the name of the former, they have not 
shown any ability to relieve pain and the study of 

1 Also known as Methopholine, Versidyne, Ro 4-1778/1. 



Patients 

No. I Type 
------

155 Musculoskeletal pain 

37 Arthritis 

59 Medical conditions 

--
43 Musculoskeletal 

170 Musculoskeletal 
38 Musculoskeletal 
51 Musculoskeletal 
15 Musculoskeletal 

--

Musculoskeletal pain 
Repeat studies but not same 
patients 

--

100 Postpartum 

100 Postpartum 

--
75 Dysmenorrhoea 
50 Pre-menstrual headache 

--
42 Orthopaedic 

17 Postoperative 

>100 Orthopaedic 

TABLE 20 

CLINICAL TRIALS OF FENYRAMIDOL 

Dosages 
(single or per day) 
-----------

43 patients, 4 x 100 mg 
61 patients, 4 x 200 mg 
51 patients, 4 x 100 mg 
+ 300 mg aspirin 
aspirin, 600 mg 
placebo 

Same regimen as above 

4 x 100 mg (5 patients) 
4 x 200 mg (SO patients) 
4 x 400 mg (4 patients) 

4x100mg 
4x200 mg 
4x400 mg 
4 x 100 mg + 300 mg aspirin 
4 x 300 mg aspirin alone 

4x200 mg 

Aspirin 
Placebo 

200 mg +aspirin, 32.5 mg; 
codeine; 32.5 mg + aspirin, 
650 mg 

200-400 mg at onset of pain 

400 
800 
? 

I Route a I Result 

0 Satisfactory, 53.6% 
0 Satisfactory, 59.0% 
0 Satisfactory, 66.6% 

0 Satisfactory, 52.5 % 
0 Satisfactory, 40.0% 

----
0 Satisfactory, 54.1 %, 55.0% 

and 78.3% 

} Satisfactory, 65.6% 

0 Satisfactory, 53.6 % 
0 Satisfactory, 61.1 % 
0 Satisfactory, 81.5% 
0 Satisfactory 66.6% 
0 Satisfactory, 66.6% 

Satisfactory: 
0 59.0 %, 61.3 %, 65.1 %, 68.1% 

0 57.1 %, 51.7 %, 53.1 %, 58.1% 
0 46.3 %, 34.6 %, 30.4 %, 38.0 % 

0 Excellent, 80; good, 20 

0 Excellent, 79; good, 19 

0 Excellent, 56; good, 9 
Excellent, 35; good, 5 

0 Excellent, 3; good, 5 
0 Excellent, 3; good, 13; fair, 7 
IV Good, 17 

0 or P Generally good 

a 0 =oral; IV= intravenous; P =parenteral; IM =intramuscular. 
b Side-effects: 0-drowsiness, 1; urticaria, 1; epigastric distress, 1 

Comments: Side-effects 

18.5% } Mild gastrointestinal 
14.9% irritation, pruritus, 
15.7% rash. 

24.1% Not cross-over 
12.0% 

18.5% Mostly referred to 
11.1% gastrointestinal tract 
5.2% 

15.7% 
20.0% 

Very good agreement in sepa-
rate studies 

Various b 

Shortens requirement for 
physical therapy 

IV-unusual sensations of taste and small, 2; drunkenness, 1; vertigo, 1; circulatory collapse, 1 (single dose of 250 m g). 

Reference 

I Batterman, 
Grossman & 
Mouratoff (1959a) 

I 
Batterman (1960) 

Batterman, 
Mouratoff & 
Kaufman (1962) 

Batterman (1962); 
Mouratoff & 
Batterman (1963) 

Wainer (1960a, 
1960 b) 

Wainer (1961) 

Taylor (1961) 

Chudzicki (1962) 

-0 
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Patients 

No. I Type 

1CO Oral surgery 

---
57 Acute pain 
15 Chronic pain 

---

85 Musculoskeletal due to 
trauma 

---
62 Lumbar strain or other 

spastic condition 

--
43 Musculoskeletal 

50 Musculoskeletal 

---
48 Musculoskeletal 

---
101 Minor surgery 

---
50 Pre-menstrual 

---
85 Cerebral palsy, children for 

relaxation 

Dosages 
(single or per day) 

TABLE 20 (continued) 

I Ro~~a-~ Result 

~~-------

I 
; First dose, 400 mg, th~n 0 Excellent. Many discontinued 

200 mg every 4 h after 3 or 4 doses 

-

300-1000 mg IM Excellent, 56.1 %; good, 28.1% 
300-1000 mg IM Excellent, 26.7%; good, 20.0% 

Various et IV Excellent, 53; fair, 20; good, 4 

5x200 mg IM Improvement: much, 31.7 %; 
some, 51.24 % 

5x100mg IV Improvement: much, 66.7 %; 
some, 23.8% 

3x100 mg to 800 mg 0 Complete, 8; moderate, 15; 
slight, 7; none, 13 patients; 

Placebo 0 Complete, 2; moderate, 6; 
slight, 15; none, 27 patients 

200-400 mg every 4-6 h, som.e- 0 Excellent, 81.2; fair or poor in 
times with aspirin others 

-~~--

3-5x200 mg IM Excellent, 36.3%; good, 
52.7 %; fair, 11.0% 

400 mg every 3 or 4 h post- 0 Excellent, 36.0%; good, 47.0%; 
operative fair, 5.0% 

400 mg; usually 1600-2000 mg 0 Excellent, 25; good, 7; poor or 
per day none, 19 

400-1600 mg every 4 hours 0 Improvement in spasticity in 

I 
75 % of patients 

I 

c Paper presented at the American Medical Association Scientific Exhibit, Chicago. 

Comments: Side-effects Reference 

--

No side-effects Abramson (1962) 

Gastro-intestinal upset, 3; lgloe c 
headache, 1; lightheaded, 16. 
Not dose related 

Nausea, 4 Lamphier & 
Goldberg (1962) 

Results are for pain; relief of Bentz (1962) 
spasm was less. Nausea, 3; bad 
taste, 2; lightheaded, 11 

Dizziness, 3; drowsiness, 2; Bodi et al. (1962) 
nausea, 1 
Dizziness, 4; drowsiness, 2; 
nausea, 1 

Abdominal discomfort and Ramunis (1963) 

1 
nausea in 2 patients 

Few and mild Welner & Prentlce 
(1963) 

Nausea requiring discontinu- Gayral et al (1964) 
ance, 2; pruritus, 6 

Carter (1961) 

-----------

d Initially 25 mg followed by amounts up to 500 mg (optimal), result improved by adding oral doses. Patient must be kept reclining and under observation for 30 min. 
Lightheadedness, flushing and metallic taste may follow injection within 2 min. 
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TABLE 21 
ANALGESIC EFFECT (EDso, mg/kg) OF METOFOLINE AND CODEINE IN ANIMALS 

Species Method Route a Metofoline I Codeine I Reference 

Mouse Tail-flick se 18.0 18.0 Besendorf et al. (1962) 

Mouse Tail-flick 0 38.0 40.0 Brossi et al. (1965) 

Mouse Tail-pinch IV 3.6 13.5 Shemano & Wendel (1964) 

Mouse Electrical stimulation, 
_b tail se - Cugurra & Serra (1962) 

Mouse Writhing se 5.0 5.5 Brossi et al. (1965) 

Mouse Writhing 0 12.0 - Brossi et al. (1965) 

Mouse Hot-plate se 5.0 14.0 Eddy, unpublished data 

Rat Skin-twitch se 40.0 35.0 Besendorf et al. (1962) 

Rat Skin-twitch 0 55.0 - Brossi, et al. (1965) 

Rat Yeast inflamed foot se _c - Baruth & Randall (1962) 

Rabbit Electrical stimulation, 
tooth pulp IV 4.4 7.4 Besendorf et al. (1962) 

a SC = subcutaneous; 0 =oral; IV= intravenous. 
b Morphine-like analgesic effect with 1-5 mg per kg subcutaneously. 
c Same order of effectiveness, both normal and inflamed foot, as codeine. 

isoquinolines as a source for analgesic compounds 
did not seem worth while. Considering the relation of 
isoquinoline to morphine structure, this was a 
considerable gap in structure-action relationships, 
which relatively recent chemical and pharmacological 
investigations have done much to cover. The subject 
has been carefully and thoroughly reviewed by 
Brossi et al. (1965). Metofoline is one of the 
products of this work, that was subjected to extensive 
clinical investigation and warrants consideration as 
an agent for the relief of mild to moderate pain. It is 
( ±) 1-(p-chlorophenethyl)-6, 7-dimethoxy-2-methyl-
1 ,2,3,4-tetrahydroisoquinoline; its synthesis was 
described by Brossi et al. (1960) and its pharmacology 
by Besendorf et al. (1962) and Randall (1963). 

FH2CH2--o _Cl 

CH.O -o~ /'N-cH. 
CH.O -""" ") 

METOFOLINE 

Pharmacology 

The pharmacological results were reviewed by 
Brossi et al. (1965) including some results from their 
laboratory which had not been included in their 
previous papers. The analgesic effect in animals is 
summarized in Table 21 with figures for codeine 

from the same sources. In addition, De Salva & 
Monteleone (1963) said. that metofoline, at a dose 
which produced no neurotoxic effect, delayed a skin
twitch response to electrical stimulation and in
creased the voltage required to produce the twitch 
in rabbits. McConnell (1962) found that rats which 
could cut off electric shock to their feet by lever
pressing, withstood a higher shock under the influ
ence of metofoline. The minimal effective dose was 
four times that of morphine and four times that 
required for affecting an avoidance test used as a 
measure of sedation, indicating for metofoline 
relatively less analgesic than sedative action. For 
morphine the effective doses were the same for both 
tests. Clearly in animal tests metofoline was as 
effective an analgesic as codeine, sometimes more 
effective. Its toxicity was also of the same order as 
that of codeine (see Table 22). Snyder (personal 
communication, 1962) found that metofoline, ad
ministered subcutaneously to doe rabbits at term, 
had little effect on the foetal mortality: 

Condition No. of births Still-births ( %J 

Natural, undrugged 243 6 
Metofoline, 20 mg per kg 41 10 
Morphine, 3 mg per kg 198 22 
Dihydrocodeine, 13 mg per kg 123 38 
Pethidine, 40 mg per kg 200 18 
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TABLE 22 

ACUTE TOXICITY (LDso rrgf~g) OF METOFOLINE 
AND CODEINE 

S . I R I al Meto- i C d . I R f pec1es ou e foline I o eme e erence 

Mouse se 180 140 Besendorf et al. (1962) 

Mouse lP 70 - Brossi et al. (1965) 

Mouse IV 70 

I 
56 Brossi et al. (1965) 

Mouse IV 25 86 Shemano & Wen del 
(1964) 

Mouse 0 180 750 Besendorf et al. (1962) 

Rat se 400 500 Besendorf et al. (1962) 

Rat I lP 100 - Brossi et al. (1965) 

Rat 0 400 - Brossi et al (1965) 

Rabbit IV 30 34 Besendorf et al. (1962) 

Dog 0 295 - Brossi et al. (1965) 

a SC = subcutaneous; lP =intraperitoneal; IV= intravenous; 
0= oral. 

It was suggested that a factor in the increased 
mortality with the opiates was their spasmogenic 
effect. Metofoline was spasmolytic, according to 
Cugurra & Serra (1962) on isolated guinea-pig 
intestine, and Besendorf et al. (1962) said that it 
antagonized barium-induced spasm of the isolated 
rabbit intestine one-fifth to one-half as well as 
papaverine. The intravenous injection of 1 mg per kg 
of metofoline did not affect the movements of the 
small intestine of the rabbit in vivo, but 5 mg per kg 
decreased tone and amplitude. The decrease in 
activity was not observed in dogs (Brossi et al., 1965). 

Reber & Studer (quoted by Brossi et al., 1965) 
administered metofoline intraperitoneally to rats in 
an acacia suspension. Doses of 15 mg per kg five 
times a week for eight weeks were followed by a 
gradual increase to 125 mg per kg during the last four 
weeks of a six-month experiment. There was ces
sation of growth at 40 mg per kg and weight loss at 
85 mg per kg but no other untoward effects were 
observed. Brossi et al. (1965) detailed the results of 
other chronic toxicity studies carried out by associ
ates in their laboratories. Scharer gave metofoline to 
rats as a dietary component in concentrations of 
0.05, 0.1 and 0.2 %, equivalent to a daily drug intake 
of 30-60, 60-110 and 100-200 mg per kg. The study 
was continued for 18 months. No drug-induced 
toxic effects were observed. Schwartz & Bagdon 
gave metofoline to rats in a dietary mixture allowing 
for a daily drug intake of 100 mg per kg by the 

parent and the first-generation groups. Adminis
tration was begun four weeks before breeding. 
Fertility was not influenced significantly and con
genital malformations or other abnormalities were 
not observed. Bagdon et al. (1961) carried out 
chronic toxicity studies in dogs which received daily 
oral doses of metofoline of 10, 20 and 40 mg per kg 
for nine months. The only adverse effect was 
occasional emesis with the highest dose. When the 
experiment was continued to 60 weeks two animals 
at the 20-mg and two at the 40-mg dose developed 
gastroenteritis, peritonitis and peritoneal adhesions 
and one at each dose developed periportal cirrhosis. 
The latter two had shown changes in liver-function 
tests suggesting liver impairment. It was concluded 
that the inflammations were due to mode of adminis
tration and that the liver changes were secondary to 
the inflammation. Daily intravenous administration 
to dogs of 5 mg per kg of metofoline for periods of 
35-50 days did not produce fibrotic changes in the 
parenchyma! organs of the peritoneal cavity and in 
a chronic toxicity study in monkeys, daily oral doses 
of 10, 20 and 40 mg per kg of metofoline for a year 
were tolerated very well. One animal died suddenly 
after 43 weeks but its death could not be related to 
the drug schedule. 

Brandman (1961) carried out a chronic-toxicity 
study of metofoline in man. A total of 50 chronically 
ill patients, without pain, were given 30 mg, orally, 
four times a day for a week, then 60 mg four times a 
day for three weeks. After two drug-free weeks 
48 of the patients received 60 mg four times a day for 
20 weeks. Haematological studies, urinalyses, electro
cardiograms, electroencephalograms and circulatory 
measurements were made on some patients from 
time to time. One patient complained occasionally 
of nausea and dizziness and another of nausea, 
dizziness and headache; both complained similarly 
during the drug-free period. No changes in blood or 
urine or other pathological changes were observed 
throughout. Brandman (quoted by Brossi et al., 
1965) continued the chronic-toxicity study in the 
same patients for another six months. Daily meto
foline doses of 360 mg were given for that period 
and similar tests were made to those carried out in 
the first phase. Again no changes in any of the 
parameters studied were observed. 

Besendorf et al. (1962) found that in the narcotized 
rabbit 4 mg per kg of metofoline, administered intra
venously, depressed respiration, an effect antagonized 
by levallorphan, and produced hypotension and 
bradycardia. 
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Martin et al. (1964) compared the effects of meto
foline and codeine given intravenously to chronic
spinal-dogs and calculated their equivalence to 1 mg 
per kg of morphine as shown below. The thoracic 
cord had been transected 3-16 months earlier. 

Morphine sulfate 
Codeine sulfate 
Metofoline. HCI 

Mg per kg equivalence 
Depression Effect on Effect on 

of flexor reflex pupil body temperature 

1.0 
17.9 
13.5 

1.0 
14.1 
17.1 

1.0 
9.4 

17.4 

Codeine increased the heart rate, metofoline and 
morphine decreased it. Given orally, 20 mg per kg 
of codeine had a much greater depressant effect on 
the flexor reflex than metofoline, in spite of the 
occurrence of emesis within 30 minutes of drug 
administration. 

Schwartz et al. (1964) studied the metabolic fate of 
metofoline in rabbit and man in part with 14C-labelled 
material. Approximately half of the administered 
dose was excreted in the urine as the original drug 
and four metabolites, within a 2-3-day period. The 
proportion of unchanged drug was small. The 
metabolites were (I) N demethylated metofoline; 
(2) 6-0-demethylated metofoline; (3) N- and 6-0-
demethylated metofoline; and (4) the 1,2-dehydro
genated derivative of (3). The most abundant 
metabolite was (2), 33.5-50.6% of an administered 
120-mg oral dose being recovered in this form in 
three human subjects, and the least abundant was (1), 
recovery of this form being less than 0.2% of the 
administered dose. The distribution of metabolites 
in the rabbit was similar to that in man. Excretion 
in the dog was much less; only about 2% of an oral 

dose of 10 mg per kg was found as metabolites (2), 
(3) and (4). 

Koechlin et al. (quoted by Brossi et al., 1965) 
administered metofoline doses of 120 and 180 mg 
orally to man (seven trials in five subjects) and 
recovered 13.6-32% of the administered drug and its 
metabolites from the urine in 12-24 hours. In 
monkeys treated chronically with three dose-levels of 
metofoline, 24-hour urinary excretion amounted to 
about 4% of the daily dose, independent of the dose 
level, principally as a conjugate of metabolite (2). 

Schwartz & Rieder (quoted by Brossi et al., 1965) 
studied the route of excretion of metofoline after 
the administration of a single dose of radioactive 
material. The results according to species are shown 
in Table 23 (rearranged from Brossi et al., 1965). 
Tissue distribution also varied with species; radio
activity was much higher in the liver and intestinal 
wall in the dog than in the rabbit and rat and higher 
in the kidney in the rabbit than in the dog and rat. 

Clinical evidence of analgesic activity 

Table 24 shows the results of clinical trials of 
metofoline, mainly with oral administration, and 
also shows which of the trials used a double-blind 
technique. 

Relatively few side-effects were encountered and 
details are given at the bottom of Table 24. In 
general, the effectiveness of metofoline was less than 
that of codeine but it was improved by addition of 
aspirin or aspirin mixture. The drug was not very 
effective when given parenterally. 

Foldes, Moore & Suna (1961) gave 1.0 mg per kg 
of metofoline intravenously to patients anaesthetized 

TABLE 23 

METOFOLINE EXCRETION a 

---h ---
Administration I Period Excretion (% of the dose) b 

Species of collection 
Oral I Intraperitoneal (days) Urine I Faeces I Total I -

Rabbit 10 mgfkg I 10 mg/kg 3 77.8/93.0 12.8/6.0 90.6/99.0 

Rat 4 mg/kg 3 15.8 79.6 95.4 

Dog 5 mg/kg 5 mgfkg 3 17.0/18.7 64.2/59.9 81.2/78.6 

Man 40 mg total 4.5 48.1 15.3 63.4C 

Man 120 mg total 5.5 66.3 17.6 83.9 

--
a Rearranged from Brossi et al. (1965). ° First figure after oral, second figure after intraperitoneal doses. 
c Failed to collect one urine and one stool specimen during the experiment. 
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TABLE 24 

CLINICAL ANALGESIC EFFECTIVENESS OF METOFOLINE ORALLY EXCEPT AS INDICATED 

No. 

40 

43 

34 

35 

51 

50 

14-16 

18 

Patients 

Indication 

Postoperative 

Orthopaedic 

Postoperative 
gynaecological 

Male, orthopaedic 

Acute pain, hos
pitalized 

Chronic pain, 
ambulatory 

Postoperative 

Postpartum 

Dental, post
extraction 

Chronic pain, can
cer, cross-over 

Dosages (single) 
or per day 

20 and 40 mg; codeine, 
30 mg 

30 and 60 mg; codeine, 30 
and 60 mg 

30, 60 and 120 mg 

60 mg; dextropropoxyphene 
60 mg and placebo 

30-60 mg up to 6 times per 
day 

5-75 mg per 70 kg versus 
morphine, 10 mg; 15 and 
30 mg versus codeine, 
50 mg; aiiiM 

60 mg (53 patients); codeine, 
60 mg (53 patients); aspi
rin, 600 mg (48 patients) 

60 mg (117 patients); codeine, 
60 mg (12 I patients); 
dextropropoxyphine, 65 mg 
(127 patients); placebo: 
every 4 hours. 

20 and 60 mg; codeine, 20 
and 60 mg 

a Sedation not significant. No nausea or vomiting. 
bUsed double-blind technique. 

Result 

Satisfactory relief: a 20 mg, 56%; 
40 mg, 70 %; Codeine, 67% 

Number of doses effective (out of 
50): c Metofoline 30 mg, 35 %; 
Codeine 30 mg, 33 %; Metofoline 
60 mg, 42 %; Codeine 60 mg, 43% 

Percentage analgesia, 50 doses each 
level: 30 mn, 64 %; 60 mg, 76 %; 
120 mg, 80% d 

Percentage analgesia, 100 doses 
each medication: Placebo (50 
doses), 50%, Cross-over, 36 %; 
Dextropropoxyphene, 73 %; Cross
over, 77 %; Metofoline, 85%, Cross
over, 85% e 

Excellent, 9; good, 38 f 

Excellent, 12; good, 37 

Even hinhest dose (65.6% relief) 
less effective than morphine (75.0% 
relief). Approximately equivalent 
to codeine g 

Codeine and aspirin not distinguish
able, both superior to metofoline, 
which was not distinguishable from 
from placebo h 

Relief reported at 48 hrs: metofoline 
94.9 %; codeine 97.6 %; dextropro
poxyphine 88.2 %; placebo 87.7 %l 

Pain-relief scores: 2.52 and 3.68 for I 
metofoline, 3.00 and 3.48 for codeine 
and 2.76 for placebo. No side
effects. 

Reference 

Sadove, Ali & Schiffrin 
(1960) b 

Schiffrin, Sadove & 
Bruce, 1961a; Sadove, 
Schiffrin & Ali (1961) b 

Sadove & Bruce (1961 a)b 

Sadove & Bruce (1961 b)b 
Sadove & Schiffrin 

(1961) 

Brandman (1961) 

Keats (personal com
munication, 1961) b 

DeKornfeld & Lasagna 
(personal communic
ation,1961) b 

Chilton, Lewandowski 
& Cameron (1961) b 

Houde (personal com
munication, 1962) b 

c Same result, cross-over data on 31 patients. Good results in 10 patients receiving 2-6 doses/day for 6 weeks to 4 months. 
Doses of 10, 2J and 3)-40 mg (IV) in 15 patients, analgesia of short duration in 9 of 11 at highest doses. Nausea in one, no change 
in mood or euphoria, no respiratory or circulatory changes. No sign of tolerance during chronic administration. 

d 86% of doses effective if 325 mg of aspirin given with 30 mg metofoline. For all doses (398) nausea and vomiting occurred 
only once. Sedation 10% with 30 mg, 6% with 60 mg, 10% 120 mg. 

e Cross-over trials were on 22 patients only. Onset and duration of relief similar for both drugs. Also gave doses of 30, 60 
and 120 mg, intramuscularly, and 60, 90 and 120 mg, intravenously, to small groups of patients (2-7) with analgesia of 30 min to 
more than 120 minutes in nearly all. One patient after 60 mg (IV) showed a decrease in minute volume from 3900 to 2500 ml at one 
hour; in one patient after 90 mg (IV) blood pressure fell from 120/80 to 98/60 at 30 minutes after injection. Second reference resume 
of.authors' experience. 

f Nausea in one patient only. Chronically ill patients with no pain were given 4 x 30 mg/day for 1 week; 4 x 60 mg/day for 
3 weeks; 2 drug-free weeks; 4 x 60 mg/day for 20 weeks. No significant changes in blood or urine or other pathological signs attri
butable to drug. 

g 50 mg/70 kg (I M) given to 30 pre-operatlve patients without pain. Persistent pain at site of Injection in 14, sleepiness 4, diz
ziness 1, itching 1. 

h Hot, dizzy spells 2 %; with codeine, headache, drowsiness, dizziness or nausea 7 %; with placebo, headache, dizziness 5%. 
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Patients 

No. I Indication 

19 Chronic pain, can-
cer; cross-over 

70 Postpartum 

110 

14 

34 

103 

113 

113 

93 

169 

Postoperative 

Headache in 
boxers 

Chronic pain 

Rheumatism, acute 
and chronic 

Headache of vari
ous origin 

Headache of vari
ous origin 

Headache of vari
ous origin 

Pain after oral sur
gical procedures 

Postoperative 

Postoperative 

N. B. EDDY AND OTHERS 

TABLE 24 (continued) 

Dosages (single) 
or per day 

40 and 120 mg; codeine, 40 
and 120 mg 

60 mg; 60 mg + aspirin, 
325 mg; placebo 

60 mg; pethidine, 50 mg 

60 mg with aspirin 

60 mg; 60 mg + APC; APC; 
codeine, 15 mg + APC; 
placebo. Each for 6 days 

3 x 120 mg per day 

Alone 

Plus aspirin 

Plus APC 

60 mg as needed, average 
290 per patient 

Result 

Analgesic effect transient and signi
ficantly less than with codeine. No 
difference in side-effects. 

Relief: alone 77.8 %; plus aspirin 
81.0%; placebo 38.9% J 

Analgesic effect of first doses: k 

Corn- Mod- None 
plete erate 

metofoline 50% 15.4% 26.4% 
pethidine 57.9% 7.8% 20.6% 

Relief up to 7 hours 

Pain relief scores in same order: 
1.24; 1.70; 1.13; 1.78; 0.78. Patients' 
preference same order as score l 

Satisfactory relief in 80 %, better 
tolerated than salicylate 

Excellent, 41; good, 13; fair, 6; poor, 
53 patients m 

Excellent, 43; good, 15; fair, 8; 
poor, 47 patients 

Excellent, 45; good, 17; fair, 14; 
poor, 31 patients 

Excellent analgesia in 160 (94.6 %) 
(complete or almost complete 
relief). No side-effects 

Satisfactory 

Satisfactory 

Reference 

Houde, (personal com
munication, 1963) b 

Adels & Rogers (1962) b 

Moore, Foldes & David-

Elia (1962) 

Cass & Frederik, (1963a-
1963b) b 

Dubois (1963) 

Ryan (1963) 

Ryan (1963) 

Ryan (1963) 

Hoffman (1963) 

Muras (1962) 

Thomas, Tandan & 
Singh (1962) 

149 Orthopedic, 
ambulatory 

(1) 60 mg; (2) 60 mg + aspi
rin; (3) 60 mg +aspirin+ 
hypnotic + caffeine. 
Average 60-480 mg/day 

Relief good or excellent: (1) 80.7 %; Brodsky (1963) 

443 Pain after oral pro
cedures: (1) 228 
patients; (2).215 
patients 

(1) 60 mg + aspirin+ hypno
tic+ caffeine; (2) dextro
propoxyphene + APC 
Three or more doses per 
patient 

(2) 86.0 %; (3) 97.9 %. Better than 
aspirin, 67 of 88 patients. Equal or 
better than propoxyphene, 25 of 32 
patients. Similar result in another 
102 patients n 

Complete relief: (1) 77.5%: (2) 85.3% o Koslin (1963) b 

t cSide-effects (first figure m"ltofoline, second codeine, third placebo): none 93/68/97; nausea 5/21/11; drowsiness 10/25/10; 
dizziness 10/30/9; headache 11/17/16; other 28/31/26. 

i Dizziness in 1 after metofoline alone, in 5 after mixture; sleepiness 1, vomiting 1 after placebo. 
k Approximately equal for moderate pain; pethidine more effective for severe pain. Side-effects (first figure metofoline, 

second pethidine): nausea 14/9; vomiting 11/5; drowsiness 17/13; dizziness 2/2; itching 0/2; disliked 3/2. 
! Side-effects (figures in same order as doses): nausea 3/10/0/2/0; constipation 1/1/2/14/3; drowsiness 6/9/3/7/6. 
m Only side-effect a little drowsiness. 
n Side-effects (total): nausea 3, dizziness 1, drowsiness or sluggishness 2. 
o Side-effects (first figure metofoline, second propoxyphene mixture): nausea 19/8; gastric distress 22/7; dizziness 4/6; head

ache 2/9; drowsiness 20/25; tinnitus 2/6. 
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with thiopental, nitrous oxide and oxygen, either 
alone or before or after 0.02 mg per kg of levallor
phan (20, 12 and 4 patients respectively). Respiratory 
rate and minute volume, pulse rate and blood 
pressure were recorded before, and at short intervals 
after, medication as well as at end of anaesthesia. 
Additional doses of 12 mg were given if analgesia 
was insufficient. Levallorphan had little effect. 
Expressing initial values as 100%, changes at 3 and 
10 minutes (first and second figures) were: 

Resp. rate Resp. min. 
vol. Pulse rate 

Systo/ic 
blood 

pressure 

Metofoline 66.5/66.5 71.5/84.4 84.3/84.6 88.1/96.4 
Metofoline 

followed by 
levallorphan 66.7/71.8 53.7/76.0 86.2/79.7 90.4/91.2 

Metofoline 
preceded by 
levallorphan 60.5/57.5 • 61.0/79.2 • 
• Two of the four patients had apnoea lasting 7 and 9 minutes. 

The authors also compared metofoline (initial dose 
1.0 mg per kg, total dose 1.28 mg per kg) and pethi
dine (initial dose 0.5 mg per kg, total dose 0.94 mg 
per kg) in two groups of 20 patients. The duration of 
the analgesic effect of the former was longer and was 
not accompanied by a hypnotic effect. 

Swerdlow, Milligan & McEwan (1960) also tried 
to supplement thiopental-nitrous oxide-oxygen an
aesthesia with metofoline in 20 patients and found it 
generally unsatisfactory compared with pethidine, 
but the result was hardly unexpected since the rela
tive dosage was so small; the figures (mg of meto
foline/mg of pethidine) were: total dose=28.1/55.5; 
dose per minute 0.67/1.2; dose per kg 0.1/0.79. 

Dependence-producing properties 

Besendorf et al. (I 962) found that the analgesic 
effectiveness of metofoline in rats did not decrease 
during the period when it was administered five 
times weekly for three weeks and Bagdon (quoted by 
Brossi et al., 1965) failed to observe abstinence signs 
in dogs which had received metofoline daily (doses 
of 40 mg per kg increasing to 70 mg per kg in 23 to 
27 weeks) and from which the drug was abruptly 
withdrawn. Deneau & Seevers (personal communi
cation, 1961) tested the effect of metofoline on the 
abstinence syndrome of morphine-dependent mon
keys. They estimated that the physical dependence 
capacity was very low. 

Fraser et al. (1961a, 1961b, 1961c) studied the 
morphine-like effects and dependence liability in a 

series of experiments at the Addiction Research 
Center, Lexington, Ky., USA. Their conclusion was: 

" By every criterion customarily used-degree and 
quality of morphine-like subjective effects, ability to 
suppress symptoms of abstinence from morphine and 
severity of abstinence reaction after prolonged 
chronic administration-1-K-1 (metofoline) is a 
compound of very little or no addictiveness." 
"Chronic oral misuse is unlikely." 

The experiments upon which this conclusion was 
based may be summarized as follows: 

Expt no. 1. Single doses of 600 or 1000 mg were 
given orally to 11 post-addicts all of whom had 
difficulty in recognizing an effect; opiate-like symp
toms were recognized at the higher dose only. 

Expt no. 2. Single doses were given intravenously, 
to 16 post-addicts, in a cross-over experiment; the 
doses used were 120 mg of metofoline, codeine and 
dextropropoxyphene. Morphine-like symptoms and 
pupillary constriction were found with each. The 
milligram equivalence for opiate symptoms was: 
codeine 1.0, metofoline 1.05; and for pupillary 
constriction was: codeine 1.0, metofoline 0.83. 

Expt no. 3. Substitution for 24 hours in nine 
subjects stabilized on 240 mg of morphine per day. 
Doses in 24 hours given intramuscularly were 300, 
600 and 1200 mg of metofoline, 100 and 200 mg of 
codeine, 180 mg of morphine and placebo. The 
Himmelsbach abstinence-phenomena scores per 
drug and per dose were: metofoline 137.9, 124.5 and 
111.5, codeine 123.2 and 102,0, morphine 34.3 and 
placebo 163.9. The estimated equivalence in absti
nence suppressant potency was metofoline 6.9 mg 
versus codeine 1.0 mg. 

Expt no. 4. Substitution by three intravenous 
doses in 24 hours in subjects stabilized on 240 mg of 
morphine per day. Total doses of 180 mg in two, 
and 360 mg in three subjects only partially suppressed 
abstinence. One patient had a mild, and another a 
severe vascular reaction with the larger dose. The 
latter occurred when 95 mg of the third dose had 
been given; the patient asked that the injection be 
stopped. The blood pressure could not be recorded 
for about eight minutes. There was weakness, 
excessive sweating, extensive erythema, severe head
ache and oedema of the skin. The latter persisted for 
48 hours. 

Expt no. 5. Chronic administration in five sub
jects for 18 days, drug-free for two days, further 
administration for 42 days. Maximum dosage 
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1500 mg per day, orally. None liked the drug and 
only one completed the experiment as planned; three 
continued on a reduced dosage schedule. Only one 
subject identified the drug as "dope". During the 
ten days after final withdrawal the average daily 
abstinence score was only 7.5. The daily score for 
codeine similarly administered, with a maximum of 
1375 mg per day, was 27.5, and for dextropropoxy
phene, with a maximum dose of 780 mg per day, the 
score was 14.0. 

Expt no. 6. Seven subjects were given a trial dose 
of 180 mg (6 intravenously, 1 intramuscularly). 
Given the option of taking the drug for seven days 
only three elected to do so and they continued only 
for an average of 3.7 days. Other drugs similarly 
offered were morphine 30 mg (all elected, 6 com
pleted); codeine 120 mg (4 elected, 3 completed); 
dextropropoxyphene 180 mg (all elected, 2 com
pleted). Patient-expressed preferences for the drugs 
were: 

First Second Third Fourth 

Morphine 5 I I • 
Codeine 2 2 3 
Dextropropoxyphene 2 4 I 
Metofoline I 4 2 

• Discontinued because of vomiting. 

There were no abstinence phenomena seen at the end 
of the experiment with either dextropropoxyphene or 
metofoline. The authors' quoted conclusion is fully 
justified by the above observations. 

PRODILJDINE 1 

Prodilidine (1,2-dimethyl-3-phenyl-3-pyrrolidyl 
propionate) was described as a new analgesic agent 
by Winder et al. (1961a, 1961 b), by Kissel & Albert 
(1961) and by Kissel, Albert & Boxill (1961). Winder 
et al. by two methods (radiant heat on the back 
guinea-pig; pressure on tail, rat) found prodilidine ~ 
little less effective than codeine given intraperitoneal
ly, equal to or slightly better than codeine given 
orally. It lacked substantial antipyretic, antiintlam
matory, antitussive, constipating, respiratory de
pressant and cardiovascular effects. Its LD50 in mice 
was 76 mg per kg intravenously, 133 mg per kg 
intraperitoneally, 295 mg per kg subcutaneously and 
620 mg per kg orally. The figures for codeine in the 
same order were 56, 78, 262 nad 504 mg per kg. The 
dextro-isomer was slightly more active as an anal
gesic and more toxic than the racemate and the 
laevo-isomer was inactive. 

• Also known as Cl-427. 

0 
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PRODILIDINE 

The results and conclusions of Kissel, Albert & 
Boxill (1961) were similar to those of Winder and his 
associates. Their figures for analgesia in comparison 
with codeine were as follows (all doses in mg per kg): 

Route qf administration 
Oral Subcutaneous lntravenou-; 

Tail-flick, rat, 50% increase in average group (10) reaction time 

Prodilidine-HCI I7.3 I7.8 Il.2 
Codeine sulfate 22.5 6.2 6.2 

Tail-pinch, mice, 50% increase in average group ( 10) reaction time 

Prodilidine-HCI 84.0 72.3 30.0 
Codeine sulfate 97.0 24.7 25.5 

Writhing, mice, 50% reduction in writhes/10 min 

Prodilidine-HCI 7.2 
Codeine sulfate 3.0 

LD,0 , rat 

Prodilidine-HCI 253 188 74 
Codeine sulfate 542 352 55 

LD,0 , mice 

Prodilidine-HCI 3I8 194 9I 
Codeine sulfate 395 I83 68 

At the National Institutes of Health USA 
results 2 on two samples of prodilidine for ;nalgesi~ 
effect, by the hot-plate method in mice, were ED50 

18.8 and 19.5 mg per kg, subcutaneously. The oral 
EDso on the first sample was 11.9 mg per kg and the 
LDso. subcutaneously, was 312 mg per kg. 

Weikel & La Budde (1962) studied the physio
logical disposition of prodilidine in rats. It was well 
absorbed from the gastro-intestinal tract, but ex
hibited low blood-levels after oral administration. 
The drug was removed rapidly from the tissues and 
little was excreted unchanged in the urine. Blood 
levels were somewhat higher, and excretion of the 
unchanged drug was greater, after subcutaneous 
administration. The drug underwent N-demethyla
tion by liver microsomes of several species in vitro 
and the (-)-isomer was demethylated by rat liver 
microsomes to a greater extent than the (+)-isomer. 
The authors said later (personal communication) 

• Unpublished results. 
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that the major metabolite in the urine was N-des
methylprodilidine. 

Houde, Bellville & Wallenstein (personal com
munication, 1961) compared prodilidine with aspirin, 
300 versus 600 mg, and 150 and 300 mg versus 300 
and 600 mg, all orally in patients with chronic pain 
due to cancer. The pain scores for 35 doses in 
21 patients were: 

Prodilidine, 300 mg Aspirin, 300 mg Aspirin, 600 mg 
Peak Total Peak Total Peak Total 
1.57 5.29 1.00 3.I8 1.49 5.20 

making 300 mg of prodilidine about equal to 600 mg 
of aspirin. Side-effects of prodilidine were, however, 
disturbingly high: nausea 10, dizziness 14, grog
giness 3, sleepiness 3, jitteriness 1-these being the 
side-effects recorded in 21 of 39 patients after a total 
of 63 doses. 

Cass & Frederik (1961) reported on the results of 
prodilidine administration in 38 patients with chronic 
pain, mostly musculoskeletal. A dose of 50 or 
100 mg was given orally three times a day for six 
days and compared in random order with 30 mg of 
codeine sulfate, 600 mg of aspirin and placebo, 
similarly administered. The decreasing order of 
effectiveness, on the basis of average weekly pain
relief scores, was codeine, 100 mg prodilidine, aspirin, 
50 mg prodilidine, placebo. Of the 38 patients, 
28 placed codeine first, and 10 placed prodilidine 
first; 10 placed codeine second, and 28 placed 
prodilidine second. The numbers of patients showing 
side-effects is shown below: 

Codeine Prodilidine, Placebo 50mg 

Nausea I 2 2 
Vertigo I 2 3 
Constipation 9 5 3 
Excitement I 7 5 
Drowsiness 7 2 4 

In another trial using the same procedure for 
administration and analysis of results, Cass & 
Frederik (1963c) reported very similar results. Only 
the scores for patients who took all the doses were 
included in the analysis. The dose of codeine in this 
second trial was 50 mg. The averages for all pain
relief scores per dose were: 

Placebo 0.883 
Prodilidine, 50 mg 1.468 
Prodilidine, IOO mg 1.675 
Aspirin, 600 mg 2.I8I 
Codeine, 50 mg 2.358 

The frequency of side-effects among 44 patients 
was as follows: 

Prodil- Prodil-
Placebo idine, idine, Codeine Aspirin 

50mg lOO mg 

Nausea 5 2 0 5 7 
Dizziness 5 0 3 6 J 
Constipation 4 2 4 I7 3 
Excitement 11 4 8 5 6 
Drowsiness 6 3 4 I5 I8 
Abdominal cramps 2 5 3 7 7 

Splitter (1961) treated 100 patients with pain of 
various origin, mainly traumatic and arthritic, with 
50 or 100 mg of prodilidine, orally, every four hours 
for periods between 2 days and 10 weeks. He 
categorized satisfactory relief as 100% if it did not 
recur before the next dose was due; > 75% if 
complete relief was obtained but with recurrence 
before next dose was due or if the pain was reduced 
to mild; >50% if relief less complete and less 
prompt. The numbers of patients showing relief 
were also categorized according to the severity of the 
initial pain as follows: 

Initial pain 

Severe 
Moderate 

Degree of relief 
lOO% >75% >50%. 

62 
I6 

8 
I 

I2 
0 

Four patients developed mild nausea and dizziness. 
and two developed a skin rash. 

Boyle, Tabet & Wightman (1964) used 100 or 
200 mg of prodilidine hydrochloride four times a day 
for a week, double-blind; in other weeks, 50 mg 
of prodilidine plus 325 mg of aspirin, or 32 mg of 
codeine plus 325 mg of aspirin or placebo were given 
in random sequence. Patients were seen daily and' 
the degree of pain scored. Each of the three medica
tions was better than placebo, but there was no 
statistical difference between them. These authors, 
like Houde, who used larger doses, found that side
effects occurred more frequently with prodilidine. 

Batterman, Mouratoff & Kaufman (1964) also 
reported a greater frequency of side-effects, using 
only 50 or 75 mg of prodilidine hydrochloride per 
dose in patients with chronic pain of musculo
skeletal or arthritic origin. Relief was satisfactory in 
69% of 158 patients with the 50-mg dose. It was not 
increased by the addition of APC (70% satisfactory 
relief in 96 patients) or by the increase to 75 mg: 
(61% satisfactory relief in 56 patients). 

Fraser (1964) found that prodilidine was judged by 
post-addicts to be blank even at 400 mg sub
cutaneously. At 300 mg, intravenously, it had little 



ll6 N. B. EDDY AND OTHERS 

effect on the pupil, it was infrequently identified as 
" dope ", and the symptoms produced were in
frequently recognized as opiate-like. Administered 
chronically to five subjects, starting at 200 mg, orally, 
the dose could not be increased because of the 
occurrence of nausea and vomiting. Three men 
frequently expressed dislike for the drug and left the 
experiment at 18 days; the other two continued for 
39 days. Nalorphine precipitated very mild absti
nence signs but these were seen only on abrupt 
withdrawal. It was judged that the dependence
producing potency was certainly less than with 
codeine and probably less than with propoxyphene. 

INDANES 

Barltrop and his associates (Acheson et al., 1956; 
Barltrop et al., 1956; Barltrop & Dodsworth, 1956; 
Philpott & Barltrop, 1956) described in a series of 
papers on potential analgesics, the synthesis of many 
compounds with indane, or more particularly 
phenylindane, as the basic component. 

1-Dimethy/amino-3-pheny/indane. This material 
was one of the best of the group. According to 
David, Carter & Weber (1960) it produced complete 

O~J--0 
I 
N(CH,)• 

1-DIMETHYLAMIN0-3-PHENYLINDANE 

analgesia in rats (tail-flick method) at 10 mg per kg, 
intraperitoneally and they quoted Wendel 1 as finding 
·a good analgesic effect with oral doses of this drug. 
Their own results with this route of administration 
were irregular and averaged only a 12.5% increase in 
reaction time 30 minutes after a dose of 15 mg per 
kg. We 2 determined an ED50 of 5.9 mg per kg 
subcutaneously, but no significant effect with oral 
doses (hot-plate method) with mice. David, Carter 
& Weber (1960) said that small doses orally (1.0-5.0 
mg per kg) produced a significant decrease in 
spontaneous activity in rats. They tried the com
pound in patients, with chronic pain mostly, in oral 
doses of 30 and 50 mg three or four times a day. The 
results were satisfactory in only 39% of the trials in 
30 hospitalized patients, but, on the other hand, were 
satisfactory in 85% of trials in younger ambulatory 

• Unpublished results, 1959. 
I Eddy, unpublished results, 1961. 

cases. Five of the bed patients complained of 
dizziness but, curiously, this was mentioned by only 
two of the ambulatory patients. Perhaps the groups 
were too small for these results to be meaningful. 
Some of the patients had taken dextropropoxyphene 
previously; eight judged it inferior, 41 equal, and 
three thought it superior to the phenylindane. 

2-Aminoindane. The pharmacology of this chemi
cal was described by Witkin et al. (1961a, 1961b), 
including a marked analgesic effect in animal 
experiments. They referred to previous observations 
on phenethylamines and suggested that 2-amino
indane might be considered a cyclized phenethyl
amine. The analgesic ED50 of 2-aminoindane (tail
flick, mice) was 15.0 mg per kg, subcutaneously, 
21.0 mg per kg, orally. By the hot-plate method 3 the 
ED60 was 6.5 mg per kg, subcutaneously, and 
surprisingly only 1.7 mg per kg, orally. Witkin et al. 
also used the hot-plate method and reported an oral 
ED50 of 25.0 mg per kg and at that dose an equival
ence to morphine in intensity and duration of effect. 
The ED60 of 2-aminoindane by the writhing test was 
6.5 mg per kg, and that of morphine was 3.5 mg per 
kg, orally. Nalorphine did not antagonize the 
analgesic effect of 2-aminoindane. 

2-Aminoindane potentiated the analgesic effect of 
morphine in mice and, in that animal, depre>sed 
gastro-intestinal propulsion. It was antitussive (Hahn 
& Friebel, 1966) but did not produce respiratory 
depression, decrease blood pressure, depress spinal 
reflexes or increase blood-sugar levels. It had no 
significant physical dependence-capacity in mor
phine-dependent monkeys (Deneau, personal com
munication, 1963). Its LD50 in mice was 170 mg per 
kg, intraperitoneally. In spite of its analgesic and 
antitussive actions 2-aminoindane could not be 
classified as morphine-like. Investigation of its effect 
in man, when given orally, should be interesting, if 
such investigation is warranted by further toxicologi
cal examination. 

PHTHALIMIDES 

N-[2-(2'-pyridy/)ethy/]phtha/idimide. Wilson et al. 
(1951) synthesized a group of amino phthalidylalkanes 
which failed to exhibit any appreciable analgesic 
activity. Lewis (1951a, 1951b), however, reported 
that N-[2-(2'-pyridyl)ethyl]phthalidimide was more 
effective than aspirin or aminophenazone but less 
effective than codeine, with some sedative and local 

1 Eddy, unpublished, 1963. 
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anaesthetic activity. Its LD50 was 60 mg per kg, 
intravenously, and 360 mg per kg, orally, in mice, and 
72 mg per kg, intravenously, and 860 mg per kg, 
orally, in rats. 

Thalidomide. Aberhardt (1959) claimed that 
thalidomide increased the clinical analgesic effective
ness of APC. Harris & Allgood (1960) undertook to 
test this possibility in normal volunteers, using 
electrical stimulation of teeth, but unfortunately 
failed to include the necessary controls. They com
pared APC (450 mg of aspirin, 325 mg of phen
acetin, and 65 mg of caffeine) with 25 mg of thalido
mide plus APC and with 32 mg of codeine plus APC, 
but not with thalidomide or codeine alone. With 

THALIDOMIDE 

each of the mixtures the rise in threshold was greater 
and the rise persisted longer (120 min instead of 
40 min with thalidomide and 140 min instead of 
60 min with codeine) than with APC alone. 

These results of themselves are not impressive, but 
may constitute a lead to further work. 

PYRROLIDINES 

Bergel et al. (1944), Macdonald et al. (1946) and 
Woods et al. (1954) reported no analgesic activity 
with 1-methyl-3-phenylpyrrolidines, with different 
additional substituents at the 3- position. However, 
Cavalla et al. (1961, 1962, 1964, 1965) explored more 
extensively the possibilities of pyrrodolidine as a 
framework upon which to build, and have also 
substituted phenyl or other aryl group at the 
3- position of the molecule. They tested for anal
gesia by tail-pressure in rats, administered their 
compounds intraperitoneally and determined LD60s 
by the same route of administration in the same 
species. Some analgesic activity was shown in many 
compounds and structure-action relationships were 

discussed. Rarely was activity shown to be as great 
or greater than that of codeine; the maximum was 
two-and-a-half times that of codeine. The only 
compound selected for further study with a view to 
clinical application was prodilidine, which has already 
been described. 

Simultaneously, Wu, Lobeck & Feldkamp (1962) 
synthesised a series of pyrrolidines, and, after testing 
them for analgesia, selected prodilidine for further 
study. The compounds from the two sources proved 
to be identical and were tested together for depend
ence-producing properties (see" Prodilidine" above). 
The reader is referred to the two series of papers on 
the pyrrolidines for further details. Again this work 
may furnish useful leads. 

SPECIFIC OPIATE-ANTAGONISTS 

When Lasagna & Beecher (1954) discovered that 
nalorphine relieved postoperative pain in man as 
well as an equal dose of morphine, new possibilities 
in the field of analgesia were opened up. Nalorphine, 
and other specific antagonists, since they precipitate 
abstinence phenomena in persons with drug de
pendence of morphine, will not substitute for 
morphine or other similar drugs in such persons and 
seemingly have no liability to abuse. Nalorphine, 
and some others, however, produce disturbing side
effects too frequently for practical use. However, it 
is now well established that analgesic and side-effect 
potency are not exhibited equally among the many 
antagonists and a search for the combination which 
will result in clinical usefulness is worth while. Only 
two or three compounds of this type with results 
pertinent to the question of codeine alternates have 
so far been studied. 

(I) Nalorphine appears to possess antitussive as 
well as analgesic properties (see Part 4) but apart 
from its disturbing side-effects, its effectiveness 
orally is very poor. 

(2) Pentazocine 1 ((±)-5,9-dimethyl-2-dimethyl
allyl-2' -hydroxy-6, 7-benzomorphan) has been studied 
very extensively in the laboratory and clinically. 

/ "-. N-CH.-CH = C(CH•)• 

0 
/-CH.'

-~--/ 
1
- CH. 

OH 
PENTAZOCINE 

• Also known as Fortral or Talwin. 
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TABLE 25 

NUMBER OF PATIENTS PER GROUP REPORTING SIDE-EFFECTS WITH PENTAZOCINE 

-
Placebo 

Side-effect 
Male I Female 

24 25 

I 
Nausea and vomiting 0 0 

Drowsiness 1 0 

Dizziness 0 0 

Headache 0 0 

Tremor 0 0 

Sweating 0 0 

Mental aberration 0 0 

Agitation 0 0 

Pruritus 0 0 

No. of patients reporting one 
or more side effect 1 0 

a From Kantor et al. (1965) 

At a dose of 30-40 mg, subcutaneously, in man it is 
equivalent to morphine against many types of pain. 
Its side-effects are reported to be within bearable 
limits. It is a weak antagonist. No evidence of 
dependence-producing properties has so far been 
seen and a conclusion against the need for control as 
a narcotic has been reached (WHO Expert Com
mittee on Dependence-Producing Drugs, 1966).1 It 
is its oral effectiveness, however, which is of concern 
to us here. 

Kantor et al. (1965) compared 35 and 50 mg of 
pentazocine, 60 mg of codeine, 600 mg of aspirin and 
placebo, orally, against moderate to severe post
surgical pain. Single doses were compared, one per 
patient in random order. The patients' judgement of 
pain intensity was scored initially and hourly for 
five hours. Also recorded were onset of pain-score 
reduction (mean hour in which reduction of pain
score began), duration of pain-score reduction 
(mean number of hours of pain-score reduction), 
onset of relief (mean hour in which pain was judged 
50% relieved), duration of relief (mean number of 
hours of 50% reduction in pain), and SPID (mean of 

'Pentazocine came on the market in the USA in 1967. 
While the present review was being prepared for publication 
a very few cases of excessive use (or abuse) were reported 
and the drug's dependence potential is being investigated. 

Codeine Pentazocine, Pentazocine, 
35 mg 50 mg 

Male I Female Male I Female Male I Female 
20 29 25 24 18 31 

I 
0 2 0 2 0 3 

0 3 3 1 0 3 

0 4 3 1 0 

I 
7 

1 0 0 1 0 2 

0 0 1 2 0 0 

0 1 0 2 0 3 

0 0 2 1 0 3 

0 1 0 1 0 1 

0 0 0 0 0 0 

0 5 4 5 0 9 

the sum of the pain-intensity differences throughout 
the test). The results were as follows: 

Medication Placebo Aspirin Codeine Pentazocine 

Dose (mg) 600 60 35 50 
No. of patients 49 48 49 49 49 
Pain-score onset 2.21 2.06 2.55 1.89 
Pain-score duration 1.59 2.06 1.16 1.84 
Relief onset 2.55 2.20 2.65 1.71 
Relief duration 1.83 2.37 1.36 2.25 
SPID 1.40 4.75 5.32 3.42 4.95 

The 50-mg dose of pentazocine was comparable to 
the dose of codeine used, in the intensity of its action; 
its effect occurred sooner but was of shorter duration. 
Side-effects occurred less frequently in males than in 
females, but this difference was also seen with both 
codeine and pentazocine (Table 25). The oral 
effectiveness of pentazocine is encouraging and is 
being studied further against other types of pain. 

(3) Cyclazocine (2-cyclopropylmethyl-2'-hydroxy-
5,9-dimethyl-6,7-benzomorphan) is a much more 
powerful antagonist, at least six or eight times 
more effective than nalorphine, with sedative, anti
convulsant and muscular relaxant properties (Harris 
& Pierson, 1964). It is also effective orally (Martin 
Gorodetzky & McClane, 1966). Lasagna, De 
Kornfeld & Pearson (1964) first tried cyclazocine 
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parenterally against postoperative pain, 0.1-2.0 mg 
alternately with 10 mg of morphine. A dose of 
0.25 mg was like morphine in analgesic effectiveness 
but disturbing side-effects began to appear with 
doses of 0.5 mg. More particularly for our purpose, 
these authors gave cyclazocine orally for relief of 
pain in postpartum patients. They compared 0.25 mg 
with 65 mg of dextropropoxyphene plus APC and 

with placebo, giving each medication to 50 patients 
but only one dose per patient. Cyclazocine and 
dextropropoxyphene were better than placebo but 
not significantly different from each other. No side
effects were reported. 

(4) Cyclorphan (N-cyclopropylmethyl-3-hydroxy
morphinan) in its analgesic and other properties is 
qualitatively and quantitatively like cyclazocine. Its 
oral use has not been reported. 

These are very preliminary tests of antagonists as 
oral analgesics but they are encouraging. The low 
potential for abuse-liability and the possibility of 
an effective dose, without disturbing side-effects, 
warrants, we believe, extensive investigation of this 
group of compounds. 

RESUME 

LA CODEINE ET SES SUCCEDANES SEDATIFS DE LA DOULEUR ET DE LA TOUX: 
2. LES SUCCEDANES SEDATIFS DE LA DOULEUR 

Ce deuxieme article d 'une serie consacree a la codeine 
et a ses succedanes comporte une description et une 
analyse detaillees des donm!es experimentales et cliniques 
relatives a des substances recentes possedant des proprie
tes analgesiques de nature et d'etendue comparables a 
celles de la codeine. Ces donnees sont examinees sous 
trois grands aspects: action analgesique chez )'animal, 
utilisations cliniques, effets secondaires, particulierement 
en ce qui regarde le risque de dependance et d'abus. Les 
traits marquants de cette analyse sont resumes ci-apres. 

Carisoprodol. 11 ne fait preuve d 'aucune activite analge
sique appreciable chez )'animal, mais il agit en revanche 
sur la douleur artificiellement induite chez l'homme. 
L'experience clinique montre que ce produit entraine une 
sedation considerable (probablement par relaxation mus
culaire) des douleurs d'origine musculaire ou squelet
tique; il est par contre moins actif sur les douleurs d'autre 
origine. On note, comme effet secondaire, de la somno
lence dans 10% environ des cas. Chez le chien presentant 
une dependance it l'egard du barbital, le carisoprodol, 
s'il est administre it une dose double de celle du barbitu
rique, empeche !'apparition du syndrome d'abstinence. 
Chez l'homme, rien ne permet d'attribuer a cette subs
tance une aptitude a engendrer une dependance de type 
morphinique ou barbiturique. 

Dextropropoxyphene. Chezl'animal, I' action analgesique 
de cette substance, evaluee par divers procedes, apparait 
du meme ordre d 'intensite que celle de la codeine. 
L'isomere dextrogyre est deux fois plus actif que le 
racemique. Comme la codeine, le dextropropoxyphene 
provoque des convulsions et certains autres effets secon-

daires chez )'animal. Les donnees recueillies au cours 
d'observations et d'essais cliniques et rapportees dans 
62 publications sont presentees sous forme de tableau. 
On estime qu'en cas de douleurs chroniques de cause 
variee, de meme qu'en cas de douleurs dentaires, post
operatoires ou du post-partum, l'activite du dextropro
poxyphene est plus souvent inferieure qu'equivalente it 
celle de la codeine et rarement superieure. La nature et la 
frequence des effets secondaires succedant a l'emploi de 
l'une ou !'autre de ces substances sont tres semblables. 

Chez le rat, on a observe !'apparition d'une tolerance 
a l'egard de l'effet d'analgesie et de depression de la 
respiration du dextropropoxyphene. Chez le singe, les 
epreuvcs de substitution et les epreuves directes de 
dependance ont permis de constater )'existence d'un 
degre modere de dependance vis-a-vis de la substance. 
Des essais controles et des observations cliniques montrent 
que chez l'homme le dextropropoxyphene possede en 
puissance )'aptitude a engendrer la dependance, mais 
dans une mesure beaucoup moindre que la codeine. 

Dihydrocodeine. Chez !'animal, son action analgesique 
est equivalente a celle de la codeine. Chez l'homme, 
!'observation clinique a montre que la dose optimale etait 
de 30 mg; a cette dose, on ne note que peu ou pas de 
depression de la respiration et aucun autre effet secon
daire notable, en dehors de la somnolence. Substituee it 
la morphine chez des singes dependants a l'egard de cette 
derniere drogue, la dihydrocodeine fait preuve d'une 
aptitude a engendrer la dependance physique analogue a 
celle de la codeine. L 'epreuve de substitution effectuee 
chez des sujets dependants it l'egard de la morphine 
amene a la meme conclusion. 
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Etoheptazine. Chez la souris, on a constate que le pou
voir analgesique de l'etoheptazine etait environ vingt fois 
moins eleve que celui de la morphine. Chez l'homme, 
!'evaluation quantitative de !'action analgesique de cette 
substance est malaisee, car elle est generalement adminis
tree en association avec d'autres analgesiques comme 
l'aspirine et la codeine. On a cependant montre que la 
dose analgesique efficace etait nettement inferieure a celle 
de la codeine. Les effets secondaires sont analogues a 
ceux produits par la codeine. Les epreuves sur le singe et 
les observations cliniques n'ont pas mis en evidence un 
risque d'apparition d'une dependance de type morphi
nique. 

Etymide. On a decouvert que !'action analgesique de 
cette substance chez la souris (mesuree par la methode de 
la plaque chauffante) etait cinq a six fois moins forte que 
celle de la codeine. Des observations cliniques lui 
assignent une efficacite inferieure de 30% environ a celle 
de la codeine. Les effets secondaires sont essentiellement 
semblables a ceux qui sont observes apn!s administration 
de doses equivalentes de codeine. On a pu, chez le singe, 
demontrer une aptitude assez faible de l'etymide a 
engendrer une dependance physique, mais on n 'a decele 
aucun phenomene du meme genre chez 24 sujets recevant 
des doses quotidiennes de 450 a 600 mg de cette substance 
pendant 3 mois. 

Fenyramidol. Differentes epreuves effectuees chez la 
souris et le rat font ressortir une similitude etroite de 
l"activite analgesique du fenyramidol et de celle de la 
codeine. A la suite d'essais cliniques portant surtout sur 
la sedation des douleurs d'origine musculaire et squelet
tique, on a preconise !'administration de 200 a 400 mg du 
produit par voie orale toutes les quatre heures. Les effets 
secondaires ont ete relativement rares et dus principale
ment a !'irritation du tractus gastro-intestinal. Des obser
vations cliniques controlees n'ont pas permis d'etablir 
avec certitude que le fenyramidol engendrait une depen
dance de type morphinique. 

Merofoline. En raison de la nouveaute de ce produit, 
ses proprietes toxicologiques et pharmacologiques font 
l"objet d'un expose assez detaille. Les epreuves d'analge-

sie chez la souris et le rat font apparaitre une efficacite 
egale de la metafoline et de la codeine. Au cours de la 
plupart des essais cliniques, la metafoline a fait preuve 
d'une activite a. peu pres equivalente ou legerement 
inferieure a celle de la codeine en ce qui regarde la seda
tion de la douleur relevant de causes diverses. On n 'a 
note que de rares effets secondaires. Chez le singe, on a 
constate que )'aptitude de la metafoline a engendrer une 
dependance physique etait tres faible. D'apres les resul
tats d'observations cliniques (effets subjectifs; remplace
ment de la morphine par la metafoline chez des sujets 
presentant une dependance stable a la morphine; admi
nistration de longue duree, suivie de retrait), le risque 
d'apparition d'une dependance a la metafoline est tres 
faible ou nul. 

Prodilidine. Chez !'animal, l'activite analgesique de la 
prodilidine est du meme ordre de grandeur que celle de 
la· codeine. Lors d'essais chez l'homme, on a constate 
que le produit etait trois fois moins actif que la codeine 
et environ deux fois plus actif que l"aspirine. Les fortes 
doses entrainent des effets secondaires notables semblables 
a ceux provoques par la codeine. Les observations cli
niques montrent que !'aptitude de la prodilidine a engen
drer la dependance est certainement plus faible que celle 
de la codeine et probablement moindre que celle du 
propoxyphene. 

Derives de l'indane, de la phtalimide et de la pyrro/idine. 
On a realise la synthese d'un certain nombre de ces 
derives en vue d'une utilisation eventuelle en analgesic. 
Leur etude phannacologique et clinique est encore trop 
incomplete pour que l'on puisse juger de leur interet 
therapeutique. Les resultats deja obtenus avec certains 
d'entre eux permettront peut-etre d'orienter utilement les 
recherches relatives a ces categories de substances. 

Antagonistes speciftques des opiaces. lis sont particu
lierement interessants en ce qui regarde la distinction 
entre les proprietes analgesiques et !'aptitude a engendrer 
la dependance. Les etudes menees jusqu'a maintenant 
sur les derives du benzomorphane (pentazocine, cyclazo
cine) et sur le cyclorphane ne sont que la premiere etape 
de recherches plus poussees sur ce groupe de composes. 
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Codeine and its Alternates for Pain 
and Cough Relief 

3. The Antitussive Action of Codeine- Mechanism, 
Methodology and Evaluation 

This report-the third of a series on codeine and its alternates for pain and cough 

relief-presents a detailed review of the physiology and pathophysiology of cough, the 

methods for the experimental and clinical measurement of the antitussive action of drugs, 

possible mechanisms of action of antitussive agents, and includes a compilation of experi

mental results and clinical experience with codeine as an antitussive. 
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INTRODUCTION 

Codeine was first used as a therapeutic antitussive 
agent soon after its separation as an alkaloidal entity 
(Martin, 1834) and some of the earliest accounts of 
dosage and of the circumstances of its use are sum
marized by K.rueger, Eddy & Sumwalt (1943). 
Codeine has indeed dominated the picture with 
respect to the symptomatic management of cough, 
with only minor variations, and this situation has 
been influenced little by the intro,duction of sub
stances claimed to be superior in effectiveness and 
safety (Domenjoz, 1952; Winter & Flataker, 1954; 
Pellmont & Bachtold, 1954).1 

The number of compounds alleged to possess anti
tussive action comparable with, or superior to, that 
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of codeine has increased greatly in recent years (see 
Part 4) but the popularity of codeine continues and 
its annual consumption remains at a high level, paral
leling the high frequency of need for relief of cough 
as a symptom, especially chronic cough. Bickerman 
(1960) estimated, not so long ago, that 13% of the 
population of the United States of America was more 
than 65 years old and that there were not less than 
1 300 000 chronic coughers. Watt (1958) estimated 
that in the United Kingdom of Great Britain and 
Northern Ireland 10% of all prescriptions were for 
cough relief. The need for antitussive preparations 

' Heroin was introduced 50 years earlier as a superior 
antitussive but obviously proved itself to be less safe and, 
in spite of persistent claims as to its specificity, it has been 
banned from therapeutics in most countries. No further 
reference to it will be made. 
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is clear and codeine is our standard of reference. 
However, two facts have given impetus to the search 
for an adequate substitute-substances without anal
gesic action can exhibit antitussive potency and such 
substances may be entirely devoid of morphine-like 
dependence-producing properties (lsbell & Fraser, 
1953). 

In recent years much attention has been directed 
to the mechanism of cough and its relief and to 
adequate methodology for the measurement of the 
latter. This work will be discussed first and will be 
followed by details of the antitussive action of 
codeine and later (in Part 4) by a discussion of the 
potential alternates. 

MECHANISM AND SIGNIFICANCE OF COUGH 

Reviews of this topic have been prepared by Bucher 
(1958), Bickerman (1960), Friebel (1963) and 
Widdicombe (1964). Cough is a protective reflex, 
the purpose of which is to remove irritating materials 
or sensations from the respiratory tract, and as such 
its pathways include sensitive receptors, afferent nerve 
fibres, central connexions with a " relay station in 
the arc for cough reflex " (May & Widdicombe, 
1954), and efferent nerves. Experiments of Larsell 
& Burget (1924) and Widdicombe (1954) demonstra
ted two types of receptors: one in the trachea, sensi
tive to mechanical stimuli, the other throughout the 
tracheobronchial tree, responding chiefly to irritating 
chemical stimuli. The afferent nerve fibres, which 
conduct the action potentials arising in these recep
tors, pass along the superior laryngeal nerve and the 
vagus, entering the medulla with the vagus root. 
Section of the vagus below the point at which it is 
joined by the superior laryngeal nerve does not sub
stantially affect the cough threshold of anaesthetized 
cats (Sell, Lindner & Jahn, 1958), indicating probably 
that the stretch receptors in the lung (Bucher & Jacot, 
1951) take little part in the cough reflex. Cough
exciting impulses from the pharynx are carried in 
the glossopharyngeal nerve. 

The existence of a specific cough centre located 
in the dorsolateral region of the medulla close to 
the respiratory centre was suggested by Borison 
(1948) and by Chakravarty et al. (1956). This sug
gestion was confirmed by Engelhom & Weller (1961, 
1965), who localized a central mechanism for the 
adaptation of the activity of the respiratory system to 
acute changes in its environment in the lower pons 
and medulla. Its nervous components, E11 neurones, 
were localized in the caudal end of the nucleus am-

biguus. The authors assumed connexions between 
these neurones and the receptors characterized by 
Widdicombe (1954). Under normal breathing condi
tions these neurones are silent but become activated 
by noxious stimulation and may play an important 
role in the central processing of cough-evoking stim
uli (Engelhorn & Weller, 1965). 

The existence of other connexions of the cough 
centre must be assumed and has been partially de
monstrated. Section in the forward part of the pons, 
for example, weakens the cough response in the cat. 
Spread of excitation of the cough centre to the vomit
ing centre is well known, connexions with the respi
ratory centre must exist, and considerable voluntary 
control, even suppression of cough is possible (Kuhn 
& Friebel, 1960a, 1960b; Engelhorn & Weller, 1961; 
Friebel & Hahn, 1966; Hahn & Friebel, 1966). 

Efferent impulses from the cough centre, co-ordi
nating movements of the glottis, the diaphragm and 
the abdominal and intercostal muscles in the act of 
coughing, pass over the recurrent, the phrenic, the 
intercostal and other nerves. 

Cough is understood as an explosive expulsion of 
air resulting in the " generation of a high-linear-velo
city air stream with high kinetic energy available for 
the acceleration and displacement of an object in the 
airway" (Ross, Gramiak & Rahn, 1955). These 
.authors assume the explosive expulsion of air to be 
the product of substantial elevation of intrapleural 
pressure and sudden opening of the glottis. Equali
zation of pressure in the trachea with the outside air 
creates a pressure differential along the bronchial 
tree and the bronchi narrow passively. This allocates 
a key position in the expulsion of air to the move
ments of the glottis. These movements, at least the 
initial closure of the glottis, are centrally controlled 
independently of intrathoracic pressure and are car
ried out even if no air-flow occurs. The other factor 
to bring about the air expulsion is the force of the 
muscular contractions. Even if the movements of 
the glottis are inhibited, or the expired air goes out 
through a tracheal fistula, remarkable blasts of air 
can be produced (Floersheim, 1959). 

The act of coughing is often, but not necessarily, 
initiated by an inspiration (Staehelin, 1914; Trende
lenburg, 1950; Widdicombe, 1954, 1961; Kuhn & 
Friebel, 1960a, l960b; Friebel & Hahn, 1966; Hahn 
& Friebel, 1966). This is not consistent with a very 
close correlation between the central portion of the 
cough reflex arc and the respiratory centre. Engel
horn & Weller (1965) suggested that the E11 neurones 
belonged to an independent sensitive mechanism for 
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the protection of the lung against noxious stimula
tion. Friebel & Kuhn (1962) in this connexion show
ed that the cough and respiratory centres reacted dif
ferently to drugs. They demonstrated that 2-amino
indane stimulated respiration in conscious and 
narcotized guinea-pigs but depressed the cough reflex 
mechanism. In fact the cough reflex mechanism con
tains peculiarities in its function and organization 
which seem to exclude a close association with the res
piratory mechanism. Its functions can be looked upon 
as summing the cough-inducing stimuli, co-ordina
ting the respiratory musculature to initiate the cough 
reaction and interrupting the respiratory rhythm in 
favour of the cough reaction (Kuhn & Friebel, 
1960b). 

Summation of afferent impulses towards the pro
duction of cough was suggested by Stefko & Benson 
(1953) and Bucher (1958). Experiments of Friebel & 
Hahn (1966) in conscious guinea-pigs gave evidence 
of a remarkable ability of the cough centre to store 
the afferent impulses. The animals reacted with an 
explosive expulsion of air, on the average 2.8 seconds 
after an appropriate electrical stimulation of the 
tracheal mucosa was initiated. A response could 
still occur with weaker stimulation up to a latency of 
16 seconds. If the stimulation was too weak to evoke 
a cough reaction in 16 seconds, it did not produce 
cough at all. The authors concluded that the sum
mation of cough-inducing impulses served two pur
poses. It intensified the protective function of the 
cough reflex and prevented unlimited activity of the 
cough reflex mechanism. Variability in the latency 
was the only specific modification of the intensity and 
characteristics of the single cough response produced 
by variation in the intensity, duration and frequency 
of stimulation. Obviously, the central part of the 
cough reflex arc was able to collect variable afferent 
impulses and transform these into efferent reactions 
of relative uniformity (Friebel & Hahn, 1966). 

The efferent impulses of the cough reflex activated 
the respiratory muscles which normally carry out the 
movements of breathing, so that the normal respira
tory rhythm was interrupted or postponed (Kuhn & 
Friebel, 1960b). The moment of interruption varied. 
In 85 of 100 cough reactions recorded from electri
cally stimulated conscious guinea-pigs, the explosive 
blast began at the height of inspiration, in 12 it began 
during expiration and in three at the moment of 
complete expiration. An interruption of inspirations 
has never been observed (Hahn & Friebel, 1966). 
Rarely, an acceleration of the normal expiration, 
leading to a typical cough reaction, has been 

recorded. Engelhorn & Weller (1965) observed in 
anaesthetized cats an inhibition of the activity of 
expiratory neurones (EJ on account of the activity 
of cough-specific Ell neurones. 

The newer information on the organization and 
function of the cough reflex mechanism, therefore, 
supports the hypothesis of its independence, in the 
main, of the respiratory mechanism, in respect to 
cough-provoking stimulation, summation of afferent 
tussive impulses and transformation of these im
pulses for co-ordination of the respiratory muscu
lature to produce the explosive cough response. 

The functions of the cough reflex as a protective 
device are: 

(I) warning against noxious irritation and damage 
in the airways from inhaled chemicals or foreign 
bodies; and 

(2) clearing the airways by removal of the offend
ing irritant. 

Cough is a symptom in a wide variety of diseases. 
Inflammation of the respiratory tract can be accom
panied by increased irritability of the sensory recep
tors and intrapulmonary tumours can evoke cough 
by pressure on or involvement of sensitive receptors 
and nerve fibres. The cough response via the auricu
lar branch of the vagus on account of inflammation, 
etc., of the external auditory meatus is well known. 
Cough may be an allergic response, a consequence 
of circulatory disturbances or it may be psychogenic. 
Cough arises most commonly from a stimulus within 
the respiratory tract, from infections or mechanical 
irritation within the lumen (Bickerman, 1960b) or 
from inhalation of polluted air or tobacco smoke 
(Phillips, Phillips & Thompson, 1956; Herzog, 1967). 
From the clinical standpoint, cough is probably the 
most important mechanism of bronchial catharsis 
(Bickerman, 1960b). If cough is present for a consid
erable time, adaptation may occur and the patient 
may become almost unaware of its occurrence; or, 
the apprehensive person may exaggerate its intensity. 

When the cough is incapable of, or ineffective in, 
removing the provoking stimulus, tussive insuffi
ciency results. In many suppurative diseases of the 
lung, cough is unable to remove the thick, tenacious, 
mucopurulent secretions which form constantly in 
response to the infection. The dry, hacking, irritative 
cough of some acute infections of the respiratory 
tract, such as laryngitis, tracheobronchitis and per
tussis, may by itself become a major factor in retard
ing recovery by causing loss of sleep, inadequate food 
intake, nausea and emesis. In obstructive disease of 

9 
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the tracheobronchial tree, such as tumours, foreign 
bodies and chronic asthma, the cough reflex may 
become self-perpetuating and the resultant severe 
paroxysms of unproductive coughing may cause 
serious debilitation of the chronically ill patient 
(Bickerman, 1960b; Banyai & Johannides, 1956). 
Other consequences of severe protracted coughing are 
pulmonary emphysema, fractures of ribs, cough syn
cope, urinary incontinence, post-operative disruption 
of abdominal incisions and spontaneous pneumo
thorax. The necessity of cough-depressing therapy 
for unproductive cough is acknowledged (Friebel, 
1963). 

METHODS FOR THE STUDY OF ANTITUSSIVE ACTION 

Measurement of antitussive potency in animal experi
ments 

There are many reports of attempts to assess anti
tussive potency in animals; 70 reports in respect of 
codeine, arranged according to animal and method, 
have been summarized in Table 27, yielding a wide 
range of effective doses, from 0.3 to 100 mg per kg. 
The variation is related mainly to the method, but 
this has varied in detail, even when it was said to be 
the same, in respect of the stimulus used to evoke 
cough, and analysis of the data has varied with the 
investigator. Generally, however, one can assume 
that the method and analysis were the same when 
comparison was made in a particular case between 
a new agent (or agents) and codeine. It is worth 
while, we believe, to discuss the methods, at least 
in principle, the conditions of their application, and 
their significance, reliability and interpretation as 
means of measurement. 

Intrapleural injection. Systematic exploration of 
cough-depressing activity began with Ernst (1938), 
who reported cough thresholds in cats with artificial 
chronic pleuritis. The inflammation was produced 
by intrapleural injection of iodine (Lugol's solution), 
after which percussion of the chest wall produced a 
cough reaction. Though Ernst (1939) claimed the 
results were reproducible, the method has been used 
only infrequently with no effort towards its refine
ment. 

Irritating chemicals. Eichler & Smiatek (1940) 
were the first to use irritating chemicals to stimulate 
coughing. Their basic procedure has been variously 
modified. Usually the animals have been exposed to 
the mixture of irritating gas, vapour or aerosol with 
air, in a chamber suitable for one animal and for 

visual or acoustical observation or instrumental 
recording of cough reactions. Winter & Flataker 
(1954) used ammonia vapour and sulfuric acid aero
sol; Friebel, Reichle & von Graevenitz (1955) intro
duced the inhalation of sulfur dioxide mixtures; 
Gosswald (1958) used citric acid; Silvestrini & Maffii 
(1959) employed acrolein vapour; and Kroepfli (1950) 
blew soap powder against the tracheal mucosa. Each 
of these agents elicits cough by stimulation of chemo
receptors and each has its advantages and limitations. 

Receptors sensitive to cough-provoking irritants 
are spread throughout the trachea and bronchi 
(Larsell & Burget, 1924; Widdicombe, 1954). Thus 
the inhalation of gases, vapours and aerosols can 
influence many of them, whereas the introduction of 
solid material such as soap powder will reach only 
a few in the trachea. But vapours, etc., inhaled via 
the nose and pharynx will also stimulate receptors 
therein, perhaps eliciting sneezing as well as coughing 
and making discrimination difficult if the response is 
recorded instrumentally, as it was by Winter & Pia
taker (1954). Rosiere, Winder & Wax (1956) and 
LaBarre & Plisnier (1959) therefore directed the 
air-flow through an opening in the trachea and had 
to use anaesthetized animals or others with a chronic 
tracheal fistula. 

Irritants like citric acid, acetic acid, ether, acrolein, 
ammonia, sulfuric acid or sulfur dioxide have differ
ent cough-eliciting potency and the concentration for 
cough threshold varies widely from less than 1.0% 
(sulfur dioxide) to 20.0% (citric acid) (Friebel, 
Reichle & von Graevenitz, 1955; Gosswald, 1958). 
The duration of their action is also different and 
depression of cough evoked by inhalation of sulfur 
dioxide requires a larger dose of codeine than cough 
induced by ammonia if the guinea-pig is the test ani
mal (Friebel, Reichle & von Graevenitz, 1954; Winter 
& Flataker, 1954). On the other hand, dogs show 
less difference according to the chemical irritant used. 
It would be worth while to know to what extent the 
effective dose of codeine for a particular species 
depends upon the physiological characteristics of the 
species or upon the stimulus and the details of the 
method. 

Not only does the irritant potency of the chemical 
stimulant vary but also its effectiveness varies accord
ing to the concentration and absolute amount at the 
site of stimulation. Amdur (1957), for example, 
showed that the effect of sulfuric acid aerosols on 
bronchial receptors more nearly approached that of 
sulfur dioxide gas the smaller the droplets of the 
aerosol. Also the smaller the droplets the more tran-
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sient the effect and the faster the recovery. This is 
important for the stability of the cough threshold, 
since the usual procedure is to determine the thresh
old before and at intervals after drug administration. 
A change in normal sensitivity of the receptor with 
time would influence the accuracy of the judgement 
of the drug's effect. Therefore, limited stimulation 
with adequate intervals for recovery have to be taken 
into account, as they have been by some authors. 
Friebel, Reichle & von Graevenitz (1955) recorded 
in 3.8% of guinea-pigs a decrease in sensitivity 
between two applications of sulfur dioxide 30 minutes 
apart. If soap powder is blown into the trachea a 
considerable adaptation of the receptors has to be 
taken into account (Kroepfli, 1950) because the solid 
irritant is scarcely removed from the site of applica
tion. 

One advantage of a chemical irritant as the cough 
stimulus is that it permits the use of many animals 
in a single experiment, facilitating statistical analysis 
of the results. This no doubt explains the frequency 
with which such stimuli have been employed. 

Mechanical stimulation. Kase (1952) was the first 
to describe a method for the production of cough by 
mechanical stimulation of the tracheal mucosa suit
able for the measurement of antitussive action. The 
most sensitive area for such stimulation is at the 
bifurcation of the trachea. It may be reached through 
the fenestrated wall of the trachea by various devices, 
bristles, catheters, etc., but these must be applied 
cautiously to avoid damaging the mucosa and 
causing a change in sensitivity and adaptation to the 
stimulation (Larsell &1 Burget,. 1924; Widdicombe, 
1954). The strength of the stimulus cannot be con
trolled as accurately as with chemical or electrical 
stimulation and the animal must be prepared opera
tively. If mechanical stimulation is attempted imme
diately after operation, sensitivity may be impaired 
by the anaesthetic and later pulmonary infection may 
ensue. The chief advantage of mechanical stimula
tion is its simplicity and some of its drawbacks are 
avoided by the technique of Tedeschi et al. (1959). 
These authors implanted an iron slug within the tra
chea of a dog which could be made to vibrate against 
the tracheal mucosa by bringing a strong electromag
net against the outside of the throat, thus eliciting a 
cough response. Mter some time, chronic inflamma
tion with epithelial desquamation and loss of sensitiv
ity resulted. 

Electrical stimulation. This method was introduced 
by Schroeder (1951). Electrodes were attached to a 

vagal loop and through these, stimuli were applied 
in the unanaesthetized animal (dog). The method of 
electrical stimulation which is most often employed 
was devised by Domenjoz (1952). The superior 
laryngeal nerve was isolated in the anaesthetized cat 
and stimulated briefly; the number and duration of 
stimuli required adjustment in the particular animal 
to elicit cough reliably. The technique of electrical 
stimulation with modifications has been employed 
in anaesthetized guinea-pigs (Krause, 1958), in 
unanaesthetized guinea-pigs (Kuhn & Friebel, 1960a, 
1960b) and in unanaesthetized dogs (Stefko & 
Benson, 1953). The latter authors implanted elec
trodes in the tracheal wall, eliciting cough by stimula
tion of adjacent nerve fibres and receptors, and 
Chakravarty et al. (1956) provoked cough by means 
of electrodes placed stereotactically in the medulla 
of the decerebrate cat. 

Various forms of electrical current have been used, 
with changes in the shape of the single impulse (spike, 
square or undulatory), and with variations in voltage, 
current, frequency and duration. There have been 
explorations, too, of interrelationships between volt
age and frequency of stimulation for producing cough 
most effectively (Schroeder, 1951; Stefko & Benson, 
1953) and most recently of the interrelationship 
between intensity, duration and frequency of thresh
old stimuli by Friebel & Hahn (1966). Variation in 
these parameters within described limits had no 
appreciable effect on the intensity or characteristics 
of the cough response, but the latent period between 
the beginning of stimulation and the occurrence of 
the cough could be decreased (Friebel & Hahn, 1966). 

Electrical stimulation to produce cough has no 
physiological equivalent; it also requires operative 
preparation of the animal and testing immediately 
after the operation can be influenced by the anaes
thetic. Nevertheless the method has been used by 
many and has the advantage of exact measurement 
of stimulus strength and quality. 

·Avoidance of anaesthesia in antitussive testing was 
one of the conditions stressed by Schroeder (1951). 
A cough-depressing action of some of the anaesthetic 
agents used in animals has been observed or referred 
to by Schroeder (1951), Domenjoz (1952), Tedeschi 
et al. (1959), Friebel & Kuhn (1962), Hahn & Friebel 
(1966) and others. One might expect the effective 
dose of the antitussive, codeine for example, to be 
smaller in experiments performed under anaesthesia. 
but the data of Table 27 do not give such an indica
tion. 

Some of the methods for antitussive experiments 



132 N. B. EDDY AND OTHERS 

require the preparation of a tracheal fistula and 
this causes the air passages to be exposed to dry 
laboratory air instead of air highly humidified by 
passage through the nose and throat of the animal. 
Under this unnatural physiological condition there is 
evaporation and thickening of the bronchial secre
tion, impaired activity of the ciliated epithelium and 
poorer transport of secretions (Perry & Boyd, 1941; 
Dalhamn, 1960 J. Even if the inspired air is humidified 
to 30 %, ciliary movement stops within 3-5 minutes 
of opening the trachea. The impairment of mucus 
transport favours the formation of an immovable 
layer of secretion and a change in sensitivity to cough
provoking stimuli (Gordonoff, 1938). If the tracheal 
fistula is maintained chronically, as proposed by Kase 
(1952, 1954, 1955) there is liability to respiratory 
infections (Rosiere, Winder & Wax, 1956), again 
influencing the threshold for cough stimulation. 
Similar considerations must be borne in mind in con
nexion with other operative procedures, implantation 
of electrodes, exposure of the laryngeal nerve, etc. 
The catalogue of factors which may influence cough 
threshold before and after drug administration is 
long, varying with the working procedure, and they 
play a significant role in the variations in results 
shown in Table 27. 

There are also qualitative differences in the animal 
species used in the experiments. Guinea-pigs, cats 
and dogs are to be preferred. Mice are too small for 
discrimination between sneezing and coughing. Rats 
respond readily to sulfur dioxide inhalation by both 
sneezing and coughing and, when tested repeatedly 
over a three-month period, showed decreasing sensi
tivity. Guinea-pigs, on the other hand, maintained a 
constant sensitivity throughout 48 weeks (Friebel & 
Kuhn, 1964). In general, the smaller species require 
higher doses per kg of codeine than do the larger 
species to produce the same effect; cough elicited 
in guinea-pigs by ammonia is an exception to this 
rule. On account of their size, cats and dogs are 
amenable to all methods for antitussive testing and 
to all routes of drug administration, but unanaesthe
tized cats and dogs quickly learn to control partially 
their breathing, restricting the inhalation of irritating 
chemicals, so that they have to be checked carefully 
to determine whether under undrugged conditions the 
cough response remains the same. A further draw
back to the use of dogs is their ability to be trained 
to the experimental procedure, and to develop a 
voluntary cough response; the better the relation 
between handler and animal the more ready the res
ponse (Schlez, 1965). 

In most experiments with rats and guinea-pigs, 
drugs have been given subcutaneously; in cats intra
venous injection has been usual, whilst in dogs, all 
routes have been used. Intravenous injection has the 
advantage of requiring small doses and usually has 
a transitory effect, permitting comparison of repeated 
doses; if several injections are given the possibility 
of summation of subliminal stimuli or of tachyphy
laxis cannot be disregarded. The mode of administra
tion takes on added importance when the results 
are considered in relation to man. In antitussive 
therapy in man, the oral route is usual, whilst in 
experiments in animals it is the exception. Therefore, 
if antitussive effect is shown in the latter, one also 
needs to know something of absorption and meta
bolism after oral administration, factors which 
have been largely disregarded in predicting clinical 
effectiveness. 

Measurement of antitussive potency in experimentally 
induced cough in man 

Cough may be induced experimentally in man by 
inhalation of an aerosol containing acetylcholine, 
ammonia or citric acid, or by intravenous injection 
of lobeline or paraldehyde. 

Hoglund & Michaelsson (1950) published the first 
report on experimental cough provoked in healthy 
volunteers by inhalation of an irritating chemical 
compound. The subjects respired through tubes fit
ted with valves to prevent expiration into the system. 
Ammonia vapour (2 %) in the desired quantity was 
added to the inspired air by means of a syringe. The 
momentary closure of the glottis in response was 
recorded by a pneumograph around the subject's 
chest. The method of Hoglund & Michaelsson, more 
or less modified, has been used by Trendelenburg 
(1950), Blix (personal communication, 1952), Hahn 
& Willbrand (1952) and Gravenstein, Devloo & 
Beecher (1954), with all except the latter showing 
elevation of the cough threshold by codeine. Tren
delenburg and some others relied on subjective obser
vation of apparent closure of the glottis, believing 
that this was always in accord with mechanical 
recording. Closure of the glottis was taken as the 
threshold response whether or not an explosive act 
of coughing followed and, according to Trendelen
burg, the amount of ammonia causing this response 
was the indication of threshold. When this had been 
determined test substances were administered and 
measurements of threshold continued every five 
minutes until the threshold quantity of ammonia 
had returned to the original amount required. 
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Gravenstein, Devloo & Beecher (1954) could not 
be certain why they failed to confirm the results of 
the others. They called attention to two points, 
firstly that Hoglund & Michaelsson and the others 
had not used a placebo as control or used double
blind conditions, and secondly they found that the 
ammonia-mixture container lost ammonia readily. 
A lower concentration of ammonia would be less irri
tating and if it were used in later trials after an anti
tussive agent it would make the latter appear effective. 
This would not allow the threshold to return to its 
original value. 

There are also other points at issue in the method. 
While closure of the glottis (sudden pause in breath
ing) was chosen as the indication of response, it 
remains to be proven that this can be accepted as an 
adequate indication for a cough reaction and whe
ther that reflex is influenced by the same drugs and 
by the same doses as the cough reflex. Trendelenburg 
(1950), as well as Hahn & Wilbrand (1952), ob
served wide variations in threshold values depending 
upon weather conditions and psychological factors. 
Trendelenburg, however, did not think initial thres
hold values influenced drug effects. Gravenstein, 
Devloo & Beecher (1954) found the threshold more 
constant and reproducible, but observed no signifi
cant change after medication. 

A method closely related in principle to that of 
ammonia inhalation was introduced by Bickerman 
& Barach (1954) and by Bickerman et al. (1956). 
Cough was induced by a 25% solution of citric acid 
deeply inhaled from a nebulizer through a tight-fitting 
face mask and a constant oxygen flow of five litres 
per minute. They recorded the number of coughs 
elicited and the expiratory air flow. The subject 
took three inhalations, resting two or three minutes 
between each. In drug potency tests the response was 
recorded at zero time and hourly to four hours after 
medication. Bickerman et al. (1957) later spoke of 
" trained" subjects, who worked with the method 
through many months and showed a reasonable 
degree of adaptation(" learning" factor) to the pro
cedure. This group worked under double-blind con
ditions and was challenged with concentrations of 
citric acid from 1.25-25.0% to determine a threshold 
stimulus, arbitrarily set as that concentration of citric 
acid which evoked a total of not less than four coughs 
when inhaled five times. Since this threshold level 
varied from subject to subject and sometimes in the 
same subject from day to day, it was redetermined 
for each subject at the beginning of each test run. 
Under these conditions Bickerman et al. (1957) 

observed a decrease in frequency of the citric-acid
induced cough of 22.4% at the second and fourth 
hours after 5 mg of codeine phosphate orally, a 
decrease of 22.4-32.5% at the first second and third 
hours after 15 mg, and of 22.4-43.1% at each hourly 
observation after 30 mg of codeine. Changes in 
expiratory airflow differed occasionally from differ
ences in cough frequency, and the latter yielded the 
better dose-response curves. 

The method of Bickerman and his associates has 
been employed by Rasch (1957), Archibald, Slipp & 
Shane (1959), Morris & Shane (1960), Groszman, 
Birker & Casimir (1961), Calesnick, Christensen & 
Munch (1961), Tannenbaum (1965) and Silson (1965), 
who demonstrated a reduction in coughing after drug 
administration, and by Gravenstein, Devloo & 
Beecher (1954) and Sevelius, Lester & Colmore 
(1965) who did not. Gravenstein, Devloo & Beecher 
said that the Bickerman technique did not distin
guish between a noisy, explosive cough and one of 
little intensity, that the quantity of aerosol reaching 
the lungs could not be accurately controlled or deter
mined, and that double-blind conditions were diffi
cult to maintain because of recognition by the sub
jects of other effects (sedative action, etc.). Sevelius, 
Lester & Colmore nebulized different strengths of 
citric acid solution, 5.0-25 %, to determine the con
centration which consistently produced maximum 
cough response, a different threshold from that used 
by Bickerman. In spite of emphasis on selection and 
training of normal volunteers, in all of their six 
subjects the cough response to the same dose of 
irritant changed from hour to hour by as much as 
50%. The subjects also definitely became adapted 
to the citric acid irritation and coughed progressively 
less frequently on repeated exposures. Without 
proper placebo control data a " false positive " drug 
effect could be ascribed to what was only adaptation. 
These authors were unable to distinguish between 
15 and 30 mg of codeine and placebo. This statement 
concerning adaptation to the stimulus is at variance 
with Bickerman's experience, but Sevelius, Lester & 
Colmore required stronger citric acid concentrations 
and it is not clear whether or not residues of citric 
acid on the tongue and in the throat were removed 
by rinsing as they were by Bickerman. Sevelius 
and his associates maintained that Bickerman's 
procedure was considerably more complicated 
than theirs since he examined 153 "normal" 
subjects to obtain 21 presenting relatively constant 
reactivity to the cough-provoking aerosol. Such 
selection not only reduces variation in the sen-
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sitivity of the cough reflex mechanism related to 
smoking, chronic respiratory infections, etc., but will 
also reduce the influence of another factor, voluntary 
or subjective control over the response, which may 
play a role in all experimentation on humans. The 
cough response can be voluntarily suppressed and 
initiated. 

Results obtained with the Bickerman method have 
not always correlated well with clinical effectiveness 
of the agents tested, in the treatment of pathological 
cough. Bickerman & Itkin (1960) failed to demon
strate a cough-depressing effect with normethadone, 
though such an effect has been well established in 
animal experiments and clinical experience. On the 
other hand, Woolf & Rosenberg (1964), using a tape
recorder system as an objective measure of coughing, 
found laevopropoxyphene inactive clinically, while 
Bickerman et al. (1957) and Calesnick, Christensen 
& Munch (1961) found it effective against artificially 
produced coughing. 

Recently Calesnick & Christensen (1967) have used 
the citric-acid-aerosol method with a different end
point, the latent period from beginning of inhalation 
under pressure through a tight face mask to cough 
response and regarded a lengthening of this period 
as indicative of cough suppression. They used only 
males because females were too sensitive to reflex 
closure of the glottis which would prevent inhalation 
of a sufficient amount of the aerosol (25% citric acid). 
They also excluded persons who did not give a good 
cough response before drugging or who failed to 
show an antitussive effect with an exploratory dose 
of 40 mg of codeine orally. Graded doses were given 
with citric acid challenge hourly throughout four 
hours. A good dose-response curve was obtained 
with 5.0-40.0 mg of codeine. 

Prime (1961), looking for a controllable agent for 
artificial cough production, developed an observation 
of Tiffeneau (1955). The inhalation of a nebulized 
solution of acetylcholine regularly induced more or 
less coughing in certain persons. Prime also tried 
ether and sulfur dioxide; both were effective, but the 
taste and smell were objectionable and the latter as 
used was so powerful that none wanted to repeat the 
experience. In non-smokers, and persons without 
respiratory infection under 30 years of age, Prime 
found acetylcholine even at 1.0% completely ineffec
tive, confirming the observations of Tiffenau (1955) 
and Halsreiter (1959). However, in patients with 
chronic bronchitis, emphysema, asthma, fibrous 
tuberculosis, pulmonary sclerosis, or acute respira
tory inflammation acetylcholine was 80-90% effec-

tive. Haslreiter's experience was similar, a posi
tive cough response to acetylcholine in most 
patients with chronic bronchitis, etc., and a nega
tive response in all healthy persons. Both Prime 
(1961) and Sevelius, Lester & Colmore (1965) found 
that cigarette smokers, admitting to only a little 
habitual coughing, responded positively to acetyl
choline. 

Haslreiter (1959) and Prime (1961) used acetylcho
line to attempt evaluation of cough depressants. The 
subject breathed his individual concentration (Hasl
reiter, 1959) or 1.0% (Prime, 1961) acetylcholine 
aerosol until coughing began or at most for 1 Y2 min
utes and the number of coughs ensuing during the 
next 20 minutes was counted. The subject then took 
an inert tablet or one containing the cough depres
sant and 20 minutes later the test was repeated. The 
active and inactive tablets were administered in ran
dom order to each subject. Prime compared the 
cough rates before and after medication with positive 
results; Haslreiter determined the number of patients 
who did not cough after the test drug. Their results 
did not correspond. Sevelius, Lester & Colmore 
(1965) could not confirm Prime's results either. In 
nine subjects they were unable to distinguish between 
30 mg of codeine phosphate and placebo, adminis
tered double-blind in random order with 60 or 
120 minutes allowed for absorption. Prime admitted 
to them that his later experience was in accord with 
theirs. It should also be mentioned that acetylcholine 
antagonists (hexamethonium, for example), not other
wise antitussive, abolish the cough response to acetyl
choline (Tiffeneau, 1955). 

As indicated earlier, cough can be provoked in man 
by intravenous injection of paraldehyde or lobeline. 
Gravenstein, Devloo & Beecher (1954) found that 
the usual dose required to produce a satisfactory 
cough response varied frc .n 0.25 to 0.5 m! in different 
subjects (Konar (1959) usd 1.0 m!). The paraldehyde 
was injected into a vein of the forearm through a 
continuous 5.0% dextrose solution drip. The result 
was a feeling of constriction of the chest and an 
explosive cough which relieved the feeling. The 
coughing bout lasted 30-60 seconds and might be 
followed by an afterburst of coughing. When the 
effective dose had been determined and repeated at 
30 minutes, the antitussive was administered and 
the paraldehyde repeated at half-hour intervals for 
2 or 2V2 hours. Gravenstein, Devloo & Beecher 
investigated the effect of drugs on the response to 
paraldehyde, and showed a difference between heroin, 
2.5 mg subcutaneously, and placebo, where the sub-
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j ects were used as their own control, but not with 
codeine, 10 mg orally or 30 mg intravenously, or 
morphine, 5 mg subcutaneously, when the subjects 
were not their own controls. Konar (1959) also failed 
to obtain a positive effect on the response to paral
dehyde with codeine or morphine. Gravenstein and 
his associates deemed it unwise to continue with the 
paraldehyde test because of pain at the site of injec
tion and phlebitis, fear on the part of the subject of 
the feeling of chest constriction, and variability in 
the response. 

Lobeline administered intravenously excites 
cough, presumably because of a direct effect on the 
cough centre (Chabrier, Giudicelli & Thuillier, 1950). 
The effective dose was 3.0-10.0 mg, and this dose 
caused a cough reaction of 10-20 seconds duration 
followed by about 60 seconds of polypnoea. The 
authors found that 80-100 mg of pholcodine 
decreased the response to lobeline. They said, 
however, that lobeline had to be used cautiously 
because of possible toxic reactions. Hillis & Kelly 
(1951) were unsuccessful in attempts to suppress the 
cough response to 5.0 mg of a-lobeline, intravenously 
in normal subjects, with codeine, morphine or heroin. 
The cough response was blocked by hexamethonium 
iodine. 

Bickerman & Barach (1954) said that artificial 
cough production should meet the following condi
tions: uniform and consistent response of the sub
ject to the same threshold stimulus; the eliciting agent 
should be non-toxic and relatively simple in its appli
cation so that observations may be made on many 
subjects; and the results should be reproducible. 
None of the methods described meets these condi
tions completely. The reviewers believe the citric
acid-aerosol technique to be the most promising, 
best developed, and least disturbing to the subject, 
but further efforts to develop methods for antitussive 
evaluation should be encouraged. Artificially pro
duced cough, in volunteer subjects, is not the same 
as cough of pathological origin at least in strength, 
timing and persistence of cough induction, and one 
cannot always expect to obtain the same drug res
ponse in both situations. Nevertheless, the experi
ments with artificial cough are worth while for deter
mination of carry-over of effectiveness in this and 
other respects from laboratory animals to man, but 
should be accompanied by studies of absorption, 
distribution and disposition for further information 
on species parallelism. Then one has the background 
for interpretation of laboratory results and for clin
ical application. 

Evaluation of antitussive action against cough of patho
logical origin 

The crucial test for an antitussive is the study of 
its effect in patients with spontaneously occurring 
cough of various origin. Most of the reports in this 
connexion are based on clinical experience rather 
than controlled clinical trial. Reliable, unbiased 
evaluation and comparison should come from the 
latter, but the former is supplementary and essential. 
Covering a larger number of patients of more hetero
geneous character, the general clinical observation 
contributes to the knowledge of side-effects, unusual 
adverse reactions and useful indications of applica
tion and contraindication. 

Here, as elsewhere, the clinical trial must fulfil some 
basic requirements of clinical pharmacology, double
blind procedure to avoid error by suggestion, inclu
sion of placebo or standard drug of established effi
cacy for comparison, and randomization of drug 
administration to facilitate statistical analysis. This 
is not the place to discuss the design of specific clini
cal trials but certain features of the procedure, as 
applied to the evaluation of antitussives, must be 
considered for better judgement of the significance 
of the data to be presented in respect to specific 
agents. In the main, two approaches to evaluation 
of efficacy, etc., have been developed-analysis of the 
subjective judgement of effect by patient and/or 
observer, and objective measurement of changes in 
number, severity, etc., of bouts of coughing during 
specific periods of time with and without drug or 
placebo-and variations in each approach have 
appeared almost from investigation to investi
gation. 

As much as 31 years ago, Davenport (1938) admin
istered codeine and closely related substances double
blind to coughing tuberculous patients and concluded 
that the optimal oral dose of codeine was only 10 mg, 
and Himmelsbach et al. (1940) using placebo for 
comparison, demonstrated worsening of the cough 
when the change was to the placebo from morphine 
or codeine. It has been in the past 15 years, however 
since the discovery of the antitussive property of 
dextromethorphan, that particular attention has been 
directed to quantification in evaluative efforts. 

Assessment of efficacy is of necessity a comparison 
between groups, as comparable as possible in size 
and composition, receiving different agents or in the 
individual receiving two or more agents. He may be 
asked to compare his condition at administration 
with that at fixed time intervals thereafter, or his 
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condition during one period of medication, a day or 
a week or longer, with that during another equal 
period. He may be asked simply to judge improve
ment, no change or worsening, to express his prefer
ence for the agent used at one time over another, or 
to judge the severity of the symptoms (number or 
severity of coughs, etc.) or of the change in the symp
toms, whether slight, moderate, great or none. In 
either of the latter judgements, numerical scales may 
be employed where the highest number means the 
least effect, if the symptom is assessed directly, or the 
greatest effect if change is being judged. Alternatively 
results have also been expressed as a percentage of 
the group of patients reporting, according to the 
criterion employed. All of these methods have been 
used in the evaluation of antitussives and are 
probably best illustrated with specific results in the 
evaluation of codeine (see below). 

Davenport (1938) mentioned the unsatisfactory use 
of kymographic recording of chest movements for 
determination of the frequency of coughing. Graven
stein, Devloo & Beecher (1954) introduced a sound 
recorder, connected to a microphone, from which 
numbers of bouts or numbers of individual coughs 
could be counted. The sound-induced electrical im
pulses were registered kymographically. This auto
matic record correlated well with that of a person 
monitoring the cough by direct count. With minor 
variations the method has been employed by Krug 
(1964), Kleibel (1964), Kleibel, Steinhoff & Wild 
(1965), Sevelius & Colmore (1967), and others. 
Woolf & Rosenberg (1964) used a tape-recorder to 
register the actual sound of the cough, and this had 
the advantage for recording over prolonged periods 
that the on-off switch was automatically operated by 
the sound. Others have overcome the prolonged 
observation difficulty by restricting the record to a 
specified period, uniform from day to day and based 
upon survey of the coughing pattern throughout the 
24 hours. 

The subjective and objective approaches to evalu
ation of antitussive action have been compared with 
different results. Gravenstein, Devloo & Beecher 
(1954) could not detect changes in cough counts to 
back up judgement of an antitussive effect of codeine 
compared with placebo. Nicolis & Pasquariello 
(1962a, 1962b) recorded a significant reduction in the 
number of coughs by codeine versus placebo when 
the patients' judgement of effect, based on a four
point scale, showed no difference. In another study, 
however, Pasquariello & Nicolis (1962) showed good 
correlation between patients' drug preference and 

reduction in bouts of coughing. Woolf & Rosenberg 
(1964) also compared their patients' judgement of 
change in coughing with the results recorded auto
matically. An actual reduction in the number of 
coughs by 50% was recognized in only 36 of 90 cases. 
The authors concluded that the majority of the 
patients did not appreciate the extent to which their 
cough varied from day to day and were frequently 
unaware of the effect of antitussive preparations. 
Gravenstein, Devloo & Beecher (1954) reached the 
opposite conclusion, that their patients felt better and 
thought they coughed less. 

Various methods of statistical analysis of results, 
whether subjective or objective, have been used. It 
may be of interest to mention Armitage's sequential 
analysis, since its applicability was first demonstrated 
in an antitussive study (Snell & Armitage, 1957). It 
has the advantage of making evaluation possible 
while the trial proceeds, avoiding undue continuation 
or premature termination. No doubt conflicting 
results in clinical trials are influenced by using too 
few patients. Improper dosage selection can also 
bias the results by destroying the double-blind feature 
through the appearance of recognizable effects unre
lated to the one under examination. 

Finally, it is of interest to review the role of the 
placebo and the degree of effect which it has produced 
in antitussive testing. Table 26 summarizes some 
placebo results, and is restricted to those reports 
which could be interpreted in terms of the percentage 
of the group of patients who improved. From these 
data an average analgesic effect of placebo of 22.8% 
may be calculated-somewhat less than the average 
figure (35.2 %) calculated by Beecher (1955) as the 
average percentage analgesic effect of placebo. One 
other point was brought out by Renovanz & Liebrich 
(1965). On the basis of the patients' judgement of 
improvement in frequency and intensity of coughing, 
placebo was less effective when compared with 
codeine, 29.0% and 32.3% reductions in number and 
intensity of cough, respectively, than when compared 
with no medication, 40.4% and 60.9% reductions in 
number and intensity. 

PHARMACOLOGICAL COMPONENTS OF THE A~TITUSSIVE 

EFFECT 

Specific cough-depressant actions 

The mechanisms of antitussive action have been 
discussed extensively by Bucher (1958), Bickerman 
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TABLE 26 

ANTITUSSIVE EFFECT OF PLACEBO MEDICATION 

Patients 

No. I Type 

134 Adults and children; cough of 
various origin 

44 Cough due to common cold 

60 Chronic cough of various types 

65 Chronic cough 

43 Chronic cough 

25 Cough due to acute inflammation 

50 Children; acute bronchitis 

50 Adults; non-productive cough 

18 Chronic cough of various types 

26 Tuberculous 

30 Chronic cough 

46 Young patients; viral infections 

35 Cough of various origin 

127 Acute cough of various origin 

(1960), Friebel (1960, 1963), Salem & Aviado (1964) 
and others. According to the structural organization 
of the reflex arc, specifically-acting antitussives might 
exert this effect on the mechanoreceptors or on the 
chemoreceptors along the afferent fibres in the 
medullary cough centre and, theoretically at least, 
upon the responding structures. 

Reflexogenic receptor area. Such a statement as 
the following suggests that specific antitussive action 
at the receptor site is known and the validity of such 
action proven-" This new antitussive may well act 
both centrally by depressing the cough centre and 
peripherally by reducing the tussal impulses from 
local irritation " (Chen, Biller & Montgomery, 1960) 
-but the drugs of choice for such peripheral inhibi
tion would be local anaesthetics having special affin
ity for receptors responsive to tactile and chemical 
irritation. Direct application of local anaesthetics is 
the routine provision against undesired cough reac
tions during bronchoscopy (Frey, Hugin & Mayrho
fer, 1955). Tetracaine or lidocaine in one form or 
another are inhaled or sprayed over the laryngeal and 
tracheal surfaces. Ethoform (p-aminobenzoic acid 
ethyl ester), as an ingredient of antitussive lozenges, 
is used against irritative pharyngeal cough, acting 

I Percentage 
of patients Reference 
improved 

5.2 Carter & Maley (1957) 

7.0 Parish (1959) 

14.0 Haslreiter (1959) 

39.2 Di Gregorio (1960) 

35.6 Di Gregorio (1960) 

28.5 Di Gregorio (1960) 

22.2 Abruzzi (1962) 

26.7 Abruzzi (1962) 

23.0 Mulinos, Nair & Epstein (1962) 

6.0 Mulinos, Nair & Epstein (1962) 

39.9 Woolf & Rosenberg (1962) 

7.5 Amler & Rothman (1963) 

29.0 Schofield (1963) 

40.4 Renovanz & Liebrich (1965) 

presumably on receptors in the pharyngeal area. The 
inhalation of aerosols containing 1 % cocaine or 2% 
procaine acting on receptors in the pharyngeal, tra
cheal and bronchial regions, has been recommended 
by Martini (1957) for the treatment of asthmatics 
troubled by irritative cough. In animal experiments, 
suppression of cough, provoked by mechanical stim
ulation of the trachea, by local application of a pro
caine solution has been demonstrated (Widdicombe, 
1954). Thus reduction of cough impulses at their site 
of origin by locally applied drugs is possible, perhaps 
usual, but none of the agents mentioned possesses a 
specific antitussive effect. " Local anaesthetics are 
only moderately selective" (Bucher, 1958). 

Attempts to obtain inhibition of receptors sensitive 
to cough-provoking stimuli by oral or parenteral 
administration of drugs have been made by Bein & 
Bucher (1957), Ther & Lindner (1958), Sell, Lindner 
& Jahn (1958) and others. The first attempts were 
made with local anaesthetics. Kase (1955) tested the 
cough-depressing effect of cocaine and procaine in 
unanaesthetized dogs repeatedly stimulated by bris
tles pushed against the tracheal bifurcation. The 
drugs were injected into the femoral vein or into the 
cisterna cerebello medullaris. The results were as 
follows: 
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Drug 

Cocaine 
hydrochloride 

Procaine 
hydrochloride 

Dose (mg/kg) 

IV Intra-
cistern 

3.0 
5.0 
7.0 

10.0 
0.1 
0.3 
0.5 
1.0 

10.0 
20.0 
30.0 

0.1 
0.3 
0.5 

Cough depression 

No. No. of 
positive experiments 

0 2 
1 3 
3 3 
3 3 
0 2 
2 2 
1 1 
1 1 

0 3 
2 3 
3 3 
0 2 
1 2 
3 3 

An effect was obtained but large intravenous doses 
were required and probably had only a small margin 
of safety. Such doses would stimulate respiration 
and affect the blood pressure and cardiac rhythm. 
The intravenous mean lethal dose for the cat was only 
30-40 mg per kg for procaine and 15 mg per kg 
for cocaine (Sollmann, 1957). Kase did not recom
mend this antitussive effect or ascribe a peripheral 
site of action; the smallness of the effective doses 
when given into the cisterna suggests indeed that the 
action was central. 

Ther & Lindner (1958) studied the antitussive po
tency of local anaesthetics, and found no correlation 
between it and surface anaesthesia on the rabbit 
cornea or conduction anaesthesia in the frog sciatic 
nerve. They used the superior-laryngeal-nerve-stimu
lation technique (cat) and demonstrated cough 
depression most readily among substances related to 
tetracaine. They suggested that the presence of 
p-aminobenzoic acid in the molecule enabled the 
compound to gain access to the cough centre. 

Sell, Lindner & Jahn (1958) compared the endo
anaesthetic and antitussive properties of tetracaine, 
benzonatate and related compounds in cats and 
guinea-pigs. The former was determined from the 
transmission of stretch-receptor impulses arising in 
the lung, via the vagus nerve, and the latter from the 
transmission of mechanoreceptor impulses arising in 
the trachea, via the superior laryngeal nerve. The 
antitussive activity was measured after electrical 
stimulation of the superior laryngeal nerve for central 
evocation of cough. In these experiments benzona
tate at 1.0 mg per kg, intravenously, depressed the 
cough and the transmission of the impulses from the 

two sets of receptors, but a dose of 2.0 mg per kg 
was sometimes lethal and was too close to the other
wise effective dose to suggest any sort of cough
specific endoanaesthetic action. With tetracaine the 
dose causing inhibition of the cough centre was 
0.25-0.5 mg per kg, intravenously, and that for 
diminution of the activity of the receptor systems 
2.0 mg per kg; this again did not indicate that selec
tive action on the receptors was involved. Further
more, although many antitussives that have been 
used clinically have also been shown to be local 
anaesthetics (e. g., isoaminile, clofedanol, pholcodine, 
diphenhydramine, oxolamine, caramiphen, etc.) a 
role for such action in promoting the antitussive 
effect has not been proven experimentally or clini
cally, however reasonable this may seem. 

Afferent nerve fibres. Specific pharmacodynamic 
blockade of fibres transmitting cough-inducing 
afferent action potentials has not been demonstrated. 
In special circumstances, interruption of the afferent 
pathways could be effected by section (cough pro
voked by the involvement of, or pressure from, a one
sided bronchial tumour (Bucher, 1958) or by conduc
tion anaesthesia (Tomori et al., 1960)). 

Cough centre. The truly specific site of action of 
cough-depressing drugs may be presumed to be the 
cough centre, or its neuronal system, in the medulla. 
" In this area all factors leading to cough are united " 
(Bucher, 1958). However, even among the com
pounds acting at such a site the specificity of action, 
the details of the response and the breadth of other 
surrounding actions vary. Dextromethorphan and 
noscapine, for example, have little of note other than 
antitussive action; other materials, such as codeine, 
pipazetate, 2-aminoindane, and hexobarbital act on 
a broader scale. Hahn & Friebel (1966) studied the 
range of action of such a group, using unanaesthe
tized guinea-pigs and producing cough by stimulation 
of electrodes implanted in the trachea. Data recorded 
included the electric current at the cough threshold, 
the integration of the explosive expiration (the cough) 
into the breathing rhythm, a kymographic record of 
the cough reaction, and the sound of the cough before 
and during treatment. They reported the following: 

(1) Hexobarbital-antitussive dose 70 mg per kg, 
subcutaneously. The cough threshold was elevated 
by 3.5 mA (the cough was somewhat modified when 
the stimulation was elevated above the threshold) 
and there was somnolence to narcosis, and retar
dation of respiration. In contrast to normal the 
cough reaction began invariably with an inspiration. 
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The subsequent reduction in the cough response was 
slowed; in some cases animals coughed for three 
seconds after interruption of the cough-provoking 
current. A broadening of the kymographic V-record 
of the cough further illustrated the retardation of 
the response. Signs of closure of the glottis as a 
part of the event disappeared and the sound of the 
cough was weakened. 

(2) Aminoindane-antitussive dose 14.5 mg per kg, 
subcutaneously. The cough threshold rose quickly 
by 1.5 mA and showed no tendency to recover during 
the next three hours. Respiratory frequency was 
increased and there was motor excitement, piloerec
tion, secretion of tears and saliva. The explosive 
expiration began during the expiratory phase of the 
breathing cycle more frequently than is normal; it 
was never integrated into the breathing cycle as 
sometimes occurred before drugging. The sound of 
the cough increased and the kymographic record 
became irregular and broader in form. 

(3) Codeine phosphate-antitussive dose 15.4 mg 
per kg, subcutaneously. The cough threshold was 
elevated by 0.5 mA for about three hours (a larger 
dose of 30.8 mg per kg elevated the threshold by 
0.9 mA). The noise of the cough was weakened and 
its kymographic record was simplified but not broad
ened. 

(4) Pipazetate-antitussive dose 14.5 mg per kg, 
subcutaneously. The cough threshold was elevated 
by about 1.6 mA, and was still above normal after 
three hours. The noise of the cough was decreased; 
the record was irregular and sometimes broader. 

(5) Dextromethorphan-antitussive dose 26.0 mg 
per kg, subcutaneously. The cough threshold was 
raised by 0.4 mA for three hours. Respiration was 
unchanged. The explosive expiration began more 
frequently (18 %) than is normal in the expiratory 
phase of the breathing cycle, and in 14% of cases at 
the very end of expiration. The record showed 
numerous irregularities and broadening. The noise 
of the cough was decreased only during the first 
20 minutes. 

Thus these compounds produced several different 
effects, only one common to them all, an elevation 
of the cough threshold, which could be overcome by 
increasing the strength of the stimulation. The sen
sitivity of the centre is decreased but it is not para
lysed. Based upon their experimental results Friebel 
& Hahn (1966) and Hahn & Friebel (1966) concluded 
that the centre temporarily loses the ability to sum-

mate the incoming stimuli and that this failure of 
summation is the principal effect of the antitussive 
compound, though it may also sometimes change 
the character or form of the response. 

Some compounds affect the correlation between 
the respiratory cycle and cough. With hexobarbital, 
as was noted, the cough was initiated with an inspira
tion; the same was true in barbiturate-treated cats 
(Kroepfli, 1950). In untreated cats, 16% of electric
ally-provoked cough reactions began without the 
introductory inspiration. 

If the central action of antitussives were directed 
primarily against the stimulus-summating function 
of the centre, this would explain the equal therapeutic 
effectiveness of these drugs against most forms of 
irritating cough. Codeine, dextromethorphan, pipa
zetate, and benzonatate seem to be equally satisfac
tory whether the cough arises from acute or chronic 
bronchitis, tuberculosis, emphysematous bronchitis, 
asthmatic bronchitis or bronchial carcinoma; the 
doses necessary for diminution of the cough are 
about equal, and this is understandable only if they 
are acting uniformly on a central mechanism acti
vated by all kinds of cough. The clinical significance 
of the other cough modifications described by Hahn 
& Friebel (1966) has not been clarified. 

Efferent activating structures. Inhibition of cough 
through an effect on responding structures has been 
claimed for oxolamine (Silvestrini & Pozzatti, 1960) 
and sodium dibunate (DeVleeschhouwer, 1954) as a 
part of peripheral antitussive action. However, the 
respiratory centre is also in control of these structures 
and differentiation is not possible. 

Effects other than specific cough-depressant action 

Cough-depressing substances, of course, exhibit 
other pharmacodynamic effects, which may be detect
able at the antitussive dosage level and which may 
promote or even interfere with antitussive usefulness. 

Respiratory effects, other than antitussive effects. 
Benzonatate, tetracaine and related substances, if 
injected intravenously, diminish the spontaneous 
activity of the pulmonary stretch receptors, though 
the margin between effective and toxic doses is small 
(receptor-depressing doses in cats are between 0.5 and 
2.0 mg per kg whilst depression of blood pressure, 
temporary arrest of respiration, and occasional death 
occurs with doses of 2.0 or 3.0 mg per kg). Depres
sion of the pulmonary stretch receptors is probably 
not significant in antitussive action. Cutting off im
pulses from these receptors from the vagus, below 
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the entrance of the superior laryngeal nerve, did not 
affect the cough response to electrical stimulation of 
that nerve (Widdicombe, 1954; Sell, Lindner & Jahn, 
1958). Pholcodine enhanced the Hering-Brauer pul
monary-inflation reflex, which May & Widdicombe 
(1954) thought was secondary to bronchoconstriction 
and indicated increased activity of the pulmonary 
stretch receptors, yet pholcodine was equivalent to 
codeine as an antitussive. 

Many antitussives affect central regulation of res
piration. Friebel & Kuhn (1962) and Hahn & Friebel 
(1966) demonstrated that hexobarbital decreased 
respiratory volume and frequency at doses below 
those which affected the cough reflex mechanism. 
Pentoxyverine 1 citrate, pipazetate and the piperidine 
derivative, L 2909, depressed the cough reflex at a 
dose level which did not seem to affect respiration, 
but pipazetate would increase the respiratory depres
sant effect of hexobarbital. 2-Aminoindane stimula
ted respiration even when the respiratory centre was 
depressed by previous administration of hexobarbital 
and its antitussive effectiveness equalled that of 
codeine (Friebel & Kuhn, 1962; Kuhn & Friebel, 
1960a, 1960b). Again these results support the sug
gestion that the respiratory centre, in its reactivity to 
drugs, is to a considerable extent independent of the 
cough centre, that depression or stimulation of res
piration may be independent of antitussive effective
ness (Eichler & Smiatek, 1940; Haas, 1955; La 
Barre & Plisnier, 1959), and that the degree of respira
tory depression produced by many antitussives does 
not impair their antitussive usefulness at usual thera
peutic doses. 

Analgesic effect. The virtually exclusive use of the 
opiates, or of analgesics related to morphine, for 
antitussive effect was interrupted by the observations 
of Pellmont & Bachtold (1954) and Winter & Flata
ker (1954), which demonstrated, on the one hand, 
that the structurally related dextromethorphan, and, 
on the other hand, that the unrelated noscapine both 
depressed experimentally produced cough, although 
both lacked analgesic action. 

Cough and pain are nociceptive warning signals 
which can evoke reflex protective responses and which 
are perceived as discomforts of greater or less degree. 
Antitussives and analgesics suppress the response 
under experimental conditions and make the per
son feel better by decreasing his awareness of the 
discomfort, apart from the suppression of the res
ponse. This would seem to bring into play a similar 

• Also known as carbetapentane. 

mechanism for both types of relief, but antitussive 
action without analgesia implies a fundamental dif
ference in the mechanisms involved. 

Friebel, Reichle & von Graevenitz (1955) and 
Reichle & Friebel (1955) assessed the antitussive and 
analgesic potencies of a number of compounds in 
guinea-pigs and rats by uniform methods (inhalation 
of sulfur dioxide and skin-twitch to radiant heat) with 
the following results: 

Antitussive Analgesic Ratio: 
Agent ED50 ED 50 analgesic/ 

(mgjkg) (mgjkg) antitussil'e 
Guinea-pig 

Methadone 1.6 3.7 2.31 
Morphine 4.0 11.5 2.87 
Normethadone 4.6 12.3 2.66 
Pethidine 8.0 12.3 1.53 
Codeine 8.0 48.5 6.62 
Ethylmorphine 13.0 43.0 3.30 
Dihydrocodeine 14.0 80.0 5.71 

Rat 

Methadone 1.0 1.8 1.80 
MorPhine 3.0 2.3 0.76 
Pethidine 5.6 8.2 1.46 
Normethadone 7.0 5.8 0.82 
Codeine 10.0 13.0 1.30 

The higher the ratio the greater the antitussive 
specificity, and this was greater for codeine than for 
morphine in both species in spite of the greater anal
gesic effectiveness of the latter. These data further 
support the independence (or dissimilarity) of the 
two effects. A further illustration is pholcodine. 
Structurally closely related to codeine, it has com
parable antitussive action but no analgesic action 
(Kelentey et al., 1958; Cahen & Boucherle, 1961). 
Many other authors have claimed equivalence to 
codeine in clinical antitussive effectiveness for com
pounds which lacked ability to relieve pain (Capello 
& DiPasquale, 1955; Maurer, 1955; Carter & Maley, 
1957; Cass & Frederik, 1958; Haslreiter, 1959; 
Bickerman, 1960, Prime, 1961). 

Analgesic compounds, at least compounds with 
a morphine-like analgesic effect, will depress the 
cough response, but compounds which depress the 
cough response are not necessarily analgesic. 

Sedative and tranquillizing effect. Gravenstein, 
Devloo & Beecher (1954), failed to detect a decrease 
in cough frequency and implied, at least, that the 
sedative effect of codeine made the patient feel better 
and he thought he coughed less. 

Mter subcutaneous injection of hexobarbital in 
guinea-pigs the sequence of symptoms with increas-
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ing dosage was sedation at 50 mg per kg (to anaesthe
sia), depression of respiration and depression of 
cough at 77 mg per kg (Friebel & Kuhn, 1962). Is 
the depression of cough in hexobarbital-treated 
animals a specific antitussive action or a part of the 
general depression of reflexes? Hahn & Friebel 
(1966) observed, in guinea-pigs in which cough was 
elicited by electrical stimulation, that hexobarbital 
at 70 mg per kg, subcutaneously, first caused sedation 
(sometimes with delirium) followed by decrease in 
respiratory frequency and later, while in an anaesthe
tized, condition by a retardation and decrease in the 
cough response which, as anaesthesia declined, out
lasted the respiratory depression. Throughout the 
period under hexobarbital the cough was always 
initiated by inspiration, which was not the case in 
untreated animals. 

Tedeschi et al. (1959) found an ED50 of 13.7 mg 
per kg for pentobarbital sodium in unanaesthetized 
dogs, for depression of cough due to mechanical 
stimulation. However, the barbiturate was effective 
only in doses which produced signs of neurological 
deficit, marked ataxia and/or unconsciousness indi
cating that " pentobarbital acts as a non-selective 
antitussive agent". The cough response of decere
brate cats to electrical stimulation has been abolished 
by thiopental, 4-12 mg per kg, intravenously (Matal
lana & Borison, 1955). 

Methaqualone, similar in its sedative effect to the 
barbiturates, diminished by 50% the cough response 
to electrical stimulation in narcotized cats at a dose 
of 4 mg per kg, intramuscularly (Boissier & Pagny, 
1960a, 1960b). Up to 40 mg per kg, it also had an 
antitussive effect in unanaesthetized guinea-pigs ex
posed to sulfur dioxide, without producing sedation. 
Certain hypnotics then may cause specific antitus
sive effects. A broader examination of the antitussive 
potency of sedatives (hypnotics) is desirable to deli
neate better the relation between sedation and cough 
relief. 

Lorenz (1962) studied the sedative and antitussive 
effects of dipropylbarbituric acid, codeine, and a mix
ture of the two in guinea-pigs and cats. In anaesthe
tized cats, stimulated electrically, the antitussive effect 
of intravenous codeine was not increased by the addi
tion of the barbiturate. In unanaesthetized guinea
pigs, however, the cough reflex was depressed by 
smaller doses of codeine in the mixture than when 
it was given alone, subcutaneously or orally; the 
sedative effect of the barbiturate in the mixture was 
also enhanced. Whether this was potentiation of anti
tussive action or of sedation was not clarified. 

In man, as in laboratory animals, narcosis abo
lishes the cough reflex; in deep narcosis the mecha
nism is paralysed. Barbiturates and other sedatives, 
in sleep-inducing doses, are not expected to act as 
cough depressants, though the sedation may be as 
useful an adjunct to cough therapy in some circum
stances as simultaneous analgesia may be in others. 

Neuroleptic effect. Chlorpromazine, a standard 
substance among neuroleptic compounds, and thio
ridazine act similarly, protecting against vomiting, 
having moderate anticholinergic, adrenolytic and 
antihistaminic properties, and are both credited with 
strengthening the pharmacodynamic effects of opi
ates, barbiturates and other sedatives and anaesthe
tics. Both substances, according to Boissier & Pagny 
(1960a, 1960b), showed a good antitussive effect in 
guinea-pigs subjected to sulfuric acid aerosol. Pro
methazine, which is weaker in its neuroleptic potency, 
also depressed the cough reflex at higher doses. The 
authors believed that non-specific central depressant 
properties were mainly responsible for the cough
depressing effect. Kase & Yuizono (1959) tested 
some compounds structurally related to chlorproma
zine and found chlorpromazine in dogs, at 20 mg per 
kg intravenously, sometimes slightly effective, per
phenazine, prochlorperazine and other phenothia
zines more definitely effective against cough at equal 
or smaller doses. Thus powerful neuroleptics affect 
the cough-reflex mechanism and act in this respect 
like the opiate analgesics; absence of neuroleptic 
action in substances related to chlorpromazine does 
not exclude antitussive effectiveness. 

Tomori et al. (1960) studied the effect of neurolep
tics on tracheal and bronchial reflexes in man. Ten 
patients under (1) ether-oxygen anaesthesia, (2) 
autonomic blockade with the " lytic cocktail " or (3) 
blockade plus hypothermia, were stimulated mechan
ically in the lower trachea. Signs of positive reflex 
activity were coughing and apnoea. A positive res
ponse failed to occur in 12% in (1), 26.5% in (2) and 
46.9% in (3). The mechanism of the cough de
pressing effect is a matter for speculation, since the 
composition of the " lytic cocktail " was not dis
closed but may have contained chlorpromazine or 
pethidine or both. There may have been a deepening 
of the ether narcosis or strengthening of the antitus
sive action of pethidine. 

Ganglionic blockade. Three observations may jus
tify a consideration of whether ganglionic blockade 
can influence the cough reaction. Tiffeneau (1955) 
found that inhalation of hexamethonium instantly 
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stopped the excessive cough reactions produced 
in man by inhalation of acetylcholine aerosol. Hillis 
& Kelly (1951) suppressed the cough, produced in 
human volunteers by intravenous injection of lobe
line, also by using hexamethonium. Korpas, Tomori 
& Ivanca (1957) studied the cough-depressing effect 
ofpentamethonium in cats. Doses, which were under 
some experimental conditions slightly effective 
against cough reactions, were considerably higher 
than those which paralyse the cervical ganglion. 
Tests with quaternary salts of antitussive agents gave 
no convincing evidence that ganglionic blocking con
tributes to the cough-depressing effect. 

Local anaesthetic effect. The role oflocal anaesthe
sia in antitussive action has been discussed (see above, 
Part 3, section headed" Reflexogenic receptor area"). 

Spasmolytic and spasmogenic effects. The evidence 
in this connexion may be summarized briefly. 

Some antihistamines depress experimental cough 
in laboratory animals and in man (see Part 4). How
ever, Boissier & Pagny (1960a, 1960b) concluded that 
antihistamines were not antitussives per se. They 
could not demonstrate a parallelism of antihistaminic 
and antitussive potencies. 

Atropine was tested in unanaesthetized dogs by 
Kase (1955). It had no cough-depressing action in 
doses of0.1-5.0 mg per kg, intravenously. Silvestrini 
& Maffii (1959) observed no significant effect of 
atropine on the acrolein-induced cough in guinea
pigs; the doses used were 1.0-5.0 mg per kg, sub
cutaneously. Bobb & Ellis (1951) treated with atro
pine and curare unanaesthetized dogs, in which the 
vagus loop was electrically stimulated: both were 
ineffective. 

Domenjoz (1952), Kase (1955) and Hara & Yanau
ra (1959) showed no definitive effect of papaverine 
in dogs and cats, though the doses were high in com
parison with that of codeine. This is discussed more 
fully in Part 4. 

lsoaminile relaxes other smooth muscle, isolated 
rabbit uterus and intestine, and inhibits the peristal
tic reflex (Krause, 1958; Graham, 1962). Clofedanol 
and nicodicodine relaxed the rabbit duodenum and 
relieved spasms induced by barium chloride or acetyl
choline (Cahen & Boucherle, 1964, 1965). Oxolamine 
was about as active as papaverine in its inhibitory 
effect on the tracheal chain preparation (Silvestrini 
& Pozzatti, 1960; Balea & Buret, 1964). Caramiphen 
prevented or retarded bronchoconstriction provoked 
in guinea-pigs by injection or inhalation of acetyl
choline or histamine (Plisnier, 1957). Pentoxyverine 

showed similar properties. Oxeladin exerted papa
verine-like spasmolytic action on the isolated ileum 
(David, Leith-Ross & Valiance, 1957) and on the 
tracheal chain preparation (Ozawa et al., 1962). The 
thiambutene derivative, AT-327, had little spasmo
lytic effect (Kase et al., 1959). 

Epinephrine caused no depression of the cough 
reflex, mechanically stimulated in unanaesthetized 
dogs (Kase, 1955), but ephedrine, less effective as a 
bronchodilator, depressed the cough in 6 out of 12 
dogs, at a dose of 5.0 mg per kg, intravenously. 
Increasing the dose to 10-20 mg per kg did not pro
duce an effect in the dogs which did not respond. 
Methamphetamine 1 was more centrally exciting than 
ephedrine, and had antitussive (Kase, 1955) and 
analgesic (Suter, 1951) properties. 

Codeine, as well as morphine, causes slight bron
choconstriction (Krueger, Eddy & Sumwalt, 1943; 
Konzett, 1955; La Barre & Plisnier, 1959) and the 
codeine bronchospasm can be relieved partly by 
isoprenaline (Friebel & Kuhn, 1962). Pholcodine 
also has a bronchoconstrictor effect comparable to 
that of codeine (Plisnier, 1960). Antitussive potency 
would not appear to be impaired, though warnings 
with respect to impairment of respiratory function 
have been expressed, especially if a bronchospastic 
condition already exists. 

All of this does not suggest any significant relation
ship of spasmolytic or spasmogenic effects to anti
tussive action, though under some circumstances a 
potent bronchodilator may help in the relief of an 
associated condition. 

Augmentation and reduction of bronchial secretion. 
Noscapine, 1.0-2.0 mg per kg, intravenously, in
creased bronchial secretion in anaesthetized rabbits 
(Konzett & Rothlin, 1954; La Barre & Plisnier, 1959; 
Plisnier & Hernalsteen, 1959). The dose was sufficient 
to depress the cough. Caramiphen ethane disulfonate 
also increased bronchial secretion in the same type of 
experiment at 6.0 mg per kg, intravenously (Plisnier, 
1957). Silomat, 40 mg per kg intravenously, increased 
bronchial secretion in rabbits by 20-45% for 2-6 
hours (Engelhorn, 1960). 

Pholcodine, orally or subcutaneously in doses of 
0.1-50 mg per kg, did not cause a significant change 
in output of respiratory-tract fluid; nor did diphen
hydramine (Bidwell & Boyd, 1952). 

Bedell & Seebohm (1959) warned against the use 
of codeine in patients with emphysema because of 
its drying effect. Boyd & Trainer (quoted by Boyd, 

1 Also known as methylpropamine. 
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1954) recorded a decrease in bronchial secretion after 
dextromethorphan. Clofedanol (Boyd & Boyd, 1960) 
and pentoxyverine (Levis et al., 1955) decreased the 
secretion of saliva and presumably of bronchial fluid. 

There is no clinical evidence that antitussive ther
apy is significantly affected by the changes in secre
tion described. 

ANTITUSSIVE ACTION OF CODEINE 

Animal experiments 

Many reports of attempts to evaluate the antitus
sive effectiveness of codeine in animals are summa
rized in Table 27. These have been arranged by 
species and by the method of cough production, 
though the latter has not been uniform in detail, 
even when the cough-provoking stimulus was said to 
be the same. Some of these variations have been 
discussed previously (see Part 3, section headed 
" Measurement of antitussive potency in animal 
experiments "). Also the effective doses for the most 
part are indicative only of reduction or depression of 
the cough of varying degree, an ED50 having been 
calculated only in rare instances (those doses are 
marked in Table 27). Consequently, doses range 
widely, even for similar methods and species, from 
10 to 26 mg, subcutaneously or intraperitoneally, in 
mice, rats and guinea-pigs with irritant vapour 
inhalation, but calculated ED60s vary widely also, 
10 mg per kg and 13.5 mg per kg, subcutaneously, in 
rats, 25 mg per kg by the same route in guinea-pigs 
with sulfur dioxide inhalation. If ammonia vapour 
was used in guinea-pigs the effective dose was only 
0.3 mg per kg, subcutaneously. Even so the dose had 
to be increased remarkably, to 12 mg per kg, if the 
drug was given orally. In rabbits also, with cough pro
duced by mechanical stimulation, there was a consid
erable ratio between oral and parenteral effective 
doses. In cats there was very wide variation in 
effective dosage. Electrical stimulation and intra
venous administration were commonly used in this 
species but mostly in anaesthetized animals. The 
anaesthetic, usually a barbiturate, possessing in itself 
some cough-depressing action (see above, Part 3, sec
tion headed " Sedative and tranquillizing effect ") 
might be in part responsible for these variations, 
because of differences in depth of anaesthesia, but 
there are many other variables in these experiments. 
The sensitivity of dogs to the cough-depressing action 
of codeine appears to be high and more uniform, 
with a dose range of only 0.5-7.5 mg per kg for 
various procedures and routes of administration. 

Perhaps with greater significance for the therapeu
tic use of codeine in man, it would be interesting to 
know if codeine could depress or abolish cough, in 
animals, which occurred spontaneously in bronchitis, 
for example. Stefko, Denzel & Hickey (1961) report
ed suppression of cough due to upper respiratory 
infection, in a dog for 30 minutes with 1.0 mg per kg 
and for 38 minutes with 2.0 mg per kg, orally. Exper
imentally produced cough in dogs has been abolished 
by codeine, if the conditions were adequate, for 40 
minutes with 4.0 mg per kg, orally, for example, 
when the cough was elicited by electrical stimulation 
of the trachea. Chen, Biller & Montgomery (1960) 
have reported complete suppression of cough pro
duced in dogs by chemical stimulation. 

Other authors who have attempted to establish 
dose-effect relationships have not been successful in 
obtaining lOO% suppression of experimentally in
duced cough (Kallquist & Melander, 1957; Silves
trini & Maffii, 1959; Engelhom, 1960). The explana
tion may lie in the experiments of Rosiere, Winder 
& Wax (1956) which showed that complete inhibition 
of cough could be overcome by intensifying the 
cough-provoking stimulation, but that stronger stim
ulation could be overcome only to a certain extent 
by increasing the dose of codeine. 

Onset and duration of action of codeine in relation 
to experimentally induced cough in animals have 
been studied by Winter & Flataker (1954), Kase 
(1955), Chen, Biller & Montgomery (1959), Engel
hom (1960), Stefko, Denzel & Hickey (1961), Kraus
haar, Schunk & Thym (1964), Hahn & Friebel (1966), 
and others. In conscious dogs, for example, some 
cough-depressing action has been observed 15 min
utes after oral administration, peaks of action at 
45-60 minutes after ingestion (Chen, Biller & Mont
gomery, 1959; Stefko, Denzel & Hick~y, 1961) and 
a duration of action mainly dependent upon the dose 
of codeine but usually not exceeding three hours. 

Repetition of codeine doses at short intervals was 
followed by tolerance to antitussive action (Kase, 
1955; Friebel & Kuhn, 1964). In the experiments of 
Kase, dogs were injected intravenously daily. The 
initial dose of 10 mg per kg depressed coughing for 
20-30 minutes on the first day; the same dose was 
ineffective on the 14th day of administration. The 
cough-depressing effect, which reappeared when the 
dose was increased to 15 and 20 mg per kg, was 
reduced again in 4-10 days. Friebel & Kuhn treated 
guinea-pigs and rats with codeine, subcutaneously, 
three times a day for six to seven weeks. The daily 
dose was increased from 20 to 110 mg per kg and 
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TABLE 27 

ANTITUSSIVE ACTION OF CODEINE IN ANIMALS 

Cough-provoking agent 

Sulfuric acid aerosol 

Sulfuric acid aerosol 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Sulfur dioxide vapour 

Ammonia vapour 

Ammonia vapour 

Ammonia vapour 

Ammonia vapour 

Acroleine vapour 

Acroleine vapour 

Mechanical stimulation of the trachea 

Mechanical stimulation of the trachea 

Mechanical stimulation of the trachea 

Ammonia vapour 

Ammonia vapour 

Ammonia vapour 

Ammonia vapour 

Ammonia vapour 

Mechanical stimulation of the trachea 

Mechanical stimulation of the trachea 

I Anaesthesia 
Route I of admi-

nistration a 

Species: MOUSE 

0 se 
0 se 

Species : RAT 

0 se 
0 se 
0 se 
0 se 

Species: GUINEA-PIG 

0 se 
0 se 
0 se 
0 lP 

0 IV 

0 0 

0 se 
0 se 
0 se 
0 se 
0 lP 

Species: RABBIT 

0 0 

0 IV 

0 IV 

Species: CAT 

+ IV 

+ IV 

+ IV 

(+)C se 
lP 

(+)C IV 

+ IV 

Effective 
dose 

(mg/kg) 

10.0 

10.0b 

10.0 b 

10.0 b 

13.5 b 

26.0 b 

15.4b 

20.0 

19.0b 

30.0 

10.0 

12.0 

0.3 b 

0.5-2.0 

1.0 

3.5 

1.0-2.0 

100.0 

3.0-4.0 

13.5 

1.5 

3.5 

10.0 

0.61 

15.0 

0.74 

3.0 

Reference 

Kelenty et al. (1957) 

Kelenty et al. (1958) 

Friebel & Kuhn (1964) 

Reichle & Friebel (1955) 

Hengen & Kasparek (1958) 

Weidemeyer, Kramer & DeJongh (1960) 

Friebel & Kuhn (1962) 

Boissier & Pagny (1960) 

Friebel & Kuhn (1964) 

Cahen & Boucherle (1964) 

Green & Ward (1955) 

Sail~ & Brunaud (1960) 

Graham (1962) 

W nter & Flataker (1954) 

Silvestrini & Maffii (1959) 

Silvestrini & Maffii (1959) 

Silvestrini & Pozzatti (1961) 

Furakawa & Okabe (1958) 

Furakawa & Okabe (1958) 

Graham (1962) 

Silvestrini & Maffii (1959) 

Pellmont & Bachtold (1954) 

Mulinos (1960) 

Engelhorn (1960) 

Cahen & Boucherle (1964) 

Engelhorn (1960) 

Silvestrini & Maffii (1959) 
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TABLE 27 (continued) 

I Anaesthesia I Route I Effective 
Cough-provoking agent of admi- dose Reference 

nlstration a I (mg/kg) 

Species: CAT (continued) 

Mechanical stimulation of the trachea + IV 10.0 Mulinos (1960) 

Mechanical stimulation of the trachea + IV 16.3 May & Widdicombe (1954) 

Sterile pleurisy 0 se 2.5-3.0 Van Dongen (1956) 

Soap powder insufflation + IV 1.5 Pellmont & B!ichtold (1954) 

Electrical stimulation of the superior 
laryngeal nerve + IV 1.0--3.0 Domenjoz (1952) 

Electrical stimulation of the superior 
laryngeal nerve (+)• 0 8.1 Engelhorn (1960) 

Electrical stimulation of the superior 
laryngeal nerve <+>· IV 0.52 Engelhorn (1960) 

Electrical stimulation of the superior 
laryngeal nerve lP 1.0 Cahen & Boucherle (1964) 

Electrical stimulation of the superior 
laryngeal nerve + IV 1.0 Plisnier (1958) 

Electrical stimulation of the superior 
laryngeal nerve + IV 1.5b Kohli et al. (1960) 

Electrical stimulation of the superior 
laryngeal nerve + IV 1.5 Levis, Preat & Moyersoons (1955) 

Electrical stimulation of the superior 
laryngeal nerve + IV 1.5 Klein (1958) 

Electrical stimulation of the superior 
laryngeal nerve + IV 0.5-2.0 Boissier & Pagny (1960a, 1960b) 

Electrical stimulation of the superior 
laryngeal nerve + IV 0.6-3.0 Haas (1955) 

Electrical stimulation of the superior 
laryngeal nerve + IV 4.0b Green & Ward (1955) 

Electrical stimulation of the medulla + IV 1.0-6.0 Matallana & Borrison (1955) 

Electrical stimulation of the medulla + IV 4.0-10.0 Chakravarty et al. (1956) 

Electrical stimulation of the trachea + IV 1.0 Toner & Macko (1952) 

Electrical stimulation of the trachea + IV 1.5 Silvestrini & Maffii (1959) 

Electrical stimulation of the trachea + IV 2.3 Green & Ward (1955) 

Species: DOG 

Sulfuric acid aerosol 0 0 0.5 Winter & Flataker (1952) 

Sulfuric acid aerosol 0 se 1.0 Silvestrini & Maffii (1959) 

Sulfur dioxide vapour 0 1.0 Chen, Biller & Montgomery (1960) 

Sulfur dioxide vapour + IV 1.0 Green & Ward (1955) 

Ammonia vapour 0 se 2.5-5.0 Winder & Rosiere 
(Personal communication, 1954) 

Ammonia vapour 0 se 2.0 b Rosiere & Winder (1955) 

Ammonia vapour 0 se 1.0-5.7 Winder & Rosiere (1955) 

Ammonia vapour 0 se 2.8 Winder et al. (1961) 

Ammonia vapour 0 se 1.0-5.7 Rosiere, Winder & Wax (1956) 

10 
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TABLE 27 (concluded) 

Cough-provoking agent 

I I 
Route I Anaesthesia of admi-

nistration a 

Effective 
dose 

(mg/kg) 
Reference 

Species: DOG (continued) 

Mechanical stimulation of the trachea 

Mechanical stimulation of the trachea 

Mechanical stimulation of the trachea 

Mechanical stimulation of the trachea 

Tracheal electrodes 

Tracheal electrodes 

Tracheal electrodes 

Tracheal electrodes 

Tracheal electrodes 

Tracheal electrodes 

Tracheal electrodes 

Pathological 

0 

0 

+ 
0 

0 

0 

0 

0 

0 

+ 
0 

se 
lP 

IV 

IV 

0 

se 
se 
se 
IV 

0 

3.31 b Tedeschi et al. (1959) 

7.5 Cahen & Boucherle (1964) 

ea 1.0 Green & Ward (1955) 

2.0-4.0 Kase (1952) 

0.25-4.0 Stefko, Denzel & Hickey (1961) 

3.5 Silvestrini & Maffii (1959) 

1.0-4.0 Stefko & Benson (1953) 

1.0-4.0 Benson, Stefko & Randall (1953) 

2.0-4.0 Granier-Doyeux et al. (1959) 

2.5-3.5 Hara & Yanaura (1959) 

5.0 Graham (1962) 

1.0-2.0 Stefko, Denzel & Hickey (1961) 

a SC = subcutaneous, lP = intraperitoneal, IV = intravenous, and 0 = oral. 
b Dose so marked is the calculated EDso. 
c ( +) = Light anaesthesia. 

from 20 to 150 mg per kg for the guinea-pigs and rats, 
respectively. The antitussive ED50 for guinea-pigs 
increased from 19 to 55 mg per kg, and for rats from 
10.9 to 32.5 mg per kg. Tolerance in guinea-pigs 
decreased slowly over a period of 27 weeks; it could 
be induced again but at a slower rate. The graph of 
the onset and decline of tolerance was linear if log 
ED60s were plotted. 

Experimentally induced cough in man 

The antitussive action of codeine on experimental
ly produced cough in man has been studied exten
sively by many authors with various methods. Most 
have found it more or less effective, only a few have 
failed to demonstrate a cough-depressing effect. The 
results are summarized in Table 28. 

Bickerman & Barach (1954) subjected 21 selected 
healthy adults and 17 patients with bronchial 
asthma to a 5-10% citric acid aerosol for five in
halations and obtained a fairly consistent cough 
response, with a mean of 4.8 coughs in the normal 
subjects and 6.6 in the asthmatics. During the three
hour observation period following oral administra
tion of a placebo or 30 mg of codeine in random 
order under double-blind conditions, the mean cough 
response was not reduced after the placebo but was 

decreased by a maximum of 5.2 in the normal sub
jects and by 5.9 in the asthmatics. In a later study 
Bickerman et al. (1957) used individually determined 
citric acid aerosol concentrations as the cough
provoking stimulus and a pneumotachograph for 
cough registration. They demonstrated a statistically 
significant dose-related decrease in the cough res
ponse after oral doses of 5, 15 and 30 mg of codeine 
as shown below. 

Dose 
(mg) 

5 
15 
30 

Initial 
no. of 
coughs 

2.67 
2.81 
3.33 

2.76 
2.22 
3.22 

* Significant difference. 

Percentage decrease after 
(hours) 

2 3 4 
Placebo 

-7.5 +2.5 +5.0 +25.0 
+10.6 +1.3 -4.3 +12.8 
-8.0 -12.0 -12.0 +2.0 

Codeine 

-17.2 -22.4'" -22.4'" -17.2 
-32.4'" -32.5'" -27.5'" -10.0 
-32.8'" -43.1'" -34.5'" -22.4'" 

Shane, Krzyski & Copp (1957), Rasch (1957), 
Archibald, Slipp & Shane (1959) and Calesnick, 
Christensen & Munch (1961) demonstrated the anti
tussive effectiveness of 15 or 25 mg of codeine in 
their experiments based in general on Bickerman's 
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TABLE 28 

EFFECT OF CODEINE ON EXPERIMENTALLY INDUCED COUGH IN MAN 

Route 

No. and kind Dose of 

of subject Cough-inducing agent (m g) admi- Effect Criteria for evaluation Reference 
nistra-
lion a 

21 Normal, selected 10% Citric acid aerosol 30 0 + Decrease in no. of coughs Bickermann & Barach 
(1954) 

17 Asthmatics 30 0 + 

13 Normal 5-15% Citric acid aerosol 10~0 se 0 Decrease in no. of coughs Gravenstein, Devloo & 
Bucher (1954) 

20 Patients 15% Citric acid aerosol 32.5 0 + Decrease in no. of coughs Shane, Krzyski & Copp 
(1957) 

20 Normal 10% Citric acid aerosol 25.0 0 + Percentage reduction in Rasch (1957) 
(syrup) cough 

19 Normal, trained 10% Citric acid aerosol 5, 15, 30 0 + Percentage reduction in Bickermann et al. (1957) 
cough 

14 Normal, selected 10-15% Citric acid aerosol 30 0 + Decrease in no. of coughs Archibald, Slipp & Shane 
(1959) 

24 Mainly 
tuberculous 

10-15% Citric acid aerosol 30 0 (+)b Decrease in no. of coughs Groszman, Birker & 
Casimir (1961) 

70 Normal 25 % Citric acid aerosol 15 0 + Decrease in no. of coughs Calesnick, Christensen & 
Munch (1961) 

6 Normal, selected 10% Citric acid aerosol 15 0 0 Decrease in no. of coughs Tannenbaum (1965) 
30 + 

6 Normal 5-25 %Citric acid aerosol 15-30 0 0 Decrease in no. of coughs Sevelius, Lester & 
Colmore (1965) 

9 Normal Citric acid aerosol 30 0 + Increase in threshold Silson (1965) 

32 Normal, selected 25% Citric acid aerosol 5-120 0 + Increase in latency Calesnick & Christensen 
(1967) 

15 Normal Ammonia vapour 10-30 0 + Total rise in threshold Hoglund & Michaelsson 
(1950) 

Normal Ammonia vapour + Hahn & Wilbrand (1952) 

6 Normal Ammonia vapour 10-40 0 + Total rise in threshold Trendelenbarg (1950) 

30 Normal Ammonia vapour 20 0 + Increase in threshold Blix (personal communi 
cation 1952) 

24 Normal Ammonia vapour 1~0 se 0 lncreasei n threshold Gravenstein, Devloo & 
Beecher (1954) 

Patients, respira-
tory disease 

Acetylcholine aerosol, 1% 40 0 (+)b Decrease in no. of coughs Tiffeneau (1955) 

120 Patients, Acetylcholine aerosol, 30 0 + Suppression of cough Haslreiter (1959) 
respiratory disease 0.1-1% 

12 Patients, 
respiratory disease 

Acetylcholine aerosol, 1 % 16 0 + Decrease in no. of coughs Prime (1961) 

12 Smokers Acetylcholine aerosol,! % 30 0 0 Decrease in no. of coughs Sevelius, Lester & 
Colmore (1965) 

1 Normal Peppermint water spray, 40 se 0 Percentage reduction of Hillis (1952) 
1:40 180 0 0 cough 

Normal Lobeline High IV 0 Suppression of cough Hill is & Kelly (1951) 

5 Normal Paraldehyde 10-60 IV 0 Decrease in no. of coughs Gravenstein, Devloo & 
Beecher (1954) 

Normal Paraldehyde 0 Suppression of cough Konar (1959) 

a 0 = oral, SC = subcutaneous, and IV = intravenous. b Slight effect. 
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method. Tannenbaum (1965) obtained results which 
were not significant for a 15-mg dose of codeine but 
which showed significant cough suppression with 
30 mg compared with a placebo. Groszman, Birker 
& Casimir (1961) found a moderate antitussive effect 
with 30 mg of codeine, orally, which was greater in 
those tuberculous patients who responded only mod
erately to a citric acid aerosol. 

Silson (1965) made his subjects inhale a fixed con
centration of citric acid aerosol continuously until a 
cough response occurred. From the time for this to 
occur and the concentration of the aerosol, a citric 
acid threshold stimulus was calculated and effect was 
expressed as percentage increase of this threshold. 
An oral dose of 30 mg of codeine raised the threshold 
in the nine subjects tested. 

Calesnick & Christensen (1967) considered the 
latency of response (time elapsing between beginning 
of inhalation of a constant citric acid concentration 
and occurrence of cough response) to be a purely 
objective index useful for measuring antitussive po
tency. By this parameter a single oral dose of 5 mg 
of codeine exerted a measurable antitussive effect, 
differing with statistical significance from the res
ponse to a placebo. A dose-response curve was 
plotted for doses of 5-120 mg with the maximum 
effect at 40 mg of codeine. These authors also stud
ied the influence of the citric acid concentration in 
the aerosol on the cough-suppressant effect of a 
constant dose of 40 mg of codeine. When the amount 
of citric acid provided supramaximal stimulation, a 
gradual reduction in the antitussive effectiveness of 
codeine occurred until a cough-suppressing action 
could not be distinguished from the response to 
placebo. 

Gravenstein, Devloo & Beecher (1954) were unable 
to detect a cough-suppressing effect of oral doses 
of 30 mg of codeine, whether citric acid aerosols, 
ammonia inhalations or intravenous paraldehyde 
injections were used as stimuli, because of the great 
variability in the reactions of the subjects. Other 
antitussives used for comparison also failed to 
demonstrate effectiveness, except for heroin after 
paraldehyde injection. 

Sevelius, Lester & Colmore (1965) said that their 
subjects became adapted to the citric acid aerosol 
and consequently an antitussive effect of 30 mg of 
codeine was not demonstrated. Using an acetyl
choline aerosol to induce cough, the effect of 30 mg 
of codeine was no greater than that of a placebo whe
ther the post-drug test was made at 60 or 120 minutes. 
Other authors have regarded the ammonia and 

acetylcholine inhalation methods feasible for anti
tussive testing. 

Hoglund & Michaelsson (1950), who were the 
first to develop a method for induction of cough, or 
its equivalent, experimentally in man, added amounts 
of ammonia to the inspired air with human volun
teers. The closure of the glottis and the momentary 
pause in respiration which followed was considered 
a substitute for a cough response and the antitussive 
effectiveness of codeine was calculated from the 
amount of codeine required to raise the threshold. 
A dose-response curve was established for 10, 15, 20 
and 30 mg of codeine. Trendelenburg (1950) used the 
same method and criteria and found a good dose
response relationship for 10-40 mg of codeine, orally, 
as shown below. 

Codeine No. Maximum Duration Total effect dose threshold of elevation 
(mg) of trials elevation (min) (%Xtime) 

(%) 

10 3 62 60 2 310 
20 15 119 72 4 695 
30 5 91 100 4 780 
40 3 137 80 5 950 

In nearly all cases the threshold returned to the 
initial value within the 3-4 hour observation period. 
Hahn & Wilbrand (1952) and Blix (personal com
munication, 1952) also reported a depressing action 
of codeine on ammonia-induced cough. 

Tiffeneau (1955), who initiated the use of an acetyl
choline aerosol for cough production, saw only a 
very moderate eff<(ct on the cough frequency by an 
oral dose of 40 mg of codeine. Haslreiter (1959) 
conducted a double-blind trial on 120 patients with 
respiratory disease, who coughed in response to indi
vidually determined concentrations of acetylcholine 
aerosol. After 30 mg of codeine, orally, coughing 
bouts could not be induced with the same concentra
tion of acetylcholine in 58% of the patients; coughing 
bouts could not be induced in 6% of the patients 
after a placebo. Prime (1961) using a 1% acetyl
choline aerosol demonstrated a significant decrease 
in the number of coughs in 12 patients, 20 minutes 
after an oral dose of 20 mg of codeine. Comparison 
was with a placebo in random order under double
blind conditions. 

Other attempts to demonstrate an antitussive effect 
of codeine on cough induced by other procedures 
have failed. Hillis (1952) used a peppermint: water 
spray (1 : 40). Codeine, 60 mg subcutaneously, or 
180 mg orally, did not reduce the number of coughs 
but morphine did. Hillis & Kelly (1951) injected 
lobeline intravenously. A substantial dose of mor-



CODEINE AND ITS ALTERNATES FOR PAIN AND COUGH RELIEF. 3 149 

phine or codeine did not block the resulting cough 
but hexamethonium was effective. According to 
Gravenstein, Devloo & Beecher (1954) and Konar 
(1959) the cough following intravenous injection of 
paraldehyde could not be influenced by codeine. 

Clinical trials and experience (Table 29) 

The first report on a clinical trial of codeine as an 
antitussive which might meet today's standards was 
by Davenport (1938). He compared, double-blind, 
oral doses four times a day of dihydroisocodeine and 
codeine in tuberculous patients. Evaluation was by 
subjective effect following medication and the two 
drugs were judged equally effective. There was no 
comparison with placebo. The antitussive effective
ness of codeine was accepted without question at that 
time, though it had not been established for patholo
gical cough in man by placebo comparison. Him
melsbach et al. (1940) added placebo to a double
blind comparison of morphine and codeine as 
antitussives. The cough of the majority of the 
patients worsened when codeine was replaced by 
placebo and improved when the switch was to mor
phine. No change occurred when a 2-mg dose of 
morphine was replaced by 10 mg of codeine. These 
authors believed 10 mg of codeine to be an optimal 
dose and 30 mg unnecessarily large. 

Cass & Frederik (1953) compared 17 mg of codeine 
4 times a day with 4 mg of dextromethorphan and 
a placebo in 65 patients with chronic cough under 
double-blind conditions, and clearly established the 
antitussive effect of codeine. Their patients identified 
two of the three coded placebo medications correctly 
as least effective and the three coded codeine prepa
rations as most effective. The authors transformed 
subjective assessment of cough severity into an aver
age cough-intensity score for each treatment. In 
another trial Cass, Frederik & Andosca (1954) 
demonstrated the ability of their patients to discern 
correctly differences in the antitussive effectiveness 
of three different doses of dextromethorphan. The 
placebo medication was least effective and the cough
intensity score of 15 mg of codeine lay between those 
of 12 and 18 mg of dextromethorphan. 

Abelmann, Gaensler & Badger (1954) found 
16.2 mg of codeine three times a day more effective 
than placebo, measured by days in which cough was 
improved. Haslreiter (1959) assessed the effect of 
30 mg of codeine three times a day against placebo 
in a double-blind trial on 60 patients during a test 
of pipazetate. Of the patients receiving codeine, 

87% experienced relief while only 14% of those on 
placebo registered improvement. Di Gregorio (1960) 
demonstrated a good antitussive effect of 30 mg of 
codeine, given three times a day, on acute as well as 
on chronic cough. 

Gravenstein, Devloo & Beecher (1954) and Gra
venstein & Beecher (1955) devised an objective meth
od of cough counting by means of a sound recorder 
and compared the results of therapy obtained by 
subjective assessment of coughing with the actual 
cough counts. While a difference of statistical sig
nificance in the patients' judgement of antitussive 
effectiveness of codeine and heroin against placebo 
was found, at least in one of the two groups of 
patients, the cough counts did not show a corre
sponding difference. From this the authors suggested 
that the activity of antitussives, especially of codeine, 
consisted essentially in a modification of psycho
logical factors so that patients felt better and thought 
they coughed less when changes in the cough fre
quency did not occur. 

Proof to the contrary was obtained subsequently 
by Cavalieri et al. (1960), Nicolis & Pasquariello 
(1962a, 1962b) and Pasquariello & Nicolis (1962). 
They counted the number of coughs for a three-hour 
period following the oral administration of 60 mg of 
codeine or placebo and demonstrated a significant 
difference. The same patients were evaluated for 
their subjective response. They preferred codeine, 
15 patients to 5, but scores based on patients' 
judgement of cough intensity showed no marked 
difference between codeine and placebo. 

Woolf & Rosenberg (1962) compared, in a double
blind trial, codeine in syrup, 32.4 mg five times daily, 
with the syrup alone and found a definite antitussive 
effect of codeine by a preference-ranking scheme. In 
a subsequent study (Woolf & Rosenberg 1964), in 
which cough was sound-recorded over a 24-hour 
period, the syrup with codeine, 32.4 mg five times a 
day, was significantly more effective compared with 
a control period and to a period of administration 
of syrup alone. Thus they showed antitussive poten
cy for codeine by both subjective and objective 
methods of evaluation. 

Sevelius & Colmore (1967) also found 15 mg of 
codeine, three times a day, more effective than 
placebo by subjective and objective methods. In 
12 male hospitalized patients with chronic cough, 
the coughing pattern was determined for two days. 
If the counts agreed within 20% the experiment was 
continued with alternative administration of drug 
and placebo. The reduction in the number of coughs 



TABLE 29 

CLINICAL TRIALS AND EXPERIENCE WITH CODEINE AS AN ANTITUSSIVE 

No. of Other drugs in the trial 

No. of Type Duration Eva- doses of Result Criteria 

I 

No. of I lua- codeine/ (codeine/ patients of cough of trial tion a day placebo) for evaluation 
Drug doses/ Result 

(m g) day 
(m g) 

12 Tubercu- s 1 x10 9 out of 12 worse Patient's comparison Morphine 1x2 
lous on placebo 

65 Chronic 5 days s 4x 17 Codeine most Cough intensity Dextromethorphan 4X4 
effective score: O=none, 

4=incessant cough 

69 Chronic s 3x 15 1.262/1.488 Cough intensity Dextromethorphan 3x 6 1.365 
score, as in preceding Dextromethorphan 3X12 1.283 
reference Dextromethorphan 3x18 1.252 

20 Chronic 7 days s 3x 16.2 Codeine 23.7% Improvement versus 
placebo 

Caramiphen 3x10 11.5% 

28 Chronic 3 days s 3x 15 29/10 Cough score: Dextromethorphan 3x10 9 
better=1, same=O, Heroin 3x 5 39 
worse= -1 

Same Chronic 6 hours 0 3x10 88%/100% Cough count corn- Dextromethorphan 3x 10 91% 
pared b to placebo Heroin 3x 5 88% 
as 100 

63 Chronic 10 days s 4x15 0.78/1.25 Cough intensity score Caramiphen 4x 10 1.05 
Dextromethorphan c 4x20 0.92 

4x10 0.86 

60 Chronic 30 days s 3x30 87%/14% Cough reduction 
based on 4-point scale 

Pipazetate 3x20 64% 

13 Chronic 5 days s 4x30 2.81/3.03 Cough-severity scale 
13 Chronic 8 days s 4x30 2.13/1.88 improvement in 3 h 

21 Chronic 3 hours 0 1 x60 6.62/13.05 Observer cough 
count 

65 Chronic s 3x30 75.%/39.2% Improvement based Oxolamine 3x 100 64.4% 
43 Chronic s 3x30 64.7%/35.6% on better, same or Oxolamine 3x 100 64.2% 
25 Acute s 3x30 71.3%/28.5% worse Oxolamine 3X 100 82.3% 

34 Chronic 3 hours 0 1 x30 14.1 %/21.0% Observer cough 
i count 

40 Chronic 3 hours 0 1 X60 9.8/14.5 I Observer cough count Benzobutamine 1 X250 10.4 
Same Chronic 3 hours s 1 x60 Preference 17/5 Patient preference Benzobutamine 1 x250 15 first 

I I I 

Drug rank 

M=C>P 

D=XC 

D=C>P 

C>Car>P 

H>C>P=D 

C>D>Car>P 

C>Pip>P 

C>P 
C>P 

C>P 

C>O>P 
C=O>P 
O>C>P 

C>P 

C>B>P 
C>B>P 

---

Reference 

Himmelsbach et al. 
(1940) 

Cass & Frederik 
(1953) 

Cass, Frederik & 
Andosca (1954) 

Abelmann, Gaens-
ler & Badger (1954) 

Graven stein, 
Devloo & 
Beecher (1954) 

Gravenstein, 
Devloo & 
Beecher (1954) 

Gravenstein, 
Devloo & Beecher 
(1954) 

Haslreiter (1959) 

Cavalieri et al. 
(1960) 

Cavalieri et al. 
(1960) 

Di Gregorio (1960) 

Nicolis & 
Pasquariello (1962b) 

Pasquariello & 
Nicolis (1962) 

---- ---
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TABLE 29 (continued) 

No. of 
Eva- doses of Result No. of Type Duration lua- codeine/ (codeine/ Criteria 

patients of cough of trial tion a day placebo) for evaluation 

43 
56 

30 
22 
33 

30 

51 

26 

Same 

30 
Same 

30 

37 

196 

12 

Same 

(m g) 

Chronic 5 days s 4x30 2.88/2.45 Cough intensity, 
Chronic 2 days s 4x30 3.02/3.43 average daily rating, 

4-point scale 

Chronic 3 hours 0 1 x60 6.4/11.7 Observer cough count 
Chronic 3 hours 0 1 x60 8.2/13.5 Observer cough count 
Chronic 3 hours 0 1 x60 9.6/14.5 Observer cough count 

3 weeks s 3x 13.5 No difference Patient preference on 
weekly questioning 

Chronic s 2-4x 10-20 7.0%/23% Degree of complete 
relief 

Tubercu- s 1 x10 21%/12% Degree of complete 
lous relief 

Tubercu- s 1 x20 36%/7% Degree of complete 
lous relief 

Chronic 1 day s 5x 32.4 66.6%/33.3% Patient preference 
Chronic s 5x32.4 46.6 %/19.8 % Patient preference 

Chronic 24 hours 0 5 x32.4 27/51 Average number of 
coughs in 2 hours, 
tape recorded 

Chronic 6 days s 4x 15 1.497/0.683 Cough-relief score, 
5-point scale 

Acute 2 days s 3x40 67.7 %/29.0% Decrease in 
frequency d 

64.5 %/32.3 % Decrease in 
intensity d 

Chronic 3 days s 3x 15 58.7%/16.6% Patient's judgement 
'" of improvement 

Chronic 24 hours 0 3x15 -107/+36 Change in cough 
count 

-- -- ----------

a S = Subjective; 0 = Objective; cough count by various means. 
b Sound recorder and intermittent counting by observer. 
c Patients failed to discriminate between 10 and 20 mg of dextromethorphan. 
d Patients' judgement of improvement. 

-

Other drugs in the trial 
---·---- --~-···"T --Drug doses/ Result day 

(m g) 

lsoaminile 3x40 

Pholcodine 2-4x 10-20 100% 

Pholeodine 1 x10 30% 

Pholcodine 1 x20 63% 

Laevopropoxyphene 5x100 57 
Heroin 5x2.7 38 

Silo mat 4x40 1.053 
4x80 1.269 

Silomat 3x60 56.9% 
63.1% 

Ethyl dibunate 3x50 16.6% 

-- -- ---- -

Drug rank 

C=P 
C=P 
C>P 

C>P 
C>P 
C>P 

C=I=P 

Ph>C C<P 

Ph>C>P 

Ph>C>P 

C>P 
C>P 

C>H>L 

S>C>P 

C=S>P 
C=S>P 

C>D=P 

"--

"-" -

Reference 

Nicolis & 
Pasquariello 
(1962a) 

Nicolis & 
Pasquariello 
(1962a) 

Graham (1962) 

Mulinos, Nair & 
Epstein (1962) 

Epstein (1962) 

Epstein (1962) 

Woolf& 
Rosenberg (1962) 

Woolf & 
Rosenberg (1964) 

Cass & Frederik 
(1964) 

Renovanz & 
Liebrich (1965) 

Sevelius & 
Colmore (1967) 

----

--

(") 

8 
!:l 
~ 
~ 
0 

a 
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TABLE 30 

CODEINE DOSAGE REPORTED OR RECOMMENDED 

Kind of patient Dosage (mg single or dally) Reference 

Cough of various origin 64.5 Saundby (1879) 

Tuberculous 30 Schroder (1899) 

Cough of various origin 25-30 Behrens (1932) 

Cough of various origin 16.2-32.4 Pottenger (1934) 

Severe cough 3~0 Fantus (1936) 

Tuberculous 1 or 2x20 Davenport (1938) 

Acute influenza 3x 10, with papaverine Moll (1953) 

Cough due to neurosis o(habit 64.8 every 3 h for 2 days Douglass (1954) 

Irritative cough in postoperative 3-4x 15-20 drops of 3% solution PrOssing (1960) 

Children with bronchial asthma 

1-3 years of age 

3-5 years of age 

5-10 years of age 

> 10 years of age 

Acute and chronic cough 

Cough due to cold 

( -107) paralleled the subjective judgement of im
provement (seven of 12 patients improved a lot). 
Placebo and 50 mg of ethyldibunate included in the 
comparisons showed no effect by the objective meth
od and only two of 12 claimed marked improvement 
with ethyldibunate or placebo. 

Renovanz & Liebrich (1965) reported significant 
effectiveness of codeine in a controlled clinical trial 
on 196 patients with acute cough. The trial was 
designed as a cross-over comparison of 40 mg of 
codeine, 60 mg of Silomat and placebo, each three 
times a day. The patients compared, by question
naire, frequency and intensity of cough, effects on 
mood and breathing, and sedation. Of the 62 pa
tients who received both codeine and placebo, a 
statistically significant majority rated codeine more 
effective on frequency (67.7%) and intensity (64.5%) 
of cough. Placebo was rated more effective in respect 
to these two parameters in 29.0 and 32.3 %. The 
differences for the other points compared were not 
significant. 

Glaser (1961) 

3-5 

5~ 

6-9 

9-12 

4x 12-30 Anonymous (1962) 

16.2 Glick (1963) 

A few investigators for various, and often un
known reasons have failed to demonstrate codeine 
superiority over placebo subjectively or objectively 
but the majority have found it superior in reducing 
cough frequency and intensity, and in giving relief 
from cough as a symptom; in one-third of the trials 
the difference has been proven statistically. The trials 
have shown that a single dose of codeine of 30-60 mg, 
or a daily dosage of 45-160 mg, exerts an antitus~ive 
action on pathological cough in man which can be 
demonstrated, taking into account certain precau
tions. It is feasible, therefore, to use codeine as the 
standard of comparison in testing other antitussives. 

Codeine has been referred to in many of the 
reports on clinical experience with new antitussives 
and stated ratios of effectiveness are cited in the 
descriptions of these compounds in Part 4. In addi
tion, in many reports on the use of codeine in respi
ratory disease in adults and children, various recom
mendations have been made in regard to dosage. A 
few of these are noted in Table 30. 
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RESUME 

LA CODEINE ET SES SUCCEDANES SEDATIFS DE LA DOULEUR ET DE LA TOUX: 
3. LA SEDATION DE LA TOUX PAR LA CODEINE- MECANISME. METHODOLOGIE ET 

EVALUATION 

Cette troisieme partie du rapport d'ensemble consacre 
aux proprietes sedatives de la codeine et de ses succedanes 
expose en detailles donnees experimentales relatives aux 
voies qu'emprunte le refiexe de la toux et au mecanisme 
de ce moyen de protection contre les irritations nocives 
et les lesions des voies aeriennes par des agents meca
niques ou chimiques. Les etudes les plus recentes de sa 
nature et de son fonctionnement supportent l'hypothese 
selon laquelle le refiexe est en grande partie independant 
du mecanisme de la respiration. La toux est un symptome 
que !'on observe dans un tres grand nombre de maladies 
(infiammatoires, infectieuses, allergiques, circulatoires, 
psychiques). 

On a mis au point toute une serie de methodes en vue 
d'evaluer chez !'animal les effets sedatifs sur la toux de 
la codeine ou d'autres drogues. On peut recourir pour 
provoquer la toux a des stimuli chimiques, mecaniques 
ou electriques. Ces divers procedes font l'objet d'une 
description minutieuse et leurs avantages et desavantages 
respectifs sont examines. 

Pour juger de la valeur therapeutique d'une drogue, il 
est particulierement utile d'apprecier son action sedative 
sur la toux directement chez I 'homme. A cet effet, la 
toux peut etre provoquee experimentalement au moyen 
d'inhalations d'aerosols contenant de l'acetylcholine, de 
!'ammoniac ou de l'acide citrique ou par !'injection de 
lobeline ou de paraldehyde. Ces methodes ont rendu 
possibles de nombreuses experiences qui sont relatees en 
detail. Bien que la toux artificiellement induite chez un 
sujet sain differe par maints caracteres de la toux d'origine 
pathologique, les etudes de ce genre permettent cependant 
de definir les analogies entre les resultats obtenus chez 
!'animal et les donnees recueillies chez l'homme. 11 
importe dans tous les cas de leur adjoindre des recherches 
concernant !'absorption, la distribution dans l'organisme 
et le metabolisme des drogues experimentees afin de 
reunir davantage d'informations sur les similitudes entre 
les especes. Ces donnees fourniront la base de !'inter
pretation des resultats de laboratoire et des applications 
cliniques. 

L'evaluation des proprietes sedatives des drogues chez 
des malades presentant une toux de nature pathologique 
due a l'une ou !'autre cause doit etre menee en se confor
mant aux exigences fondamentales de la pharmacologie 
clinique. Diverses methodes utilisees a cet effet sont 
decrites et discutees. 

Le cas d'un certain nombre de substances sedatives de 
la toux est examine sous !'angle de leur lieu d 'action dans 
I' organisme: des produits doues de proprietes analge
siques locales, comme la cocaine, la tetracaine, la lido-

caine, I 'ethoforme, le benzonatate, le caramiphene, le 
clofedanol, la diphenhydramine, l'isoamimile, l'oxola
mine et la pholcodine sont capables d'agir sur les recep
teurs peripheriques refiexogenes. Bien que le site speci
fique d'action des drogues sedatives de la toux soit 
probablement le<< centre de la toux *• situe dans la moelle, 
on note entre les composes qui agissent a ce niveau 
(aminoindane, codeine, dextromethorphane, hexobarbi
tal, pipazetate) des variations portant sur la specificite de 
l'effet, les modalites de la reponse et l'ampleur des 
reactions accessoires. 

Les substances qui apaisent la toux ont parfois d'autres 
effets pharmacodynamiques qui accroissent ou, au 
contraire, diminuent l'efficacite de leur action specifique 
sur le refiexe. On examine a cet egard la fa~on dont 
l'aminoindane, le benzonatate, I 'hexobarbital, la pen
toxyverine, la pholcodine et le pipazetate agissent sur la 
respiration. Les analgesiques - du moins ceux dont 
!'action s'apparente a celle de la morphine - attenuent 
la toux, mais des composes comme le dextromethor
phane, la noscapine et la pholcodine, qui ont un effet 
sedatif sur la toux, ne sont pas necessairement doues de 
proprietes analgesiques. Pour mieux comprendre les rela
tions entre !'attenuation de la douleur et la sedation de 
la toux, il faudra, par une etude experimentale plus pous
see, rechercher dans quelle mesure les sedatifs generaux 
(hypnotiques) sont capables de combattre la toux. Les 
neuroleptiques comme la chlorpromazine, la perphena
zine et la prochlorperazine modifient le mecanisme du 
refiexe de toux. On a montre que !'inhalation d'hexa
methonium supprime la toux provoquee experimentale
ment chez l'homme par !'inhalation d'acetylcholine, 
mais des tests utilisant des sels quaternaires de substances 
sedatives de la toux n'ont pas permis d'apporter la 
preuve definitive du role du blocage ganglionnaire dans 
la suppression du reflexe. L'examen des donnees experi
mentales concernant un certain nombre de substances 
douees de proprietes spasmolytiques ou spasmogenes ne 
fait ressortir aucune relation precise entre ces effets 
specifiques et !'action sedative sur la toux. Du point de 
vue clinique, l'efficacite des substances actives contre la 
toux ne parait pas alteree lorsque leur emploi a pour re
sultat d'accroitre ou de diminuer la secretion bronchique. 

L'action de la codeine sur la toux provoquee, tant chez 
l'homme que chez !'animal, a fourni matiere a de tres 
nombreuses recherches. La plupart des experimentateurs 
assignent a la codeine une efficacite plus ou moins 
grande, et rares sont ceux qui n'ont pas constate une 
sedation de la toux apres administration de la substance. 
Pour la majorite des chercheurs qui ont procede a des 
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essais cliniques, les effets calmants de la codeine, sur la 
frequence comme sur l'intensite de la toux, sont supe
rieurs a ceux des placebos; dans un tiers des cas, la 
difference d'action est statistiquement significative. Ces 
memes essais ont montre que la codeine, adrninistree a 

raison de 30 a 60 mg en dose unique ou de 45 a 160 mg 
quotidiennement, combat efficacement la toux patholo
gique chez l'homme. 11 est des lors possible de l'utiliser 
comme substance de reference pour les essais d'evaluation 
d'autres composes sedatifs de la toux. 
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Codeine and its Alternates for Pain 
and Cough Relief * 

4. Potential Alternates for Cough Relief 

In this report-the fourth of a series on codeine and its alternates for pain and cough 

relief-an attempt is made to evaluate, on the basis of experimental and clinical data, and 

wherever possible in comparison with codeine, the effectiveness of a number of antitussive 

substances currently in clinical use. In the discussion of the undesired side-effects particular 

attention is paid to the risk of dependence and abuse. 
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PHENANTHRENE ALKALOIDS 

Dihydrocodeine 

Dihydrocodeine, differing from codeine only in the 
saturation of the 7-8 double bond, was introduced in 
Germany as an antitussive more than 50 years ago 
and has been used as such almost exclusively, 
though, like codeine, it possesses significant analgesic 
properties. The earlier reports rated dihydro
codeine more effective, sometimes twice as effective 
as codeine (Fraenkel, 1913; Dahl, 1913) and, though 
later clinical experience indicated these estimates to 
be exaggerated, dihydrocodeine continues in use as 
an antitussive, principally as the bitartrate, 1 at doses 
similar to those for codeine phosphate. 

(~-CH, 

/ "" / "" OCH, O OH 

6
~-CH, 
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CODEINE DIHYDROCODEINE 

As methods have become available in recent years 
for measuring antitussive action in animals, dihydro
codeine has been evaluated, sometimes in com
parison with codeine, and occasionally evidence has 
been sought of the specificity of its antitussive action 
compared with its analgesic action. Friebel, Reichle 
& von Graevenitz (1955) induced bouts of coughing 
in guinea-pigs by making them inhale sulfur dioxide 
and determined the ED50 of various agents for cough 
suppression. For dihydrocodeine bitartrate this was 
14.0 mg per kg, for codeine phosphate 8.0 mg per 
kg, and for ethylmorphine hydrochloride the ED50 

was 13.0 mg per kg, subcutaneously. They also de
termined the ED50 for these and other substances for 
analgesia in the same animals and divided the 
analgesic ED50 by the antitussive ED50 as an indica
tion of specificity; the larger the quotient the greater 
the antitussive specificity. The quotient for codeine 
was 6.62, for dihydrocodeine 5.71, for hydrocodone 
4.6, for ethylmorphine 3.3 and for morphine 2.87. 
The quotients for some of the synthetics were still 
lower: normethadone, 2.66; methadone, 2.31; 
pethidine, 1.53. On the above basis, whatever their 
absolute effective doses, codeine and dihydrocodeine 
head the list in relative antitussive importance. One 
must not forget, of course, that on the same basis a 

1 Also known as Paracodin. 

substance without analgesic action, dextromethor
phan, for example, would rank still higher. It may 
be important that the substances with the highest 
apparent antitussive specificity have a methoxyl 
radical in the same relative position in the molecule. 
Comparison of dihydrocodeine and codeine in other 
species by various methods confirm their similarity 
for antitussive effect (Table 31). 

Therapeutic doses of dihydrocodeine for cough 
relief are of the same order as for codeine, the single 
dose and the daily amount and the side-effects being 
similar in kind and frequency. There have been no 
carefully controlled, double-blind studies of di
hydrocodeine as an antitussive in man, for either 
experimentally produced or pathological cough. 
Information on the dependence-producing properties 
of dihydrocodeine are discussed in Part 2 of this 
review in connexion with its analgesic action. 

In view of its close similarity to codeine, dihydro
codeine is not very popular. The total estimated 
world requirement for dihydrocodeine in 1967 
amounts to only a little more than 6000 kg, whereas 
the estimated requirement for codeine is close to 
150 000 kg (United Nations Drug Supervisory 
Body, 1967). Most of the codeine will be used for 
analgesia and little of the dihydrocodeine will be so 
used, but the use of codeine for cough is still many 
times greater than that of dihydrocodeine. 

Ethylmorphine 

When ethylmorphine was prepared by substituting 
ethyl ether in place of the familiar methyl ether of 
morphine (codeine), Schlesinger (1899) thought it 
would be a more effective and better tolerated 
analgesic and antitussive. However, from the 
beginning, clinicians (Korte, 1899a, 1899b; Janisch, 
1899; Schroder, 1899) used and recommended doses 
of the same order as those for codeine and, since 
ethylmorphine failed to demonstrate any particular 
advantage it never attained the popularity or the 
frequent use of codeine as an antitussive (Linz, 1943). 

~N-CH, o-e 
/ "" / "" OC,Hs O OH 

ETHYLMORPHINE 

There are few quantitative data on the antitussive 
effect of ethylmorphine and few comparisons with 
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TABLE 31 

CO:vi?ARISON OF THE ANTITUSSIVE ACTION OF DIHYDROCODEINE AND CODEINE IN ANIMAL EXPERIMENTS 

Ra1io 
Rout ea Reference 

I EDso (mg/kg) 
Method codeine/dihydro-

Dihydrocodeine I Codeine codeine 

Species: GUINEA-PIG 

Inhalation of so, 
I 

se 14.0 8.0 0.571 Friebel, Reichle & von Grae-
venitz (1955) 

Species: DOG 

Electrical stimulation of the tra- IV 1.5 1.5 1.0 Hara & Van aura (1959) 
cheal mucosa 

Inhalation of sulfuric acid vapour 0 1.0 b c. 1.0 Chen & Bill er (1959); Chen, 
Biller & Montgomery (1960) 

Mechanical stimulation I lP 3.2 b 7.5 b 2.344 Cahen & Boucherle (1965) 

Species: CAT 

Mechanical stimulation IV c. 1.0 Ellis et al. (1963) 

Electrical stimulation superior 
laryngeal nerve IV c. 1.0 El lis et al. (1963) 

Chemical stimulation lP 7.5 b 15.0 b 2.0 Cahen & Boucherle (1965) 

a SC = subcutaneous; IV= intravenous; 0 = oral; lP =·intraperitoneal. 
b Not calculated ED,. but equally effective dose. 

codeine. Friebel, Reichle & von Graevenitz (1955) 
compared the two drugs in guinea-pigs made to 
cough by inhalation of sulfur dioxide. The ED50s 
for total suppression of the cough were 13.0 mg per 
kg for ethylmorphine hydrochloride, 8.0 mg per kg 
for codeine phosphate, subcutaneously, with a ratio 
between them of only 0.62. The ED50s for an 
analgesic effect in the same animals, skin-twitch to 
radiant heat, were 43.0 and 48.5 mg per kg, respec
tively, with a ratio of 1.12. If one divides the 
analgesic ED50 by the antitussive ED50, the ratio 
indicative of antitussive specificity is for codeine 
about twice that for ethylmorphine. Kase (1952) 
compared ethylmorphine and codeine in dogs; the 
trachea was stimulated mechanically through a 
tracheal fistula and intravenous BD 50s for cough sup
pression were established as 5.0 mg per kg for ethyl
morphine and 3.0 mg per kg for codeine, with a ratio 
of 0.6, as in the guinea-pig. The duration of effect 
was similar for both drugs the effect perhaps lasting 
a little longer with codeine at the ED50• 

Using unanaesthetized dogs and determining the 
minimal concentration of ammonia vapour to cause 

coughing, Winder & Rosiere (1955) and Rosiere, 
Winder & Wax (1956) compared ethylmorphine and 
codeine at four dose levels with a placebo in cross
over experiments in random order. The dose range 
used for both was 1.0-5.7 mg per kg, subcutaneously. 
They calculated a linear dose relationship for 
codeine but were unable to do so for ethylmorphine. 
The latter raised the cough threshold by a maximum 
50-60%. Since its effect did not increase with dose, a 
definite ratio to codeine could not be stated. It 
would have to be considered as < 1.0, the direction 
being consistent with the other observations. 

As stated earlier, the usual therapeutic antitussive 
dose for ethylmorphine, either singly or daily, was 
of the same order as for codeine; it was not judged 
more effective. In the early reports, admittedly, it 
was compared mostly for the relief of tuberculous 
cough often after prolonged use of morphine or 
codeine, so that cross-tolerance may have influenced 
the result. Stein & Lowry (1946) later reported a 
little more favourably; they said that doses of 15-
22.5 mg of ethylmorphine, orally, were as effective 
as 30-60 mg of codeine in cough due to tuberculosis 
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or malignancy. They were more interested in hydro
codone which they found more effective. 

Tolerance and physical dependence have been 
reported after prolonged use of ethylmorphine 
(Meyer, 1933). Lambert (1936) said that these 
features developed more rapidly than with morphine, 
but he said also that ethylmorphine produced no 
euphoria. ·The possibility of dependence on ethyl
morphine has been admitted by Plessner (1900), 
Krijewski (1900), Wilcox (1923), Fishberg (1932) 
and in editorials (J. Amer. med. Ass., 1925; J. Amer. 
med. Ass.,' 1926) but was not considered important. 
Ethylmorphine is of course subject to narcotics con
trol, but because of its infrequent use it has not been 
tested at the Addiction Research Centre, Lexington, 
Ky., USA. The estimated requirement for ethyl
morphine in 1966 was just over 11 000 kg (United 
Nations Drug Supervisory Body, 1966) and a part of 
that was used externally in ophthalmological 
practice. 

Pholcodine 
The preparation, general pharmacology and anti

tussive effectiveness of pholcodine (03-(2-morpho
Iinoethyl)-morphine), another of the ethers of 
morphine, were described by Chabrier, Giudicelli & 
Thuillier (1950) and many chemical, pharmacological 
and clinical reports on the compound have appeared 
since. Chabrier prepared other ethers, including 
dimethylaminoethyl, diethylaminoethyl and piper-

~N-CH> o-e 
/ "o/ "' 0 OH 
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PHOLCODINE 

idinoethyl, and selected the morpholinoethyl com
pound as the most promising. Kelentey et al. (1958) 
later prepared and examined morpholinoethyl ethers 
of some morphine derivatives. Chabrier, Giudicelli 
& Thuillier (1950) and Giudicelli, Thuillier & 
Chabrier (1950) found that 80-100 mg of pholcodine 
suppressed the cough produced by the intravenous 
injection of lobeline in man and that it was more 
effective than codeine against ·cough of various 
pathological origins. It also had a gre~ter effect on 

respiration than codeine. Giudicelli, Chabrier & 
Kristensson (1951) found that 10 mg per kg, intra
venously, in anaesthetized rabbits, depressed the 
respiratory rate 33% and respiratory depth 44%. 
An equal dose of .codeine depressed the rate 31 % 
and the depth only 22%, whereas morphine de
creased the rate 94% but the depth of respiration 
only 47%. Kelentey et al. (1958) confirmed the anti
tussive effect of pholcodine, using mice and guinea
pigs in which cough was evoked by inhalation of 
1.0% sulfur dioxide. They said that it was more 
effective than codeine, 7 mg per kg of pholcodine 
being equivalent to 10 mg per kg of codeine, sub
cutaneously; in equal doses in repeated experiments, 
pholcodine reduced the cough by 65.1 %, and 
codeine by 47.2 %, on average. 

May & Widdicombe (1954) compared pholcodine 
with morphine and codeine by two r.nethods in cats 
anaesthetized with pentobarbital. Responses were 
recorded from a body plethysmograph and stimula
tion was mechanical, by a catheter passed down the 
trachea until it touched the bifurcation, or chemical, 
by inhalation of sulfur dioxide. They compared the 
volume of the expired air after mechanical stimula
tion and of the first inspiratory gasp after sulfur 
dioxide with the average of 10 preceding tidal 
volumes. It is questionable whether the inspiratory 
gasp and its suppression truly represent antitussive 
action, and in fact the investigators did report 
different quantitative effects on the expiratory 
effort and the inspiratory gasp; pholcodine was 
much more effective than codeine on the former and 
less effective on the latter: 

Average intravenous doses for reduction of response (mg/kg) 

Mechanically induced expiration 
Chemically induced inspiration 

Pho/codlne Codeine 

5.3 
15.1 

16.3 
11.2 

Green & Ward (1955) stimulated electrically the 
superior laryngeal nerve in anaesthetized cats, and 
reported suppression of the induced cough by 
2.0 mg per kg of pholcodine and 4.0 mg per kg of 
codeine, intravenously, a relationship similar to that 
found for mechanical stimulation by May & Widdi
combe (1954). Green & Ward said that nalorphine 
antagonized the antitussive effect of codeine but not 
that of pholcodine. Plisnier (1960) used the same 
animal and the same technique, and also reported 
that pholcodine was twice as effective as codeine. 

Mulinos (1960a, 1960b) added the observation 
that the effect of pholcodine was of longer duration 
than that of codeine with equal intravenous doses of 
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each. He used pentobarbitalized cats and stimulated 
the trachea mechanically or by inhalation of a 
0.6-1.0% ammonia-air mixture. At 15 mg per kg 
the effect of pholcodine lasted 29 and 27 minutes 
against the two types of stimulation; the effect of 
codeine lasted 12 and 17 minutes. The difference was 
statistically significant. The cough mechanism was 
not paralysed by either drug because prolonging the 
period of inhalation of ammonia could cause 
coughing in the drugged animals. 

Cahen & Boucherle (1961a) obtained a somewhat 
different result from those quoted above. They 
calculated the comparable antitussive doses for 
codeine and pholcodine as 2.3 and 3.5 mg per kg, 
intravenously, in the cat. Ellis et al. (1963) said that 
codeine always suppressed the cough produced in 
anaesthetized cats by mechanical stimulation of the 
trachea, electrical stimulation of the superior 
laryngeal nerve and inhalation of ammonia; phol
codine suppressed that produced by mechanical and 
electrical stimulation. The effect of pholcodine on 
the response to chemical stimulation was not re
ported. 

The net result of all of these experiments would 
seem to be that pholcodine has an antitussive 
potency about 1.6 times that of codeine and one 
which is highly specific, since in contrast to codeine, 
pholcodine has little if any analgesic action (Cahen 
& Boucherle, 1961a; Kelentey et al., 1958). 

The early result of Chabrier, Giudicelli & Thuillier 
(1950), that indicated an effect on respiration greater 
than that of codeine, has been quoted. May & 
Widdicombe (1954) found the two drugs similar, 
sometimes decreasing, and sometimes increasing the 
minute volume; the differences were less in vagoto
mized animals. According to Cahen & Boucherle 
(1961b) pholcodine had some effect on minute 
volume, but codeine did not, when each was given 
to dogs at a dose of 4.0 mg per kg, intravenously. 
Pholcodine did not cause a significant decrease in the 
quantity of respiratory tracts fluid or in its chloride 
content within three hours after 1.0-50 mg per kg, 
orally or subcutaneously, in unanaesthetized rabbits 
(Boyd, Daicur & Middleton, 1956). 

Pholcodine was similar to codeine in the produc
tion of a variable but transient hypotensive effect 
when it was given intravenously in dogs and 
cats (Kelentey et al., 1958; Plisnier, 1960; Cahen 
& Boucherle, 1961b). In anaesthetized dogs, 4 mg 
per kg, intravenously, produced peripheral vaso
dilation to which acute tolerancedeveloped (Cahen, 
1960). 

Other pharmacological effects of pholcodine have 
been reported, as follows: 

(1) Histamine release in the rat. This was greater 
than with codeine (Cahen & Aubron, 1960; Cahen 
& Boucherle, 1961b; Cahen et al., 1963) and greater 
than with morphine in the dog when 4 mg per kg 
was given intravenously (Cahen & Aubron, 1960). 

(2) An anti-histaminic effect (Kelentey et al., 
1958; Plisnier, 1960). 

(3) An anti-acetylcholinic action (Kelentey et al., 
1958). 

(4) No effect on the gastrointestinal tract (Kelen
tey et al., 1958). A 50% reduction in the rate of 
propulsion through the gastrointestinal tract in the 
rat, with doses of 120-180 mg per kg, subcutane
ously (Cahen & Boucherle, 1961b; Cahen, 1961). 
No increase in intrabiliary pressure or in duodenal 
tone in patients after cholecystectomy with 10-
20 mg, orally, when the same doses of codeine always 
increased the pressure, sometimes with colicky pain 
(Jacobbson, Kewenter & Kock, 1961). The con
centration that effectively inhibited the peristaltic 
reflex or the response of the longitudinal muscle of 
the isolated ileum of the guinea-pig was 50 f-Lg per 
m!; the effective concentration of codeine was 1.8 f-Lg 
per m! for inhibition of the peristaltic reflex, 7.0 f-Lg 
per m! for an effect on the longitudinal muscle 
(Gyang, Kosterlitz & Lees, 1964). 

(5) An anti-convulsant action in rats. A dose of 
75 mg of pentetrazole by itself was convulsant in all 
animals; combined with 200 mg per kg of pholcodine 
it was convulsant in only about 50%. A dose of 
1.25 mg per kg of strychnine produced convulsions 
in 60% of rats. Pretreatment with pholcodine 
reduced the frequency of convulsions to 20% when 
the dose was 50 mg per kg, to 13.3% when the dose 
was 150 mg per kg and to 6. 7% when the dose was 
450 mg per kg. Very small doses of morphine or 
codeine reduced convulsions slightly but 10 or 
20 mg per kg as a pretreatment dose increased the 
frequency of convulsions and the number of deaths. 
Pholcodine alone, up to 480 mg per kg, caused 
convulsions very infrequently (Cahen, Groskinsky 
& Parisek, 1956, 1957; Cahen, 1959). 

(6) A mild tranquillizing action. In rats, 75-200mg 
per kg, intraperitoneally, caused something similar 
to a sleep pattern in the electroencephalogram; 
50-400 mg per kg, subcutaneously, blocked the con
ditioned response to an electric shock. Pholcodine 
decreased spontaneous activity in mice and at doses 
of 300 and 600 mg per kg, orally or subcutaneously, 

11 
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the hexobarbital sleeping time was lengthened 
(Cahen, 1962). 

Toxicity data are summarized in Table 32. 
Generally pholcodine was significantly less toxic 

than codeine, but this does not necessarily mean 
a greater margin of safety for man. Since its respi
ratory effect is comparable to that of codeine, 
indeed sometimes greater, and because the offsetting 
exciting action is less, the safety of pholcodine for 
man should be at least of the same order as for 
codeine. 

The observations of Chabrier, Giudicelli & Thuil
lier (1950) concerned the effect of pholcodine on a 
lobeline-induced cough in man and indicated greater 
effectiveness than for codeine. Konar & Dasgupta 
(1959) used paraldehyde as the cough-inducing 
stimulus and also found pholcodine more effective. 
A dose of 16 mg of pholcodine was 90% effective, 
30 mg of codeine was 75% effective in reducing the 

response of normal volunteers to an intravenous 
dose ofO.l ml of paraldehyde, the standard dose for a 
reproducible effect. Bickerman & Itkin (1960) used 
"trained" subjects and citric acid aerosol as the cough 
stimulus. Pholcodine at a dose of 10 mg, orally, 
was compared, in a double-blind cross-over design, 
with placebo and other antitussives, and produced a 
significant decrease in cough frequency over the 
four-hour period of observation. Its effect was 
approximately equivalent to that of 15 mg of 
codeine. These results satisfactorily confirmed the 
findings in experimental animals; results on clinical 
use are summarized in Table 33. Most of the reports 
were favourable to pholcodine and few side-effects 
were mentioned. However, the clinical trials were 
not well controlled; nor were there good quantitative 
comparisons with codeine. Nevertheless one finds 
laudatory statements based on reviews and impres
sions such as the following. Graham (1959) discussed 

TABLE 32 

THE LDsoS (mg/kg) FOR PHOLCODINE AND FOR CODEINE AS REPORTED FOR THE SAME ANIMAL AND THE SAME 
ROUTE OF ADMINISTRATION 

I 
Route of administration b 

I Species Drug a 
IV I lP I se I 0 

Mouse p 230 c 1010 
c 60 c 134 

Mouse p _d 1917 
c _d 535 

Mouse p 540 

Mouse p 1020 1480 
c 21·8 335 

Mouse p 590 1860 
c 154 470 

Mouse p 280 725 1000 
c 92 165 255 

Rat p 750 205/1141 
c 530 470/490 

Guinea-pig p 252 g 

c 106K 

Rabbit p 300 

a P = pholocodlne (usually the hydrochloride); C = codeine (usually the phosphate). 
b IV= Intravenous; lP =intraperitoneal; SC = subcutaneous; 0 = oral. 

Reference 

Chabrier, Giudicelli & Kristensson 
(1950); Giudicelli, Chabrier & Kris-
tensson (1951) 

Aurousseau & Navarro (1957) 

Kelentey (1958) 

Cahen (1961) e 

Cahen & Boucherle (1961a) 

Palecek & Mekulaskova (1963) 

Cahen (1961) 

Plisnler (1960) 

Kelentey (1958) 

c Doses calculated as base. As bromethylate, pholcodine was more toxic, the LDsos being 8 and 32.5 mg per kg respectively, 
for Intravenous and subcutaneous administration. For codeine bromethylate the corresponding LDso's were 50 and 365 mg per kg. 

d Mice survived 200 mg per kg of codeine and 400 mg per kg of pholcodine, subcutaneously (Aurousseau, personal communi
cation, 1957). 

e Dogs were killed by 150 mg per kg of codeine, subcutaneously, but others survived that dose of pholcodine and only 1 of 
2 was killed by 300 mg per kg of the latter. 

f The LDso was determined in two lots of rats; In both pholcodine was more toxic. 
g Amounts survived, mg per kg, when given by continuous intravenous infusion. 



TABLE 33 
CLINICAL TRIALS OF ORAL PHOLCODINE AS AN ANTITUSSIVE 

Patients 

No. J Kind 
Dosage regimen Comparisons 

45 Chronic cough 4 mg per dose in syrup Heroin 3 mg in syrup; 
for 2 days syrup vehicle 

154 Cough, various origin 1 or 2 x 5 mg 

---
25 Premedication for I 5 mg; occasional 

plastic surgery second dose of 5 mg 
I or 10 mg 

--
11 or 2 x 5 mg in tablets 53 Acute cough (41) and 

chronic cough (12) I or in liquid every 4 h 
i 

54 Acute or chronic I 5 mg, 2-20 times a day 
cough 

! 
' 28 Chronic cough 10 mg every 4 h 

16 Chronic cough 10-20 mg, 2-4 times 
a day 

17 Chronic cough 10-20 mg codeine, 
2-4 times a day 

18 Chronic cough Placebo, 2-4 times a day 

25 Postoperative 15 mg, 1-3 times a dayc Placebo, double-blind 

26 Tuberculous 10 or 20 mg once a day Random, cross-over 
trial with same dose of 
codeine or placebo 

I 

I 

70 Acute upper 5-10 mg, 3 or 4 times 
respiratory episodes a day 

27 Children, acute cough 5 mg 
26 Children, acute cough Codeine, 8 mg --
30 Cough, various origin 1 or 2 x 8 mg Placebo 

-------

a Twelve of the patients did not distinguish between the three. Author judged 
pholcodine and heroin equivalent. 

b Author's judgment, " Safe, effective agent for cough suppression " (pro
phylactic). Eight patients had no cough before surgery and are amonlil the 
1~ with complete suppre~eion, Loc;al ~n~~e~ltwtic u~ed for $ureery, 

Result Side-effects Reference 
----

15 pholcodine first; 9 heroin Snell & Armitage (1957) 
first; 4 placebo first a 

86-90% relief of moderate; Ryde (1960) 
78-94% severe cough 

Complete suppression of None b Brown (1961) 
cough in 18 

Excellent: severe SO%, None. Excellent patient Grabelle (1961) 
moderate 54%, mild cough 48%. acceptance 
Poor: 7.5% all groups 

Acute cough: excellent 69%, Nausea in 8, some Heffron (1961) 
none 25%. Chronic cough: sedation, no analgesia 
excellent 42%, none 26.6% 

Mull nos, Nalr & Epstein Excellent 82% None 
(1962) 

Marked relief, 100% Mu lions, Nair & Epstein 
(1962) 

Marked relief, 70%, Mu linos, Nair & Epstein 
(1962) 

Marked relief, 23% Mulinos, Nair & Epstein 
(1962) 

Poor compared with morphine None Mulinos, Nair & Epstein 
(1962) 

Dose Complete None Mulinos, Nair & Epstein 
(mg) relief (%) (1962) 

Pholcodine 
10 30 
20 63 

Codeine 
10 21 
20 36 

Placebo 
- 12 

Good 74.3%4 Erythema in 2, Thalberg (1962) 
Poor 18.5% drowsiness in 1 

Two drugs equally effective e Mild constipation in Kelly (1963) 
one-third of the patients 

Relief, 17%; doubtful, 33%; Nausea, 1; constipa- Schofield (1963) 
none, 50%. Placebo: relief, lion, 1; drowsiness, 2. 
29%; doubtful, 49%; none, 22% Placebo: nausea, 2 

---------------

c Intramuscular administration. 
d Subjective reports of patients returning for office interview. 
e Only difference noted by author slightly longer effect with pholcodine (4 

llours) th~n with co!l\line (3 hours). 
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cough suppressants in general and said that at 
that time pholcodine was most favoured and that a 
considerable number of preparations containing it 
were on the market. He thought, however, that 
most patients with an acute cough did not need a 
cough suppressant. If they did they must expect to 
pay a price for their relief with some gastrointestinal 
distress or some depression. Oswald (1959), also 
discussed antitussives generally, and said that 
although codeine was simple and safe, pholcodine 
represented a real advance because of its lower 
toxicity, fewer side-effects and no greater liability to 
produce dependence. Vasselin (1960) and David 
(1961) expressed similar opinions, the latter stating 
also that pholcodine produced no euphoria. An 
editorial in the British Medical Journal (1961) spoke 
highly of pholcodine and more recently Salem 
& Aviado (1964) again judged it to be more potent 
than codeine. The evidence as a whole establishes 
pholcodine as an effective antitussive. 

Cahen (1961) said that no tolerance to the anti
tussive effect of pholcodine developed in patients 
using 60 mg a day for more than three months. This 
is not conclusive, however, because no evidence of 
tolerance was seen with similar administration of 
codeine (Cass, Laing & Frederik, 1961). 

Isbell (personal communication, 1952) reported 
that 400 mg of pholcodine, orally or subcutaneously, 
produced no morphine-like effect in post-addicts. 
Doses of 500 or 750 mg, orally or subcutaneously, 
every four or six hours in morphine-dependent per
sons, had little effect on morphine abstinence 
phenomena. Signs of inflammation appeared at the 
site of injection. Giudicelli (personal communica
tion, 1957), told of attempts by Dr Jean Delay to 
detect morphine-like effects or dependence-support
ing properties. Doses of 40-80 mg subcutaneously in 
normal volunteers produced no or very little eleva
tion of the radiant-heat threshold, no sedation and 
no euphoria. He gave 50 mg, subcutaneously, to two 
patients, and 100 mg to four others, at the peak of the 
abstinence syndrome following abrupt withdrawal of 
morphine, without an ameliorating effect. He tried 
unsuccessfully to substitute pholcodine for morphine 
in four other dependent persons, and in 10 patients 
with cough he gave at least 60 mg a day for eight 
months. During a 48-hour withdrawal at three 
months and following abrupt withdrawal at eight 
months no abstinence phenomena were observed. 
Heffron (1961) also reported no evidence of physical 
dependence after prolonged administration of phol
codine or attempted substitution for other narcotics. 

It must be concluded that pholcodine has less 
dependence-producing potentiality than codeine; 
poor solubility further reduces the likelihood of abuse 
and none has been reported. However, pholcodine 
is convertible to morphine in the same way as codeine 
and for this reason the WHO Expert Committee 
on Addiction Producing Drugs (1952) judged it to 
be assimilable to the drugs mentioned in Group 11 
of the 1931 Convention and recommended that it 
should be internationally controlled like codeine. 

Nicocodine and nicodicodine 

The antitussive and other pharmacological effects 
of the nicotinic acid esters of codeine, dihydrocodeine 
and pholcodine have been reported, particularly by 
Cahen and his collaborators. By analogy with other 
derivatives in the morphine series in which substitu
tion has been effected at carbon-6, formation of the 
ester should have increased activity, but Cahen 
judged that nicotinic acid esterification of codeine 
and pholcodine was not particularly advantageous 
and the comparative figures shown in Table 34 sup
port the conclusion (Cahen & Boucherle, 1961a, 
1961b; Cahen et al., 1963). 

Flecker (1961) measured the rate, depth and 
minute volume of respiration, oxygen consumption, 
antitussive response to intravenous lobeline and 
circulatory changes in normal adult males with 
repeated small doses of codeine and nicocodine, intra
venously. Comparable doses for respiratory effect 
were 3.0-4.0 mg of codeine and 1.5-2.0 mg of nicoco
dine. The former caused no circulatory change; the 
latter sometimes increased and sometimes decreased 
the heart rate but did not change the blood pressure. 
The subjective effect of nicocodine was pleasant as if 
one were breathing cool fresh air. 

Single doses ofnicocodine of 5 or 10 mg in 27 tuber
culous patients who had been receiving codeine gave 
similar cough relief without side-effects. 

With respect to nicodicodine, Cahen & Boucherle 
(1964, 1965) reported that it was more toxic for mice 
than dihydrocodeine, the LD50 being 114 mg per 
kg compared with 150 mg per kg, intraperitoneally; 
nicodicodine was similar to dihydrocodeine as an 
antitussive but had spasmolytic action. The anal
gesic ED50s (mg/kg) for nicodicodine were as fol
lows: 

Mouse, hot-plate 
Mouse, hot-plate 
Mouse, writhing test 
Rat, tail-flick 
• O=oral; IP=intraperitoneal. 

Route• ED50 

0 
lP 
0 
lP 

125 
60 

160 
50 
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TABLE 34 

COMPARATIVE ACTIVITY OF THE NICOTINIC ACID ESTERS OF CODEINE 
AND PHOLCODINE 

Feature, species, dose, route a I Codeine 

LDso mouse (mg/kg), lP 154 

LDso mouse (mg/kg), 0 470 

LDso rat (mg/kg), I P 

LDso rat (mg/kg), 0 

Analgesia, mouse, hot-plate 
(mgfkg), se 

Antitussive, cat, mechanical or 
chemical stimulation (mgfkg), 
IV 

Antitussive, cat anaesthetized 
(mgfkg), IV 

Antitussive, dog, unanaesthe
tized (mgfkg), IV 

Circulation, cat, IV 

200 

2.3 

Nicotinic acid I 
ester of 
codeine 

51 

280 

37 

840 

150 

3.3 

5.0 

5.0 

Vase
depression 

Pholcodine 

630 

1860 

None 

6.05 

Nicotinic acid 
ester of 

pholcodine 

250 

940 

None 

3.5 

Reduction in blood pressure, 
dog (mm Hg), 4 mg, IV -10to-40 -10to-80 -41 to-90 -44to-91 

Respiratory rate and volume, 
dog, 4 mg, IV Decreased Decreased Increased Increased 

Decreased propulsion, gastro
intestinal tract, mice, 17 mg, 
se 

Decreased propulsion, gastro
intestinal tract, mice, 180 mg, 
se 

Straub reaction, mice, 40 mg, SC 

Straub reaction, mice, 480 mg, 
se 

Excitement, cat, 60 mg, SC 

Excitement, cat, 160 mg, SC 

Histamine release 

-47% 

0 

0 

+ 

-47% 

0 

0 

+ 

-50% 

0 

0 

+++ 

-38% 

0 

0 

+++ 

alP= intraperitoneal; 0 = oral; SC = subcutaneous; IV= intravenous. 

The antitussive doses, mg per kg, intraperitoneally, 
by different methods were: 

Cat, chemical stimulation 
Cat, electrical stimulation 
Dog, mechanical stimulation 
Guinea-pig, chemical stimulation 

Nicodicodine 

7.5 
1.0 
3.2 

30.0 

Dihydro
codeine 

7.5 

3.2 

A dose of 4 mg per kg of nicodicodine, intra
venously, in dogs, decreased intrabiliary pressure 
after barium chloride or morphine and blocked 
neostigmine-morphine-induced spasm of the sphinc-

ter of Oddi. It restored flow through barium-con
stricted guinea-pig ileo-colic sphincter. Doses of 
50 f.Lg per ml relaxed isolated rabbit duodenum and 
of 2.8 f.Lg per ml relaxed the spasm induced by barium 
or acetylcholine. 

Deneau & Seevers 1 tested nicocodine in morphine
dependent monkeys. At doses of 2.4 and 8 mg per 
kg, subcutaneously, it had no effect on the morphine 
abstinence syndrome. The highest dose was con-

1 Deneau, G. A. & Seevers, M. H. (1963) Bull. Drug 
Addict. Narc., Add. 1. 
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vulsant. Hence, at safe doses nicocodine had no phy
sical dependence capacity. Nevertheless, nicocodine is 
hydrolysable to morphine and the WHO Expert 
Committee on Addiction-Producing Drugs (1962) 
recommended its international control as a narcotic, 
~ike other convertible drugs in the morphine series. 

N-Oxides and quaternary salts 

The N-oxides of morphine and of some of its 
derivatives have been made and some of these have 
been tested for antitussive activity; the activity was 
materially reduced by the change. Kelentey et al. 
(1957) reported ED50s (mg/kg) for the N-oxides of 
morphine, dihydrocodeine and hydromorphone, 
subcutaneously, for suppression of cough induced by 
sulfur dioxide in mice. The ED60s were: 20 for the 
N-oxides of morphine, 15 for dihydrocodeine, 1 for 
hydromorphone, and 5 for oxycodone; the ED60 of 
codeine itself was 10.4 They said that theN-oxides 
had no analgesic effect (hot-plate method, mice) up 
to 100-200 mg per kg, subcutaneously. Hara & 
Yanaura (1959) gave some additional comparative 
figures. They used dogs, stimulated the trachea 
electrically and injected the drugs intravenously. 
For codeine and codeine-N-oxide the effective doses 
were 1.5 and 12.0 mg per kg; for dihydrocodeine and 
dihydrocodeine-N-oxide they were 1.5 and 15.0. 

The N-oxides of morphine, hydromorphone and 
oxycodone depressed the frequency and volume of 
respiration in rabbits, but even sub-lethal doses did 

not influence the blood pressure in cats. Intestinal 
peristalsis was stimulated (Kelentey et al., 1957). 
The N-oxides were generally Iess toxic than the 
N-methyl analogues, as shown in Table 35. 

Since theN-oxide is a quasi-quaternary compound, 
retaining to some extent antitussive activity but not 
analgesic activity, it is convenient to present here 
some observations on the antitussive effect of other 
quaternary ammonium compounds. 

Gruber (1961) reported that theN-oxide of levo
propoxyphene had approximately the same degree of 
antitussive action in man as the hydrochloride or the 
naphthalene sulfonate. 

Hillis & Kelly (1951) found that hexamethonium 
iodide suppressed a lobeline-induced cough in 
human volunteers. Korpas, Tomori & Ivanco (1957) 
observed that 20 mg per kg of pentamethonium 
depressed, but did not abolish, the cough response of 
anaesthetized cats to mechanical irritation of the 
trachea. It did not depress significantly the cough 
elicited by irritation of the pharyngeal region. Since 
the dose for paralysis of the superior cervical gan
glion is only about 10 mg per kg, it is hardly likely 
that this action is the cause of the antitussive effect. 

Ivan (1959) also reported decreased antitussive 
action with quaternized compounds, N-benzyl
codeine iodide and N-benzyl norcodeine methiodide, 
compared with that of codeine hydrochloride. 
Whereas 2 mg per kg of the latter, intravenously, 
abolished the cough due to electrical stimulation of 

TABLE 35 

LD .. S (mg/kg) OF SOME N-OXIDE AND N-METHYL ANALOGUES 

Compound I Animal I Route a I N-O xi de I N-Methyl I Reference 

Morphine Dog I se 360 

I 
Hara & Yanaura (1959) 

Morphine Rabbit 
I 

IV 170-220 250 Kelentey et al. (1957) 

Morphine Mouse se 2050-2350 540 Kelentey et al. (}957) 

Codeine Dog IV 767 120 Hara & Yanaura (1959) 

Codeine Rabbit IV 80-100 Kelentey et al. (1957) 

Codeine Mouse se 120 Kelentey et al. (1957) 

Dihydrocodelne Dog IV 1050 150 Hara & Yanaura (1959) 

Hydromorphone Rabbit IV 160 Kelentey et al. (1957) 

Hydromorphone Mouse I se 2000 Kelentey et al. (1957) 

Oxycodone Rabbit IV 75-120 Kelentey et al. (1957) 

Oxycodone Mouse se 800-1200 Kelentey et al. (1957) 

a SC = subcutaneous; IV = Intravenous. 
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the superior laryngeal nerve, 5 mg per kg of the 
quaternary salts had little effect. The latter were 
convulsant and more toxic than codeine and had the 
pharmacodynamic properties of other quaternary 
compounds. 

Somewhat better results have been obtained in 
animals and man with bibenzonium bromide. Kiill-

\ CH, 

= \ I 
CH -0 -CH,-CH,-N-CH, 

: I 
CH, CH, 
I 

BIBENZONIUM BROMIDE 

quist & Melander (1957) found that at 10 mg per kg. 
subcutaneously, the compound was as effective as 
codeine in suppression of cough induced by ammonia 
inhalation in guinea-pigs. Plisnier (1958) reported it 
to be three times as potent as codeine against cough 
in cats after electrical stimulation of the superior 
laryngeal nerve, but Wax, Winder & Peters (1962) 
said that neither Rosiere & Winder nor Winter 
(unpublished experiments) could confirm the anti
tussive action of this compound. 

Hahn & Wilbrand (1952) studied the antitussive 
effect of bibenzonium bromide in normal, human 
volunteers and compared it with that of codeine and 
methadone. They used the methods of Hoglund & 
Michaelsson (1950) and of Trendelenburg (1950) in 
which ammonia vapour is inhaled in increasing con
centration until there is closure of the glottis. The 
substances were given in a tablet or in syrup to 
patients who did not know what their dose contained. 
Doses of 10 and 20 mg of bibenzonium bromide had 
the same effect as equal doses of codeine phosphate 
in elevating the threshold of response. Respiratory 
depression was not observed. 

Alemquer & Leal (1962) reported on only six 
tuberculous patients treated with bibenzonium 
bromide. Cough relief was rated numerically : 
3=complete; O=none. Placebo gave a total score 
per day of 2-5.5, bibenzonium bromide at 30 mg per 
day 7.5, and at 60 mg per day 12. Dumittan (1963) 
reported a few more cases of cough due to respi
ratory infection. A total of 21 patients received the 
preparation in solution (2 mg per rnl), 15 ml four 
times a day for six days. The effect was said to be 

superior to that of codeine but supporting quantita• 
tive data were not presented. 

Nalorphine 

The specific opiate antagonist, nalorphine (N-allyl
normorphine), although showing little analgesic 
effect in animals, was shown by Lasagna & Beecher 
(1954) to have as great an analgesic action in man, 

NALORPHINB 

milligram for milligram, as morphine itself, against 
postoperative pain. However, the combination of 
2 mg of nalorphine and 10 mg of morphine produced 
analgesia and side-effects indistinguishable from 
those achieved with 10 mg of morphine. The 
peculiar and disturbing side-effects of nalorphine 
preclude its use as a clinical analgesic and would 
interfere with its use for any purpose except an
tagonism of toxic effects. Nevertheless it was shown 
by Winter & Flataker (1954), and confirmed by 
others, that nalorphine has antitussive as well as 
analgesic action and the details are worth consider
ing because we now know many specific antagonists 
and we know also that the frequency of their disturb
ing side-effects does not parallel their other actions. 

In the first experiments of Winter & Flataker 
guinea-pigs were used and cough was produced by 
inhalation of a mist containing 2.8% of ammonia; 
the coughs were counted for three-minute periods 
and averaged for five animals. The difference 
between two such counts an hour apart was small in 
untreated animals. Comparing codeine phosphate 
and nalorphine hydrochloride at doses of 0.25-
2.0 mg per kg, subcutaneously, the effect of nalor
phine was a little less at the smaller doses, but at 
2.0 mg per kg it was as great as that of codeine, the 
former giving a 34.8% reduction in the cough count 
and codeine a 27.3% reduction. 

Winter & Flataker (1954) also compared nalor
phine with codeine in dogs and in addition tried 
various other related antagonists alone and in com
binations with codeine. In the dogs, cough was 
produced by inhalation of N/2 sulfuric acid aerosol 
and drugs were given orally. There were two or 
three tests per animal per dose and the cough counts 
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(4 minutes) per dose per animal were averaged 
before and at one and two hours after medication. 
The average counts for codeine, the antagonists and 
the mixtures are shown in Table 36. 

Among the compounds listed in the table N-allyl
norcodeine is the weakest and N-allylmorphinan 
(levallorphan) the strongest specific antagonist. No 
relationship is apparent between antagonistic potency 
and antitussive action and the addition of an an
tagonist to codeine, at least in the ratios used, did not 
appear to interfere with the antitussive action. 
Winter & Flataker showed that nalorphine did not 
antagonize the antitussive action of codeine in 
guinea-pigs. In the latter nalorphine also failed to 
antagonize the antitussive action of noscapine or 
morphine. 

Green & Ward (1955) reported differently. They 
elicited cough in anaesthetized cats by electrical 

stimulation of the superior laryngeal nerve, and in 
dogs, cats and guinea-pigs by mechanical stimulation 
of the trachea and by inhalation of sulfur dixoide. 
Drugs were given intravenously. Nalorphine in 
doses of 3-30 mg per kg failed to abolish cough and it 
did antagonize the antitussive action of morphine
like analgesics. The dose required for antagonism 
varied w1th the dose and potency of the other agent 
and was of the same order as was required to anta
gonize other morphine-like actions. Nalorphine sup
pressed the antitussive action of codeine whether the 
cough was provoked by electrical, mechanical or 
chemical stimulation. N-Propylnormorphine was 
also an effective antagonist to the antitussive action 
of codeine. Nalorphine did not antagonize the 
antitussive action of pholcodine or that of noscapine. 
In a dog in which spontaneous coughing, initiated by 
exposure to cold, was relieved by administration of 

TABLE 36 

NUMBER OF COUGHS PER DOSE PER DOG, BEFORE AND AFTER INHALATION 
OF N/2 SULFURIC ACID AEROSOL 

Dose Before Hours after treatment 
Agent (mgfkg) treatment 

1 2 

Codeine phosphate 0.25 15 9 13 

Codeine phosphate 0.5 20 6 11 

Nalorphine.HCI 0.25 22 10 15 

Nalorphine.HCI 0.5 22 7 

Nalorphine+ codeine 0.125 + 0.125 23 10 14 

N-AIIylnorcodeine.HBr 1.0 16 10 17 

N-AIIylnorcodeine.HBr 2.0 33 5 16 

N-AIIylnorcodeine + codeine 0.5 + 0.5 34 15 18 

N-AIIylnorcodeine + codeine 2.0 + 0.5 17 0 8 

N-AIIylnorhydrocodone tartrate 0.5 22 11 8 

N-AIIylnorhydrocodone + codeine 0.25 + 0.25 30 4 8 

N-Propylnormorphine-HCI 1.0 I 32 13 33 

N-Propylnormorphine + codeine 0.5 + 0.5 24 18 21 

N-Propylnormorphine + codeine 1.0 + 0.5 37 12 16 

N-Methallylnormorphine.sulfate 2.0 41 16 20 

N-Methallylnormorphine + codeine 2.0+ 0.5 34 19 24 

N-Butylnormorphine.HCI 1.0 30 25 24 

N-AIIylmorphinan.tartrate 1.0 38 44 38 

N-A llylmorph in an. tartrate 2.0 32 27 22 

N-A llylmorphi nan .tartrate 4.0 22 23 25 
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3 mg per kg of codeine, intravenously, the coughing 
reappeared immediately upon injection of 1 mg per 
kg of nalorphine, intravenously. Green & Ward 
concluded that the antagonism of various morphine
like effects by nalorphine was similarly brought about 
and that Winter & Flataker had used too small doses; 
they did not show that the small doses used by the 
latter did not have an antitussive effect as described. 

Bickerman & Barach (1954) compared codeine, 
nalorphine and placebo in human subjects, 21 nor
mals and 17 asthmatics, in which coughing was 
provoked by inhalation of citric acid aerosol. Drugs 
were given orally. At a dose of 5 mg, nalorphine had 
some effect and at 30 mg the effect was similar to that 
of 30 mg of codeine sulfate. The average cough 
counts were as follows: 

Agent No. of 
tests 

Placebo 28 
Nalorphine·HCI, 5 mg 30 
Nalorphine·HCI, 30 mg 19 
Codeine sulfate, 30 mg 33 

Placebo 30 
Nalorphine·HCI, 5 mg 12 
Nalorphine·HCI, 30 mg 22 
Codeine sulfate, 30 mg 27 

Average decrease in 
number of coughs 

Interval after administra-
lion (min) 

30 60 120 

Normal subjects 

0.04 +0.04 +0.07 
1.9 2.6 2.2 
3.0 3.2 3.3 
3.2 3.7 5.2 

Asthmatics 

0.4 +0.1 0.04 
1.8 1.1 1.0 
3.8 4.0 3.1 
3.0 4.5 5.9 

Gravenstein, Devloo & Beecher (1954) were 
unable to detect a significant difference, in 25 patients 
with cough of pathological origin, between 15 mg of 
codeine and 20 mg of nalorphine or between either 
drug and a placebo. The drugs were given orally 
for three-day periods, questionnaires were filled in 
and in five patients coughs were counted. The patients 
felt better and thought they coughed less but this was 
not borne out by the cough counts. The authors con
cluded that these agents had little real effect on 
cough frequency. No mention was made of disturb
ing side-effects with nalorphine, but the drug is 
known from other studies to be not very effective 
orally; 20 mg orally is not nearly equivalent to 10 mg 
parenterally. 

DEXTROMETHORPHAN 

Morphine and the other phenanthrene alkaloids 
of opium are optically active, levorotatory com
pounds; their dextroisomers are known, at least in 
part, but are not present in opium. In 1949 attempts 

to synthesize morphine led to the production of a 
similar basic structure, a morphinan, differing from 
morphine in the absence of the oxygen bridge, a 
double bond and the aliphatic hydroxyl group. 
Modifications of morphinan, so far as possible along 
the lines of the many members of the morphine series, 
naturally followed. The synthetic products were 
racemic and the first to be introduced into medicine 
was racemorphan, ( +) 3-hydroxy-N-methylmor
phinan. When this was resolved, pharmacological 
comparisons proved that analgesic activity resided 
in the levo-component as is the case among natural 
alkaloids. This differentiation held generally for 
other morphinans including the codeine analogue, 
methorphan. A by-product of this investigation, 
however, was the demonstration that the dextro
isomers, in particular dextromethorphan, ( + )3-
methoxy-N-methylmorphinan, in spite of the ab
sence of analgesic action in the usual tests, were effec
tive antitussives (Benson, Stefko & Randall, 1952, 
1953; Pellmont & Biichtold, 1954; Reich1e & Friebel, 
1955). The association of analgesic action with 
optical isomerism in this series is consistent with the 
differentiation of activity between isomers in other 
chemical groups of analgesics, but the independent 
occurrence of antitussive effect is novel. It has, 
however, been confirmed many times over in animal 
experiments and these are summarized in Table 37. 

,-.~-N-CHJ . ,' "" ' 

(+) o--e 
/ 

OCHJ 

DEXTROMETHORPHAN 

Although dextromethorphan fails to diminish 
response to nociceptive stimuli in the usual trials, it 
has, according to Randall & Selitto (1958), an anti
inflammatory action and gives an appearance of 
analgesia in the presence of inflammation. For 
example, when inflammation was produced in the 
rat's foot by plantar injection of brewer's yeast, the 
observations shown in Table 38 were reported. 

This anti-inflammatory activity resembles the 
peripheral action of aspirin and paracetamol rather 
than the central action of codeine and may be 
related to a vasodepressor effe~t. 

Pellmont & Biichtold (1954) also reported an 
anti-inflammatory action of dextromethorphan when 
inflammation was produced by mustard oil in mice. 
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TABLE 37 

EFFECTIVENESS OF DEXTROMETHORPHAN ON EXPERIMENTAL COUGH IN ANIMALS 

Method of cough Induction I Anaes-
thesla I Dose I a I (mgjkg) Route Result Reference 

Species: RAT 

Sulfur dioxide vapour 0 18.0 se I = EDoo Relchle & Frlebel (1955) 

Species: GUINEA-PIG 

Ammonia aerosol 0 1.0 se 4.2% decrease in cough res- Kiillqulst & Melander (1957) 
ponse b 

Acrolein aerosol 0 6.0 se Effective Maffii, Silvestrini & Banfi 
(1963) 

Acrolein vapour 0 3.5 se Ineffective Silvestrini & Maffii (1959) 

Acrolein vapour 0 5.0 se 13.4% inhibition Silvestrini & Maffii (1959) 

Acrolein vapour 0 7.0 se 67.1 %inhibition Silvestrini & Maffii (1959) 

Acrolein vapour 0 14.0 se 33% inhibition Silvestrini & Maffii (1959) 

Sulfur dioxide vapour 0 18.0 se = EDso Miller, Robbins & Meyers 
(1963) 

Sulfur dioxide vapour 0 14.0 se = EDso Friebel & Reichle (1956) 

Electrical stimulation of trachea 0 26.0 se Threshold elevation of 0.4 mA Hahn & Friebel (1966) 

Species: RABBIT 

Mechanical stimulation 4-8 IV Little or no effect Furukawa & Okabe (1958) 

Mechanical stimulation 10-20 IV Suppression of cough Furukawa & Okabe (1958) 

Mechanical stimulation 50 0 Little effect Furukawa & Okabe (1958) 

Mechanical stimulation 100 0 Effective after 30 m in c Furukawa & Okabe (1958) 

Species: CAT 

Sterile pleurisy 0 2.0 se Minimal effective dose Van Dongen (1956) 

Ammonia inhalation + 4.0 0 40% or more inhibition Stefko, Denzel & Hickey (1961) 

Ammonia inhalation + 2.0 IV Effective Silvestrini & Maffii (1959) 

Ammonia inhalation + 2.0 IV As effective as codeine Pellmont & Biichtold (1954) 

Soap powder insufflation + 1.5 IV As effective as 3.5 mg/kg of Pellmont & Biichtold (1954) 
codeine 

Electrical stimulation of supe- + 2.0 IV As effective as codeine, or Pellmont & Biichtold (1954) 
rior laryngeal nerve more effective 

Electrical stimulation of supe-
rior laryngeal nerve 

+ 2.0 IV Effective Maffil, Silvestrini & Banfi (1963) 

Electrical stimulation of supe- + 1.372 IV = EDsoforinhibition ofinspira- Kohli, Gupta & Blargava (1960) 
rior laryngeal nerve tory gasp 

Electrical stimulation of + 0.25-0.5 IV Decreased frequency of cough Chakravarty et al. (1956) 
medulla, stereotactically 

Electrical stimulation of + 1.0-2.0 IV Abolished cough C hakravarty et al. (1956) 
medulla, stemotactically 

Mechanical stimulation trachea + 5.1 lP = EDso Kas~ et al. (1959) 

Electric stimulation of medulla, 0 1-2 
stereotactically a 

IV Effective Matallana & Borlson (1955) 
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Method of cough induction 

Sulfuric acid aerosol 

Sulfuric acid aerosol 

Electrical stimulation of trachea 

Electrical stimulation oftrachea 

Electrical stimulation of trachea 

Electrical stimulation of trachea 

Electrical stimulation of trachea 

Electrical stimulation of trachea 

Mechanical stimulation of 
trachea 

Pathological 

Anaes
thesia 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.0 

7.0 

1.0-2.0 

2.0 

2.0 

2.0 

1.0 

1.0 

10.2 

4.0 

TABLE 37 (continued) 

Route a I Result 

Species: DOG 

0 28% inhibition 

0 Effective 

se Effective 

se Marked effect 

se Effective 

IV =EO,. 

se Approximate EDso 

0 > 40% inhibition 

IV = EO,.• 

0 > 40% Inhibition 

a SC =subcutaneous; IV= Intravenous; 0 =oral; lP =intraperitoneal. 
b Ratio to codeine as 1.00 = 0.37. 
c Effectiveness increased relative to that of codeine by addition of pentobarbital. 
d Barbitalized or decerebrate animals. 
• Decerebrate animals. Doses of codeine for comparable effect, 1-6 mg per kg. 

TABLE 38 

Reference 

Chen, Biller & Montgomery 
(1960) 

Maffil, Silvestrlnl & Banfl (1963) 

Maffii, Silvestrlnl & Banfi (1963) 

Pellmont & Biichtold (1954) 

Silvestrinl & Maffii (1959) 

Hara & Yanaura (1959) 

Benson, Stefko & Randall 
(1953) 

Stefko, Denzel & Hickey (1961) 

Kas~ et al. (1959b) 

Stefko, Denzel & Hickey (1961) 

REACTIONS INDUCED BY DRUGS WITH INFLAMMATION PRODUCED IN THE RAT'S FOOT BY PLANTAR INJECTION 
OF BREWER'S YEAST a 

Drug b Dose 
Analgesic action: Increase 

in pain threshold (mm Hg) c Anti-inflam- Temperature changes (deg C) 
(mgfkg) matory action d 

Inflamed foot I Normal foot Inflamed foot I 
I 

Dextromethorphan 6.25 58 0 0 0.16 

Dextromethorphan 12.5 130 26 13 -1.9 

Dextromethorphan 25.0 232 123 23 -2.3 

Codeine 6.25 58 35 0 0 

Codeine 12.5 144 92 0 0 

Codeine 25.0 235 136 0 0 

a After Randall & Selltto (1958). 
b Drugs were administered orally to 5 rats per dose. 
c Initial threshold for response 120 mm Hg. Observations at one hour after drug. 
d Decrease in circumference of Inflamed foot (mm). 

Normal foot I Normal skin 

-0.2 -0.1 

-0.2 -0.3 

+0.4 +0.1 

0 0 

0 0 

0 0 
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Measurement of antitussive action in animals 

The figures for effective antitussive doses in the 
smaller animals are variable but relatively high; for 
cats and dogs they are more uniform and lower. 
Onset and duration of action were about the same, 
and were independent of species or cough stimulus. 
Hahn & Friebel (1966) calculated that the peak 
effect occurred between 30 and 60 minutes and that 
the duration was in the neighbourhood of three 
hours. Stefko, Denzel & Hickey (1961) published 
more extensive figures, showing the dose-effect 
relationship at different times after administration 
and also gave a comparison with two doses of 
codeine (Table 39). Observations were continued for 
only 120 minutes, but the effect of 4 mg per kg of 
codeine phosphate was still well in evidence at that 
time and the effect of the same amount of dextrome
thorphan was nearly as great. In other experiments, 
Benson, Stefko & Randall (1953) found the two drugs 
equally effective, but against pathological cough in 
dogs Stefko, Denzel & Hickey (1961) said that dex
tromethorphan was less effective than codeine. Fuji
moto (1958) elicited cough, electrically, mechanically 
and chemically, in unanaesthetized dogs and found 
dextromethorphan and codeine about equally effec
tive as suppressants, and he insisted that variability 
demanded the use of more than one method when a 

TABLE 39 

TIME-EFFECT RELATION OF GRADED DOSES 
OF DEXTROMETHORPHAN FOR ANTITUSSIVE EFFECT IN 
DOGS; COUGH ELICITED BY ELECTRICAL STIMULATION 

OF THE TRACHEA a 

Oral I dose 
(mg/kg) 

0.5 

1.0 

2.0 

4.0 

8.0 

16.0 

1.0 

4.0 

No. of animals/ %inhibition of cough at 
no. of 1---,-----,----.-----

experiments 15 min I 30 min 160 min 1120 min 

Dextromethorphan hydrobromide 

12/27 16 28 23 12 

12/28 30 46 54 32 

15/30 42 63 68 44 

13/28 44 76 84 54 

11/24 48 84 90 70 

10/12 48 90 92 70 

Codeine phosphate 

12/14 26 

I 
46 

I 

44 30 

12/16 48 88 99 78 
I 

a From Stefko, Denzel & Hickey (1961). 

new agent was to be evaluated. Friebel & Reichle 
(1956) believed the guinea-pig superior to the rat as 
the test animal for antitussive measurements. In 
their hands dextromethorphan was less effective than 
codeine. The subcutaneous ED50 for dextro
methorphan was 18 mg per kg in the rat against 
10 mg per kg for codeine and 14 mg per kg in the 
guinea-pig against 8 mg per kg for codeine. Only 
Chakravarty et al. (1956) said that dextromethorphan 
was a definitely more effective antitussive than 
codeine. They said that 4-10 mg per kg of the latter 
was required to suppress cough as well as I or 2 mg 
per kg of dextromethorphan. Their animals were 
anaesthetized or decerebrated and cough was 
elicited by stimulation through centrally placed 
electrodes. 

Two unusual variations in the antitussive effect of 
dextromethorphan should be noted. Silvestrini & 
Maffii (1959) obtained the maximum effect in the 
guinea-pig with 7.0 mg per kg; double that dose 
resulted in only 33 % inhibition. Furukawa & · 
Okabe (1958) reported enhancement of the anti
tussive effect of dextromethorphan by simultaneous 
administration of pentobarbital. The experimental 
animal was the rabbit and cough was induced by 
mechanical stimulation. These results have not been 
confirmed. 

Respiratory effect 

Benson, Stefko & Randall (1953) found that 
respiratory rate and minute volume in the an
aesthetized rabbit might be stimulated by dextro
methorphan. A dose of 2.0 mg per kg increased the 
minute volume by 22.8 %; 4.0 mg per kg increased 
the respiratory rate by 23.6% but the minute 
volume was increased by only about 4.0 %. Pellmont 
& Bachtold (1954) also said that small doses of 
dextromethorphan stimulated respiration in the 
rabbit but that doses above 5.0 mg per kg caused 
depression. In cats only depression of respiration 
occurred (Chakravarty et al., 1956); and in guinea
pigs, according to Hahn & Friebel (1966), no signifi
cant respiratory change occurred with 26 mg per kg, 
subcutaneously. Qualitative changes in the bouts of 
coughing, elicited by electrical stimulation of the 
trachea, did occur and Chakravarty et al. (1956) 
said that the antitussive effect outlasted repiratory 
depression. 

Capello & Di Pasquale (1955) used a 30-mg dose 
of dextromethorphan to treat the cough of 23 tuber
culous patients, and measured a number of facets of 
respiratory function before and after the treatment 
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was begun. Effective vital capacity ventilation, air 
velocity index and oxygen extraction index were 
significantly improved in most of the patients. 

Gruhzit & Schub (1956) and Gruhzit (1957) 
injected dextromethorphan intravenously, or into 
the right atrium in anaesthetized cats and dogs, and 
produced respiratory depression very rapidly with 
periods of expiratory apnoea. This was blocked by 
barbiturates and by vagotomy and did not occur if 
the injection was into the aorta or left ventricle. The 
authors concluded that there was an effect on the 
pulmonary chemoreceptors. Codeine produced a 
similar effect. 

Randall et al. (1953) said that dextromethorphan 
at a concentration of 0.01 molar had no effect on 
the respiration of rat brain slices and that a con
centration of more than 0.02% was required to 
produce a 50% inhibition of cholinesterase. 

Boyd, Hicks & Trainor (1956) measured the out
put of respiratory-tract fluid in animals under light 
urethane anaesthesia (mainly cats but a few experi
ments on rabbits and guinea-pigs). At a dose of 
5 mg per kg and above, orally, dextromethorphan 
decreased the output to about 40%. The mean 
output in control animals was at the rate of 2.43 ml 
per 24 hours and in the drugged animals 1.24 ml 
per 24 hours. The inhibitory effect lasted only about 
one hour. There was no corresponding change in 
viscosity, specific gravity or chloride content of the 
fluid. Van Dongen (1956) reported that 5 mg per 
kg of dextromethorphan, subcutaneously, in the cat 
inhibited ciliary movement. Barium sulfate blown 
into the trachea, normally removed in two hours, 
was not completely removed until five hours after 
dextromethorphan. 

Pellmont & Bachtold (1954) observed broncho
constriction with dextromethorphan, 1 or 2 mg 
per kg, intravenously, in decapitated cats but not in 
intact animals. It was not reversed by papaverine, 
or by sympathomimetic or parasympatholytic com
pounds. 

Other pharmacologic actions 

A decrease in blood pressure after dextromethor
phan in dogs, cats and rabbits has been reported. 
Leimdorfer (1955) found in dogs anaesthetized with 
pentobarbital that 2 or 3 mg per kg of dextro
methorphan, intravenously, usually caused a sharp 
fall in blood pressure with slowing of the heart. 
This could be prevented if small divided doses were 
given even to the same total amount. After dextro
methorphan, epinephrine failed to cause extra-

systoles. In anaesthetized cats (mainly) and dogs, 
according to Gruhzit (1957), 1-2 mg per kg of 
dextromethorphan, intravenously, usually (40 of 
46 injections) caused a fall in systolic and diastolic 
blood pressure of a few to 100 mm Hg, lasting a few 
minutes to an hour. The effect diminished with 
repetition of the dose. Randall et al. (1953) said 
that three successive doses of dextromethorphan, 
1.0 mg per kg, intravenously, decreased the blood 
pressure by 120, 85 and 20 mm Hg; the duration of 
the fall also diminished and the same dose after 
1 mg per kg of levorphanol caused only a brief 
15-mm fall in pressure. The effect of levorphanol 
after dextromethorphan was also diminished so that 
both acute tolerance and cross-tolerance developed. 
Intra-arterial injection of dextromethorphan, 0.5 mg 
per kg, increased peripheral blood flow and the 
authors concluded that there were both central and 
peripheral components in the hypotensive effect. 
Pellmont & Bachtold (1954) found that the fall in 
blood pressure could be produced in the decapitated 
cat further suggesting peripheral action. Slomka & 
Goth (1956), however, said that there was no diminu
tion in the hypotensive effect of repeated injections 
of dextromethorphan in dogs under pentobarbital 
anaesthesia and, after these repeated injections, a 
histamine-liberator still caused a fall in pressure. 
If the dose of histamine-liberator was repeated until 
acute tolerance to it had occurred, dextromethorphan 
then had no effect. Schallek & Walz (1954) com
pared the two isomers of methorphan. In three 
experiments in dogs the dextroisomer caused an 
average decrease in blood pressure of 33% and in 
the heart rate of 21 %; the levoisomer decreased 
blood pressure only 3.0% but the heart rate 32%. 

Megemont et al. (1961) tested various compounds 
on the isolated heart of Helix pomatia. The lowest 
concentration of dextromethorphan to alter the 
rhythm was 1 : 25 000, to cause cardiac arrest 
1:12 500 and to potentiate the effect of acetyl
choline 1:75 000. 

Pellmont & Bachtold (1954) reported an increase 
in intestinal tone with dextromethorphan. Gyang, 
Kosterlitz & Lees (1964) found the minimal con
centration to cause inhibition of the peristaltic reflex 
in the isolated guinea-pig ileum to be 8.0 fLg, per ml, 
whereas the corresponding concentration for codeine 
was 1.8 fLg per ml. 

In spite of the lack of analgesic and overt sedative 
actions with dextromethorphan, Schallek & Walz 
(1954) described changes in the electroencephalo
gram pattern in the dog. A dose of 1 or 2 mg per kg, 
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TABLE 40 

TOXICITY OF DEXTROMETHORPHAN 

Species 
LDso (mgfkg) 

Intravenous Subcutaneous 

Mouse 37 275 

Mouse 298 

Mouse 35 277 

Mouse 157 

Mouse 153 

Rat 600 

Rat > 400 

Rabbit 15 

Rabbit 19 

Dog 39 a 

Dog > 10 > 20 

a Minimal lethal dose. 

intravenously, decreased frequency and amplitude; 
the levoisomer had a similar effect. 

Toxicity figures for dextromethorphan are shown 
in Table 40. 

Versie et al. (1962) reported a case of accidental 
poisoning with dextromethorphan. A child who 
weighed 11.7 kg ingested 180 mg. Vomiting occurred 
twice and no other serious difficulty was encoun
tered. Within 24 hours 34% of the dose was recov
ered in the urine. Metabolites identified by chro
matography, in addition to dextromethorphan, 
were ( + )3-methoxymorphinan and ( + )3-hydroxy
morphinan. Willner (1963) also reported finding 
the demethylated metabolites, 3-hydroxy-N-methyl
morphinan and 3-hydroxymorphinan; he did not 
find 3-methoxymorphinan. The percentages of the 
doses recovered were 28.0%, 8.5% and 2.5% in one 
group and 39%, 56% and 15% in another group 
of three patients. The dose in the latter group was 
50mg. 

Antitussive action in man 

Gravenstein, Devloo & Beecher (1954) and 
Gravenstein & Beecher (1955) induced cough in 
normal subjects with intravenous paraldehyde, 
ammonia vapour or citric acid aerosol and failed to 
obtain evidence of antitussive action. The dextro
methorphan dose used was 30 mg, orally; but they 
also failed to show a significant effect with codeine 
or heroin. Patients with pathological cough, the 
authors said, felt that they coughed less after they 

Reference 
Oral 

165 Pellmont & B!lchtold (1954) 

Eddy (unpublished data) 

165 Benson, Stefko & Randall (1953) 

Hara & Yanaura (1959) 

Kase et al. (1959b) 

350 Ben son, Stefko & Randall (1953) 

Randall et al. (1953) 

Ben son, Stefko & Randall (1953) 

Pellmont & Biichtold (1954) 

Kase et al. (1959b) 

Pellmont & Biichtold (1954) 

were given codeine or heroin than after dextrome
thorphan or placebo (double-blind), but cough 
counts failed to confirm a difference. Bickerman 
(1961, 1962) has twice reviewed the newer anti
tussives including dextromethorphan, and, contrary 
to the foregoing, obtained in his own laboratory a 
significant decrease in cough produced experiment
ally in normal subjects (Bickerman et al., 1957). 
Cough was induced by a citric acid aerosol and 
six to eight subjects were used per dose given orally. 
The results are shown in Table 41. 

TABLE 41 

EFFECT OF DRUGS ON EXPERIMENTALLY PRODUCED 
COUGH a 

Dose 

I 

%decrease in cough after 
Drug (m g) 

1 h I 2 h I 3h I 4h ! 

Placebo -7.5 +2.5 +5.0 
1

1 +25.0 

Placebo +10.6 +4.3 -4.31 +12.8 

Placebo -8.0 -12.0 -12.0 +2.0 

Dextromethorphan 5 -33.5 -20.8 -18.1 ' -12.7 

Dextromethorphan 10 -29.8 -24.6 -24.6 -26.3 

Dextromethorphan 20 -23.9 -25.4 -33.8 -25.4 

Codeine 5 -17.2 -22.4 -22.4 -17.2 

Codeine 15 -32.4 -32.5 -27.51-10.0 

Codeine 30 -32.8 -43.1 -34.5 -22.4 

a From Blckerman et al. (1957). 
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There was less dose-relationship demonstrated 
for dextromethorphan than for codeine, but there 
was less dose-spread for the former than for the 
latter. A dose of 10 mg of dextromethorphan was 
very similar in its effectiveness to 15 mg of codeine. 

Calesnick & Christensen (1967) reported recently a 
different criterion for the detection of antitussive 
action in ·normal subjects. They used only males 
(medical students) because females were too sensitive 
to reflex closure of the glottis and this prevented 
inhalation of a sufficient amount of nebulized 25% 
citric acid. They also excluded persons who did 
not give a good cough response before drugging or 
who failed to show an antitussive effect with 40 mg 
of codeine, orally. A lengthening of the latent 
period, the time from inhalation, under pressure 
through a tight face mask, to the cough response, 
was arbitrarily set as the indication of cough sup
pression. Graded doses of codeine were given, 
5-120 mg, with citric acid challenge at hourly 
intervals for four hours; optimal suppression was 
obtained with 40 mg. The response curves of 10-
40 mg of codeine and 15-30 mg of dextromethorphan 
were parallel but codeine was judged to have 2.2 
times the potency of dextromethorphan on a weight 
basis or 3.3 times on a molar basis. In some experi
ments radioactive dextromethorphan was adminis
tered for determination of the plasma level and 
excretion in 24 hours. Urinary excretion accounted 
for 42.7% of the dose administered, faecal excretion 
for 0.12 per cent. All observations in these experi
ments were double-blind and drug administrations 
were randomized at three- or four-day intervals. 

Clinical trials and reports on the effect of dextro
methorphan against cough of various origin are 
summarized in Table 42. The first of these trials was 
by Cass & Frederik (1953). Initially they compared 
4 mg of dextromethorphan and 15 mg of codeine 
each given four times a day for five days to 65 patients 
with chronic cough. Both were judged by the patients 
and the observer as better than placebo, but codeine 
at the dose used was more effective. In a second 
series (Cass, Frederik & Andosca, 1954) three doses 
of dextromethorphan, 6, 12 and 18 mg, one dose of 
codeine, 15 mg, and placebo were compared in 
69 patients. Administration of each was three times 
a day for seven days. All of these doses were given 
orally. The severity of cough was rated numerically 
and the sums of scores for relief established a dose
effect relationship and approximate equivalence of 
dextromethorphan and codeine on a weight basis. 
This was confirmed in a third series in which the 

doses were 10 and 20 mg of dextromethorphan and 
15 mg of codeine, each four times a day for 10 days, 
63 patients completing the cross-over trial (Cass & 
Frederik, 1956). 

The results shown in Table 42 confirm the anti
tussive effect of dextromethorphan. A suitable dose 
of it can be as effective as codeine and commonly 
the therapeutic doses are the same for both drugs. 

Abuse liability 

Generally speaking in the past, compounds which 
produced morphine-like analgesia, except the specific 
opiate antagonists, have exhibited the ability to 
produce dependence of the morphine type. It was 
most interesting, therefore, to determine whether 
dextromethorphan, which is not analgesic but is 
antitussive, also a characteristic morphine-like 
action, would or would not show morphine-like 
dependence-producing properties. The study was 
carried out at the Addiction Research Center, 
Lexington, Ky., USA, by Isbell & Fraser (1952, 
1953). In sharp contrast to the morphine-like effects 
of the racemate and the levoisomer, dextromethor
phan, given orally or subcutaneously to non
tolerant former morphine addicts, in doses of 
6-100 mg, exhibited no evidence of morphine-like 
behaviour. Toxic symptoms (dizziness, diplopia, 
headache, nausea and vomiting) appeared following 
doses of 60 mg or more. In other experiments on 
these post-addict subjects measurements of rectal 
temperature, pulse and respiratory rate, blood 
pressure, pupillary size and respiratory minute 
volume were made before and at hourly intervals 
after oral and subcutaneous administration of 
75 mg of dextromethorphan. Comparison was with 
30 mg of morphine, 60 mg of codeine and placebo, 
orally and subcutaneously, in the same subjects. 
None of these parameters was affected by the 
dextroisomer. To patients who were dependent on 
morphine and who were stabilized on 120-300 mg 
per day, doses of about 90 mg of dextromethorphan, 
repeated once, were given orally and subcutaneously 
at the peak of the abstinence syndrome, 28 and 
32 hours after abrupt withdrawal of morphine. There 
was no effect at all on the intensity of the abstinence 
phenomena. In five other patients, stabilized on 
60 mg of morphine four times a day, a dose of 
75-100 mg of dextromethorphan was given in place 
of each morphine dose. Signs of abstinence appeared 
at the same time and developed with the same inten
sity as when the morphine was discontinued without 
any substitution. Dextromethorphan was corn-



TABLE 42 

SUMMARY OF CLINICAL ANTITUSSIVE EFFECTIVENESS OF DEXTROMETHORPHAN 

' 
Patients 

Dosage and regimen of administration Result 

No. I Type 

65 Chronic cough 4 x 4 mg per day About half as effective as codeine, 4 x 17 
mga 

42 Tuberculous; 45 other chronic cough 2 - 5 x 5 mg per day Effective b 

69 Chronic cough 3 x 6 mg, 12 mg or 18 mg per day, for 7 days Cough intensity scores: 
6 mg 1.36 
12 mg 1.28 
18 mg 1.25 
Codeine, 15 mg 1.26 c 
Placebo 1.48 

453 Mostly children 3 x 2, 5 or 10 mg per day, children As good relief in small groups as with 
codeine or hydrocodone d 

3 x 5-20 mg per day, adults 

46 Chronic cough 4 x 4 mg per day, 3 days to 6 months Moderate to marked relief, 71.7% e 

98 Chronic cough 4 x 15 mg per day, 3 days to 6 months Moderate to marked relief, 89.6% 

23 Tuberculous 30 mg per day Marked improvement! 

120 Acute and chronic cough 3 or 4 x 10 mg per day Slower and briefer but as effective as eo-
dei ne 

79 Bronchitis Effect definite in 37, very good in 27 u 

>100 Tuberculous 2or3x 10or20mgperday Effect as good as with codeine in 25 patients, 
sometimes better h 

120 Mo'stly tuberculous 7.5-15 mg, average 12.9 mg per day Cough suppressed 49, less 16 i 

73 Tuberculous 20-30 mg, average 28.8 mg per day Cough suppressed 23, less 27 

4-8 x 20 to 30 mg per day These doses gave better cough control 

63 Chronic cough 4 x 10 mg and 4 x 20 mg per day for 10 Cough score: placebo, 1.15; 20 mg, 0.92; 10 
days mg, 0.86; codeine, 15 mg, 0.78 J 

150 Pneumothorax, bronchoscopies 30 mg single dose Effective 

Reference 

Cass & Frederik (1953) 

Buchegger & Frisch (1954) 

Cass, Frederik & Andosca 
(1954) 

Hottinger (1954) 

Ralph (1954) 

Ralph (1954) 

Capello & Di Pasquale (1955) 

Kummer (1955) 

Maurer (1955) 

Steiger (1955) 

Tiinnerhoff & Schwabe (1955) 

Tiinnerhoff & Schwabe (1955) 

Zettel (1955) 

Cass & Frederik (1956) 

Grafe (1958) 
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No. 

119 

100 

22 

100 

28 

65 

TABLE 42 (continued) 

-----~--- ---

Patients 
Dosage and regimen of administration 

I Type 

Children 5-27 mg according to age, per day 

Cough of various origin 3 x 15-22.5 mg per day 

Children, per dose group 15 or 30 mg per dose, 3-5 days 

Chronic cough 15 mg per dose, for 1 week 

Children, acute cough 4 x 30 mg plus 325 mg aspirin per day, 3-5 
days 

Children, ambulatory and hospitalized 15 mg + phenylpropanolamine+ antihis-
!amine; 75 mg + phenylpropanolamine; 
placebo 

a Fewer side-effects than with 17 mg of codeine. 
b No narcosis, euphoria or tolerance in a period of 6 months. 
c Side-effects: Placebo: nausea 3, drowsiness 2. 

Codeine: nausea 13, drowsiness 18, constipation 3. 
Dextromethorphan, 18 mg: nausea 2, drowsiness 2, constipation 2. 

a No side-effects or sedative action. 

Result 

84 Improved k 

Good in 74; prompt relief lasting 4-5 hours I 

Score: frequency severity 
Blank 60 62 
15mg 36 36 
30 mg 24 24m 

74% effective 

Complete relief= 0; no relief = 4. Aspirin 
alone scored 75 and 73 for frequency and se-
verity of cough, dextromethorphan 16 and 16 

In both groups relief was better with both 
mixtures than placebo, but not differentfrom 
each other 

• On 60 mg a day: nausea 2, dizziness 2. Generally in same patient 15 mg was as effective as 30 mg of codeine. 
I Respiratory function increased significantly. No euphoric effect or tolerance. 

I 
Reference 

Huperz (1958) 

Skursky (1959) 

Gruber & Carter (1961) 

Simon (1962) 

Carter (1963) 

Reece et al. (1966) 

g Side-effects Infrequent. In 14 patients, 10 mg was compared with 15 mg codeine. Definite effect37.5%, very good39.1%;for codeine definite effect64.3%, very good 7%. 
"No evidence of tolerance In treatment for 6 months to 300 days. 

Compared In small groups, 10 mg was as effective as codeine. 
1 Authors considered dextromethorphan and codeine equally effective. 
k No side-effects. 
I In 10 cases of spastic bronchitis, breathing was easier after 1.0% aerosol. 

m Lower score I ndlcates better result. 
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pletely ineffective in suppressing signs of abstinence 
from morphine. The authors concluded that dextro
methorphan was devoid of addiction liability, that 
is, devoid of morphine-like dependence-producing 
properties. On this evidence dextromethorphan, a 
compound produced in the laboratory and, there
fore, not automatically subject to international 
narcotics control, was not subjected to such control 
and was Specifically excluded from national nar
cotics control in the United States of America. 

Curiously, in spite of the above negative results, 
there has been some limited and sporadic abuse of 
dextromethorphan. Degkwitz (1964) reported three 
cases, males 19-21 years old, who claimed to have 
taken 20-100 tablets of 15 mg of dextromethorphan 
daily. The effects were described as a feeling of 
well-being, reinforcement of awareness and apprecia
tion of visual and auditory sensations with exagger
ated attention to details. Other effects included 
increased sociability, meaningless hilarity, pupillary 
dilatation, slurred speech and slight ataxia. As the 
effects wore off, restlessness and sleeplessness 
remained. In some respects the effects were like 
those of cannabis. The patients had had experience 
of the latter and thought its effects less intense; they 
also drank beer excessively to enhance the effects. 
They claimed to know others who abused the drug 
as they did. During hospitalization no withdrawal 
phenomena were seen and after discharge the 
patients resumed the use of dextromethorphan. 

A few other widely separated instances of abuse of 
preparations of dextromethorphan have come to our 
attention. There has been no indication of physical 
dependence and the roles of suggestion, and of the 
surrounding circumstances and the accompanying 
ingestion of alcoholic beverages is not clear. 

After the first report of the abuse of dextro
methorphan the possibility of the modification of its 
effect by alcohol was considered and Fraser (personal 
communication, 1961) performed two pilot experi
ments. Four patients (post-addicts) in a fasting 
state were given oral doses of 150, 200, 250 and 
300 mg of dextromethorphan. The effects were very 
minor; the drug was not identified as "dope" and 
the patients did not like its subjective effects. In the 
second experiment four similar patients were given 
36, 72, 75 and 100 mg of dextromethorphan. Two 
days later each was given repeated doses of 95% 
alcohol until intoxication was marked or up to 
a maximum of four times 0.239 ml per kg at 
30-minute intervals. After another two days each 
was given the same amount of alcohol and the 

amount of dextromethorphan taken previously. 
Neither the patients nor the observers could detect 
any difference between the effect of the alcohol alone 
and of alcohol plus dextromethorphan. The doses 
of the latter used alone had had no detectable effect. 
These two experiments throw no light on the alleged 
pleasurable response to dextromethorphan abuse. 

JSOQIDNOLINE ALKALOIDS 

Noscapine 1 

Isolated by Robiquet (1817) more than 150 years 
ago, noscapine is a levorotatory alkaloid of opium 
based upon isoquinoline instead of phenanthrene. 

/0-o/'] 
CH''--O-""'- ivN-CH, 

I 
OCH, CH-0 

I I 

0 -C.=O 

-ocH. 
I 

OCH. 
NOSCAPINE 

It is the second most abundant in opium, though its 
content varies widely. Originally it was believed to 
have only narcotic properties and the older reports 
on its pharmacological action were conflicting and of 
little practical significance (Krueger, Eddy & Sum
wait, 1943). Winter & Flataker (1954) first demon
strated its antitussive activity in animal experiments. 
In guinea-pigs in which cough was induced by 
ammonia inhalation and in dogs exposed to sulfuric 
acid aerosol, noscapine produced almost as much 
reduction of coughing as codeine. In guinea-pigs 
without drug, coughs per three minutes per ammonia 
inhalation ranged from 10 to 40 and varied less than 
10% in two trials in the same animals on the same 
day. The reduction in the number of coughs per 
3 minutes is shown below and was dose related for 
both codeine and noscapine: 

Subcutaneous dose 
(mgfkg) • 

Codeine phosphate 
Noscapine hydro

chloride 

0.25 0.5 1.0 2.0 

3.2 (25) 18.4(20) 21.5 (50) 27.3 (20) 

3.1 (15) 10.9(15) 16.5(15) 28.0(5) 

* Numbers in parenthesis are the numbers of animals treated. 

' Also known as narcotine; Nectadon. 
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In dogs the coughs were counted before and at 
hourly intervals after oral administration of the drug 
with two or three tests per dog. The average number 
of coughs was : 

Codeine phosphate 
Noscapine 

hydrochloride 

Dose Before Time after drug (h) 
(mgfkg) drug 1 2 3 

0.5 
0.5 
0.5 
1.0 

17 
32 
19 
28 

2 
8 
2 
0 

5 
16 
11 
16 

17 
35 
14 
12 

Most authors have confirmed that noscapine has an 
antitussive effect in animals (see Table 43), but that 
it is less than that of codeine. 

Chen, Biller & Montgomery (1960) found the 
maximal antitussive action of noscapine in dogs, 
1.0 mg per kg, orally, at 30 minutes and found that 
its duration of action was hardly two hours. Winter 
& Flataker (1954) reported a slightly longer duration 
of action of subcutaneous doses. They saw no 
tolerance to the antitussive action. 

Noscapine has not shown a significant respiratory 
depressant effect. Haas (1955) measured a slight 
increase in both respiratory rate and minute volume 
after intravenous doses of 3 and 5 mg per kg in 
anaesthetized cats. LaBarre & Plisnier (1959a, 
1959b) and Plisnier, Hemalsteen & LaBarre (1959) 
observed an increase in pulmonary ventilation in the 
anaesthetized dog after 1.0 mg per kg of noscapine, 
intravenously, while the same dose of codeine always 
caused bronchoconstriction. The latter authors 
found that 1.0 or 2.0 mg per kg of noscapine, 
intravenously, in rabbits increased bronchial secre
tion by 40%. Barlow (1933) considered the respira
tory effect of noscapine relatively unimportant. 
Even at 42 mg per kg, subcutaneously, in rats it had 
only about the equivalent of one-fourth the effect of 
morphine on respiratory rate and the response to 
C02 was increased. Bellville et al. (1958) measured 
respiratory minute volume and response to C02 m 
five normal human subjects. Doses were given orally 
in random order to each subject at least 36 hours 
apart, comparing 60 mg of codeine with 30 and 90 mg 
of noscapine and placebo. Codeine was depressant; 
noscapine was not. The latter was not significantly 
different from placebo. Harris (1965), also using 
normal subjects, compared the effects of oral doses 
of 50 and lOO mg of noscapine and of 30 and 
60 mg of codeine, on responses to low oxygen con
centrations and to C02 • Neither dose of noscapine 
had any effect on either response. Both doses of 
codeine depressed slightly the response to C02 and 

the 30 mg dose significantly depressed response to 
low oxygen concentration. 

Konzett & Rothlin (1954) said that 1.0-3.0 mg 
per kg of noscapine intravenously had no effect on 
the bronchial musculature, or caused dilatation, 
while codeine caused constriction. They used 
anaesthetized cats and mechanically controlled 
respiration under constant pressure. Konzett (1955) 
said further that noscapine decreased blood pres
sure by vasodilatation and had other slight anti
spasmodic effects. Weaver et al. (1957) reported 
bradycardia and vasodilatation after intravenous 
noscapine in anaesthetized dogs. The effect was 
maximal with 2.5-5.0 mg per kg and was cumulative 
with repetition of small doses at short intervals. 
Injected into a coronary artery noscapine increased 
coronary blood flow, and injected into the femoral 
artery increased peripheral blood flow, without in 
either case changing the systemic blood pressure. 
Acute tolerance to these peripheral effects de
veloped readily. The authors thought that the effects. 
except the bradycardia, were due to histamine libera
tion. Segal (1959), on this point, said that in limited 
experimental studies in asthmatics, noscapine did 
not have significant antihistaminic or cholinolytic 
effect. 

Gyang, Kosterlitz & Lees (1964) claimed good 
correlation between analgesic action and inhibitory 
effect on the peristaltic reflex in the isolated guinea
pig ileum. The approximate minimal concentration 
was 0.05 fLg of base per ml for morphine, 1.8 fLg for 
codeine and 22.0 fLg for noscapine. The analgesic 
potency ratios were 1.0 for morphine 0.08 for codeine 
and 0.0 for noscapine. 

Noscapine does not have an analgesic effect. 
Reichle & Friebel (1955) found no increase in the 
reaction time (skin-twitch to radiant heat, in rats) 
with doses up to 200 mg per kg. 

Noscapine is less toxic than codeine in animals. 
Some of the LD50s (mg/kg) that have been reported 
for the hydrochloride and phosphate are shown in 
Table 44. 

Winter & Flataker (1961) found that 50 mg per 
kg of nalorphine was ineffective against the lethal 
effect of noscapine in mice; both drugs were given 
intravenously. The same authors administered nos
capine chronically in dogs and rats; 30 mg per kg. 
orally, five days a week for 13 weeks in the former. 
and 0.05-0.5% in the diet for three months in the· 
latter. No signs of toxicity were seen in the· dogs .. 
Concentrations of 0.2-0.5% in rats produced moder
ately enlarged livers with slight increase in liver lipid_ 
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TABLE 43 

RESULTS OF ANTITUSSIVE TESTING OF NOSCAPINE IN ANIMALS 

Tusslgenlc stimulus 

SOt vapour 

so, Inhalation 

Ammonia 

Acrolein 

Antigen aerosol 

Electrical stimulation superior 
alryngeal nerve 

Sterile pleurisy 

Mechanical stimulation of trachea 

Mechanical stimulation of trachea 

Mechanical stimulation of trachea 
or ammonia vapor 

Electrical stimulation superior 
aryngeal nerve 

Electrical stimulation superior 
laryngeal nerve 

Electrical stimulation superior 
laryngeal nerve 

Sneezing attacks induced 

Sulfuric acid aerosol 

Sulfuric acid aerosol 

Electrical stimulation tracheal 
mucosa 

Electrical stimulation superior 
laryngeal nerve 

Electrical stimulation surface 
of trachea 

Mechanical stimulation of trachea 

16.0 

18.5 

1.0 

1.0 
2.0 
3.5 

1.0-4.0 

30.0 

1.0-5.0 

0.1-1.0 

22.4 

5-10 

3.0 

0.75 

To 10.0 

15.0 

1.0 

1.0 

8.0 

0.75 

12.0 

22.2 

Result 

Species: RAT 

se EOoo; less potent than codeine 

Reference 

Reichle & Frlebel (1955) 
Frlebel & Relchle (1956) 

Species: GUINEA-PIG. 

se 
se 

se 
se 
se 

se 

IV 

se 
se 

lP 

IV 

IV 

IV 

IV 

IV 

0 

se 
se 

IV 

IV 

IV 

EO .. ; codeine EOso 8.0 Friebel & Relchle ,(1956) 

Average decrease in coughs per Kiillquist & Melander (1957) 
5 min at 60 min = 2.4. For same 
dose of codeine= 10.0 

11% inhibition of cough Silvestrini & Maffii (1959); 
34% inhibition of cough Maffii, Silvestrini & Banfi (1963) 
47% inhibition of cough 
(Equivalent codeine dose 4.0 mg) 

Cough inhibltedb Winter & Flataker (1955a, 1955b) 
codeine ineffective 

Species: CAT 

EOoo; codeine EOoo 4.0 c Green &Ward (1955) 

Ineffective Van Oongen (1956) 

As effective as codeine c Konzett & Rothlin (1954); 
Konzett (1955) 

EO .. ; codeine EOoo 1.79° Kasi\ et al. (1959) 

Always antitussive d Mulinos (1960b) 

Cough abolished;" also by codeine Haas (1955) 
3.0 mg/kg IV 

Equal depression of cough reflex as 
with codeine 1.0 m g c 

LaBarre & Plisnler (1959a, 1959b) 

Ineffective c Silvestrini & Maffii (1959) 

Expirato~ thrust decreased; equiv- Boner (1962) 
alent co eine dose 2.0 

Slight inhibition, less than with Chen, Biller & Montgomery (1960) 
codeine 

Equal to same dose of codeine Silvestrinl & Maffii (1959) 

Less effective than 4.0 mg codeine Maffii, Silvestrini & Banfi (1963) 

Equal to 1.0 mg of codeine LaBarre & Plisnier (1959a, 1959b) 

EO .. ; codeine EOso1.5 Hara & Yanaura (1959) 

EOso; codeine EOso 3.76 Kasi\ (1955a); Kasi\ et al. (1959) 

a SC = subcutaneous; IV= Intravenous; lP =Intraperitoneal; 0 = oral. 
b Guinea-pig was sensitized. 
c Cat was anaesthetized. 
d Cat was barbltalized. 
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TABLE 44 

TOXICITY OF NOSCAPINE HYDROCHLORIDE AND CODEINE P.HOSPHATE 

I 
LDoo (mg/kg) 

Species Route a Reference 

I 
Noscapine I Codeine 

Mouse 
. 

0 2 784 535 Aurousseau & Navarro (1957) 

Mouse se 198 (181) IJ 191 (135) IJ Kas6 et al. (1959) 

Mouse se 514 248 Aurousseau & Navarro (1957) 

Mouse se > 30QOC Winter & Flataker (1961) 

Mouse IV 83 Winter & Flataker (1961) 

Rat 0 c. 1 600 Winter & Flataker (1961) 

Rat (1 month) lP 850 Drommond, Johnson & Poe (1950) 

Rat (2-4 months) lP 875 Drommond, Johnson & Poe (1950) 

Rat (adult) lP 600 Drommond, John son & Poe (1950) 

Dog se 325 Hara & Yanaura (1959) 

Dog IV 75 Hara & Yanaura (1959) 

Dog IV 80 (73) 98 (69) Kas~ et al. (1959) 

a 0 = oral; SC = subcutaneous; IV= Intravenous; lP = intraperitoneal. 
IJ Figures in parentheses are for free base. 
c Poor absorption from subcutaneous tissues, probably accounts for the wide range of results 

by this route of administration. 

Cooper & Hatcher (1934) found that 300 mg per 
kg, intramuscularly, or 20-25 mg per kg, intraven
ously, of noscapine caused convulsions in cats but 
the animals survived; 40 mg per kg, intravenously, 
was fatal. Only a small fraction of the dose was 
detectable in the urine. Veds111 (1961) determined 
blood levels and urinary excretion after oral doses in 
man. After doses of 2 and 6 mg per kg in man the 
plasma concentration increased more rapidly with 
the higher dose. The drug disappeared from the 
plasma in six hours but less than 1.0% of the dose 
was excreted in the urine, half of it conjugated. The 
subjects complained of slight drowsiness and 
nausea. 

Lasagna et al. (1961), looking for an anti-tumour 
effect, gave large doses of noscapine to 32 cancer 
patients, four doses per day, ranging from 1-6 g per 
day up to 42 days. The symptoms were nausea, 
epigastric burning, abdominal pain, vomiting and 
some drowsiness, generally more severe with the 
larger doses, but one patient took 4 g per day for 
37 days without toxic signs. 

A depressant effect of noscapine on experimental 
cough in man was shown by Bickerman & Barach 
(1954). The cough stimulus was a citric acid aerosol 

and the doses of noscapine were 5 and 15 mg; these 
doses were as effective as 30 mg of codeine. A later 
study by Bickerman et al. (1957) with 19 trained, 
healthy adults concluded that noscapine was, at the 
most, equally as potent as codeine. The mean per
centage decrease in the number of coughs, with 
these subjects, is shown below: 

Time tifter administration (h) 
Dose (mg) 1 2 3 4 

Placebo 7.5 +2.5 +5.0 +25.0 
Placebo +10.6 +1.5 4.3 +12.8 
Placebo 8.0 +12.0 12.0 +2.0 
Codeine, 5 17.2 22.4* 22.4* 17.2 
Codeine, 10 32.4* 32.5* 27.5* 10.0 
Codeine, 15 32.8* 43.7* 34.5* 2.4* 
Noscapine, 5 31.9* 19.1 19.1 6.4 
Noscapine, 10 30.0* 16.7* 23.3* 20.0* 
Noscapine, 15 35.5* 39.5* 37.4* 26.7* 
• Significant difference. 

Gravenstein & Beecher (1955) in contrast, though 
they used three different methods to evoke cough in 
normal subjects, inhalation of ammonia or citric 
acid aerosol or intravenous injection of paraldehyde, 
could detect no consistent depression of the cough 
response with noscapine or codeine. 
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There have been few clinical reports and judge
ments of noscapine as an antitussive and the trials 
have generally been poorly controlled. Those that 
are available represent mainly the impressions 
gained by the investigators. Segal, Goldstein & 
Attinger (1957) made 54 trials of noscapine in doses 
of 15-60 mg in 51 patients with broncho-pulmonary 
disorders. There was some antitussive effect in 
94%. No side-effects were reported. In a later 
review Segal (1959) described the use of 30 or 
60 mg of noscapine compared with benzonatate, 
administered as an aerosol in the treatment of 
bronchial asthma and found its action better sus
tained. 

Alemquer, Leal & Gomes (1960) compared equal 
doses of noscapine, in terms of alkaloidal base 
(60 mg), as the hydrochloride and as the resinate, 
with 10 mg of hydrocodone in 18 tuberculous 
patients. The hydrochloride of noscapine and hydro
codone were equally effective; the results with the 
resinate were better than either. Side-effects were 
least with the resinate, nausea and vomiting occur
ring in only three patients. The hydrochloride pro
duced nausea in seven patients, vomiting in four, 
dizziness in four, and pruritus and anorexia in two 
patients. 

Peeters (1961) concluded that noscapine was 50% 
more effective than codeine as an antitussive, basing 
this judgement upon its use in 104 patients with all 
types of cough. The dose was 15 mg as a tablet or 
30 mg as a suppository. There was marked improve
ment in 61 %, some improvement in 22% and no 
effect in the remainder. If the optimal dose of 
codeine is 10 mg orally (Davenport, 1938), or the 
average dose 20 mg, the result with noscapine 
hardly seems to rate as 50% greater. 

Carrizo (1961) reported an excellent antitussive 
effect with 25 mg of noscapine every six hours for 
15 days, in nine cases, six of whom were suffering 
from silicotuberculosis. 

Barasz et al. (1962) used noscapine to prevent 
cough accompanying bronchoscopy and compared 
it with dihydrocodeine. In all, 100 patients were 
given 60 mg of noscapine hydrochloride; marked 
relief occurred in 25, some relief in 42, and no relief 
in 33. A dose of 15 mg of dihydrocodeine bitartrate 
has given to 120 patients and marked relief occurred 
in 14, some relief in 51, and none in 55. A 90-mg 
dose of noscapine was given to 20 patients but the 
result was no better; marked relief occurred in 1, 
some relief in 8 and none in 11. Nausea occurred in 
33 patients with the 60-mg dose and in 8 with the 

90 mg dose of noscapine, and in 27 patients with 
dihydrocodeine. 

Blankart (1963) employed noscapine in 35 cases, 
either in a tablet mixture with 7.5 mg per tablet or as 
a 15% solution in a syrup. Satisfactory results were 
obtained in acute respiratory infections and no side
effects were seen. Absire-Laupretre & Dailly (1962) 
and Rohr (1962) also used noscapine as the active 
ingredient of a mixture. The former gave 10 mg of 
the alkaloid per dose in a syrup or as a suppository. 
They said that respiration was increased in depth 
without change in rate; there was bronchodilatation 
and thinning of secretions but no gastrointestinal 
change or other side-effect. They found it a particu
larly advantageous preparation for children. Rohr 
said that the effect was excellent in 54% and good in 
32% of patients and that there were no side-effects 
attributable to the medication. 

A group of physicians (Practitioner, 1962) under
took to compare noscapine combined with a resin to 
prolong its action, with codeine in cases of acute or 
chronic cough of any origin. The doses were 15-
30 mg of noscapine and 12-30 mg of codeine, two 
to four times a day for four to seven days. The 
results (number of cases) were as follows: 

Acute cough Chronic cough 
Com- Partial No Com- Partial No p/ete relief relief p/ete relief relief relief relief 

Noscapine 31 5 8 10 7 4 
Codeine 13 14 9 7 6 I 

Some patients received both drugs. In 17 noscapine 
was preferred, in 9 codeine was preferred and in 9 
there was no preference. In terms of complete relief 
and preference, noscapine was superior; in terms of 
failure to get any relief, codeine was better. 

Banyai (1959, 1960) in two reviews of cough, its 
mechanism and control, judged hydrocodone best 
among the available antitussives, codeine was 
second, and noscapine was equal to codeine and was 
also bronchospasmolytic. His judgment of the 
therapeutic dosage was 5-10 mg of hydrocodone, 
15-30 mg of codeine and 30-60 mg of noscapine. 
The Council on Drugs of the American Medical 
Association (1958) said in respect of noscapine: 

The pharmacological action upon which the clinical 
use of noscapine is based resides in its ability to suppress 
the cough reflex in experimentally induced cough in 
animals and human volunteers and in patients with 
respiratory disease. The drug reduces the frequency and 
intensity of coughing paroxysms. Its antitussive potency 
under these experimental conditions is approximately 
equal, milligram for milligram, with that of codeine, both 
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drugs having approximately the same onset and duration 
of action. Therapeutically effective doses of noscapine 
are essentially devoid of the unpleasant side effects of 
codeine and except for occasional instances of nausea 
(which rarely proceed into vomiting) its side effects are 
negligible ... moderately large doses have no morphine
like effects in former addicts and no alleviating effect on 
the morphine abstinence syndrome. Further, virtually 
no tolerance to the antitussive effect of the drug has 
been demonstrated. 

The data quoted above do not fully support the 
milligram for milligram equivalence with codeine. 
Carefully controlled, double-blind studies in patho
logical cough of various origins would clarify the 
point. Although it is an isoquinoline and not 
chemically morphine-like and has no analgesic 
action, noscapine was tested at the Addiction Re
search Center (Lexington, Ky., USA) with negative 
results and these were accepted by the WHO Expert 
Committee on Drugs Liable to Produce Addiction 

(1955). This Committee concluded that noscapine 
had no addiction liability. 

Winter & Flataker (1954) observed no tolerance to 
the antitussive action of noscapine. They tested five 
dogs initially with 2.0 mg per kg of noscapine orally 
against cough induced by sulfuric acid aerosol. Then 
the drug was given at the rate of 30 mg per kg, per 
day (except Sunday), for 13 weeks. The initial 
reduction in cough was from 33 to 9 and with the 
same challenging dose, 24 hours after the last dose 
of 30 mg per kg per day, the reduction in cough was 
from 27 to 5. 

Other related substances 

Other naturally occurring isoquinoline alkaloids, 
papaverine and narceine, and a number of related 
substances, have been tested for antitussive activity; 
the structural formulae of some of the compounds 
that have been tested are shown in the accompanying 

TABLE 45-

ANTITUSSIVE ACTIVITY OF SOME NATURALLY OCCURRING ISOQUINOLINE ALKALOIDS 

Agent 
I 

Method Dose 
(mg/kg) 

Papaverine Electrical stimulation supe- 10 
rior laryngeal nerve, cat 

Papaverine Mechanical stimulation tra- 10-20 
chea, dog 

Papaverine Electrical stimulation tra- 8 
cheal mucosa, dog 

Narceine so, inhalation, mouse and 50 
guinea-pig 

Ethylnarceine 

Cotarnine Ammonia inhalation, 0.5-1.0 
guinea-pig 

Hydrastine Ammonia inhalation 0.5-1.0 
guinea-pig 

Hydrastinine Ammonia inhalation 1.0-8.0 
guinea-pig 

Homarylamine b Electrical stimulation 8.0 
trachea, dog 

Homarylamine Ammonia inhalation 16.0 
anaesthetized cat 

Homarylamine Citric acid aerosol, man 10,20 
and 40 

Amines related 
to homarylamine 

a IV = intravenous; SC = subcutaneous; 0 = oral. 
b Brown f1958). 

Route a I Result 
I 

Reference 

IV Brief suppression Domenjoz (1952) 

IV Brief suppression Kas~ (1955a) 

IV EO .. equivalent to 1.5 mg/kg Hara & Yanaura (1959) 
codeine 

se Equal to 10 mgfkg codeine Kelentey, Stenszky & 
Gzollner (1958) 

Effective suppressant Gloesener (1961) 

0 Ineffective Winter & Flataker (1954) 

0 Ineffective Winter & Flataker (1954) 

0 8.0 mg equal to 1.0 mg 
noscapine 

Winter & Flataker (1954) 

0 Equal to 1.0 mg codeine Stefko, Denzel & Hickey 
(1961) 

0 Equal to 0.5 mg codeine. Stefko, Denzel & Hickey 
Also effective at 16 and (1961) 
32 mg against pathological 
cough in dogs 

0 20 mg briefly effective; 
40 mg equal to 15 mg 
codeine 

Bickerman & ltkin (1960) 

Effective Takagi, Fujizawa & ldeguchl 
(1958) 
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STRUCTURAL FORMULAE OF SOME ISOQUINOLINE ALKALOIDS AND RELATED 
SUBSTANCES THAT HAVE BEEN TESTED FOR ANTITUSSIVE ACTIVITY 
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figure. For the most part they are much less effective 
than noscapine or codeine; some results are shown 
in Table 45. 

METHADONE AND RELATED SUBSTANCES 

Methadone, isomethadone and their isomers 

Methadone, (±)6-dimethy amino-4,4-diphenyl-3-
heptanone, was introduced into general medical 
practice after 1946: it became widely available and 
known under many names (United Nations, 1963). 
It is completely synthetic, is prepared in racemic 
form and is easily resolved into its optical antipodes. 

CH, 

~=0:i~~(CH•)• 
(;H, 

CH,O l 
C=O 
I 

0 -COOH 

-OCH, 

I 
OCH• 

NARCEINE 

------o--0) Q:l_•_ I N-CH· -0-::::,__ 
! 
CH,-0 
: I 
I _/C=O 

0 -OCH• 
I 
OCH, 

HYDRASTINE 

CH, 
CH,-o-~'fH' 
---------a- V HN-C H. 

HOMARYLAMINE 

Its analgesic activity, side-effects and dependence
producing liability, qualitatively morphine-like 
throughout, are exhibited chiefly by the levoisomer, 
although the dextroisomer is active in all three 
respects at higher dosages. 

0 
r-\.,l ~c/C-CH.-CH. 

0 / ''-cH,-CH-N(CH,)• 
I 
CH, 

METHADONE 
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0 

0 
11 

""' /C-CH.-CH• 
c 

0 / ""cH-CH.-N(CH•)• 
I 

CH• 

ISO METHADONE 

The properties of methadone and its derivatives 
have been reviewed Braenden, Eddy & Halbach 
(1955), Eddy, Braenden & Halbach (1956) and 

Eddy, Halbach & Braenden (1957). As a morphine
like agent, racemic methadone was expected to be 
a cough suppressant and this was confirmed by 
animal experiments and clinical observations. The 
results of experiments in animals are summarized in 
Table 46. For methadone, as for other antitussives, 
effective doses are generally higher for small animals 
than for the larger mammals, so that Schaumann 
(1957) has criticized the use of the former for anti
tussive testing. Nevertheless, they are commonly 
employed and consistent results are obtained. 

TABLE 46 

THE ANTITUSSIVE EFFECTIVENESS OF (±)-METHADONE IN ANIMAL EXPERIMENTS COMPARED WITH THAT 
OF CODEINE 

Method I Anaes-1 Route a thesla 
EDso (mgfkg) I 

Methadone I Codeine 

Species: RAT 

so.-vapour inhalation 0 se 1.0 

Species: GUINEA-PIG 

so.-vapour inhalation 0 se 1.6 

Species: CAT 

Mechanical stimulation trachea + IV 0.11 

Electrical stimulation, superior + IV 0.3 b 
laryngeal nerve 

Electrical stimulation, superior + IV 0.15 c 
laryngeal nerve 

Electrical stimulation, superior + IV 0.05 
laryngeal nerve 

Electrical stimulation, superior + IV 0.15 a 
laryngeal nerve 

Species: DOG 

Ammonia vapour inhalation 0 se 0.2-0.28 e 

Mechanical stimulation, trachea 0 IV 0.8 

Mechanical stimulation, trachea 0 IV 0.6 

Mechanical stimulation, trachea 0 IV 1.0 a 

Mechanical stimulation, trachea 0 IV 0.11 

Electrical stimulation, vagus nerve 0 IV 0.25 r 

Pathological cough 0 0 0.21 

a SC = subcutaneous; IV= intravenous; 0 = oral. 
b The dose given was as effective as 3.0 mg per kg of codeine. 
c The dose given was said to be effective. 
a The dose given suppressed cough completely. 
• Doses given were as effective as 1.0-5.7 mg per kg of codeine. 

10.0 

8.0 

2.53 

c.1.0 

4.0 

2.0 

4.0-5.7 

3.76 

Ratio 
methadone/ Reference 

codeine 

10.0 Reichle & Friebel (1955) 

5.0 Friebel, Reichle & von Grae-
ven itz (1955) 

23.0 Kase et al. (1959a) 

Domenjoz (1952) 

c. 6.6 Toner & Macko (1955) 

80.0 Green & Ward (1955) 

13.0 Mattis (personal communi-
cation, 1954) 

c. 9.0 Rosiere, Winder & Wax 
(1956) 

Kase (1955b) 

Kase (1955b) 

Kase (1955b) 

34.2 Kase et al. (1959a) 

Schroeder (1951) 

Smith (1963) 

I Effective for treatment of animals other than cats and horses: for which it should not be used because of exciting effect. 
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Reichle & Friebel (1955) determined the ED50 of 
methadone for suppression of cough provoked in 
rats by inhalation of a sulfur dioxide-air mixture, 
as 1.0 mg per kg, subcutaneously. For suppression 
of cough similarly induced in guinea-pigs the ED50 

was 1.6 mg per kg, subcutaneously (Friebel, Reichle 
& von Graevenitz, 1955). Experimentally induced 
cough in cats was suppressed by intravenous doses 
of 0.5-0.8 mg per kg (Kase et al., 1959a). The cough 
was induced by mechanical stimulation of the 
trachea at its bifurcation in lightly anaesthetized 
animals. Domenjoz (1952), Toner & Macko (1952), 
Green & Ward (1955) and Mattis (personal com
munication, 1954) stimulated electrically the isolated 
superior laryngeal nerve in anaesthetized cats. The 
different results reported by these authors (Table 46), 
using an essentially similar technique, may have been 
due to the choice of anaesthetic, the depth of 
narcosis, the manner of stimulation or another 
detail of the method. The doses ranged from 0.05 to 
0.3 mg per kg, intravenously. Similar results have 
been obtained in dogs, the doses ranging from 0.11 
to 0.28 mg per kg, intravenously. An early report 
of Kase (1955a) of an effective dose of 0.8 mg per kg, 
intravenously, was not confirmed by later experi
ments. He and his collaborators (1959) prepared 
their dogs by making a tracheal fistula and then in 
the unanaesthetized animal stimulated the tracheal 
mucosa by pushing a bristle towards the bifurcation. 
They reported an antitussive ED50 of 0.11 (0.08-0.14) 
mg per kg, intravenously. Rosiere, Winder & Wax 
(1956) using dogs which were made to inhale 
ammonia vapour, and Schroeder (1951) who stimu-

lated the vagus electrically, reported effective doses 
of 0.2-0.28 mg per kg, intravenously. 

Some of these investigators compared directly the 
antitussive effect of methadone with that of codeine 
(see Table 46) in rats, guinea-pigs, cats and dogs. 
The results show unequivocally that methadone was 
the more potent, the ratio of potency ranging from 
5 : 1 to 80: 1, even in the same animal with a 
similar method. Guseva (1956) also said that 
methadone was the more potent and recommended 
that it should be subjected to clinical trial. 

It is interesting to compare the doses for equal 
effect, analgesic and antitussive, and their ratios one 
to another for the (±), (-) and ( +) forms of 
methadone and isomethadone. Reichle & Friebel 
(1955) calculated these ratios of analgesic to anti
tussive effectiveness from results obtained in rats 
and these figures are given in Table 47. The figures 
do not suggest any particular selectivity for either 
effect but they do indicate a considerable degree of 
activity for the (+)-isomers, differing on this point 
from results related to optical isomerism in the 
morphinan series. In the latter the (+)-isomers are 
generally inactive analgesically but active against 
cough. 

The experimental proof of the ant tussive action of 
methadone in man was obtained by Trendelenburg 
(1950), Bickerman & Itkin (1960) and Rasch (1957). 
From their results (Table 48) it is evident that doses 
of 1.75-2.5 mg of methadone orally correspond in 
antitussive action to 15-20 mg of codeine, giving a 
ratio of effectiveness of 6:1-11.4:1, very much like 
the ratios for subcutaneous doses in animal experi-

TABLE 47 

COMPARISON OF ANALGESIC AND ANTITUSSIVE EDsoS OF METHADONE 

AND ISOMETHADONE IN RATS 

I 
EDsos of isomers EDsos relative to Ratio analgesic/ 

Test (-)-isomer antitussive 

I (-) I <±> I (+) (-) ! (±) I (+) (-) I (±) I (+) 

Methadone 

Analgesia (skin-twitch) 1.1 1.63 27.3 

Antitussive (SQ.-vapour) 0.74 1.35 36.5 1.49 1.80 1.11 

lsomethadone 

Analgesia (skin-twitch) 

I 
1.7 

I I 

28.0 

I 

1.0 16.5 

Antitussive (SO.-vapour) 1.4 22.0 1.0 16.0 1.21 1.27 
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TABLE 48 

ANTITUSSIVE DOSES OF METHADONE IN EXPERIMENTAL COUGH IN MAN 

Method [ Dose (mg) [ Route Result Reference 

Ammonia inhalation 1.25-7.5 Oral 1.75 mg methadone= 20.0 mg codeine Trendelenburg (1950) 

Citric acid aerosol 2.5 Oral Equals 15.0 codeine Bickerman & ltkin (1960) 

Citric acid aerosol 10.0 Oral Superior to 25.0 mg codeine Rasch (1957) 

ments. Recording the effects of increasing doses, 
Trendelenburg (1950) observed that the maximal 
response was obtained with 5 mg and Bickerman & 
Itkin (1960) said that the duration of a considerable 
decrease in cough frequency with a 2.5 mg dose was 
two hours. A decrease in the intensity of the cough 
paralleled a change in its frequency. Side-effects with 
antitussive doses included drowsiness, euphoria and 
nausea. 

The results of clinical studies with methadone 
were reviewed by Eddy, Halbach & Braenden (1957) 
and in general are in line with experimental results 
in animals and man. Most authors recommended a 
dose of 1.5-5 mg as the cough suppressant equivalent 
of the usual dose of codeine. However, since metha
done is morphine-like in its dependence-produc
ing liability, ar\d since agents having no dependence
producing property have been introduced, interest 
in it as an antitussive has waned, as it has also for 
the dextroisomer. 

Normethadone 

Norrnethadone, 6-dimethylamino-4, 4-dipheny 1-3-
hexanone, has been tested experimentally as an 
antitussive but has been used clinically as such only 
as a mixture with p-hydroxyephedrine,1 1-(4'
hydroxyphenyl)-2-methylamino propan-1-ol hydro
chloride, a sympathomimetic, added partly to bring 
about bronchodilatation. Normethadone is also a 
completely synthetic substance, differing from 

NORMETHADONE 

• p-Hydroxyephedrine is also known as Suprifen; the 
mixture is known as Ticarda. 

methadone and isomethadone by the absence of one 
methyl group. Experimentally it has shown analgesic 
and antitussive effects which were significantly less 
than those of methadone but greater than those of 
pethidine or codeine (Eddy, Touchberry, & Lieber
man, 1950; Friebel, Reichle & von Graevenitz, 1955; 
Reichle & Friebel, 1955). The results of antitussive 
testing in animals and of direct comparisons with 
codeine are summarized in Table 49. On the basis 
of these results the effects of normethadone com
pared with those of codeine are more consistent 
though not as great as those of methadone, but there 
is still no particular indication of specificity in 
respect to either analgesic or antitussive action 
(Table 50). 

Bickerman & Itkin (1960) attempted to evaluate 
the effectiveness of normethadone against experi
mentally induced cough in man. Having determined 
the minimal effective concentration of citric acid 
aerosol, the drug was administered orally and the 
number of coughs per aerosol inhalation were 
counted at hourly intervals. Whereas methadone at 
a 2.5 mg dose had decreased the cough frequency 
considerably over a two-hour period, normethadone 
at a dose of 7.5 mg was ineffective, in most trials it 
was essentially like a placebo. 

The earlier clinical experience with normethadone 
was reviewed by Eddy, Halbach & Braenden (1957). 
Table 51 summarizes these reports and some more 
recent ones. The results appear to be remarkably 
satisfactory in spite of the negative result of Bicker
man & Itkin (1960) and the poorer relief than was 
obtained with codeine in experimental animals. 
Reported side-effects have been very few: one child, 
given an adult dose by mistake, was very sleepy but 
otherwise suffered no ill effect (Heimendinger, 
1952). One case of poisoning was reported by 
Ziehme (1960): a two-year-old child was given 
75 mg of norrnethadone in the usual cough mixture. 
There was repeated vomiting, the child was cyanotic 
with slow respiration, loss of reflexes and miosis and 
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TABLE 49 

THE ANTITUSSIVE EFFECTIVENESS OF NORMETHADONE IN ANIMAL EXPERIMENTS COMPARED WITH 
THAT OF CODEINE 

Method I Route a 
Anaes- I ED .. (mgfkg) I Ratio I 
thesia codeine/ 

Normethadone [ Codeine normethadone 

Ammonia inhalation 

so.-vapour inhalation 

SO.-vapour Inhalation 

so.-vapour inhalation 

SO,-vapour Inhalation 

Electrical stimulation superior 
laryngeal nerve 

Electrical stimulation superior 
laryngeal nerve 

Irritation of sterile pleurisy 

Mechanical stimulation trachea I 

se 0 

se 0 

se 0 

lP 0 

se 0 

IV + 

IV + 

se 0 

IV 0 

Species: RAT 

0.75 >0.75 

7.0 10.0 

4.7 13.5 

14.0 26.0 

Species: GUINEA-PIG 

4.6 I . 8.0 I 

Species: CAT 

0.2 b 1.0 

0.3 1.5 

2.0° 

Species: DOG 

1.2 

a SC =subcutaneous; lP = intraperitoneal; IV =Intravenous. 
I> Effective dose, not a calculated EO,., 
c Complete suppression of coughing for 6-7 hours. 

TABLE 50 

>1.0 

1.4 

0.9 

1.85 

1.7 

5.0 

5.0 

Reference 

Kraushaar, Schunk & Thym 
(1964) 

Relchle & Friebel (1955) 

Hengen & Kasparek (1958) 

Wledemeijer, Kramer & de 
Jongh (1960) 

Friebel, Reichle & von 
Graeven itz (1955) 

Plisnier (1957) 

Kohli, Gupta & Blargava (1960) 

Schaare (1958) 

Kase et al. (1959a) 

COMPARISON OF EQUALLY EFFECTIVE ANALGESIC AND ANTITUSSIVE 
SUBCUTANEOUS DOSES FOR NORMETHADONE AND CODEINE 

Drug 

Methadone 

Normethadone 

Codeine 

Methadone 

Normethadone 

Codeine 

analgesic/ 

I 
EO .. (mg/kg) I Ratio I 

Analgesic [Antitussive. antitussive 

1.8 

5.8 

13.0 

1.0 

7.0 

10.0 

Species: RAT 

1.82 

0.82 

1.3 

Reference 

Reichle & Friebel (1955) 

Reichle & Frlebel (1955) 

Reichle & Friebel (1955) 

Species: GUINEA-PIG 

3.7 

12.2 

48.5 

1.6 

4.6 

8.0 

2.31 

2.66 

6.62 

Friebel, Reichle & von Graevenitz (1955) 

Friebel, Reichle & von Graevenitz (1955) 

Friebel, Relchle & von Graevenitz (1955) 



Patients 

No. I Type 

30 Severe tuberculous 

Tuberculous 

80 Tuberculous 

30 Other 

50 Cough of various 
types 

Cough of various 
types 

32 Persistent cough of 
various origins 

10 Cough of various 
origins 

77 Children with acute or 
chronic cough 

55 Cough of various 
origins 

130 Flu epidemic 

a Administered as Ticarda 

TABLE 51 
CLINICAL EXPERIENCE WITH NORMETHADONE a AS AN ANTITUSSIVE 

Dosage Result 

1 or 2 x 3-12 drops per Satisfactory in most 
day cases. All had opiates 

1 or 2 x 15 drops per 
day 

Good relief 

15-20 drops per dose Satisfactory 

15-20 drops per dose Satisfactory 

Satisfactory 

10-12 drops for adults 
and children over 

Satisfactory 

10 years 

20 drops per dose, Satisfactory in all 
adults but 3 

All improved 

Very good in most 

3 x 15 drops daily Good in 30, fair In 20 

7.5 per day, one day Excellent 39.5%, 
only some 21.2% 

Duration 
of effect 

About 8 h 

5~h 

2~h 

2~h 

10-12 h 

3-4 h 

About 6 h 

Side-effects 

None 

None 

None 

None 

Drowsiness in child 
given adult dose 

Some sedation 

None 

Remarks 

Excessive sputum 
decreased in a few 
cases 

Prompt, 10-15 min 

Prompt, 15-20 mln 

Prompt, 15-20 mln 

Prompt, 5 ·20 mln 

Promotes sleep by 
relief of night coughing 

Prompt action 

If pain present also 
relieved 

Recommended as 
substitute for codeine 

Codeine 30 or 40 mg 
per day In 84 patients. 
Excellent 20.5%, 
some 33.4% 

Reference 

Buchheim & 
Angermann (1951) 

Berger (1951) 

Morawetz (1951) 

Morawetz (1951) 

Rless (1951) 

Riess & Tonjes (1951) 

Helmendlnger (1952) 

Glammarinaro & 
Angoletto (1952) 

Kelllng (1952) 

Schmidt (1960a) 

Voiculescu & 
Neuman (1959) 
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convulsions occurred. Levallorphan was used in 
treatment and the child recovered. 

Van Lessen (personal communication, 1953) 
appears to have been the first to observe dependence 
on a normethadone cough-mixture. The patient 
began taking it on his own initiative and shortly felt 
unable to work without it. A partial morphine-like 
abstinence syndrome was seen on withdrawal. 
Blihler (1954), Ebermann (1954), Burckhardt & 
Orzechowski (1954) and Halbach (1955) reported 
single cases; Prokop & Jost (1958) and Cieslak 
(1955) two cases each and Schmid (1954) six cases, 
nearly all during 1954 and 1955. Many of these 
patients had used various opiates before turning to 
the normethadone mixture but they showed definite 
signs of physical dependence on attempted with
drawal. Nerreter (1957), however, said that he had 
used the preparation in 84 patients during a six
month period, had seen some tolerance but no 
indication of dependence. 

Schaumann (personal communication, 1957) at
tempted a survey of drug abuse in Germany by per
sonal inquiry and secured records of 810 cases. Of 
this total 29 people used only the mixture of norme
thadone andp-hydroxyephedrine; in 15 others it was 
used after or with another opiate. Codeine was the 
only drug used by 25 persons and it was used with 
other agents by two more. Schaumann argued that 
abuse of the normethadone-p-hydroxyephedrine 
mixture was comparable to abuse of codeine. How
ever, it had not long been on the market and the 
number of persons using the mixture was far less than 
the number using codeine. 

Isbell & Fraser (1955) tested the dependence
producing properties of normethadone and reported 
that its potential was less than that of methadone but 
greater than that of codeine. Doses of 45-60 mg, 
orally or subcutaneously, produced morphine-like 
effects in non-tolerant individuals and 60 mg sub
cutaneously, every six hours, substituted adequately 
for morphine in individuals dependent on the latter, 
and stabilized on 240-320 mg of morphine sulfate 
per day. The World Health Organization Expert 
Committee on Drugs Liable to Produce Addiction 
(1958) recommended full international narcotics con
trol for normethadone on the basis of the foregoing 
evidence and rejected a request for exemption from 
control of the preparation Ticarda, 1 considering that 
the added ingredient was not likely to affect abuse 
liability. In fact further experience would lead us to 

' A mixture of normethadone and p-hydroxyephedrine. 

believe that the exhilarating effect of the sympatho
mimetic amine might increase patient liking for the 
preparation and increase rather than decrease the 
risk of abuse. World consumption of normethadone 
for 1966 was estimated at nearly 500 kg in more than 
20 countries, I 0 of which indicated consumption of 
10 kg or more. Normethadone should now be 
available for medical use only on prescription but 
cases of abuse continue to appear. The Federal 
Republic of Germany indicated 2 that in 1966 among 
1580 persons shown by their criteria to have abused 
narcotics of natural origin, 25 used codeine and 
among 1857 persons who abused other drugs 
42 were using a mixture of normethadone and 
p-hydroxyephedrine. For the same year the same 
country estimated its consumption of codeine to be 
8310 kg and of normethadone only 200 kg. 

Levopropoxyphene 3 

Propoxyphene, a-4-dimethylamino-1 ,2-dipheny 1-
3-methyl-2-propionyloxybutane also synthesized as a 
racemate, is easily resolved into its dextro- and 
Ievoisomers. Silvestrini & Maffii (1959), Robbins & 
Miller (1960) and Miller, Robbins & Meyers (1963), 
while showing that the dextroisomer showed both 
analgesic and antitussive action in experimental 
animals, reported that the Ievoisomer was essentially 
antitussive only. Gruber (1961) also reported that 
the N-oxide of the Ievoisomer, administered as the 
naphthalene sulfonate had significant antitussive 
action. 

LEVOPROPOXYPHENE 

The results of Silvestrini & Maffii (1959) with the 
propoxyphene isomers and with codeine, using 
various methods to elicit cough, are summarized in 
Table 52. For the guinea-pig and the cat with two 
methods of stimulation the effective doses were very 
similar with all three substances, but with an 

' Report for 1966 by the Government of the Federal 
Republic of Germany on the traffic in opium and other narcotic 
drugs. . . . (Unpublished United Nations document No. 
NAR/AR.41/1967-GE.67-12771). 

• Also known as Novrad. 
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TABLE 52 

COMPARISON OF ANTITUSSIVE EFFECTIVENESS OF PROPOXYPHENE ISOMERS AND CODEINE WITH COUGH 
INDUCED BY DIFFERENT METHODS IN LABORATORY ANIMALS a 

Method 

Acrolein inhalation 

Ammonia inhalation 

Mechanical stimulation 

Electrical stimulation laryngeal nerve 

Electrical stimulation trachea 

a From Silvestrini & Maffii (1959). 
b SC = subcutaneous; IV = intravenous. 

Equieffective doses (mgfkg) 
Route b 

(- )-Propoxyphene I ( + )-Propoxyphene 

Species: GUINEA-PIG 

se 3.5 

Species: CAT 

IV 2.0-3.0 

IV >4.0 

IV 3.0 

Species: DOG 

se >10.o 

3.5 

2.5-3.0 

>4.0 

Codeine 

3.5 

1.5 

3.0 

1.5 

3.5 

electrical stimulus to evoke cough levopropoxy
phene was less effective than codeine in the dog and 
the cat. Using ammonia inhalation and the dog, 
Winder et al. (1961) calculated ratios of effectiveness 
for dextropropoxyphene compared with codeine 
of 1.5 for peak antitussive effect and 1.1 for total 

antitussive effect. They did not test the levoisomer. 
The results in animals are qualitatively similar to 

results in man on cough induced by citric acid 
aerosol (Bickerman et al., 1957; Calesnick, Christen
sen & Munch, 1961), which are summarized in 
Tables 53 and 54. Bickerman et al. counted the 

TABLE 53 

EFFECTIVENESS OF PROPOXYPHENE ISOMERS AND CODEINE IN REDUCING COUGH 
EVOKED BY CITRIC ACID AEROSOL IN NORMAL INDIVIDUALS a 

I Oral dose I Initial % decrease in coughs at 
Drug average I (mg) no. 1 h I 2h I 3h I 4h 

Placebo 2.61 - 7.5 + 2.5 + 5.0 +25.0 

Placebo 2.87 +10.6 + 1.3 - 4.3 +12.8 

Placebo 3.33 - 8.0 -12.0 -12.0 + 2.0 

(±)-Propoxyphene 65 2.08 - 6.0 - 8.0 -26.0 b -12.0 

(± )-Propoxyphene 130 1.97 -21.7b -29.0 b -15.8b - 7.2 

( + )-Propoxyphene 32.5 2.21 - 7.5 - 5.9 - 3.8 -11.3 

( + )-Propoxyphene 65 2.00 -44.4 b -38.9 b -16.7 -25.0 

(-· )-Propoxyphene 32.5 2.00 -27.8 b -22.3 -27.8 b -13.9 

(- )-Propoxyphene 65 2.10 -33.3 b -31.7b -34.9 b -19.0 

Codeine 5 2.76 -17.2 -22.4 b -22.4 b -17.2 

Codeine 15 2.22 -32.4 b -32.5 b -22.5 b -10.0 

Codeine 30 3.22 -32.8 -43.1 -34.5 I -22.4 

a Taken from Bickerman et al. (1957). Propoxyphenes administered as the hydrochiorides. 
b Represent significant differences. 
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TABLE 54 

EFFECTS OF LEVOPROPOXYPHENE AND CODEINE ON THE AVERAGE NUMBER 
OF COUGHS PER CITRIC ACID INHALATION a 

Oral No. of coughs 
Drug dose 

(m g) 
I No. of I subjects 

Initial I 1 h I 2h I 3h I 4h 

Placebo 18 3.22 2.96 2.98 2.97 3.02 

(- )-Propoxyphene 25 14 3.40 2.60 2.50 2.30 2.70 

(- )-Propoxyphene so 16 3.48 2.43 2.18 2.00 2.18 

(- )-Propoxyphene 100 11 3.27 2.63 2.36 2.09 1.72 

Codeine 

I 

15 11 3.16 2.09 2.09 1.54 1.54 

a Taken from Calesnick, Christensen & Munch (1961). Levopropoxyphene was administered 
as the naphthalene sulfonate. 

coughs and measured the flow rate of exhaled air in 
response to the minimal concentration of citric acid 
aerosol before and at hourly intervals after a 
placebo, racemic propoxyphene, its isomers or 
codeine. At least six normal subjects received all 
agents. The results are the average percentage 
differences from initial cough frequency per aerosol 
inhalation. Calesnick, Christensen & Munch (1961) 
used a similar method to evoke cough in normal 
subjects and averaged the number of coughs per 
aerosol inhalation before and after medication. They 
compared only the levoisomer with codeine. From 
the figures of Table 53 it may be concluded that the 
effect of 32.5 mg of levopropoxyphene fell between 
that of 5 and 15 mg of codeine and that the effect of 
65 mg was between that of 15 and 30 mg of codeine. 
The result with levopropoxyphene shown in Table 54 
was definitely less than the antitussive effect of 
codeine. In another place Bickerman (1961) re
viewed the effect of the levoisomer with a similar 
conclusion. 

Boyd & Boyd (1962), using cats and rabbits, 
measured respiratory-tract fluid output before and 
hourly for three hours after administration of levo
propoxyphene subcutaneously, as the hydrochloride, 
in doses of 9-729 mg per kg and orally, as the 
naphthalene sulfonate, in doses of 2-1250 mg per 
kg. Four animals were used per dose and the highest 
dose of each salt killed one of the animals. There 
was no significant or ~onsistent change in the 
volume output of respiratory tract fluid, so that this 
apparently could not be a factor in the antitussive 
action. 

There are only a few reports of the clinical use of 
levopropoxyphene against cough of pathological 

origin, and these are summarized in Table 55 
The results with oral administration as the naphtha
lene sulfonate are consistent as regards dose with the 
results with experimentally induced cough. Side
effects have been minor; Calesnick, Christensen & 
Munch (1961) saw none in normal individuals up to 
the 1 00 mg dose, and Bickerman (1962) saw only one 
adverse reaction at 130 mg. Abruzzi (1962) said that 
the result was unsatisfactory in two children because 
of the occurrence of nausea, but that no side-effects 
were encountered in adults. Ernst & Jeffrey (1962) 
noted a feeling of urinary urgency in four patients, 
tremor in one and nausea in none and Chernish et al. 
(1963), interviewing the subjects after a week of drug 
administration, reported side-effects as follows: 

Number of patients of 24 reporting the side-effect 

Abdominal distress 
Nausea 
Vomiting 
Loose stools 

Placebo 

Headache 4 
Dizziness 1 
Drowsiness 1 
Decreased visual acuity 

Levopropoxyphene 
50 mg 100 mg 

1 1 
4 4 

1 
3 

1 

Tests for dependence-producing properties have 
been carried out with the racemate and dextropro
poxyphene, but none have been done with the levo
isomer. However, the conclusion was that the 
liability was significantly less than with codeine and 
that the risk to public health was so low that narco
tics control was not warranted. Therefore, it is not 
expected that the levoisomer will have any signifi
cant abuse potential. 
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Thiambutenes 

The analgesic, side-effect and dependence-pro
ducing potencies of the thiambutene derivatives have 
been described by Eddy, Halbach & Braenden (1957) 
and the chemical characteristics which relate them 
to morphine-like structures by Braenden, Eddy & 
Halbach (1955). Doyle & Mehta (1964) have dis
cussed their structures in relation to antitussive 
action. Further, Kase et al. (1955) showed that 
substitution of a piperidino-group for the dimethyl
amino- or diethylamino-group in the thiambutene 
molecule enhanced its antitussive activity without 
affecting analgesic activity and in connexion with 
their hypothesis of a specific relationship of piperi
dine to antitussive action extended their studies to 
such non-analgesic compounds as dithienylethanols 
and propanols (Kase & Yuizono, 1959; Kase, 
Yuizono & Muto, 1963). 

One compound in accord with the theory was 
1-methyl-3-di-(2'-thienyl) methylene-piperidine (AT 

r-~~ 
"'s /"' C=(l 
/ s"'/ "N/ 
1_1 _lj \ 

CH a 

1-METHYL-3-DI-(2 
1 
THIENYL)METHYLENE-PIPERJDINE 

327), synthesized by Kitamura et al. (1962). This 
might be considered a cyclized analogue of 3-dime
thylamino-1, 1-di-(2'-thienyl)-but-1-ene, a morphine
like analgesic, and it has been investigated by Kase 
et al. (1959a). Its antitussive effect was slightly less 
in cats (electrical stimulation of the superior laryn
geal nerve) and slightly greater in dogs (mechanical 
stimulation of the trachea) than that of codeine, 
with intravenous administration of the citrate and 
phosphate, respectively. If AT-327 was injected into 
the cisterna cerebellomedullaris the effective dose to 
suppress stereotactically placed electrical stimulation 
of the expiratory pacemaker area in the medulla of 
the cat was only a fraction of the amount required by 
intravenous administration. The authors assumed 
direct action on a cough centre. The antitussive 
effect was not antagonized by nalorphine, but that 
effect of the dimethylamino analogue was. 

AT-327 showed the Straub tail phenomenon but 
had no analgesic effect by the tail-flick method in 
mice up to two-thirds of the LD50• In urethanized 
rabbits doses above 1.0 mg per kg, intravenously, 
caused a transitory fall in blood pressure, without a 
slowing of the heart, and a slight increase in the depth 
of respiration. Movements of a Langendorff per
fused heart were depressed and perfused vessels of 
the rabbit ear were dilated. The drug showed local 
anaesthetic activity. It did not protect against 
histamine-induced bronchoconstriction in guinea-

TABLE 55 

RESULTS OF CLINICAL TRIALS OF LEVOPROPOXYPHENE AS ANTITUSSIVE 
IN NON-TUBERCULOUS COUGH 

No. of 
cases 

47 adults 

31 adults 

126 adults 

50 adults 

42 adults 

50 children 

26 children 

Average dose (mg) 

Single Daily 

50 300 

130 482 

100-600 

100-200 600 
or more 

50-100 

100-200 

50 

a Satisfactory relief. 

I Results (%) I 
Excellent I Good I Moderate I Non; 

Reference 

70 17 13 Bickerman (1962) 

76 16 6 Bickerman (1962) 

66 26 6 2 Erns! & Jeffrey (1962) 

92.9 a Abruzzi (1962) 

- b Chernish et al. (1962) 

78.3a Abruzzi (1962) 

- c Carter (1963) 

. b Prisoners reporti~g at sick-call vo.:ith cough as a symptom. Results significantly better than 
w1th placebo (double-blind). The durat1on of the effect averaged 2.2 h with placebo 2 9 h with th 
50 mg dose and 3.4 h with 100 mg. ' · e 

th 
c ~a1hch do.s~ giv

1 
en wiT!h 325 mg_of aspirin. Cough improved in 77%, a significantly better result 

an Wl aspirin a one. he durat1on of effect averaged 4.2 h. 

13 

\ 
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pigs, but was spasmolytic in guinea-pig and rabbit 
intestine. The LD50 in mice was 37.6 mg per kg of 
the citrate, 22.2 mg per kg of the base, subcutane
ously, and the LD50 in dogs was 74.8 mg per kg of 
the citrate, and 44.1 mg per kg of the base, intra
venously. Toxic doses caused excitement, restless
ness, tremor and convulsions in mice, anorexia, 
increased respiration, salivation and weakness in 
dogs but no hypnosis. Neither tolerance nor 
cumulative action was seen when 5 or 6 mg per kg 
were given to dogs, intravenously, daily for 62-65 
days; increasing the dose to 10 mg per kg for 23 days 
and then to 20 mg per kg for two weeks still did not 
result in tolerance to the antitussive effect. Tolerance 
to the antitussive effect of morphine or codeine 
develops in two to four weeks. No withdrawal 
symptoms were induced by injection of nalorphine 
near the termination of the prolonged administration 
of AT-327. 

AT-327, at a dose of 80-100 mg orally per day, 
gave relief of cough in most of the 45 patients with 
cough due to acute respiratory infections, complete 
relief in 13 %, marked improvement in 64% and no 
effect in 22%. Administration for 10-30 days in 
13 patients yielded no evidence of tolerance and no 
untoward reactions were seen with daily doses in 
excess of 100 mg. 

Sugimoto et al. (1960) treated 31 tuberculous 
patients with AT-327. The cough relief with a 
90-mg dose was marked in nine, but absent in nine 
others. 

Nair & Haar (1956) reported on the pharmacolo
gical properties and clinical effectiveness of 1-ethyl-
3-di-(2'-thienyl)-methylenepiperidine, the next higher 
analogue of AT-327. 

Kase & Yuizono (1959) described antitussive 
activity but no analgesic action in dithienyl ethanols 
and propanols with piperidine representing the 
tertiary amine, but they were less effective in electri
cally stimulated anaesthetized cats than the cor
responding thiambutenes. 

PETHIDINE CONGENERS 

The main interest in the very many phenyl
piperidine derivatives synthesized and examined 
after the discovery of pethidine has focused on 
potential analgesic action. Pethidine has been 
reported to have antitussive action (Lenzi, 1941; 
Linz, 1943; Friebel, Reichle & von Graevenitz, 1955; 
Reichle & Friebel, 1955; Green & Ward, 1955; 
Kase, 1955a; Guseva, 1956; Bickerman, 1962), 

although Eddy, Halbach & Braenden (1957) con
cluded that its action in this respect was minimal. 
Whatever its antitussive potency, however, it cannot 
be considered as an alternate to codeine because it 
has dependence-producing properties of the mor
phine type: the analogues, however, have been 
synthesized with that end in view. One such analogue 
is ethyl 1-(2-carbamylethyl)-4-phenyl-4-piperidine 
carboxylate (WIN-13187). 

CHo-CHo-CONH. 

WIN-13187 

The compound had approximately one-half the 
antitussive potency of codeine phosphate in cats and 
its effect was not antagonized by nalorphine. It had 
no analgesic effect in rats up to 120 mg per kg and 
depressed only slightly the respiratory rate and blood 
pressure. Its toxicity was low but convulsions 
occurred in rats at 500 mg per kg (Winthrop Labo
ratories, personal communication, 1962). ' 

Bickerman & Itkin (personal communication, 
1962) tried WIN-13187 in normal volunteers against 
cough induced by citric acid aerosol. Some anti
tussive effect was observed with 50 mg, orally, but 
this was less than with smaller doses of codeine. 
Wolbach & Fraser (personal communication, 1962) 
concluded from tests on post-addict volunteers that 
the physical dependence-producing potency of 
WIN-13187 was very low, less than that of codeine 
or of dextropropoxyphene. 

Charlier et al. (1961) described a phenethyl 
piperidine derivative, 1-phenethyl-4-propargyl-4-pro
pionoxypiperidine (L-2909), possessing both anal
gesic and antitussive properties in animals. No trials 
in man have come to our attention. As an antitussive 
in the anaesthetized cat (electric stimulation of the 
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superior laryngeal nerve) 0.5 mg per kg, intraven
ously, was equivalent to 1.5 mg per kg of codeine 
phosphate; in the dog (mechanical stimulation of the 
trachea) 1.0 mg per kg, intravenously, was superior 
to 2.0 mg per kg of codeine; and in the guinea-pig 
(inhalation of ammonia aerosol) 5 mg per kg, sub
cutaneously, was equivalent to 30 mg per kg of 
codeine. In guinea-pigs the average number of 
coughs induced by the aerosol before and after 
40 mg per kg of L-2909, orally, was 29.4 and 7.4 and 
after 100 mg per kg of codeine, orally was, 25.9 
and 7.3. 

By two methods in mice (pinching the tail and 
electrical stimulation of .the feet) L-2909 had a 
greater analgesic effect than pethidine. This com
parison was by intraperitoneal injection. The 
authors said that L-2909 did not provoke broncho
spasm, inhibit intestinal motility or depress respira
tion or circulation. 

PRODILIDINE 

Also conveniently considered at this point is 
prodilidine, related to alphaprodine but differing 
from the latter in containing pyrrolidine in place of 
piperidine as the heterocyclic component. 

In rats, mice and dogs it has analgesic potency 
comparable to codeine (Winder et al., 1961; see 
Part 2, section headed " Prodilidine "). These 
authors showed that it was also an antitussive agent, 
but in dogs exposed to inhalation of ammonia it was 
less effective than codeine. In the same animals 
3.5 mg of prodilidine per kg were less effective than 
2.8 mg per kg of codeine. Again no clinical trials of 
prodilidine as an antitussive have come to our 
attention. 

PHENOTHIAZINES 

Boissier & Pagny (1960) studied, among others, a 
number of phenothiazines to look for a relation be
tween cough-depressant action and other properties. 
They conCluded that neither the basic phenothiazine 
structure nor the antihistaminic properties implied 
any specific antitussive effect but that such relief of 
cough as did appear probably resulted from general 
sedative action. They compared antihistaminic, 
neuroleptic and antitussive potencies of a number of 
compounds and the results are given in Table 56: 
cough was induced in guinea-pigs by sulfuric acid 
aerosol. 

The neuroleptic phenothiazines had a good anti
tussive effect in anaesthetized cats in which the 
superior laryngeal nerve was stimulated. 

Winter & Flataker (1955a, 1955b) reported that 
an antihistaminic phenothiazine (or cortisone) 
suppressed the cough produced by a specific antigen 
aerosol in sensitized guinea-pigs. This was, however, 
a specific antihistaminic effect. Codeine had no 
influence on this type of cough. 

TABLE 56 

ANTIHISTAMINIC, NEUROLEPTIC AND ANTITUSSIVE EFFECTS OF SOME 
PHENOTHIAZINES ADMINISTERED INTRAPERITIONEALL Y TO GUINEA-PIGS a 

Agent 

Promethazine 

Thiazinamium 

Chlorpromazine 

Thioridazine 

Alimemazine 

Dimethoxanate 

Codeine 

Dose 
(mgfkg) 

7.5-50 

7.5-15 

1-3 

1.5-7.5 

1.0-7.5 

7.5-20 

7.5-25 

Anlihistaminic 
effect 

Good 

Good 

Moderate 

Moderate 

Moderate 

None 

-

a Cough was produced by sulfuric acid aerosol. 

Neuroleptic 
effect 

Slight 

None 

Good 

Good 

Good 

None 

-

% suppression 
of cough 

60-77 

18-86 

25-59 

18-51 

38-47 

10-72 

14-60 
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Pipazetate 1 

Kase & Yuizono (1959) reported studies which 
indicated that the introduction of a piperidino group 
in the molecule contributed to antitussive activity. 
This occurred with analgesic compounds and with 
others which had a depressant effect on the central 
nervous system. They did not test pipazetate 
[piperidinoethoxyethy I azaphenothiazine-1 0-carbo
xylate hydrochloride], but other reports on its 
action support their conclusion. 

P!PAZETATE 

In unpublished experiments, von Schlichtegroll, 
quoted by Libal (1960), found an antitussive ED50 

for pipazetate of 22 mg per kg, subcutaneously, in 
guinea-pigs in which cough was induced by chemical 
irritation. With 32-64 mg per kg, orally, in cats a 
marked suppression of cough induced by electrical 
stimulation of the laryngeal nerve was observed. 
Laffan (1961) reported that pipazetate had 60% 
of the potency of codeine in reducing cough due to 
electrical stimulation of the tracheal submucosa in 
dogs. 

Friebel & Kuhn (1962) compared the antitussive 
effectiveness of pipazetate with that of other agents 
including codeine. Cough was induced in guinea
pigs by sulfur dioxide inhalation and an ED50 was 
calculated from the animals failing to respond 
30 minutes after subcutaneous injection of the drug. 
The ED50 was 14.5 and 15.4 mg per kg for pipa
zetate and codeine, respectively. Hahn & Friebel 
(1966) concluded that the effect of both drugs was 
to inhibit the ability of the cough centre to summate 
afferent impulses. The suppressant effect of 14.5 mg 
per kg of pipazetate, subcutaneously, could be 
overcome by increasing the afferent impulses, set up 
by electrical stimulation through electrodes in the 
trachea of unanaesthetized guinea-pigs. 

Friebel & Kuhn (1962) found that the antitussive 
dose of pipazetate in guinea-pigs decreased the 
respiratory rate by 10% without changing the minute 
volume. In the same series of experiments, the anti-

1 Also known as Selvigon and Theratuss. 

tussive dose of codeine decreased the respiratory rate 
by 5% and the minute volume by 21 %. Pipazetate, 
however, after hexobarbital, increased the respira
tory-depressant effect of the latter. 

Von Schlichtegroll observed spasmolytic activity, 
bronchodilatation and a local anaesthetic effect 
with pipazetate. Laffan (1961) said that the drug 
had no sedative effect in mice or rats. Its oral LD60 

was 80 mg per kg for the dog, 207 mg per kg for 
mice and 530 mg per kg for rats; the intravenous 
LDso for the same species ranged from 8 to 17 mg 
per kg. Convulsions preceded death but there was 
little excitement at subconvulsant doses. Sublethal 
doses did not affect the blood pressure, though there 
was cardiac arrhythmia. Histamine, serotonin or 
acetylcholine were not antagonized in vivo or in vitro. 
Schmidt (1960b) reported an LD50 of 97 mg per kg, 
intraperitoneally, and 214 mg per kg, orally, in mice 
and 70 and 500 mg per kg by the same routes in rats. 

The effect of pipazetate against experimental 
cough in man has been tested by Haslreiter (1959), 
Prime (1961) and Hammer! & Pichler (1962). 
Haslreiter determined the response in 120 patients to 
concentrations of acetylcholine aerosol between 
0.1 and 1.0% and on the following three days again 
determined the response after 20 mg of pipazetate, 
30 mg of codeine, and placebo, double-blind in 
randomized order. Not only was a higher concentra
tion required to elicit any response 30 minutes after 
either drug but the response was suppressed com
pletely in 41 % of those treated with pipazetate, 
in 53% of those who had codeine; complete sup
pression occurred in only 6% of those who had the 
placebo. 

Prime also used an acetylcholine aerosol, 1.0% 
concentration in 12 subjects, and counted the coughs 
that resulted during a 20-minute period. The 
medications were pipazetate 20 mg, codeine 30 mg 
and placebo in random order. The mean number of 
coughs evoked before, and 20 minutes after each 
were: placebo 13.7 and 14.5, codeine 12.1 and 7.0: 
pipazetate 13.9 and 5.1. The difference from placebo 
was statistically significant and similar for the two 
drugs, but Prime said later, according to Sevelius, 
Lester & Colmore (1955), that he could not reproduce 
his results with the acetylcholine procedure. 

Hammer! & Pichler used a 7.5% citric acid aerosol 
in 18 subjects and reported a reduction in the cough 
response after treatment with pipazetate. 

Clinical experience with pipazetate in cough of 
various types is summarized in Table 57. All report 
an antitussive effect with less than 20% complete 



TABLE 57 

CLINICAL REPORTS ON EFFECTIVENESS OF PIPAZETATE, ORALLY OR RECTALLY 

Patients 
Dosage, single or per day (m g) Results 

No. I Type 
-

160 Various 3x 20 or 30 compared with codeine Placebo: very good, 7%; good, 7%; some, 12% a 
Codeine: very good, 33%; good, 54%; some, 6% 
Pipazetate: very good, 23%; good, 41%; some, 

25% 

--

90 Tuberculous 3x 20 or 30 In 47, a rapid and very good effect b 

--

57 Tuberculous 5x20 Good in 45, some in 4. No side-effects c 

----

324 Various 20 - 320 per day For irritative cough about90% effective, for asthma 
50% effective and for malignancies no better than 
codeine. No side-effects d 

---

58 Chronic cough, mostly tuberculous 15 compared with 20 mg of codeine Codeine slightly better e 

20 compared with 30 mg of codeine Two drugs equally effective 

---

603 Acute and chronic cough 3x 20 or 40 for 7 days Very good, 45; good, 40; none, 18. No side-effects 

---

77 Acute and chronic cough 3x 20 or 40 for 7 days Excellent, 20; good, 19; fair, 9; poor, 7 f 

---

49 Various Usually 4x20: range 60-150 per day Excellent, 8; good, 22; fair, 13; poor, 6 g 

---

90 Various Usually 1.0 mg/kg per day Effective especially in acute bronchitis, but in 
some 1.5 or 2.0 mg/kg needed 

45 Various 3 x 20, rectally Effective h 

Reference 

Haslreiter (1959) 

Schmidt (1960b) 

Golden (1960) 

Greif (1960) 

Li bal (1960) 

Pia!!, Rowell & Woolas (1960) 

Phillips & Guillaume (1961) 

Gefter (1961) 

Dietel & Kllditz (1962) 

Pellanda (1962) 
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TABLE 57 (continued) 

Patients 

No. I 
Dosage, single or per day (mg) Reference Results 

Type 

86 Various, college students 41 cases, 60 per day Excellent, 6; good, 19; fair, 9; poor, 7 Murphy, Heath &. Sansocie 

14 cases, 80 per day ,Excellent, 7; good, 3; fair, 2; poor, 2; side-effects, 2 
(1962) 

31 cases, 1 00 per day Excellent, 18; good, 4; fair, 0; poor, 9; side-effects, 6 

---

20 All but 2 tuberculous 10 orally or 20 rectally Excellent or satisfactory in 17i Freidinger (1962) 

---

61 Children, acute respiratory infection 2, 3 or 4x 10 rectally Relief in 50. Some side-effects J Fischman (1962) 

. 70 Children, acute respiratory infection 20 per day in 22,40 per day in 21,30 or Excellent, 24; good, 30; fair, 10 k Rehermann (1962) 

60 per day rectally in others 

116 Mostly children 15 to 160 per day i Excellent, 2; very good, 32; improvement, 75: no Amler &. Rothman (1963) 
side-effects 

47 Adolescents: compared with placebo 3 or 4x 10 or 20 per day Excellent, 34; good, 9; none, 4: for placebo, excel-
in 46 others, double-blind lent, 5; good, 3; none, 38. Side-effects: nausea, 

diarrhoea, abdominal distress 

I 
172 Children, various 10 or 20 rectally, to 100 per day !Improvement in 86.6%. Duration 2-4 hours. Drow- Beckloff &. Hewitt (1963) 

si ne ss in 4, erythema in 2. 

a The results noted were for double-blind trials. Usual dose. was 6x20 mg per day and as much as 320 mg per day could be given without side-effects. No tolerance 
and no respiratory depression. 

b Effective in 10-20 min, duration 4-6 hours. 
c Effective usually in 10-20 m in, duration 3-8 hours. 
a Effective in 10-30 min, duration 3-8 hours. 
• Double-blind trials; 251 and 242 doses In first, 225 and 277 doses In second comparison. 
f Only 65 patients reported. No liver damage, blood change, skin rash or change in blood pressure. 
u Retains its effectiveness and usually without adverse effects with larger dose. The patient on 150 mg showed only restlessness and insomnia. He: did not respond 

to pipazetate or codeine. 
11 Effective in 15 min, duration 4-5 hours. Author thought it was both a local anaesthetic and a spasmoly1ic agent. 
i Most taking codeine, which could be reduced or discontinued after pipazetate started. Severe nausea in 3, some in a few others. The doubled dose, rectally, was 

no more effective than the oral dose. 
J Codeine previously in 21, but was Ineffective in 18; all but two of these responded to pipazetate. Drowsiness in 6, erythema in 2, loose stools In 2. 
"No adverse effects, except 6 refused medication on account of bitter taste. 
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failures. There were three trials, double-blind, com
paring pipazetate with placebo or codeine or both. 
The usual dose ranged upwards from 10 mg and the 
total per day was usually 60-100 mg, a little more 
than the usual daily dose of codeine for antitussive 
effect. There seem to have been very few side-effects 
however, nausea being the most common complaint. 
The bitter taste has been avoided by the use of 
suppositories, especially in children, but for such 
use the dose was usually doubled. 

Greif (1960) observed good results with pipaze
tate in 34 patients, in preparation for bronchoscopy, 
and Prime (1961) said that 10 mg, intravenously, 
10 minutes prior to bronchoscopy facilitated the 
procedure and diminished the amount of local 
anaesthetic required. 

Pipazetate does not seem to affect respiration in 
normal humans, according to pulmonary function 
tests on 20 subjects (Hammed & Pichler, 1962). It 
increased repiratory volume in 20 of 23 asthmatics 
and in 13 of 30 patients with spastic bronchitis 
indicating a bronchodilatory effect. 

Tolerance to the antitussive effect of pipazetate 
has not been reported and La Barre (personal 
communication, 1963) said that at a dose of 12.5 mg 
per kg of pipazetate had no effect on the hyper
activity of abstinence in morphine-dependent dogs. 

Dimethoxanate 1 

Dimethoxanate is 2-dimethylaminoethoxyethyl 
phenothiazine-tO-carboxylate. Boissier & Pagny 

('~'''!{ 5 "0""' 
~N/ # 

I 
I 
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DIMETHOXANATE 

(1960) drew attention to the tertiary aminoethoxy
ethyl carboxylate side chain and suggested its 
possible significance for antitussive action, since it is 
a component of other effective antitussives (see 
benzonatate, oxeladin). 

Chappel, Stegen & Grant (1958) made the ob
servation that congeners of dimethoxanate in which 
the alkyl of the amine was ethyl or isopropyl were 
more effective as antitussives. In lightly anaesthe
tized cats cough was induced by electrical stimula
tion of the superior laryngeal nerve. The cough was 

1 Also known as Cothera. 

recorded graphically and diminution in the height 
of the record was the criterion of effect. Tests were 
repeated after intravenous drug administration until 
the height of the record returned to the pre-drug 
level. 

Approximate 
ED., (mg/kg) 

(I) Dimethoxanate hydrochloride 1.6 
(2) Diethyl congener hydrochloride 0. 7 
(3) Isopropyl congener hydrochloride 0.6 
(4) Codeine phosphate 1.2 

Orally 7.5 mg per kg of (1) equalled an intravenous 
dose of 1.5 mg per kg. It had no anticholinergic or 
antihistaminic effect. At 25 mg per kg, subcutane
ously, it had no effect on spontaneous activity of the 
rat or on the pentobarbital sleeping time in mice and 
no analgesic effect. At 2.8 mg per kg, intravenously, 
it had no significant respiratory or circulatory effect 
in anaesthetized dogs. It did have antispasmodic 
action. In rats a barium meal should have left the 
stomach in 90 minutes; when drugs were given orally 
40 minutes before the barium meal the ED50 for 
50% retention of the meal was about 30 mg per kg 
for (1), 40 mg per kg for (2), 90 mg per kg for (3) 
and 50 mg per kg for (4). The group showed about 
the same range of antispasmodic effect on the isolated 
guinea-pig ileum. The LD50 mg per kg, orally, for 
these compounds was: 

Mouse Rat 

(1) Dimethoxanate hydrochloride 580 1500 
(2) Diethyl congener hydrochloride 150 290 
(3) Isopropyl congener 

hydrochloride 94 175 
(4) Codeine phosphate 600 615 

The toxicity of (2) and (3) was increased more than 
antitussive potency. Compound (1) had no effect on 
growth in rats when it was given in various per
centages in the diet for 30 weeks, nor did it show any 
toxic effects in dogs during a year's treatment. In 
man, 25 mg, orally, had a rapid antitussive effect 
lasting three to seven hours (Chappel, Stegen & 
Grant, 1958). 

Klein (1958) described a mild local anaesthetic 
and antispasmodic effect of dimethoxanate. He 
found it a less effective antitussive in cats than 
codeine. Both drugs were given intravenously, 
1.5 mg per kg, to ten animals. Codeine caused 
partial to complete suppression of cough in all the 
cats, whereas dimethoxanate was effective in only 
seven. On the other hand, Boissier & Pagny ( 1960) 
found it slightly more effective than codeine both in 
guinea-pigs (sulfuric acid aerosol inhalation) and in 
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cats (superior laryngeal nerve stimulation) and Chen, 
Biller & Montgomery (1960) confirmed this in dogs. 
Each drug was given at 1.0 mg per kg, orally. 
Dimethoxanate caused 88% inhibition of cough, 
lasting longer than six hours in half of the animals; 
codeine caused only 69% inhibition, the effect 
disappearing in three hours. 

Parish (1959) carried out a double-blind test on 
139 patients with allergic rhinitis or common cold, 
with cough the major complaint. A bland syrup was 
compared with the same syrup containing dimetho
xanate, 25 mg per dose over a period of three to 
five days. Of the 95 patients receiving the drug, 
85 experienced excellent cough control; of the other 
44 receiving placebo only three obtained relief. 
Parish reported few side-effects, slight drowsiness or 
nausea in 12 and a skin rash in one. 

Klein (1963) treated 15 patients with chronic 
cough with 50 mg of dimethoxanate per day in 
S)'rup. After three weeks, substitution of placebo 
resulted in immediate increase in cough with relief 
again when dimethoxanate was resumed. These 
patients had received hydrocodone previously and 
12 of them judged dimethoxanate superior. Effect 
was rapid in onset and lasted three to five hours. 
Klein obtained satisfactory results in another 50 
patients with respiratory infections and observed no 
side-effects. 

Meprotixol 

Meprotixol is a thioxanthene, containing sulfur 
in the ring structure but no nitrogen, and a C:i
methylaminoalkyl side chain. Moller Nielsen & 
Neuhold (1959) described it as having only a slight 

MEPROTIXOL 

central depressant effect but a marked antitussive 
effect. Houghs et al. (1966) said that it was slightly 
neuroleptic, potentiated barbiturate anaesthesia, 
prolonged ethanol-sleeping-time and was anti-con
vulsant. It was a strong bronchoconstrictor, local 
anaesthetic and anti-inflammatory agent. Its LD50 in 
mice was 60 mg per kg intravenously, 125 mg per 
kg intraperitoneally and 420 mg per kg orally. They 
compared meprotixol with codeine for antitussive 
effect and claimed that the former was four times 
more effective, and longer acting; but they reported 

only the duration of action of equal doses, intra
venously, in anaesthetized cats in which the superior 
laryngeal nerve had been stimulated electrically. 

Wmter (1966) tested meprotixol in five normal 
subjects, in a double-blind cross-over comparison 
with placebo. The cough stimulus was citric acid 
aerosol, with the minimal effective concentrations 
being individually determined. The dose was 30 mg, 
orally. The mean reduction in number of coughs 
was 56% at one hour, 50% at two hours, 26% at 
three hours and 10% at four hours. The maximum 
effect of placebo was a reduction of 12% at three 
hours. A dose of 20-35 mg of meprotixol, intra
venously, not double-blind, also produced satisfac
tory reduction of cough. 

Winter (1966) administered oral doses of 20 mg 
of meprotixol or a placebo twice daily to 10 normal 
persons. A questionnaire completed at the end of 
the trial indicated only doubtful side-effects, and 
these were more frequent with the placebo. 

OTHER COMPOUNDS 

Antihistamines 

Antihistamines are the principal components of 
many preparations designed for treatment of upper 
respiratory tract infections and some antitussive 
action has been attributed to them. Loew, Kaiser & 
Moore (1945) reported more than 20 years ago, 
on the pharmacological properties of the benzhydryl 
ether, diphenhydramine 1 (2-diphenylmethoxy-N,N
dimethylethylamine), and a few years later Domenjoz 
(1952) demonstrated its ability to suppress cough, 
elicited by electrical stimulation of the superior 
laryngeal nerve in lightly anaesthetized cats. He 
obtained a similar result with another antihistamine, 
N-(p-chlorobenzyl)-N-(2-pyridyl)-N,N-dimethylethy
lenediamine. Kase (1955a) also showed that 
diphenhydramine abolished coughing in dogs 
following mechanical stimulation of the trachea. 
The minimal effective dose was 5 mg per kg, intra
venously. At 10 mg per kg, cough was suppressed 
in all animals for a maximum of 44 minutes, but 
there was a rise in blood pressure and repeated 
convulsions in some animals. According to Kase, 
N-(p-methoxyphenyl)-N·(2-pyrimidyi)-N,N-dimethyl
ethylenediamine acted like diphenhydramine at an 
intravenous dose of 20 mg per kg. He did not 
think, however, that these compounds were suitable 
for clinical application. 

• Also known as Benadryl. 
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Wax, Winder & Peters (1962) have compared more 
recently the antitussive effect of diphenhydramine 
with that of codeine, 4 and 8 mg per kg of the 
former and 4 mg per kg of the latter, subcutaneously. 
They determined the minimal cough-inducing con
centration of ammonia vapour applied through an 
in-dwelling tracheal cannula in unanaesthetized dogs. 
Both medications and a placebo (the normal saline 
vehicle) were given in random order to each of ten 
dogs at intervals of not less than five days. The 
cough-suppressant effect of diphenhydramine was 
estimated to be 0.4 times as potent as codeine but 
the peak of its effect occurred later, 45-75 minutes 
after injection compared with 30 minutes for codeine. 
The authors judged the site of action to be central. 
Wax, Winder & Peters (1962) quoted Bickerman as 
having found 30 mg of diphenhydramine hydro
chloride approximately equivalent to 15 mg of 
codeine phosphate, both orally, in suppressing cough 
induced by citric acid aerosol in humans. 

Kiill::tvist & Melander (1957) measured the anti
tussive action of chlorcyclizine (1-(p-chloro-a
phenylbenzyl)-4-methylpiperazine) and codeine in 
guinea-pigs in which cough was elicited by ammonia 
inhalation. They said chlorcyclizine was twice as 
effective as codeine, but the number of experiments 
was small, a consistent dose-effect relationship was 
not shown for codeine and apparently both drugs 
were not used in the same animals. The doses of 
each drug used were 0.5, 1.0 and 2.0 mg per kg, sub
cutaneously. These authors also tried chlorcyclizine 
in seven hospitalized patients with long-standing 
severe cough. They combined a dose of 20 or 30 mg 
with 200 or 300 mg of glycerylguaiacolate and 
compared the effect with that of the guaiacolate 
alone. The mixture and the control were given three 
or four times a day on alternate days. They con
cluded a statistically significant superiority of the 
mixture, without interference with the expectorant 
effect of the guaiacol and without side-effects. 

Silvestrini & Maffii (1959) and Boissier & Pagny 
(1960) compared mepyramine1 (2-[(2-dimethylamino
ethyl) (p-methoxybenzyl)amino]pyridine) and co
deine in guinea-pigs. The former used acrolein 
vapour and the latter sulfuric acid aerosol to elicit 
cough. The acrolein-induced cough was depressed 
by codeine at doses of 3.5-5.0 mg per kg but not 
significantly by mepyramine at doses of 1.0-5.0 mg 
per kg, subcutaneously. Boissier & Pagny gave 
7.5-25.0 mg per kg of each drug intra peritoneally and 

1 Also known as Neoantergan. 

obtained a dose-related suppression of cough with 
codeine but no significant effect with mepyramine. 
These authors co~tcluded that antihistamines were 
not antitussives per se and we would agree. Although 
antitussive action has been shown with some of them, 
clinical effectiveness is not well documented and the 
results do not at the moment suggest any advantage 
of these agents for cough relief. 

Benzobutamine 

The pharmacology of benzobutamine (N-(2-ben
zoyloxymethyl- 2- phenylbutyl)-N,N -dimethylamine 
was described by Maffii, Silvestrini & Banfi (1963) 
and special attention was given to its antitussive 
action. 

c. H. 

0-~-CH.N(CH,). 
CH. 

o~-~0 
0 

BENZOBUT AMINE 

The authors used a number of methods and species 
and made comparisons with codeine as follows: 

Cough stimulus Route • Effective dose 
(mg per kg} 

Benzo-
but a- Codeine 
mine 

Guinea-
pig Acrolein aerosol se 3.5 4.0 

Cat Electrical stimulation 
superior laryngeal 
nerve IV 0.5-1.0 1.5 

Dog Sulfuric acid aerosol se 1.0 1.0 
Sulfuric acid aerosol 0 5.0 
Electrical stimulation 

tracheal submucosa se 8.0 4.0 
• SC=subcutaneous; IV=intravenous; O=oral. 

Benzobutamine, 10 mg per kg, subcutaneously, 
caused no apparent respiratory depression in bar
bitalized rats. It was about equal to lidocaine as a 
local anaesthetic and was spasmolytic on the isolated 
gut of the guinea-pig. A dose of 40 mg per kg, 
intraperitoneally, prevented electroshocks seizures 
but toxic doses caused convulsions in mice. The 
LD50 of benzobutamine in mice was more than 
1000 mg per kg, subcutaneously, and that of codeine 

. 200 mg per kg. Long-term administration (6 months) 
of benzobutamine in rats produced no pathological 
changes. 
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Pasquariello & Nicolis (1962) carried out two 
clinical trials with benzobutamine. In a group of 
38 patients with chronic bronchitis single doses of 
250 mg of benzobutamine and 60 mg of codeinf- and 
a placebo were compared on successive days. The 
criterion was the number of coughs in a three-hour 
period following oral administration. The average 
for benzobutamine was 10.4, for codeine 9.8 and for 
placebo 14.5. The difference from placebo was 
significant for both drugs. The patients ranked 
benzobutamine best 15 times, codeine best 17 times 
and placebo best 5 times. 

In the second trial the authors gave 47 patients 
400 mg of benzobutamine or placebo daily for 
seven days, cross-over in random sequence and 
recorded the cough count for 23 of each 24 hours. 
The average was 18.8 for benzobutamine, and 23.2 
for placebo, a significant difference. Again the 
patients were asked to express a preference: benzo
butamine was judged superior to placebo 12 times, 
equal 13 times, inferior five times. 

Benzonatate 1 

Benzonatate, 2,5,8,11,14,17 ,20,23,26-nonoxaocta· 
cosan-28-ol p-butylaminobenzoate, is unique in that 

H.C.NH- 0 -COO(CH.-CH.O)• CH, 

BENZONATATE 

its antitussive activity is claimed to be based not 
only upon central action but also upon inhibition of 
excitation of peripheral stretch-receptors. The 
latter action was demonstrated first. The impulses 
arising in these receptors in the action of inspiration 
are transmitted by the vagus nerve to the respiratory 
centre and promote the following expiration, a 
regulatory mechanism known as the Hering
Breuer reflex. Kroepfli (1950) showed in experiments 
on cats that the extent of expiration and the intensity 
of coughing were correlated with the amplitude of 
the preceding inspiration. According to Bucher & 
Jacot (1951), prevention of excitation of the stretch 
receptors in the cat by clamping the trachea, or by 
pneumothorax, suppressed the cough response to 
mechanical stimulation. This afforded evidence of a 
relation between modification of the Hering-Breuer 
reflex and the intensity of coughing and drew atten
tion to a possible mechanism of antitussive drug 
action. Goth & Goldenberg (1960) reported related 

• Also known as Tessalon. 

experiments in dogs. Clamping the trachea near the 
end of inspiration immediately arrested respiratory 
movements. After a pause intrapleural pressure fell 
and the respiratory effort resumed. Benzonatate 
lengthened the apnoeic period. 

Bucher (1956) demonstrated more directly that 
benzonatate acted on the pulmonary stretch
receptors. He recorded action potentials from the 
vagus nerve in the cervical region, and showed a 
decrease in the impulses originating in the stretch 
receptors after benzonatate had been administered 
intravenously. Langrehr (1963) confirmed Bucher's 
observations. He found that 1.0-5.0 mg per kg of 
benzonatate, intravenously, in lightly anaesthetized 
dogs and cats paralysed various afferent receptors, 
including the lung stretch-receptors. He too re
corded action potentials, in appropriate afferent 
pathways. Hansen & Zipf (1960a, 1960b) demon
strated the peripheral action of benzonatate in other 
ways. In guinea-pigs, under artificial respiration, the 
afferent impulses in the pulmonary vagus originated 
by veratrine were suppressed by benzonatate and 
electrical activity of the nerve fibres set up by 
bronchoconstriction following application of hista
mine or acetylcholine was also suppressed by the 
drug. The authors referred to this as endoanaesthe
sia. Benzonatate produced changes in the electro
cardiogram of the guinea-pig indicating bradycardia 
and block (Reicherts, Zipf & Hansen, 1957). Mean
while, Bein & Bucher (1957) determined the effect of 
benzonatate on nerve conduction when it was 
applied directly to a frog's sciatic nerve and also 
determined its local anaesthetic effect in other ways. 
The ED60 for conduction anaesthesia was the con
centration of 1.4 X 10-4 g(litre, for infiltration 
anaesthesia 2.2 x t0-4 g/litre and for surface an
aesthesia 2.2 x t0-4 g/litre. The same authors also 
determined a central effect of the drug by recording 
anterior-root potentials following posterior-root 
stimulation in anaesthetized cats and rabbits, and 
by inhibition of polysynaptic reflexes brought about 
by stimulation of the peroneal nerve. The ED50 for 
the effect on spinal reflexes was 1.0 mg per kg, 
intravenously; the ED50 for the effect on the stretch 
receptors was 0.4 mg per kg also intravenously. 

Even though they found that benzonatate in
hibited vagal impulses arising from receptors in the 
tracheal mucosa responsive to mechanical stimula
tion, Sell, Lindner & Jahn (1958) considered that the 
drug exerted its antitussive action mainly centrally. 
It also inhibited response to stimulation of the 
superior laryngeal nerve and to stimulation of the 
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vagus, peripheral to the entrance of the superior 
laryngeal fibres, and there was no correlation between 
its antitussive action and the intensity of the effect 
on the receptors (endoanaesthesia). In addition, 
~ection of the vagus, peripheral to the superior 
laryngeal, did not influence the antitussive effective
ness of benzonatate. Unfortunately the doses re
quired for consistently significant effect in these 
experiments were in the toxic range. 

Whatever the mechanism of its action, the anti
tussive effect of benzonatate has been reported 
repeatedly for experiments in animals. These are 
~ummarized in Table 58. 

There was indication of delayed onset and per
~istence of antitussive action of benzonatate com
pared with codeine and dextromethorphan when oral 
doses were given to unanaesthetized dogs in which 
.cough was induced by electrical stimulation of the 

tracheal mucosa through previously implanted elec
trodes (see Table 59). Delayed onset of action of 
benzonatate was apparent too in the data of Chen, 
Biller & Montgomery (1960) who administered the 
compound orally in doses of 1.0-1.5 mg per kg and 
determined the cough response to sulfuric acid 
aerosol in unanaesthetized dogs. The delay was 
probably due to slower absorption because intra
venous administration was effective promptly. 
Precise comparison with codeine for antitussive 
potency is difficult because of the difference in the 
time of action of the two drugs just referred to; 
they are both active against experimental cough in 
the same dose range. 

Bucher (1961) checked the ability of benzonatate 
to antagonize the effect of histamine or epinephrine 
on the elasticity of rabbit lung. Against either, the 
dose causing 50% antagonism was > 2 mg per kg . 

TABLE 58 

ANTITUSSIVE EFFECTIVENESS OF BENZONATATE IN ANIMALS 

Cough stimulus Anaes- I Dose I R a I Cough 
thesia (mg/kg) oute inhibition Reference 

Species: GUINEA-PIG 

Acrolein aerosol + Maflil, Silvestrlnl, & Banfi (1963) 

Acrolein aerosol >50% Silvestrin i & Mafli i (1959) 

Species: CAT 

Soap powder insufflation + >0.3 IV + Bucher (1956) 

Ammonia vapour inhalation + 2.0 0 100% Stefko, Denzel & H1ckey (1961) 

Electrical stimulation superior laryngeal 
nerve + c. 1.0 IV + Silvestrini & Maflii (1959) 

Electrical stimulation superior laryngeal 
nerve + 1.5 IV + Maflii, Silvestrini & Banfi (1963) 

Species: DOG 

Sulfuric acid aerosol 0 1.0 0 57% Chen, Biller & Montgomery (1960) 

Sulfuric acid aerosol 0 1.5 0 76% Chen, Biller & Montgomery (1960) 

Sulfuric acid aerosol 0 5.0 0 + Maflii, Silvestrini & Banfi (1963) 

Sulfuric acid aerosol 0 >1.0 se + Maflii, Silvestrini & Banfi (1963) 

Electrical stimulation tracheal mucosa 0 >8.0 se + Maflii, Silvestrini & Banfi (1963) 

Electrical stimulation tracheal mucosa 0 4-10 se 50% Silvestrini & Maflii (1959) 

Electrical stimulation tracheal mucosa 0 1-4 se 33-90% Stefko, Denzel & Hickey (1961) 

Respiratory infection 0 2.0 0 + Stefko, Denzel & Hickey (1961) 

a SC = £Ubcutaneous; IV= intravenous; 0 = oral, 
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TABLE 59 

PERCENTAGE INHIBITION OF COUGH AFTER ORAL ADMINISTRATION OF DRUGS 
TO UNANAESTHETIZED DOGS a 

-
Dose 

I 
No. of Time after administration (min) 

Drug dogs/no. (mg/kg) of expts 15 I 30 I 60 I 120 

Benzonatate 0.5 4/4 0 17 38 11 

Benzonatate 1.0 4/4 0 33 82 14 

Benzonatate 4.0 4/4 0 61 90 40 

Benzonatate 8.0 4/4 0 75 90 46 

Benzonatate 16.0 4/4 0 90 100 58 

Codeine 1.0 12/14 26 46 44 30 

Dextromethorphan 1.0 12/28 30 46 54 32 

a Cough induced by electrical stimulation through electrodes implanted in the trachea. After 
Stefko, Denzel & Hickey (1961). 

intravenously. The author did not relate this to 
antitussive action. He also reported (Bucher, 
1956) the acute toxicity figures for benzonatate given 
below: 

LDso 
(mgfkg) 

Intravenous Subcutaneous Oral 

Mouse 10 100 400 
Rabbit 5 200 >2000 
Cat 4 

Mice given one-tenth the lethal dose, subcutaneously, 
for 16 consecutive days showed no abnormality, but 
rabbits given the drug daily in a similar dose relative 
to the LD50 developed paralysis and convulsions by 
the tenth day, because of cumulative action in this 
species (Bucher, 1956). 

Benzonatate has been tested against experimen
tally induced cough in man by Shane, Krzyski & 
Copp (1957), Gregoire, Thibaudeau & Comeau 
(1958) and Bickerman & Itkin (1960). Shane et al. 
used 15% citric acid aerosol as the tussigenic agent 
on three occasions, several days apart, in 20 subjects. 
The over-all average was eight coughs per patient 
per stimulus. Following the same procedure and 
counting the coughs produced one hour after an oral 
dose of 100 mg of benzonatate or 32 mg of codeine 
the averages were 1.7 and 4.7, respectively. Com
paring the results in the individual patients the 
average cough count was reduced by 2 or more in 
16 of the 20 persons and completely suppressed in 
only 1 after codeine; for benzonatate the figures were 
19 of 20 and 5, a superior effect for the latter at the 

doses used. Gregoire et al. used an acetylcholine 
aerosol in ten normal subjects. Most subjects 
coughed when the concentration of the aerosol 
was 0.5 mg per litre. The dose of benzonatate was 
10 mg, intravenously. The number of coughs was 
reduced in all but one subject, on the average from 
17.4 to 6.2 per subject. The authors said that 100 mg 
orally was ineffective. Bickerman & Itkin used 16 
" trained " normal subjects and citric acid aerosol, 
determining for each the effective concentration and 
repeating this with cough counts and expiratory 
flow-rate measurements at 1, 2, 3 and 4 hours after 
drug administration. They used placebo, pholcodine 
and other potential antitussives for comparison in 
these subjects and codeine. in others. The change'! 
with placebo were small and might be either a 
decrease or an increase. Doses of 10 mg of phol
codine or 100 mg of benzonatate reduced the number 
of coughs significantly, usually more than 25% at 
each hourly determination. The authors considered 
these doses equivalent to 15 mg of codeine. 

The reports of clinical experience with benzonatate 
are summarized in Table 60. In only three instances 
(Wilson, Farber & Mandel, 1958; Darke et al., 1959; 
Simon, 1960) were observations made double-blind 
and rarely was there any direct comparison with 
codeine. Simon (1962) reported a comparison that 
was not completely double-blind, of 100 mg of 
benzonatate, 50 mg of sodium dibunate, 15 mg of 
dextromethorphan and 25 mg of clofedanol, the 
first three as tablets, the last in syrup. Each was 
given for a week in randomized order usually four 



TABLE 60 
CLINICAL ANTITUSSIVE EFFECTIVENESS AND SIDE-EFFECTS OF BENZONATATE 

Patients 
I Route a I Result Dosage regimen (mg) 

No. I Type 
-

86 Various, many chronic, some asthma- 5-10/day se Clear-cut cough-inhibiting action; eases asthma-
tic 100-200/day R tic breathing 

250-300/day 0 

124 Chronic cough 68, acute infection 45, 0 Very good, 42; good, 36; none, 28. Equal to 10 mg 
other 11 codeine b 

--

90 Tuberculosis 80, chronic bronchitis 10 5-10 per day se Good inhibition of cough in all without side-effects 
150-250 per day 0 or tolerance 

--
46 Establishment of pneumothorax 20 IV Satisfactory control of cough. No undesirable 

effects 

-- -

31 Pleurogenic cough 5 per dose IV Very good, 9; good, 6; none, 1 
144 Bronchogenic cough 5-10 per dose se Very good, 20; good, 32; none, 2 

50-100 per dose 0 Very good, 27; good, 41; none, 2 c 

--
30 Various IV Equivalent to codeine, 20 mg, three times a day, 

more prolonged; no side-effects. Very good, 21; 
0 lnsufflclent, 3 

137 Mostly tuberculosis 5 to 20 per dose IV Good 82 d 
100 per dose 0 I nsufflclent 14 

59 Various 150 to 450 per day 0 Remarkable Inhibition • 

--
59 Chronic cough, some with asthma 1-2x 50, three times a day 0 Excellent 83%. No effect on asthma f 

60 Chronic emphysematous bronchitis 7.5 per dose IV Some relief of dyspnoea 60%. No side-effects g 

25 Children, various 1.0-1.5/kg per dose I M, Good or very good f 
8.0-10.0/kg per dose or 
6.0-8.0/kg per dose 0 

-

Reference 

Cavalca (1956) 

Naegeli (1956) 

Vergani & Pergani, 1956 

Aletti & Palatresi (1956) 

Herzog (1956) 

Neuman (1956) 

Glullano & Rosaa (1956) 

lullanl & Pagnotta (1957) 

Simon (1957a, 1957b) 

Marx (1957) 

Masi (1957) 
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Patients 

I lo. I Type 

81 I Elderly, various 

--

21 Cough due to cancer with pulmonary 
involvement 

--

35 Various 

--

10 Bronchial asthma 

415 Chronic bronchitis, various 

--

83 Tuberculosis 

--
17 Mostly emphysema 
20 Mostly emphysema 
37 Tuberculosis 

--

100 Tuberculosis 50, various 50 

--

32 Various, children and elderly 

--

26 Chronic asthmatic bronchitis, elderly 

22 During anaesthesia 

TABLE 60 (confined) 

Dosage regimen (mg) Route a I Result 

IV EffEctive, 97.6% h 
or 0 

100 per dose, every6-8 hours 0 Effective 80.9%; persistent, no side-effects 

---
150-300 per day 0 Mostly good. No side-effects 

----
2.5-10 per dose IV Most felt breathing easier 

4-6x 50 per day 0 Good antitussive effecl i 

5-450 per day IV Generally good i 
or 0 

---
5 per dose IM Improved 
150-200 per day 0 Much improved, 9; improved, 9 

0 Significant improvement k 

----

3x 50-100 per day 0 Good; no side-effects 

10% aerosol twice daily Good, 20; moderate, 10 l 

100-300 per day 0 Excellent, 5; good, 13; moderate, 8 

Up to 20 per dose IV Manipulations about airway better tolerated 

I 

I 
Reference 

Kauchtschischwili (1957) 

Ruffinl (1957) 

Basabe, Gentile & Crocionl 
(1957) 

Michelson & Schiller (1957) 

Hanke (1958) 

Husen (1958) 

Wilson, Farber & Man del (1958) 

Valent! & De Palma (1958) 

Francetti (1958) 

Goglia (1959) 

Bai rao et al. (1959) 
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TABLE 60 (concluded) 

Patients 
I Route a I Result Dosage regimen (mg) 

No. I Type 

--· 

130 

--

23 

--
45 

--

100 

--

51 

Few 

-

Pharyngitis, tracheobronchitis Aerosol Improvement through surface anaesthesia 

Acute respiratory infection IV Excellent, 58.3%; some, 13.8; none, 27.9 m 
orO 

Dyspnoea due to pulmonary disease 100 per day 0 Double-blind compared with placebo; no benefit 

Asthmatic bronchitis, pulmonary 0 Superior to codeine but not to hydrocodone n 
emphysema 

Acute or chronic cough 100-200 per day 0 Excellent or good, 82%. Better in chronic cough 

Chronic respiratory disease 50 up to every 4 h. 0 Excellent, 90%; moderate, 10% 0 

Cough following irritation of external 5 se Cough reflex blocked without side-effects I meatus 
-----

a SC =subcutaneous: R = rectal; 0 = oral; IV =intravenous; IM =intramuscular. 
b Mild side-effects in 6 patients, fewer than with codeine. Duration of effect 5-6 hours. Tolerance apparent in 3-4 weeks. 
c No side-effects. No changes in circulation or respiration. 
a Oral doses had a local anaesthetic effect. No other side-effects. 
e Well tolerated. No depressing effect on circulation or respiration. 
I No side-effects. No changes in blood count or urinalysis. 
g No respiratory depression. Most patients improved, respiration increased. 
h Effect lasted 8-9 hours. No evidence of tolerance in 120 days of administration. 
l Seven patients accustomed to codeine or hydrocodone did not respond to benzonatate. Duration of effect 4-6 hours. 
i Not effective in opiate-dependent persons. 
k Last group double-blind, cross-over comparison with placebo. Mild erythema and itching reported twice. 
I One child had insomnia and agitation, believed not to be drug Induced. 

m In another group of 84 patients, codeine 3 or 4x 10 mg per day: Excellent, 20.5%; some, 33.4%; none, 46.1%. 
n Given double-blind in combination with bronchodilator mixture. 

Reference 

Segal (1959) 

Voiculescu & Newman (1959) 

Darke et al. (1959) 

Slmon (1960) 

Matlin (1960) 

Simon (1963) 

I Diamant (1957) 

I 

0 Excellent local anaesthetic effect in throat in 79%. One patient discontinued because numbness in throat caused dysphagia. Patients held lozenge in mouth until 
dissolved. 
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times a day. The patients were 100 males with 
chronic cough of various origin who had not received 
a narcotic mixture within the past year. The results 
were scored at the end of the week for cough relief 
and, after two or more drugs had been used, for 
patient preference. The scores were as follows: 

Relief Preference 

Benzonatate 74 22 
Sodium dibunate 92 72 
Dextromethorphan 82 6 
Clofedanol 100 0 

The results of clinical experience were generally 
good, the loca1 effect of oral doses probably being a 
contributing factor. Also most authors indicated a 
good duration of action. It is curious that two 
reports (Hanke, 1958; Wilson, Farber & Mandel, 
1958) mentioned ineffectiveness if tolerance to an 
opiate had developed. The occurrence of tolerance 
to benzonatate on prolonged administration has 
been admitted (Naegeli, 1956) and denied (Vergani & 
Pergani, 1956; Kauchtschischwli, 1957). All reports 
which mention them stress that side-effects are 
infrequent. Herzog (1956), Iuliani & Pagnotta (1957) 
and Marx (1957) said that there was no circulatory 
or respiratory depression. The last maintained that 
in most cases of improvement in respect to cough, 
respiration was increased. 

There have been a few direct measurements of 
respiratory function after benzonatate. Michelson & 
Schiller (1957) measured respiratory function in ten 
patients with bronchial asthma which had existed for 
five years or more. The dose of benzonatate was 
2.5-10 mg, intravenously. Increase in rate and depth 
of respiration and in minute volume occurred in 
10 of 12 trials. Central stimulation of respiration 
was assumed. There was no consistent change in 
the circulation. Marx (1957) applied various respi
ratory-function tests to 10 normal volunteers and 
to 20 patients with chronic emphysematous bron
chitis. The dose was 7.5 mg, intravenously. Normal 
respiration was not changed. The patients felt that 
breathing was easier and in those whose cough was 
lessened, respiration usually increased. There was 
no evidence of an effect on the bronchi. Respiration 
was never depressed. Hanke (1958) said that 14-20 
days treatment with four to six times 50 mg per day 
increased spirometer values in 180 tuberculous 
patients and increased the apnoeic pause from 4 to 
7 to 8 to 18 seconds. Darke et al. (1959) found no 
significant change in minute volume in four normal 
and seven other volunteers who had chronic bron-

chitis or emphysema; the intravenous doses were 5, 
10 mg, 15 or 20 mg of benzonatate, the higher doses 
being divided into smaller doses of 5 or 10 mg. They 
also failed to note any antitussive effect with 100 mg 
per day, orally, in 20 dyspnoeic patients in whom 
the comparison was with placebo on a double-blind, 
random-order basis. Feinsilver (1961) measured 
pulmonary function in three emphysematous patients 
before and 15 minutes after 10 mg of benzonatate, 
intravenously. Tidal and minute volume were 
increased slightly in all three. Feinsilver also used 
benzonatate to supplement premedication for bron
choscopy. The patients were given 100 mg of 
seconal, orally, at two hours and 10 mg of morphine 
plus 0.6 mg of atropine, subcutaneously, at one hour 
before examination. In addition in most patients 
hexylcaine was applied locally immediately before, 
and during the procedure. Whatever the other 
medication, the use of the larger doses of benzonatate 
may have been helpful. The ease of examination 
was recorded in categories as follows: 

No. of patients in each category 
Dose (mg) Route • Excellent Good Fair 

100 0 1 6 4 
10 IM 1 6 2 
5 IV 8 5 2 

10 IV 21 3 1 
• O=oral; IM=intramuscular; IV=intravenous. 

It was observed that when benzonatate was given, 
touching the carina did not cause coughing. 

Cattaneo (1959) also used 5 or 10 mg of benzo
natate, intravenously, as a supplement in preparation 
for laryngoscopy or bronchoscopy. It was combined 
with topical anaesthesia and, in the author's opinion, 
facilitated the procedure. Lineback (1962) found the 
drug useful for suppression of a troublesome gag 
reflex in nose and throat examinations. He used 5 or 
10 mg, intramuscularly, in 22 patients. He also said 
that 100 mg, orally three times a day controlled 
postoperative coughing. Only four such cases were 
reported. 

Caramiphen 1 

Caramiphen [bis-(diethylaminoethyl 1-phenyl-1-
cyclopentane carboxylate) ethane disulfonate], was 
first reported by Martin & Hafliger (1946), and by 
Geigy (1950) and was introduced initially as a relaxant, 
and only later as an antitussive. Domenjoz (1952) 
tested it in cats and found it equivalent to codeine 
in suppressing the cough evoked by electrical 

1 Also known as Taoryl, and Toryn. 
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stimulation of the superior laryngeal nerve or by 
mechanical irritation ofthe trachea. Toner & Macko 
(1952) confirmed the antitussive action but said that 
as far as intensity and duration of action were 

CARAMIPHEN 

CH.SOoH 
I 

concerned 5 mg per kg of cararpiphen was about the 
same as 1 mg per kg of codeine phosphate. Matal
lana & Borison (1955) reported similar effects of 
caramiphen and codeine, 1.0-6.0 mg per kg intra
venously, against cough produced by electrical 
stimulation of the medulla in decerebrate cats. This 
work was described in greater detail by Chakravarty 
et al. (1956). The latency of the cough elicited was 
increased in dose-related fashion. When complete 
suppression of the cough was attained, it would 
occur again if the strength of the stimulus was 
increased. Equipotent doses of codeine were 4-10 mg 
per kg. Caramiphen suppressed the cough com
pletely without remarkable change in pulmonary 
ventilation. 

Plisnier (1954), using electrical stimulation of the 
superior laryngeal nerve and intravenous injection 
in anaesthetized cats, said that the ratio of the 
antitussive effect to that of codeine was 1.25, but if 
toxicity was taken into account it was only 0.77. 
The effect of caramiphen was less uniform than that 
of codeine. Granier-Doyeux et al. (1959), with a 
simi,ar technique, obtained a 35.5% inhibition of 
cough at 45 minutes with 1.0 mg per kg of codeine 
phosphate, and 38.7% inhibition with the same dose 
of caramiphen. Stefko, Denzel & Hickey (1961) 
found caramiphen very effective against cough 
induced by inhalation of ammonia vapour in an
aesthetized cats if it was given intravenously but 
ineffective if it was given orally. In dogs also, oral 
doses as high as 32 mg per kg were ineffective when 
cough was produced by electrical stimulation 
through electrodes implanted in the trachea. Similar 
oral doses had no effect on spontaneously occurring 
cough in dogs with upper respiratory tract infections. 

Antitussive doses of caramiphen appeared to have 
no effect on pulmonary ventilation in dogs (Toner & 
Macko, 1952) or cats (Chakravarty et al., 1956), but 
the drug was effective in relieving bronchoconstric
tion brought about by histamine or acetylcholine in 

guinea-pigs. The doses used were 0.5-3.0 mg per 
kg, intravenously, and 2.0-8.0 mg per kg, intra
peritoneally (Plisnier, 1957). Codeine, of course, is 
a bronchoconstrictor. Toner & Macko (1952) 
demonstrated significant protection with caramiphen 
in guinea-pigs against the bronchospasm of furfuryl 
trimethyl ammonium iodide. The effective dose was 
50 mg per kg, intraperitoneally. Caramiphen also 
relieved the intestinal contraction produced by the 
same agent in rabbits and was in this respect one
tenth to one-half as active as atropine. 

The tracheo-bronchial secretion in rabbits was 
increased by 6.0 mg per kg of caramiphen but was 
not affected or decreased by codeine (Plisnier, 1957). 

Caramiphen at doses of 0.5-2.0 mg per kg and 
codeine at doses of 2.5-5.0 mg per kg, intrave
nously, caused a fall in blood pressure in dogs 
narcotized with pentobarbital sodium. Caramiphen 
was a local anaesthetic in a 2.0% solution applied to 
the rabbit's cornea. It was not analgesic up to 100 mg 
per kg, intraperitoneally, in rats and did not protect 
mice against the lethal effect of pentetrazol although 
it had some anticonvulsant action at 75 mg per kg, 
intraperitoneally (Toner & Macko, 1952). According 
to Schoetensack & Hallmann (1964) caramiphen 
did not suppress veratramine tremor in mice and 
rats, but postural tremor in monkeys with electrolytic 
thalamus or mid-brain lesions was reduced by small 
doses, such as 0.25-1.25 mg per kg, intramuscularly 
(Vermier & Unna, 1963). -

Swoboda (1950) reported the intravenous LD50 of 
caramiphen in mice as 80 mg per kg, Plisnier (1957) 
reported the intravenous LD50 in guinea-pigs as 
61.5 mg per kg, both doses being in the codeine 
range of lethality. Toner & Macko (1952) said that 
only 2 of 20 mice were killed by 2000 mg per kg, 
orally, but the drug has also been ineffective orally 
as an antitussive. They found no evidence of toxicity 
of caramiphen when oral doses of lOO mg per kg 
were administered daily to rats and dogs for one to 
three months. 

The antitussive effect of caramiphen disulfonate 
in normal volunteers has been tested by Blix (per
sonal communication, 1952) and by Bickerman 
(1961, 1962). The former used 30subjects, determining 
the cough threshold as the effective concentration of 
ammonia inhalation and administering both cara
miphen and codeine to all, each drug first in half of 
the subjects. Comparable figures for 10 mg of 
caramiphen and 20 mg of codeine phosphate were: 
percentage increase in threshold, 80.2% and 79.0%; 
duration, 119 and 112 minutes; total effect (rise in 

14 
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threshold xtime), 5916 and 5773. There was con
siderable individual variation in response, this being 
greater after caramiphen. Blix selected nine of his 
subjects for a repeat experiment, including the three 
most and the three least sensitive to ammonia. 
These received 2.0 mg of caramiphen on two occa
sions, 5.0 mg on two occasions and 20 mg once. 
The 20 mg dose was less effective than a smaller 
amount, from which Blix concluded that there was 
an optimal dose beyond which no further improve
ment occurred. Bickerman said that caramiphen 
was less effective than an equal dose of codeine. 

Clinical experience with caramiphen disulfonate is 
summarized in Table 61. Good relief of cough has 
been reported with doses of 10 and 20 mg, but not 
uniformly so, and there are only two double-blind 
controlled trials. Few side-effects have been re
ported. Swoboda (1950) and Vedrilla (1952) 
commented on a spasmolytic action, but Voiculescu 
& Neuman (1959) said that caramiphen was less 
effective in bronchitis when emphysema and asthma 
were also present. Both decreased (Abelman, 
Gaensler & Badger, 1954) and increased (Swoboda, 
1950; Vedrilla, 1952) expectoration have been 
reported. Caramiphen does not appear to possess 
distinct advantage over codeine (Brit. med. J., 1964). 

There has been no report of tolerance or de
pendence. 

Clobutino/ 1 

Clobutinol, p-chloro-a-[2-( dimethylamino )-1-me
thylethyl]-a-methylphenethyl alcohol was selected 
from a large number of aryl butanols and pentanols 
for its antitussive potency and studied extensively by 

CHa CHa 

Cl-0- CH2-T -- tH-CH2-N(CHa)2 

OH 

CWBUTINOL 

Engelhorn (1960). He measured its antitussive 
effect by a number of experimental methods and 
found it to be essentially the same as that of codeine 
in lightly anaesthetized cats. The results are shown 
below. In unanaesthetized guinea-pigs the ED50 for 
suppression of the cough response to sulfur dioxide 
was 8.35 mg per kg, subcutaneously, also very close 
to that for codeiP'\ 7.9 mg per kg. 

• Also known as Silomat. 

Antitussive ED" (mg/kg) 
anaesthetized cats 

Method Route • Clobu- Codeine 
lino/ 

Electrical stimulation superior 
laryngeal nerve IV 

Ammonia inhalation IV 
Mechanical stimulation 

trachea IV 
Electrical stimulation superior 

laryngeal nerve 0 
• IV=intravenous; O=oral. 

0.51 
0.60 

0.74 

6.1 

0.52 
0.61 

0.74 

8.1 

Clobutinol had no analgesic effect (tail-flick to 
radiant heat in rats, tail-pinch in mice, electrical 
stimulation of tooth pulp in rabbits). When admin
istered with codeine, it diminished the analgesic 
effect of the latter. It had local anaesthetic action 
when applied to the cornea but did not affect the 
action potentials of the vagus or phrenic nerve in 
rabbits. Engelhorn (1960) concluded that the site of 
its antitussive action was central. 

In the action potential experiments the interval 
between bursts of impulses for inspiration was 
shortened, whereas with codeine the interval was 
lengthened. A dose of 5 mg per kg, intravenously, in 
rabbits increased the respiratory rate and larger 
doses antagonized to some extent the respiratory
depressant effect of 5-20 mg per kg of morphine. 

A dose of 10 mg per kg of clobutinol increased 
bronchial secretion in rabbits by 20-45% for two to 
six hours. It prolonged the barbiturate sleeping time 
and suppressed nicotine-convulsion-induced changes 
in the electroencephalogram. It did not affect blood 
pressure or intestinal motility. Its acute toxicity was 
very like that of codeine. The LD50s (mg per kg) 
in rats were : 

Route 

Intraperitoneal 
Subcutaneous 
Oral 

Clobutino/ 

130 
370 
600 

Codeine 

175 
315 
535 

When rats were given 200 mg per kg of clobutinol 
orally every day for four to six months no deaths 
occurred and no histological changes were detected. 

Renovanz & Liebrich (1965) studied the effect of 
clobutinol against cough induced by 15% citric acid 
aerosol in 18 selected human volunteers. They 
excluded subjects who did not cough with this con
centration of aerosol, those who did cough after a 
saline aerosol, and those who showed a positive 
effect with a placebo. Oral doses of 60 mg of clobu
tinol and 40 mg of codeine were compared and the 
mean counts of coughs within one minute of the 
aerosol application, and one, two and three hours 



Patient 

No. I Type 

- Non-specific, irritative 
cough 

12 Whooping cough 
---

45 Cough of various origin 

--

---
Bronchoscopy 

--

--
112 Cough of various origin, 

children 

--
100 Cough of various origin 

--
20 Chronic irritating cough 

--
63 Persistent cough 

--
139 Cough, influenza 

---
73 Most had acute respir'll-

tory infection 
--

12 Severe cough with acute 
respiratory infection 

--
76 Cough of various origin 

-~---

TABLE 61 

CLINICAL EXPERIENCE WITH CARAMIPHEN DISULFONATE 

Dosage Result Side-effects 

1 or2x10 mg Stopped cough in 60-70% Slight vertigo in some. Well tole-
rated to 100 mg/day 

1 or 2x 10 mg Marked, 1; good, 99; poor or none, 10 

10 mg a.m. and noon, 20 mg Very good, 44.4%; good, 20.0%; none, 
at night 35.6%. Usually as good, sometimes 

better than opiates 

3 or 4x20 mg Satisfactory None after prolonged administra-
tion 

60-80 mg, 30-45 mi n before Undesirable if much secretion be-
cause patients have no inclination 
to cough 

10 mg every 6 h Effective. Unproductive cough im- Well tolerated 
proved in many patients 

30-100 mg/day Effective in measles and whooping Well tolerated with prolonged 
cough; very effective in 82 cases tra- administration 
cheobronchitis 

10 mg every 4-6 h to 5 doses Excellent, 76; fair, 12 Mild nausea in 6, perhaps because 
per day of taste 

3x 10 mg compared with Complete relief, 2; good, 5; slight, 6. None in 18, nausea in 3, dizziness 
3x16.2 mg codeine Less effective than codeine. Cross- in 2 

over 

4x10 mg compared with Less effective than codeine. Cross-
4x15 mg codeine over 

3-5x 10 mg Excellent, 69.4%; some, 14.0%. Better 
than codeine 4x7.5 mg/day. Not 
cross-over 

2-3x 20 or 30 mg Excellent None 

20 mg Equal to codeine. Not cross-over Fewer side-effects 

50-120 mg per day Good, 39%; moderate, 5%, of 46 Dizziness in 1 
patients with acute cough 

3x20 mg Effect less consistent and reliable 
than with opiates 

--------

Reference 

Liechti (1950) 

Liechti (1950) 

Swoboda (1950) 

Birkner (1952) 

Hudson (1952) 

Segal & Dulfano (1952), 
(1953) 

Sporn (1952) 

Snyder (1953) 

I 
Abelmann, Gaensler & 
Badger (1954) 

Cass & Frederik (1956) 

Voiculescu & Neuman 
(1959) 

Dreyer (1961) 

Glick (1963) 

Ved rill a (1952) 

Banyai (1960) 
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after drug administration showed about equal anti
tussive effects. Individual variations among patients, 
however, precluded statistical analysis and raise 
some question of the methodology in this experiment. 
The same authors did get statistically validated 
results in 231 patients with cough of various origin. 
This trial was carried out by 12 physicians in dif
ferent clinical settings. Administration of clobutinol, 
codeine and placebo was double-blind in random 
order on successive days and the effect was de
termined by means of a questionnaire. There was no 
significant difference or preference between the two 
drugs, both were significantly better than placebo. 
The occurrence of side-effects was about the same 
for all three medications. 

<::;ass & Frederik (1964) also carried out a double
blind trial in 37 patients with chronic cough. Each 
medication was given orally four times a day for six 
days with the order of administration randomized. 
Degree of cough relief was given a numerical value 
and an average relief score for the week was cal
culated as shown below: 

Average relief 
score 

Codeine sulfate 15 mg 1.497 
Clobutinol 80mg 1.269 
Diphenylhydramine 50mg 1.062 
Clobutinol 40mg 1.053 
Placebo 0.683 

The differences wi!re statistically significant and it was 
also shown that there was an upward trend in effec
tiveness through the day and through the week, the 
trend being greatest with codeine: in other words the 
patients coughed less during the latter part of the 
day and of the week. It is possible that this was a 
trend in the natural history of the cough and not a 
cumulative effect of treatment. Side-effects through
out were too few for analysis. 

Clinical usage falls into two categories, patholo
gical cough of various origin including cough in 
children, and prophylactic use in premedication and 
in connexion with endoscopies. Nagorny (1960) 
used an oral dose of 40 mg (120 mg per day) in 
80 patients with severe cough and obtained very 
good relief in 70. The 10 poor results were in 
patients tolerant to opiates. Over a four-month 
period there was no weakening of the effect, no side
effects and no respiratory depression. Nagorny 
also used 30 mg, parenterally, with good results 
equal to those with hydrocodone. The effect ap
peared in 10-15 minutes and lasted three or four 
hours. 

Riebel (1960) reported 91 cases with cough of 
various origin and severity. The dose of clobutinol 
was 30 or 40 mg, it was effective in 15-30 minutes and 
the effect lasted five or six hours. There were no 
side-effects and no evidence of tolerance. Fifty 
patients given single doses of 60 mg showed no 
significant change in respiratory rate or minute 
volume or respiratory exchange. 

Paul (1962) gave 20 mg of clobutinol two to four 
times a day to 55 patients with spastic bronchitis, 
tuberculosis or tracheobronchitis. The result was 
very good in 24 and good in the others, without side
effects. Moia et al. (1962) said that clobutinol orally 
was effective in 60% of patients with chronic pul
monary disease and Monti (1963) obtained satisfac
tory relief of postoperative cough in 54% of 110 
patients and good relief in another 21 %. 

Kleibel (1964) compared clobutinol with opiate 
antitussives, recording the cough by means of a 
microphone. He concluded that it was inferior to the 
opiates. 

Cela & Soccio (1963) found clobutinol as effective 
as codeine; it was well. tolerated, without respiratory 
depression, constipation or allergic reaction. They 
used 50-60 mg in the treatment of cough of various 
origin. 

Cuocolo, Messina & Carbone (1962) said that 
clobutinol was a valuable contribution to the con
trol of cough in surgical patients. 

Gerland (1960), Lachmer & Werner (1963) and 
Czermak (1963) reported on the use of clobutinol in 
children. Gerland treated 145, from infants to 
14-year-olds, about half of whom were ambulatory. 
The dose was 10-15 mg for the youngest, 40 mg for 
the oldest. The results were very good in 112; the 
drug was least effective in pertussis. Lachmer & 
Werner treated 74 children and 82 adults, using 
three or four times 40 mg, orally, or two parenteral 
doses per day. The effect was prompt and lasted 
three to five hours. Czermak used clobutinol in 
82 children with pertussis, intravenously or intra
muscularly, and found that the latter was always 
effective. Compared with 87 cases not treated with 
clobutinol, the frequency and intensity of cough 
paroxysms diminished two or three weeks earlier. 

There are ten reports of the use of clobutinol, one 
might say prophylactically, in bronchoscopies, etc. 
The number of cases, the procedure followed, the 
dose and route of administration and the results are 
summarized in Table 62. The results were generally 
good. It is perhaps noteworthy that in the one 
outstanding failure (the results of MacHale & 



TABLE €2 

USE OF CLOBUTINOL TO PREVENT COUGHING IN BRONCHOSCOPIES AND OTHER SURGICAL PROCEDURES 

No. Procedure Dose (mg) Route a Result Comment Referance 

90 Bronchoscopies and 30 IV in 77 I Better than with hydrocodone No side-effects Nagorny (1960) 
bronchographies IM in 13 

~~ 

32 Bronchoscopies 20 IV in 20 Very good in all Hypotension in 4 b Paul (1962) 
IM in 12 

~~ --~ ·-··--

Bronchoscopies Cough suppressed completely, Codeine preparations suppressed Villar (1962) 
50%; partially, 21.5 cough completely 12%, partially 

33% 
---

216 Bronchoscopies Clobutinol or No advantage over no drug Same number with troublesome Mac Hale & Springett (1962) 
no drug cough in each group 

---
86 Ophthalmic operations 120 66 0 or Excellent Pulse and respiratory rate and blood Vicente Preto & Serrano 

20 IM pressure increased slightly (1962) 

---
107 Endoscopies 1-4x20 Very good, 80% No nee Moia et al (1962) 

---
193 Pre- and postoperative 20 every 8h IM Satisfying in all No side-effects Luciano et al. (1963) 

---
178 Mostly bronchoscopies IM Good in 162 Kronberger (1963) 

~~-

53 Bronchoscopy or 1-2x20 with IV Reduced failures due to cough Fourage (1963) 
laryngoscopy local I 

I anaesthetic I 

120 Pre-anaesthetic Laryngeal spasm in 3, coughing I When atropine was used in 84 cases Henriquet & Rochira (1963) 
(barbiturate) in 2 spasm In 7, cough in 4 

a IV = intravenous; IM = lntrarruscular; 0 = oral. 
b Given in combination with phenothiazine which may have caused the hypotension. 
c No respiratory depression indicated in spirometric measurements in 40 cases. Hepatic function tests, urinalysis, blood examination and electrocardiogram In 15-25 

cases showed no changes. 

~ 
~ 

~ 
a 

~ 
~ 
~ 
'"d 
> z 
> 
~ 

i 
~ 
.;. 

N -w 



214 N. B. EDDY AND OTHERS 

Springett, 1962), the medication procedure was 
double-blind. 

Clofedano/ 1 

Clofedanol, 2-chloro-a-(2-dimethylaminoethyl) 
benzhydrol, is one of many diphenylpropane com
pounds which have been tested for antitussive 
activity (Lindner & Stein, 1959). Its structure was 

/Cl 

0 ~ 
HO-C-CH,-CH,-N(CH,), 

0 / 
J 

CLOFEDANOL 

given by Lorenz et al. (1960) and has the basic group 
in position-3, in contrast to the compounds tested by 
Linder & Stein where it was in position-2. 

The experimental results in the testing of clofe
danol for antitussive action in comparison with 
codeine are summarized in Table 63. The ratios to 
codeine are not consistent for different methods in 
the same species, although they were somewhat 
more consistent for similar methods in different 

' Also known as Detigon and Ulo. 

species and they do show significant suppression of 
experimentally produced cough. In addition a delay 
in onset and a longer duration of action than with 
codeine have been reported. Stefko, Denzel & 
Hickey (1961) found that, in dogs in which cough was 
produced by electrical stimulation of the trachea, 
oral codeine developed its peak effect in 30-60 
minutes and that an equally effective antitussive dose 
of clofedanol was only beginning to show an effect at 
that time, and reached its peak 120-150 minutes 
after administration. A similar result was seen in 
cats. A dose of 0.5 mg per kg of codeine depressed 
a cough of moderate strength for 31 minutes; the 
comparable effect of clofedanol, 8.0 mg per kg, 
lasted for 90 minutes. The persistence of the effect 
of clofedanol was also observed by Chen, Biller & 
Montgomery (1960). Goswald (1958) gave 20 mg 
per kg of clofedanol, subcutaneously to guinea-pigs 
daily for eight days and saw no tolerance in this short 
period to its antitussive action. 

Chen, Biller & Montgomery (1960) could detect 
no analgesic effect of clofedanol in mice or rats with 
doses of 5-20 mg per kg, intraperitoneally. They 
used both the hot-plate and the tail-pinch methods. 
It did show, however, some local anaesthetic action, 
both on dermal infiltration in guinea-pigs and on 
corneal instillation in rabbits. A 0.2 ~la solution pro-

TABLE 63 

EQUIPOTENT ANTITUSSIVE DOSES (BASED ON PEAK EFFECT) OF CLOFEDANOL AND CODEINE 

Method 

Citric acid aerosol 

Ammonia inhalation 

Sulfuric acid aerosol 

Electrical stimulation superior laryngeal 
nerve 

Ammonia inhalation 

Sulfuric acid aerosol 

Electrical stimulation trachea 

Electrical stimulation vagus 

I 
Route a 11 Clofedanol[ Codeine I co~~ii~e/ I 

(mg;kg) clofedanol 

se 
se 
se 

IV 

0 

0 

0 

se 

Species: GUINEA-PIG 

I 

20.0 20.0 1.0 

0.75 0.8 1.1 

25.0 20.0 0.8 

Species: CAT 

2-8 

8.0 

0.5-2 c. 0.25 

0.5 0.06 

Species: DOG 

0.4 

8.0 

2.0 

0.5 

2.0 

2.0 

1.25 

0.25 

1.0 

a SC = subcutaneous; IV= intravenous; 0 = oral. 

Reference 

Gosswald (1958) 

Kraushaar, Schunk & Thym (1964) 

Boissier & Pagny (1960) 

Boissier & Pagny (1960) 

Stefko, Denzel & Hickey (1961) 

Chen, Biller & Montgomery (1960) 

Stefko, Denzel & Hickey (1961) 

Gosswald (1958) 
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duced about the same duration of local anaesthesia 
as a 2.0% solution of procaine, but a 1.0% solution 
was locally irritating. 

Data on the acute toxicity of clofedanol are sum
marized in Table 64. Codeine data given by the 
same authors are included. The two compounds are 
not greatly different in this respect. Central stimula
tion occurred with clofedanol and convulsions occur
red with near fatal doses. Chronic toxicity studies 
have been carried out for six-month periods in rats 
and dogs (Chen, Biller & Montgomery, 1960). Rats 
received the drug in their diet in amounts of about 
2.0 and 20 mg per kg per day. Their food consump
tion remained about normal, as did activity and 
behaviour. There were no pathological blood or 
tissue changes. Dogs received the drug in capsule, 
also 2.0 and 20.0 mg per kg for six days a week. 
After the first few days the animals ate, gained weight 

and acted normally. Again no pathological changes 
attributable to the treatment were observed. Tested 
for antitussive activity near the conclusion of the 
study no evidence of tolerance development was 
detected and no withdrawal phenomena were seen in 
the rats or dogs when daily administration was sus
pended for 48 hours at 20 and 23 weeks, respectively. 
In this connexion Deneau (personal communica
tion) found that clofedanol given in doses of 5-30 mg 
per kg, subcutaneously, to monkeys stabilized on 
morphine had no suppressant effect on morphine 
abstinence phenomena and, therefore, appeared to 
have no physical dependence capacity of morphine 
type. The largest dose caused convulsions. 

Noel (1962) reported 55% inhibition of cough 
induced by citric acid aerosol in normal human sub
jects by 25 mg of clofedanol and 18% inhibition by 
11 mg of codeine. Clinical observations on clofeda-

TABLE 64 

ACUTE TOXICITY OF CLOFEDANOL 

I 

Clofedanol 

Animal Route a Codeine 

I 
Dose tolerated LDso (mg/kg) 

LDso (mg/kg) (mg/kg) 

Mouse IV 70 78 

Mouse IV 68 

Mouse se 150 115 

Mouse se 186 

Mouse se 240 

Mouse 0 175 237 

Mouse 0 495 

Rat IM 200 

Rat 0 175 266 

Rat 0 350 250 

Rat 0 420 

Guinea-pig se 200 100 

Rabbit se 50 b 

Cat 0 80 b 50 (lethal) 

Dog se 30 

Dog 0 20 

Dog 0 5 

a IV = intravenous; SC = subcutaneous; 0 = oral; IM = intramuscular. 
b Lethal dose. 

I Reference 

Gosswald (1958) 

Boissier & Pagny (1960) 

Gosswald (1958) 

Chen, Biller & Montgomery (1960) 

Boissier & Pagny (1960) 

Chen, Biller & Montgomery (1960) 

Boissier & Pagny (1960) 

-

Taccani (1959) 

Chen, Biller & Montgomery (1960) 

Gosswald (1958) 

Taccani (1959) 

Gosswald (1958) 

Gosswald (1958) 

Gosswald (1958) 

Gosswald (1958) 

Chen, Biller & Montgomery (1960) 

Gosswald (1958) 
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TABLE 65 

CLINICAL OBSERVATIONS ON THE ANTITUSSIVE ACTION OF CLOFEDANOL 

Patients I Dosage (mg) Result(%) I Side-effects 

I 
I 

I I I 
!Moderate I Poor or 

and comments Reference 
No. Type Single Daily Good none 

134 Children 65 22 13 In 3 patients a Richter et al. (1962) 

72 Children 12.5-25 71 15 14 None Nathan (1962) 

32 Severe cough 20-50 60-120 73 - 27 - PrOssing (1960) 

78 Moderate cough 20-50 60-120 86 - 14 _b PrOssing (1960) 

43 Tuberculous 30-55 90-175 67 16.5 16.5 In 2 patients c 

I 
Oswald (1961) 

84 Acute infection 20-30 I 60-120 86.5 12 1.5 None cl Voiculescu & Neuman (1959) I 

40 Various I 90 7.5 2.5 None I Ghisleri (1960) 

239 Various 50 30 20 -· Noel (1962) 

30 Adults 30-60 60-180 80 - 13.3 In 5 patients f Saunders (1961) 

50 100-150 Satisfactory None Taccani (1959) 

174 Various g 25-35 75-140 Satisfactory None Schriier (1960) 

12 Children c.5 c. 15 Satisfactory None Saunders (1961) 

108 Various 20-25 60-150 Satisfactory None Linden, V. zur (1958) 

c.160 Children " Remarkable " In a few patients" Kubowski (1960) 

c. 318 Adult " Remarkable " -

a Drowsiness in 2, urticaria in 1. Onset a little slow. 
b In 14 of 17 patients codeine less effective. In 18 months saw no evidence of tolerance. 
c Tremor in 1, palpitation in 1. 
cl Result better than with 30-40 mg of codeine per day. 
e 20 mg equivalent to 22 mg of codeine. 
f Trembling and apprehension In 3, vomiting 1, urticaria 1. 
g Including 89 tonsilectomies; in these, effect believed to be in part local anaesthetic. 
h In children a few cases of poor appetite; nausea and vomiting in 3. 

nol are summarized in Table 65. It is remarkable 
that in the clinical reports onset was usually said to 
be prompt; slowness was noted only once. Dura
tion was usually 2-14 hours. In addition Simon 
(1962) treated 100 patients with four different anti
tussives in successive weeks, benzonatate, dibunate, 
dextromethorphan and clofedanol; the last material 
was given at the rate of 25 mg four times a day and 
had the greatest effect in reducing cough frequency. 
Smith (1963) estimated the effect of clofedanol, at 
0.2 mg per kg orally, as promising for its veterinary 
use in dogs and Bickerman (1961, 1962), Morais & 
Da Silva (1961) and Szasz (1961) reviewed clofe
danol. along with other antitussives, expressing their 
own personal opinions, which were generally 
favourable. 

Finally, when an effect on respiration has been 
mentioned, a depressant effect has been denied but 
no controlled quantitative study has been made so 

far as we are aware. Also the clinical studies reported 
are in the main impressions and not double-blind 
comparisons, and on this account, though clofedanol 
would seem to be an antitussive, the advantages of 
the compound must be considered unproven. 

1, 1-Diphenyl-2-piperidinopropan-1-ol. This was 
another of the series of diphenyl compounds tested 
for antitussive action and was selected for marketing 

1, 1-DIPHENYL-2-PIPERIDINOPROPAN-1-ol 
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as a component of a cough preparation.1 Data with 
respect to it are very meagre and include only one 
clinical report. 

Lindner & Stein (1959) found that the compound 
reduced the cough produced in anaesthetized cats by 
electrical stimulation of the superior laryngeal 
nerve. A dose of 2 mg per kg, intravenously, re
duced the cough about 50%, an effect comparable to 
that of I .0 mg per kg of codeine. An oral dose of 
8 mg per kg was also effective. Both the racemate 
and its optical isomers had a similar potency in 
respect to antitussive action. Boissier & Pagny 
(1960) examined the antitussive action in guinea-pigs 
exposed to sulfuric acid aerosol and in cats in which 
the superior laryngeal nerve was stimulated. Com
parable doses of codeine, clofedanol and the piperi
dine compound were 20, 25 and 22 mg per kg, 
subcutaneously, for 50-100% suppression of cough 
in the guinea-pig and 0.5-2.0, 2.0-8.0 and 1.5-6.0 mg 
per kg, intravenously, for 40-60% suppression in 
cats. There was no respiratory depression with these 
antitussive doses. 

Diphenylpiperidinopropanol had no analgesic 
effect in mice up to 200 mg per kg, subcutaneously. 
Intravenous injection of 2-3 mg per kg in unanaes
thetized cats and 5 mg per kg in rabbits had no 
substantial influence on respiratory rate or minute 
volume, but 3-4 mg per kg, intravenously, in an
aesthetized cats lowered the blood pressure moderat
ely and transiently. Intravenous injection of 2 mg 
per kg in anaesthetized dogs reduced the pulse rate 
and raised the blood pressure temporarily. The 
compound had little spasmolytic effect on the isol
ated intestine. Tone and peristalsis in the intestine 
in situ in dogs and cats were increased by 2 mg per 
kg, intravenously. There was no indication of 
sedative action but the local anaesthetic effect was 
remarkable. A 0.25% solution equalled in this 
respect a 1.0% solution of procaine applied to the 
frog ischiadic nerve (Lindner & Stein, 1959). 

The acute toxicity (LD50) for the diphenylpiperi
dinopropanol was reported by Lindner & Stein 
(1959) as 40, 300 and 750 mg per kg, intravenously, 
subcutaneously and orally, respectively, in mice and 
by Boissier & Pagny (1960) as 51, 352 and 784 mg 
per kg for the same routes of administration and 
species. Dogs given 15 mg per kg intravenously 
survived but had severe convulsions. Studies on 
subacute toxicity \\-ere carried out also by Lindner & 
Stein (1959) in rats, guinea-pigs and dogs. Rats and 

• Component of diphepanol. 

guinea-pigs received 10 mg per kg, orally, five days 
a week for six weeks. The rats gained weight and 
showed no pathological changes. The guinea-pigs 
also gained weight but two of five animals showed 
fatty infiltration of the liver and one animal had a 
parenchymatous degeneration of the liver. Dogs 
were given 5 mg per kg, subcutaneously, five times a 
week for four weeks. One of two animals showed 
fatty infiltration of the liver and of some renal 
tubules. 

Bickerman & Itkin (1960) tried two doses of the 
diphenylpiperidinopropanol, 30 and 60 mg, orally in 
normal subjects and determined the effect on citric 
acid aerosol induced cough. A significant suppres
sant effect was observed for one hour only with the 
smaller dose but for the four hour period of observa
tion with the larger. Pozetto & Traminer (1963) 
treated 63 patients with cough of various origin with 
2.3-4.3 mg per kg per day of diphenylpiperidino
propanol orally. The number of coughing bouts 
decreased 74.2 %. Expectoration was not modified. 
No cardiovascular, renal or digestive effects were 
noted. One may conclude that 1, 1-diphenyl-2-
piperidinopropan-1-ol is similar to clofedanol in its 
action. 

/soaminile 2 

Isoaminile, 4-dimethylamino-2-isopropyl-2-phenyl
valeronitrile, is a basic tri-substituted acetonitrile, 
one of a group of nitriles synthesized for analgesic 
effect (Stiihmer & Funke, 1957). However, Krause 
(1958) showed in animal experiments that it had 
little or no analgesic effect, but had as good an anti
tussive action as codeine. 

CH. 

ISOAMINILE 

From observations on the whole group it was 
inferred that, in basic tri-substituted acetonitriles 
with two asymmetric carbon-atoms, the compounds 
in which these are adjacent are effective analgesics 
without antitussive action, while those in which the 
asymmetric centres are separated by another carbon 
are antitussives with little or no analgesic action. 

• Also known as Peracon, Dimyril. 
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Krause (1958) and Graham (1962) determined the 
antitussive effectiveness of isoaminile in animals, 
compared it with codeine and observed other 
pharmacological effects. Krause used narcotized 
guinea-pigs and stimulated the trachea electrically. 
Given intravenously the antitussive doses were 
5.4 mg per kg for isoaminile and 7.0 mg per kg for 
codeine, making the former 1.3 times more potent. 
Graham used guinea-pigs (ammonia inhalation), 
rabbits (mechanical stimulation) and dogs (electrical 
stimulation of the trachea). The antitussive doses for 
isoaminile and codeine varied for the species and 
were 0.5 and 0.3 mg per kg, subcutaneously, in the 
guinea-pig, 7.0 and 13.5 mg per kg, intravenously, in 
the rabbit and about 5.0 mg per kg for the dog, 
showing definite superiority for isoaminile only in 
the rabbit. Both authors found the analgesic effect of 
isoaminile far inferior to that of codeine in both mice 
and guinea-pigs. According to Krause, isoaminile 
diminished the rate and volume of respiration in 
anaesthetized dogs, cats and guinea-pigs at 5.0 mg 
per kg, intravenously. Graham found a greater 
decrease in minute volume with isoaminile than with 

codeine in the rabbit but less effect in dogs and cats. 
It appeared to have some bronchodilatory effect. It 
produced bradycardia, and a vasodilatory effect in 
dogs and inhibition of intestinal and uterine activity 
in rabbits. Isoaminile was more toxic than codeine; 
its LD50s, intravenously, were 55, 20 and 20 mg per 
kg for mouse, rabbit and dog, respectively, compared 
with 90 and 60 mg per kg for mouse and rabbit for 
codeine. Krause said that the LD50s of isoaminile in 
mice were 65 mg per kg intravenously, 240 mg per kg 
subcutaneously and 720 mg per kg orally. Subacute 
toxicity studies in mice, rats and dogs revealed no 
pathological changes, except a moderate increase in 
lymphocytes and reticulocytes in rats. 

Christoffel & Kolberg (1958) tested the antitussive 
effect of isoaminile in ten normal adults. Inhalation 
of citric acid aerosol (7.5 %) produced on the average 
8.3 coughs initially, and only 3.1 coughs 20 minutes 
after 40 mg of the drug orally, according to the 
authors a significant difference. Clinical observations 
for antitussive effectiveness are summarized in 
Table 66. Generally, however, these have not been 
well-controlled or double-blind except for Graham's 

TABLE 66 

CLINICAL OBSERVATIONS ON THE ANTITUSSIVE EFFECT OF ISOAMINILE 

--,-----P_a_ti_e_nt_s ____ l Dose (mg) I 
No. [ Type Single [ Daily Good 

Reference Result I Side- I 
effects 

[ Moderate[ None 

136 

126 

172 

62 

38 

58 

92 

55 

25 

30 

Various 122 9 5 

Various 40 160 95 28 3 

Various 20-40 60-240 90 5 5 

Irritative cough c 21.3-43 Very good 

Various 20-40 60-120 Equal to codeine d 

Tubercular 30-60 150-250 Good e 

Severe cough 30-80 90-320 Good! 

40 120 Good 

Various 40 120-150 Good 

Acute and chronic Good 

Chronic bronchitis 21.5 64.5 Ineffective 

Chronic bronchitis 40 120 

I 
Ineffective 

a In cases of chronic bronchitis no tolerance developed. 
b Judged superior to codeine principally because of absence of side-effects. 
c Used in irritative cough in patients undergoing pulmonary function tests. 

None a Peterse n (1960) 

Rimoldi (1960) 

None b Brenner-Godderz (1959) 

Muysers & Siehoff (1960) 

Eidmann (1959) 

None Schmiedel (1959) 

None Christoffel & Kolberg (1958) 

None Schumacher (1959) 

None Feser (1960) 

None Virchow (1961) 

Graham (1962) 

Graham (1962) 

d Generally comparable to codeine, but result was poor in patients who had been receiving considerable narcotics. 
e Generally good, except that in severe tuberculosis less effective than 30 mg of codeine. 
f Effects lasted for 4-5 h. 
g Patients could not distinguish isoaminile or codeine from placebo. 



CODEINE AND ITS ALTERNATES FOR PAIN AND COUGH RELJEF. 4 219 

(1962), though they do indicate that the authors 
considered the drug effective. Morais & Da Silva 
(1961) reviewing many antitussives and Schumacher 
(1959), though he gives few details, agree. In the one 
double-blind study by Graham, comparing iso
aminile with placebo in one small group and with 
codeine in another, no antitussive effect was demon
strated, but the patients in the second group also 
failed to recognize any greater effect with codeine 
than with placebo. The dose of codeine was 13.5 mg, 
orally, three times a day. The reports listed in 
Table 66 indicate that few if any side-effects have 
been encountered with isoaminile but that there was 
no indication of advantage over codeine; in some 
cases it was judged inferior. Recently abuse has been 
observed (Ladewig, 1969). 

Methaqualone 1 

Methaqualone, 2-methyl-3-o-tolyl-4(3H)-quinazo
linone, is a non-analgesic, barbiturate-like hypnotic 
with some antihistaminic and local anaesthetic prop
erties. Boissier & Pagny (1959) reported that it had an 

METHAQUALONE 

antitussive effect in animal experiments, suppressing 
in guinea-pigs the cough due to inhalation of sulfur 
dioxide. At a dose of 4.0 mg per kg, intramuscularly, 
it suppressed the cough due to electrical stimulation 
of the superior laryngeal nerve in anaesthetized cats. 
In both species it was less effective than codeine. No 
clinical use of methaqualone as an antitussive has 
come to our attention, but cases of abuse and de
pendence on the substance have been reported 
(Madden, 1966; Ewart & Priest, 1967). 

Oxeladin 2 

Oxeladin, 2-(2-diethylaminoethoxy)ethyl2-ethyl-2-
phenylbutyrate, was synthesized by Petrow, Ste
phenson & Wild (1958), and is closely related to 
pentoxyverine; one has only to imagine the breaking 
of the pentane ring. 

• Also known as Melsedin. 
• Also known as Pectamol. 

David, Leith-Ross & Vallance (1957) found its 
antitussive activity in animal experiments (guinea
pig and dog) similar to that of pentoxyverine, con-

0"-._ /COOCHzCH.OCH.CH.N(C.Hsh 

c 
/"--.. 

CHo CHz 
I I 

CH. CH. 
OXELADIN 

eluding, therefore, that the pentane ring was not 
essential. According to Kohli, Gupta & Blargava 
(1960) the ED60 for complete suppression of cough 
due to electrical stimulation of the superior laryngeal 
nerve in anaesthetized cats was 1.22 mg per kg for 
oxeladin and 1.5 mg per kg for codeine, both intra
venously. The duration of effect of the two drugs was 
similar. By another method (mechanical irritation) 
Ozawa et al. (1962) found oxeladin a little weaker 
than codeine, administered intraperitoneally in 
guinea-pigs. lf the tannate was used and the drug 
given orally, it was as effective as codeine. These 
authors said that oxeladin had strong anti-spasmodic 
action. Its LD50 in mice was 244 mg per kg, subcu
taneously, and not less than 1500 mg per kg, orally. 
David, Leith-Ross & Valiance (1957) found local 
anaesthetic action but did not think this contributed 
to the antitussive effect. They also found oxeladin 
two to four times as toxic as codeine according to the 
species and the route of administration. ·No toxic 
effects followed chronic administration in rats. 

Konar & Halder (1964) induced cough in patients 
by intravenous administtation of 0.1 ml of paral
dehyde both initially and after oxeladin 30 mg 
orally four times a day. Without the antitussive, 
paraldehyde produced an average of 8.9 bouts of 
coughing in 91% of the patients; after oxeladin it 
produced an average of 7.3 bouts in 71 %; not a very 
impressive effect. Further careful clinical evaluation 
is not yet available. 

Oxolamine 3 

Oxolamine, 5-[2-( diethylamino )ethyl]-3-phenyl-I, 
2, 4-oxadiazole, is one of a series of aryl-alkylamino
alkyl-1,2,4-oxadiazoles studied by Silvestrini & 
Pozzatti (1960) in their search for a peripherally 
acting antitussive. It seemed to possess local 
anaesthetic and antispasmodic properties which 
previous work (Silvestrini & Maffii, 1959) indicated 

• Also known as Perebron. 
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were desirable. This group of workers depended 
principally upon acrolein as the irritating agent to 
provoke cough and their results are not entirely con
sistent with those of others. 

N-0 

0--C~ I 
- 'N=C-CH.CH.N(C•H•)• 

OXOLAMINE 

Silvestrini & Pozzatti (1961) and Balea & Buret 
(1964) reported on the antitussive and other pharma-

cological properties of oxolamine in animals. Both 
evoked cough in guinea-pigs with irritant-vapour 
inhalation and in cats by electrical stimulation of the 
superior laryngeal nerve and both made compari
sons with codeine. Their results are summarized 
in Table 67. 

These results, though limited in extent, indicate an 
antitussive action in the codeine range which Silves
trini & Pozzatti thought depended on anti-inflam
matory and spasmolytic effects in the lung and to a 
lesser extent on central depression of the cough 
reflex. 

TABLE 67 

ANTITUSSIVE EFFECTIVENESS OF OXOLAMINE COMPARED WITH THAT OF CODEINE 

Cough stimulus Compound 
I 

Dose 
(mg/kg) 

Species: GUINEA-PIG 

Acrolein Oxolamine HCIII 

Acrolein Oxolamine HCI b 

Acrolein Oxolamine HCIII 

Acrolein Codeine HCIII 

Acrolein Codeine Clll 

Ammonia Saline b 

Ammonia Oxolamine HCIII 

Ammonia Codeine phosphate 11 

Ammonia Oxolamlne phosphate c 

Ammonia Oxolamine phosphate c 

Ammonia Oxolamine citrate r 

Ammonia Oxolamine citrate c 

Ammonia Codeine phosphate c 

Ammonia Codeine phosphate c 

Species: CAT 

Electrical stimulation laryngeal Oxolamine HCI b 
nerve 

Electrical stimulation laryngeal Oxolamine HCIII 
nerve 

Electrical stimulation laryngeal Oxolamine HCI b 
nerve 

Electrical stimulation laryngeal Oxolamine phosphate c 
nerve 

Electrical stimulation laryngeal Oxolamine citrate c 
nerve 

Electrical stimulation laryngeal Codeine phosphate c 
nerve 

alP = Intraperitoneal; 0 = oral; IV =intravenous. 
b Experiments reported by Silvestrinl & Pozzat11 (1961). 
c Experiments reported by Balea & Buret (1964). 

0.5 

1.0 

2.0 

1.0 

2.0 

0.5 

1.0 

3.0 

5.0 

3.0 

5.0 

3.0 

5.0 

2.0 

5.0 

10.0 

4.2 

5.5 

1.0 

I Route a I %inhibition of cough 
I 

lP 16 

lP 29 

lP 39 

lP 15 

lP 33 

lP 19.6 

lP 49.5 

lP 44.5 

lP 26.9 

0 31.6 

lP 24.3 

0 29.2 

lP 13.9 

0 29.5 

IV 50 In 1 animal of 4 for 20 min 

IV 70-80 In 2 animals of 4 for 40 min 

IV 100 in 7 animals of 8 for >60 min 

IV l ""'"' "'"''" IV 

IV 
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In mice an effect on spontaneous activity was 
noticed first at a dose of 75 mg per kg of oxolamine, 
intraperitoneally. At 100 mg per kg activity was 
decreased to a greater extent but with ataxia, and 
lethal doses caused convulsions. In cats 50 mg per kg 
had no apparent effect on the central or autonomic 
nervous systems; in rabbits 20 mg per kg, intra
venously, had no effect on the alarm reaction but 
depressed the righting-reflex briefly; and even 
100 mg per kg, subcutaneously, had little effect on 
pole-climbing in rats (Silvestrini & Pozzatti, 1961). 

Oxolamine was similar to aspirin in its effect in the 
Randall & Selitto anti-inflammatory test but it was 
ineffective by the hot-plate and writhing analgesic 
techniques. Its anti-inflammatory effect was con
firmed recently by Dahlgren & Dalhamn (1966) who 
reported that 80 mg per kg had a somewhat greater 
effect than 30 mg per kg of phenylbutazone. They 
used guinea-pigs and acrolein as the irritant. Oxo
lamine was a local anaesthetic for the cornea of the 
rabbit at a concentration of 1.0-1.5% and was about 
as effective as papaverine against various spasm
ogenic agents when the test object was the isolated 
intestine or the tracheal chain preparation. At 5 mg 
per kg, intravenously, oxolamine produced a tran
sient fall in blood pressure. No evidence of toierance 
was ascertained by Silvestrini & Pozzatti (1961) or 
Balea & Buret (1964). 

Silvestrini & Pozzatti (1961) detern1ined the acute 
toxicity of oxolamine by various routes in mice and 
rats: 

LD,. (mg per kg) mice 

Oxolamine hydrochloride 63 206 465 929 
Oxolamine citrate 351 
Codeine hydrochloride 67 125 286 365 

LD,. (mg ppr kg) rats 

Oxolamine hydrochloride 185 1 650 

Neither the hydrochloride (100 mg per kg, intra
peritoneally, daily for 45 days) nor the citrate 
(500 mg per kg, orally, daily for six months) affected 
the blood picture or body weight or caused detect
able tissue changes in rats, started on the test at one 
month. Nor did oxolamine have any effect on re
production or on the offspring in mice, rats, and 
rabbits (Balea & Buret, 1964). 

According to Palazzo & Corsi (1962), oxolamine 
disappeared very rapidly after oral or parenteral 
administration, causing them to surmise that it 
acted through a metabolite which was not identified. 
In rats only 2% was found in the urine and about 
another 2% in the faeces after oral administration in 
rats. Very small amounts were found in the liver, 

kidney, lung, brain, and heart, but none was found 
in the blood. In cats and rabbits none could be 
found five minutes after intravenous administration 
of 20 mg per kg and in man only very small amounts, 
3-8 mg, were found in the urine when 1 g of oxola
mine was taken, orally, in 24 hours. 

Clinical experience with oxolamine as an antitus
sive is summarized in Table 68. While this table 
indicates the effectiveness in children and adults, the 
statements are for the most part based on uncontrol
led or poorly controlled subjective responses. Other 
effects are mentioned-anti-inflammatory, in acute 
inflammation of the tracheo-bronchial tree, anti
pyretic, in acute influenza, and spasmolytic, in 
asthmatic bronchitis; whether or not these are of 
therapeutic significance needs to be determined. 

The dosage of oxolamine has ranged from 
10-20 mg per kg per day in children and from 
400-1000 mg per day in adults, and these levels have 
been generally well tolerated, though vomiting, 
epigastric distress and anorexia have been reported 
occasionally. The possibility of respiratory depres
sion seems to have been disregarded and tolerance 
has not been reported, even in cases of silicosis 
treated for six months. 

Repaci (1960) compared oxolamine with codeine 
and placebo in elderly patients with acute and 
chronic cough, probably double-blind cross-over in 
random order. The results (numbers of patients) 
were: 

Cough relief 
Do•e/day Good Moderate None 

Oxolamine 4x 100 mg 20 12 8 
Codeine 4x 30mg 19 12 8 
Placebo 3 8 28 

Gregorio (1960) also compared oxolamine with 
codeine, giving the former in syrup, 100 mg three 
times a day and the latter, 30 mg three times a day, in 
cases of acute respiratory infection and chronic 
cough. In addition he gave both drugs for the pain 
of rheumatism and of dental procedures. His 
results in percentage of patients improved were: 

Oxolamine 
Codeine 
Placebo 

Oxolamine 
Codeine 
Placebo 

Cough r./ief ( % improved) 
No. of Acute No. of Chronic 

patients cough patients cough 

51 82.3 126 64.2 
21 71.3 91 71.4 
34 28.5 114 37.7 

Pain relief ( % improved) 
No. of Rheu- No. of Dental patients mat ism patients 

36 66.6 12 75.0 
36 66.6 14 71.4 
36 22.2 13 15.3 



Patients 

No. I Type 

20 Acute cough 

11 

19 Elderly, chronic cough 

43 Children 

37 Cough of various origin 

8 Asthmatic bronchitis 

--
70 Cough of various origin 

10 Asthmatic bronchitis 

--

36 Chronic cough 

67 Acute and chronic cough 

--
12 Recurrent bronchitis 

--
23 Tuberculosis 

~----~--------------

TABLE 68 

CLINICAL RESULTS WITH OXOLAMINE AS AN ANTITUSSIVE 

Dosage (mg) Result Side-effects 

~~- ~~~---

4-5x 100-200/day Excellent in most cases Well tolerated 

4-5x 100-200/day Generally good 

4x 100/day Good, 8; fair, 5; doubtful, 5 

Large doses required Duration 3-6 h a 

Good in most cases 

Excellent, 4; some, 4 

4x 100/day Generally satisfactory in all types a 

500-600/day, 10-15 days Advantageous 

Cough diminished in 90% b 

Usually 280 mg as base Highly satisfactory 

800 first day; 400/day for Effective or preventive 
40 days 

400-670 as base per day for Effective. Vital capacity increased in No renal. hepatic or blood 
12 days many cases c changes or interference with 

respiratory function 

Reference 

Corbella (1960a) 

Deidda (1960) 

Maccaferrl & Troccoli (1960) 

Testaferratl & Francalancia 
(1960) 

Araki, Kitamura & Kagami 
(1961) 

Araki, Kitamura & Kagami 
(1961) 

Giudici & Legnani (1961) 

Langer (1961) 

Melis (1961) 

Rottini, Marri & Calandra 
(1961) 

Tropia (1961) 

Sozio et al. (1961) 
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Patients 
Dosage (mg) 

No. I Type 

65 Cough of various origin, 16 years of age or less, 400-
including 47 influenza 600/day; adults, 800-1200/day 

18 Asthmatic bronchitis 

10 Acute and chronic cough 

--

14 Acute and chronic cough 

10 Pleuritis 

4 Neurotic 

--
124 Children, acute cough 10-20 mgfkg/day 

9 Children, chronic cough Treated 12·28 days 

--
17 200 every 4 h 

--
70 Children, acute cough 

--
10 Tuberculosis Up to 5x 100/day 

18 Silicosis 600/day for 180 days 

--
Children, acute or allergic 200-1200/day in 4-6 doses 
cough 

a Anti-inflammatory effect reported. 
b Improvement in expectoration. 
c Spasmolytic action reported. 
d Antipyretic effect reported. 

TABLE 68 (continued) 

Result Side-effects 

Cough decreased in 82% d 

Effective a 

Positive antitussive action a No respiratory depression 

Very good, 8; moderate, 4; none, 2 

Moderate in most 

Good, 1; slight, 3 

Very good, 50-75% Vomiting, 9 

Good, 3; moderate, 1; poor, 2 

Good, 9; moderate, 8 Well tolerated 

Cough diminished 

Good None 

Improvement with increased capacity Epigastric distress, 7, first few 
days 

Excellent I Well tolerated 

Reference 

Umehara et al. (1961) 

Audo-Gianotti & Ferrero 
(1962) 

Canepa et al. (1962) 

Elefante (1962) 

Elefante (1962) 

Elefante (1962) 

Lorenzi (1962) 

Lorenzi (1962) 

Machella & Campolungo 
(1962) 

DeBellis & Caniglia (1963) 

Gabrielli (1963) 

Nissardi et al. (1963) 

Chaptal, Jean & Jarrige (1964) 
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The attempt was made to improve the effective
ness of oxolamine by combining it with tetracycline 
in patients suffering from acute and chronic inflam
mation of the upper respiratory tract or from 
tuberculosis (Bassi & Citerni, 1962; Borgo, 1962; 
Balli, 1963; Mulargia, 1964). The results showed no 
striking difference between the effects of oxolamine 
and of the combination. 

5-[2- ( diethylamino) ethyl]-3- (]-phenyl) propyl-1, 
2,4,-oxadiazole. In a further study of oxadiazole 
derivatives Silvestrini & Pozzatti (1963) reported that 
this compound, which is also known as AF 634, was 
similar to oxolamine in its pharmacological proper
ties but had a more intense smooth-muscle relaxant 
action. (See Table 69). 

0 
H ,/N-0 

-c-c' : 
- I "N=t-CH.-CH.-N(C•H•)• 

CH. 
I 
CH, 

AF 634 

Pentoxyverine 

A number of esters of phenylcycloalkane carbo
xylic acids have been synthesized by Morren (1953) 
and evaluated pharmacologically by Levis, Preat & 
Moyersoons (1955). The most potent appeared to 
be pentoxyverine, 1 the diethylaminoethoxyethyl ester 
of phenylcyclopentyl carboxylic acid. 

PENTOXYVERINE 

The antitussive action of the compound was 
determined by the method of Domenjoz (1952), 
electrical stimulation of the superior laryngeal nerve 
in the cat, and comparison was made with codeine 
phosphate in the same animals. Administered intra
venously, 1.0 mg per kg of pentoxyverine hydro
chloride produced 77.5% inhibition of the cough 
response, the effect lasting 37 minutes; 1.5 mg per 
kg of codeine phosphate produced 71.0% inhibition, 
the effect lasting 40 minutes. Administered orally, 
the relation of effectiveness was the same: 40 mg per 
kg of pentoxyverine, 62% inhibition for 30 minutes; 

1 Also known as carbetapentane or Toclase. 

60 mg per kg of codeine phosphate, 58% inhibition 
for 45 minutes. 

Plisnier (1957) reported just the opposite relation
ship between the two drugs. He used the same 
method to evoke cough and said the effective dose 
of pentoxyverine was one and a half times that of 
codeine by intravenous injection. Also the effect of 
the former was less constant and of shorter duration. 
He calculated the effectiveness of pentoxyverine in 
relation to that of codeine as being in the ratio 
0.66:1.0 or, taking relative toxicity into account, as 
only 0.11: 1.0. On the other hand, Granier-Doyeux 
et al. (1959) confirmed the earlier reported relative 
potency, producing cough in unanaesthetized dogs 
by electrical stimulation through electrodes im
planted in the trachea. Administered intravenously, 
1.0 mg per kg of pentoxyverine suppressed the res
ponse completely at 15 and 30 minutes, whereas 
4.0 mg per kg of codeine was necessary for almost 
complete suppression at 30 and 45 minutes. With 
both, the effect had disappeared at about 60 minutes. 
Stefko, Denze! & Hickey (1961) compared pentoxy
verine and codeine by three methods. Both were 
given orally and with both the onset and the duration 
of the effect were approximately the same. The doses 
of each to produce 40% inhibition of cough res-
ponse were: 

Method 

Electrical stimulation implanted 
tracheal electrode, dog 

Inhalation of ammonia, cat 
Pathological cough, dog 

Pentoxyverine Codeine 
(mg/kg) (mg/kg) 

1.0 
4.0 
8.0 

1.0 
0.5 
1.0 

Friebel & Kuhn (1962) elicited cough by sulfur 
dioxide inhalation in guinea-pigs; they used pentoxy
verine citrate and codeine phosphate. The sub
cutaneous ED50 was 50.0 mg per kg for the former 
and 15.4 mg per kg for the latter. At the effective 
antitussive dose, codeine decreased the minute 
volume by 21%, pentoxyverine increased it by 9 %; 
the latter, however, prolonged the respiratory 
depressant effect of hexobarbital. Levis, Preat & 
Moyersoons (1955) also said that pentoxyverine did 
not affect the respiration of dogs at 1.0 mg per kg, 
intravenously, but caused a transient fall in blood 
pressure. 

Pentoxyverine had some spasmolytic action 
against acetylcholine in rabbits and guinea-pigs 
(Plisnier & LaBarre, 1955; Plisnier, 1957), was 
mydriatic in mice and was a local anaesthetic with 
both surface application and infiltration, which was 
2.4-3.0 times as effective as novocaine (Levis, 
Preat & Moyersoons, 1955). 
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TABLE 69 

COMPARISON OF THE PHARMACOLOGICAL EFFECTIVENESS OF AF-634 AND OXOLAMINE 

I 

AF-634a Oxolamine b 

Effect Animal 
Dose 

I Route c I I o ... I Route c I (mg/kg) Result (mg/kg) Result 

Antitussive 

Acrolein inhalation Guinea- 0.25 lP 20% inhibition 
pig 

0.5 lP 41.4% inhibition 0.5 lP 16% inhibition 

1.0 lP 53.1% inhibition 1.0 lP 29% inhibition 

2.0 lP 53.3% inhibition 

Electrical stimulation Cat 50 IV 100% supression in 2.0 IV 50% suppression in 
laryngeal nerve half the animals 1 animal of 4 

5.0 IV 70-80% suppression 
in 2 animals of 4 

10.0 IV 100% suppression in 
7 animals of 8 

Analgesic 

I Upto50 Writhing test Mouse se Ineffective Up to se Ineffective 

Hot-plate Mouse 

Randaii-Selitto test Rat 

Anti-Inflammatory 

Randaii-Selitto test Rat 

Granuloma test Rat 

Anti-pyretic Rat 

Anti-spasmodic 

Isolated intestine Guinea-
pig 

LD so Mouse 

a From Silvestrini & Pozzatti (1963). 
b From Silvestrini & Pozzatti (1961). 

Up to 50 se Ineffective 

30 se Effective, 4 h 

20 se 15% inhibition 

40 0 Ineffective 

80 0 Ineffective 

0 Equivalent to aspirin 

0.8!'g/ml acetylcholine inhibition 

2.0!'g/ml histamine inhibition 

0.6,g/ml barium chloride inhibition 

107 IV -
390 lP -
720 se -

1270 0 -

Up to se Ineffective 

20-40 se Effective, 21 h 

40 se 5% inhibition 

40 se Ineffective 

0 200mg =100mg aspirin 

5.0,g/ml acetylcholine inhibition 

5.01'g/ml histamine inhibition 

5.0!'g/ml barium chloride inhibition 

63 IV -
206 lP -
465 se -
929 0 -

c lP = intraperitoneal; IV= intravenous; SC =subcutaneous; 0 =oral. 

The last authors reported the acute toxicity of 
pentoxyverine and codeine, mg per kg: 

Route* Pentoxyverine Codeine 
(mgfkg) (mg/kg) 

Mouse 0 230 375 
Rat 0 830 850 
Mouse IV 26 67 
Rat IV 25 54 

• O=oral; IV=intravenous. 

With a dose of 30 mg per kg of pentoxyverine, 
subcutaneously, daily for 30 days, 80% of mice 
survived; with a dose of 100 mg per kg, orally, 
daily for 30 days, all mice survived. 

Clinical use of pentoxyverine (Table 70) indicates 
antitussive activity without analgesia or other effects 
on the central nervous system. The reports are based 
principally upon investigators' judgments. Local 
anaesthetic, spasmolytic and atropine-like proper-

15 



TABLE 70 

CLINICAL EXPERIENCE WITH PENTOXYVERINE 

Patients 

I I 
Dosage regimen Result Side-effects 

No. I Type 

28 Irritative cough Better than codeine 

- Acute respiratory infection 4x25 mg/day Very effective No side-effects 

- Chronic cough Mainly favourable 

8 Asthmatic cough Other medication preferred because ex-
pectoration not facilitated 

--

51 4x 25 mg/day as tablet or 4 or Very good, 31; good, 16. Better than No undesirable side-
5x22.5 mg/day as syrup 30 mg codeine effects 

Small groups: bronchoscopy Satisfactory In all groups, less resis-
during anaesthesia, with local lance to endotracheal tube 
anaesthesia 

557 Cough of various origin 7-25 mg per dose Excellent, 406; fair, 99. 
effective a 

Placebo, 5.2% 

--
A specific antitussive in all types of 
cough 

--
56 Bronchoscopy Subcutaneously, not very effective. In-

!ravenously or by Instillation, effective b 

139 Influenza Up to 25 mg/day Excellent 69.4%, 14.0% c 

--

70 Acute cough Excellent 80%, good 18.5% Side-effects less than 

- -- --------

a Small doses, 7-10 mg; 143 patients, 76.7% effective; 25 mg dose; 163 patients, 99.4% effective. 
b Because of difference by different routes both local and central action interfered. 
c In another group of 84 patients, codeine, 3 or 4x 10 mg/day: excellent, 20.5%; some, 33.4%. 

with placebo 
- ------------

d Administered as sustained-release tablet; In 31 patients, one or two tablets per 12 h; in 34 patients, two tablets per four hours. 

-

Reference 

Deporter (1954) 

Jamar (1955) 

Van Howrde (1956) 

Sironl (1956) 

Carter & Maley (1957) 

Hausmann (1957) 

Barranco & Cottone (1958) 

Voiculescu & Neuman 
(1959) 

-
Robin (1961) 
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ties do not appear to contribute to the effect. 
Although Deporter (1954), Hausmann (1957) and 
Carter & Maley (1957) considered it effective against 
most or all types of cough, the Council on Drugs of 
the AMA (1956) stated, " available clinical evidence 
suggests that the effectiveness of the drug is limited 
to the acute type of cough. . . . Further and better
controlled observations are needed to establish the 
clinical usefulness .... " Partial reviews of the 
effectiveness of pentoxyverine have been written 
by Banyai (1960) Bickerman (1961, 1962), Morais 
& Da Silva (1961) and David (1961), expressing 
their judgments but adding no quantitative data. 

Tolerance or dependence on the drug has not been 
reported. 

1- ( f3- Morpho/inoethyl) -1-cyc/openteny/-cyc/open
tan-2-one ( Ba 10 611). This compound 1 is another 
cyclopentane derivative and one of a series of cyclo
alkenones claimed by Veberwasser (1962) to have 
antitussive properties. Attempts to confirm this in 
man have been made in three series of observations. 
In each instance citric acid aerosol was used as the 
cough stimulus. Archibald, Slipp & Shane (1959) 
selected 14 normal subjects by careful screening of 
65 volunteers. A dose of 30 mg of codeine or 25 or 
50 mg of Ba 10 611 reduced the number of coughs at 
one hour after administration by about the same 
extent. In another trial in these 14 patients 30 mg of 
codeine suppressed the cough response completely in 
three patients; 25 mg ofBa 10 611 did not accomplish 
complete suppression in any patient, but the average 
number of coughs was about the same as after 
codeine and the authors concluded that the two 
agents were equally effective. 

\//1 1\ 
1

j-cH.CH.-N 0 

A=o \_/ 
I ! 

BA 10 611 

Groszman, Berker & Casimir (1961) used 24 vol
unteers, 22 of whom were tuberculous, and compared 
30 mg of codeine with 25,50 and 100mgofBa 10 611. 
The mean number of coughs in response to 10-15% 
citric acid aerosol was 12.8 with no drug given, 
12.1 after codeine, and 10.5, 8.7 and 6.4 after the 

1 Also known as Melipan. 

three doses of the experimental drug. Both drugs 
were most effective when the response to the aerosol 
was moderately severe (10-20 coughs). Ba 10 611 
was equal to codeine at 25 mg and according to 
percentage decrease in cough response more effective 
than the codeine dose used at 50 and 100 mg. 

Bickerman & Itkin (personal communication, 
1962) determined the minimal concentration of citric 
acid aerosol in each of their trained subjects and 
administered the drug to be tested on a double-blind 
basis immediately after this determination. There 
was no significant variation at four-hourly cough 
counts after repeated placebo administration. Doses 
of 15 and 30 mg of codeine reduced the cough 
response over the four-hour period of observation 
but 25 mg of Ba 10 611 did not, thus disagreeing 
with the previous investigators. 

Sodium dibunate 2 

Both the 2,6- and the 2, 7-di-tert-butyl naphthalene
sulfonates have been made and patented (Homer, 
1961), although pharmacological studies and clinical 
trials were started about ten years earlier (Clerc, 
1952). Menard et al. (1961) indeed showed that 
sodium dibunate was a mixture of both the 2,6- and 
2,7-dibutyl compounds. The antitussive effect of 
sodium dibunate was demonstrated by DeVleesch
houwer (1954) in urethanized dogs exposed to sul
furic acid aerosol. The intravenous injection of 
10-20 mg per kg completely suppressed the cough 
response. The author thought that the action was 
peripheral, on the respiratory tract. Chakravarty 
et al. (1956) confirmed the antitussive action by a 
different method and with a different conclusion. 
Decerebrated cats (mid-collicular transection) were 
stimulated electrically in the dorsolateral region of 
the medulla. The drug was injected intravenously 
and its effect, decrease in intensity and rate of the 

SODIUM DIBUNATE 

response, was apparent ten minutes after injection 
and persisted for at least two hours. Even when the 

'Also known as Becantex, Becantyl, Linctussal, L-1633. 
and variously described as the 2,6-isomer (as shown in the. 
structural formula) or the 2,7-isomer. 
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cough was completely suppressed an increase in stim
ulus strength evoked a good response. Equivalent 
doses were 10-20 mg per kg of sodium dibunate and 
4-10 mg per kg of codeine phosphate. These authors 
judged the effect to be central and that of dibunate 
most selective of the agents tried (thiopental, codeine, 
dextromethorphan, caramiphen). 

Plisnier (1957) compared sodium dibunate and 
codeine phosphate in cats, in which cough was 
produced by stimulation of the superior laryngeal 
nerve, and said the latter was less effective, 0.66 mg 
per kg being equivalent to 1.0 mg per kg of 
codeine, both intravenously. Long action was not 
confirmed. 

Friebel, Reichle & von Graevenitz (1955), using 
sulfur dioxide inhalation in guinea-pigs and sub
cutaneous injection of sodium dibunate, obtained 
irregular results, not suitable for calculation of an 
ED50• Pain at the site of injection may have been a 
factor in the irregularities. 

Shemano, Beiler & Hitchens (1962) compared 
ethyl 2, 7-di-tert-butyl-naphthalenesulfonate with co
deine sulfate for antitussive action by various 
experimental methods in dogs and cats. The 
dibunate was always less effective. With sulfuric 
acid aerosol one-half to one-fourth as effective as 
codeine, with a vibrating slug in the trachea one
sixtieth, with mechanical stimulation of the trachea 
in cats one-fifth as effective and with electrical 
stimulation of the superior laryngeal nerve in cats, 
effective but less so than codeine. Its oral toxicity in 
dogs was low, slight sedation only with 5 mg per kg. 
There was no effect on blood pressure, and no 
analgesia or other morphine-like property. 

According to de Vleeschhouwer (1954) sodium 
dibunate in doses of 5-20 mg per kg, intravenously, 
did not depress the respiration of anaesthetized 
rabbits and larger doses, 30-50 mg per kg, increased 
the respiratory rate. Chakravarty et al. (1955) and 
Plisnier (1957) also saw no respiratory depression 
with cough-depressing doses in anaesthetized ani
mals. The latter reported that 8 mg per kg of 
sodium dibunate intraperitoneally did not influence 
the bronchospasm evoked in guinea-pigs by in
halation of acetylcholine or histamine and 3 mg 
per kg, intravenously, did not affect the broncho
constriction in dogs after intravenous acetylcholine 
or histamine. Nor did the 4 mg per kg of dibunate, 
intravenously, affect the tracheobronchial secretion 
of rabbits. 

Blood pressure, heart rate and carotid sinus 
reflexes in dogs were not affected by 2-20 mg per kg 

of sodium dibunate. With larger doses, 30-50 mg 
per kg, there was an initial hypotensive effect 
followed by a slight, transient increase in pressure 
(de Vleeschhouwer, 1954). Plisnier (1957) saw no 
change in the blood pressure of anaesthetized cats 
with 1.0 mg per kg, intravenously. 

The minimal lethal dose of sodium dibunate in 
guinea-pigs was 250 mg per kg, subcutaneously. 
There was ataxia and spastic death (de Vleesch
houwer, 1954). Clerc (1952) said that the average 
lethal dose for rats was 8-10 mg per kg, orally. Daily 
doses of 5 or 10 mg per kg for three weeks appeared 
to have no systemic toxic effect, but there was local 
irritation with necrosis of tissue at the site of in
jection. 

Clinical observation has been meagre and only 
one double-blind trial has come to our attention. 
Clerc (1952) gave 12 patients with cough of various 
origin doses of 40-150 mg (approximate average 
100 mg) of sodium dibunate daily in syrup or as 
suppository. Results were good in nine, moderate 
in one. Eight children were treated with 20-60 mg 
daily with a good result in seven, and 12 children 
with whooping cough received 20-45 mg daily with 
the result good in four, moderate in six. Tolerance 
was not observed. Grignon & Albertin (1953), 
reported similarly. Froehlich & Hertzog (1953) 
treated about 60 tuberculous patients with sodium 
dibunate, in tablet, syrup or suppository form, 
generally with rapid onset and good effect, some
times better than other previously tried antitussives. 
There were no side-effects. Simon (1957a) com
pared 150-300 mg of benzonatate with 90 mg of 
sodium dibunate, daily in 59 patients with emphy
sema and asthmatic chronic bronchitis. The patients 
were questioned weekly and the result was judged 
excellent in 83% with benzonatate, 53% with 
dibunate. Neither affected the asthmatic attacks. 
No side-effects were seen. 

Keech (1963) tried the ethyl dibunate in 86 
patients, mostly acute upper respiratory infections. 
There was good relief in 77, or 90%, with no 
side-effects. The dose was 50 mg every four to 
six hours. Out of 37 patients who had taken other 
medication unsuccessfully 32 obtained satisfactory 
relief. 

Recently Sevelius & Colmore (1967) reported a 
double-blind, well-controlled comparison of ethyl 
dibunate with codeine phosphate and placebo (the 
vehicle in which the other medications were given 
orally). They used 12 male hospitalized patients with 
emphysema and chronic bronchitis, recorded cough-
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ing from a throat microphone and each patient 
completed a questionnaire, reporting results and 
preferences. All previous antitussive and antibiotic 
medication was discontinued for several days but 
the patient was allowed to continue his smoking as 
usual. Each man spent five days in a special room
two days for recording the usual coughing pattern 
(the experiment was continued only if the cough 
counts on these days agreed within 20 %), a drug 
day, a placebo day and a drug day. The order of the 
drugs was randomized, but placebo was always 
given between. The doses were 50 mg of dibunate and 
15 mg of codeine, three times a day. There were no 
changes in vital capacity, no significant difference in 
sputum volume and no side-effects were noted 
throughout. There were no significant differences in 
cough counts with dibunate and placebo and for 
these two medications the correlation was poor 
between the patients' responses as shown by the 
questionnaire and cough counts. The correlation 
was better for codeine and the cough count was 
decreased in all but one patient. 

Degree of improvement (no. of patients) 
Dibunate Codeine Placebo 

Little 4 I 5 
Some 6 4 5 
A lot 2 7 I 

Change in cough counts (no. o.f patients) 

Decreased 3 11 3 
Increased 8 1 9 

Average change in cough count 

+6 -107 +36 

Corbella (1960) tried a related compound (2,6-di
tert-butyl-4-bromotriethanolamine naphthalene) in 
25 patients with cough of various origin. Only two 
or three doses per day were needed for a good 
result (75-85 %). 

Hengen & Kasparek (1958) reported antitussive 
trials in rats of a combination of dibunate and 
normethadone and Pitarma Sabino (1960) used the 
same combination in 26 patients with cough of 
various origin. The result was satisfactory in four 
and there was improvement in the others. 

RESUME 

LA CODEINE ET SES SUCCEDANES SEDATIFS DE LA DOULEUR ET DE LA TOUX: 
4. LES SUCCEDANES POTENTIELS ACTIFS CONTRE LA TOUX 

La dihydrocodeine a ete le premier calmant de la toux a 
etre utilise comme succedane de la codeine, bien qu'elle 
n'ait fait l'objet d'une evaluation experimentale et cli
nique que recemment. Sa posologic, ainsi que la nature et 
la frequence des reactions secondaires qu'elle provoque, 
sont semblables a celles de la morphine. Son aptitude a 
engendrer la dependance a ete examinee dans le deuxieme 
article de la presente serie. 

On estime que l'efficacite de )'ethylmorphine contre la 
toux est du meme ordre que celle de la codeine. On 
admet aussi qu 'elle peut susciter des phenomenes de tole
rance et de dependance physique; ce demier aspect n'a 
toutefois pas ete etudie de fa90n systematique, etant 
donne que les applications therapeutiques de la substance 
sont assez limitees. 

A en juger par les resultats de )'experimentation sur 
l'animal et par les donnees cliniques, l'action sedative de 
la toux de la pho/codine est superieure d'environ 50% a 
celle de la codeine; cette substance provoque des effets 
secondaires dont la frequence et l'intensite ne sont pas 
plus fortes, quand elles ne sont pas plus faibles, que celles 
des reactions succedant a l'emploi de la codeine. La 
pholcodine n'engendre pratiquement aucune tolerance ou 
dependance physique lorsqu'on l'administre pendant de 
longues periodes. 

La nicocodine et la nicodicodine, produits resultant de 
)'esterification par l'acide nicotinique respectivement de 
la codeine et de la dihydrocodeine, ne semblent pas pre
senter d'avantages particuliers sur les alcaloides dont elles 
sont derivees. Chez le singe dependant a l'egard de la 
morphine, les epreuves de substitution utilisant la nico
codine ont donne des resultats negatifs. 

Les N-oxydes et les sets quaternaires de la morphine et 
de ses derives, de meme que d'autres composes d'ammo
nium quatemaire, n'ont pas fait preuve d'une efficacite 
superieure a celle de la codeine. 

La nalorphine temoigne, chez l'homme et chez I' animal, 
d'une action sedative de la toux quasi semblable a celle 
de la codeine, mais elle n'est pas utilisee en therapeutique 
en raison de ses effets secondaires genants. Administree en 
meme temps que la codeine, elle ne diminue pas I 'efficacite 
de cette derniere. 

Le dextromethorphane a fait l'objet de nombreuses 
recherches, tant chez l'animal que chez l'homme. 11 est 
depourvu de toute propriete analgesique, mais son 
action sedative de la toux chez )'animal egale et surpasse 
meme legerement celle de la codeine. Le fait a ete confirme 
au cours d'observations faites sur des sujets normaux 
chez lesquels la toux avait ete artificiellement provoquee. 
Les essais cliniques ont fait ressortir une quasi-similitude 
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d'action du dextromethorphane et de la codeine. Chez 
!'animal, on a decele un certain nombre d'effets secon
daires - stimulation de la respiration, hypotension et 
action anti-inflammatoire - mais ces phenomenes ne se 
manifestent guere aux doses normalement utilisees chez 
l'homme. L'administration a d'anciens morphinomanes 
non tolerants de doses de dextromethorphane plusieurs 
fois superieures aux doses therapeutiques n'a pas entraine 
d'effets subjectifs ou objectifs de type morphinique et n'a 
pas fait disparaitre les signes d 'abstinence de la morphine. 
Cependant, quelques cas, sans grande gravite et spora
diques, d'abus de dextromethorphane ont ete signales; 
par certains aspects, les reactions observees rappelaient les 
effets produits par l'abus du cannabis plutot que les 
effets morphiniques. 

C'est seulement en 1954 qu'on a decouvert !'action 
sedative sur la toux de la noscapine, le deuxieme, en quan
tite, des alcaloides de !'opium. On peut considerer qu'elle 
agit sur la toux provoquee experimentalement chez des 
sujets sains dans une mesure tout au plus equivalente a 
celle de la codeine. Les observations cliniques faites 
jusqu'a present semblent indiquer qu'il en va de meme 
en cas de toux pathologique. Aux doses therapeutiques 
efficaces, ce medicament est completement depourvu 
d'effets secondaires adverses. Bien que sa structure soit 
du type isoquinoline et differe de celle de la morphine, et 
malgre qu'elle soit exempte d'action analgesique, la 
noscapine a fait l'objet d'experiences destinees a deceler 
une aptitude eventuelle a susciter une dependance de type 
morphinique. Les resultats de ces epreuves ont ete 
negatifs. 

La methadone a ete l'un des premiers produits dotes 
d'effets de type morphinique a etre synthetise. Son effi
cacite presumee contre la toux a ete demontree par 
t'experimentation sur !'animal et par des essais cliniques. 
Le racemique est environ cinq a dix fois plus actif que la 
codeine; les effets secondaires consistent en somnolence, 
nausees et euphorie. En raison de sa tendance a engendrer 
une dependance de type morphinique et de la mise sur le 
marche de preparations qui n'offrent pas cet inconvenient, 
'la methadone, de meme d 'ailleurs que le dextro-isomere, a 
ete de moins en moins utilisee comme calmant de la toux. 

Les experiences effectuees chez !'animal montrent que, 
compares a ceux de la codeine, les effets de la norme
thadone sont plus uniformes, quoique moins marques, que 
les effets de la methadone. Alors que ce produit agit sur 
la toux provoquee experimentalement chez l'homme 
essentiellement a la maniere d'un placebo, les observations 
diniques lui assignent en revanche une efficacite satisfai
sante. Ses effets secondaires sont relativement rares, mais 
il presente la meme aptitude que la morphine a engendrer 
'la dependance. Cette propriete toxicomanogene n'est pas 
affaiblie si, comme c'est le cas dans une preparation com
merciale utilisee en therapeutique clinique, on associe a la 
normethadone un sympathomimetique a action broncho-
1ytique (p-hydroxyephedrine). 

Le levopropoxyphene est essentiellement un calmant de 
fa toux, alors que chez !'animal le dextro-isomere agit a 

la fois sur la douleur et sur la toux. Les observations 
effectuees sur l'homme apres induction experimentale de 
la toux et les donnees cliniques permettent d'attribuer au 
levopropoxyphene une action sedative sur la toux cinq 
fois moins forte environ que celle de la codeine. 11 ne pro
voque que des effets secondaires mineurs. Si !'on en juge 
d 'apres les essais auxquels ont ete soumis le racemique et 
le dextro-isomere, les risques d'abus de levopropoxy
phene paraissent extremement limites. 

Derives de la pethidine. La pethidine ne peut etre 
utilisee comme succedane de la codeine en raison de sa 
faible action calmante sur la toux et de son pouvoir 
toxicomanogene eleve. On a procede a des experiences au 
moyen de certains de ses derives (WIN-13187, L-2909, 
prodilidine), mais ces composes se sont reveles moins 
actifs que la codeine. lis n'ont pas fait l'objet d'essais 
cliniques. 

Les experiences effectuees avec les derives de la pheno
thiazine montrent que leur action sedative sur la toux 
n'est probablement pas specifique mais doit etre attribuee 
plutot a leurs proprietes sedatives generales et peut-etre a 
leurs effets antihistaminiques. Le pipazetate et le dime
thoxanate ont fait l'objet de recherches cliniques dont les 
resultats concordent avec les donnees experimentales 
recueillies chez !'animal. Les doses de pipazetate amenant 
une sedation efficace de la toux sont legerement supe
rieures a celles de la codeine, avec des reactions secon
daires (surtout des nausees) peu frequentes, et elles ne 
suscitent apparemment aucun phenomene de tolerance ou 
de dependance physique de type morphinique. Quant au 
dimethoxanate, aussi bien !'experimentation menee sur 
!'animal a !'aide de techniques diverses que les essais 
cliniques permettent de lui assigner une efficacite du 
meme ordre que celle de la codeine, avec des effets secon
daires insignifiants. 

Les essais cliniques ont montre que la benzobutamine 
pouvait etre utilisee comme succedane de la codeine, a la 
condition d'etre administree a des doses quatre a cinq fois 
superieures. 

On a demontre que le benzonatate, en plus de son 
action centrale, a des effets inhibiteurs sur les recepteurs 
pulmonaires du nerf pneumogastrique. Le produit 
n'agit qu'avec uncertain retard- du a la lenteur de son 
absorption apres administration par voie orale - ce qui 
rend malaisee toute comparaison precise avec la codeine 
en ce qui regarde les proprietes sedatives de la toux. Les 
doses de benzonatate et de codeine qui combattent effica
cement la toux provoquee experimentalement chez 
I 'animal sont du meme ordre de grandeur. Par contre, 
pour supprimer la toux provoquee artificiellement chez 
l'homme, il faut administrer des doses de benzonatate de 
loin plus elevees. Lors des essais cliniques, et avec des 
dosages similaires, on a obtenu en general de bons resul
tats qui, en partie du moins, sont probablement dus a 
!'action locale exercee par le medicament en cas de prise 
par voie buccale. On n'a observe que peu de reactions 
secondaires. Des phenomenes de tolerance sont apparus 
apres administration prolongee du produit. 
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Caramiphene. Au cours d'etudes pharmacologiques 
relativement poussees, on a pu mettre en evidence l'effi
cacite du produit en cas de toux d'origines diverses; il est 
dote par ailleurs d'une certaine activite spasmolytique et 
anesthesique locale. Les observations effectuees par la 
suite sur des volontaires normaux ainsi que les donnees 
cliniques indiquent que !'action sedative sur la toux du 
caramiphime est equivalente, ou meme legerement supe
rieure, a celle de la codeine. La substance entraine rare
men! des effets secondaires et !'on n'a signale aucun cas de 
tolerance ou d'abus. 

Clobutinol. De nombreux essais cliniques, dont certains 
effectues par la methode du doubie anonymat, portant sur 
des malades souffrant de toux d'origines diverses ont 
montre de fa4;on assez uniforme que les doses therapeu
tiques efficaces du clobutanol etaient de peu superieures a 
celles de la codeine. On a obtenu generalement de bons 
resultats quand on a utilise ce produit preventivement a 
!'occasion de bronchoscopies ou d'autres examens du 
meme genre. Les effets secondaires ont ete rares et sans 
gravite. 

Des experiences de divers types realisees chez !'animal 
ont montre que le clofedanol etait depourvu de tout effet 
analgesique mais possedait des proprietes sedatives de la 
toux. Le fait a ete confirme chez l'homme, a la fois par 
des observations cliniques et par la demonstration d 'un 
effet inhibiteur de la toux artificiellement provoquee, mais 
!'absence d'essais cliniques methodiques rend toute eva
luation definitive impossible. Pour obtenir une efficacite 
egale, on doit donner des doses de clofedanol deux fois 
superieures environ a celles de la codeine. Aucun pbeno
mene de tolerance ou de dependance physique n'a ete 
constate apres administration prolongee de la substance 
au rat et au chien, et les tentatives de substitution chez le 
singe dependant a l'egard de la morphine ont echoue. Le 
diphenylpiperidinopropanol, dont la structure chimique est 
apparentee a celle du clofedanol, n'a pas non plus fait 
l'objet d'une etude approfondie. Ses doses therapeutiques 
sont, semble-t-il, du meme ordre de grandeur que celles 
du clofedanol. 

11 est egalement difficile de porter un jugement definitif 
sur I'isoaminile qui n'a ete soumis qu'a un petit nombre 
d 'essais cliniques dtlment controles. On a signale que ce 
produit etait efficace contre la toux a des doses de 40 mg 
(prise unique) et de 160 mg (dose quotidienne), les 
valeurs correspondantes pour la codeine etant de 20 et 
70 mg respectivement. Les effets secondaires, pour autant 
qu'ils existent, ne sont que rarement observes. 

L'oxolamine a ete davantage etudiee a !'occasion de 
recherches visant a decouvrir un sedatif de la toux a 
action peripherique. 11 semble qu'elle soit dotee de pro
prietes anti-inflammatoires et spasmolytiques et, dans une 
moindre mesure, d'une action depressive centrale. Sur la 
base de donnees cliniques, insuffisamment etayees il est 
vrai par des essais bien controles, on lui reconnait une 
efficacite tberapeutique aux doses de 120 mg (prise 
unique) et de 600 mg (dose quotidienne). 

De toute une serie d'esters de l'acide phenylcyclo
pentyl-carboxylique, la pentoxyverine se montre la plus 
active contre la toux. Les observations cliniques indiquent 
que cette activite sedative specifique (pour des dosages 
legerement superieurs a ceux de la codeine) n'est pas 
associee a des effets centraux, analgesiques ou autres. Les 
proprietes analgesiques locales et les effets de type atro
pinique qui ont ete deceles chez !'animal ne semblent pas 
intervenir dans !'action sedative de la toux. 

Des experiences intensives chez !'animal auxquelles a 
ete soumis le dibunate de sodium (un naphtalenesulfonate 
a noyau substitue), il ressort que cette substance a surtout 
une action centrale. On peut conclure du petit nombre de 
donnees cliniques disponibles que le dibunate de sodium 
doit etre administre a des doses un peu plus elevees que 
celles de la codeine, qu'il n'entraine pas d'effets secon
daires notables et qu'il n'engendre pas la dependance. 

Dans le souci d'une information complete, et eu egard 
a leur interet therapeutique, le cas d'autres substances est 
egalement examine dans le present travail, bien que les 
recherches qui leur ont ete consacrees n'aient pas abouti 
a la mise au point d'agents tberapeutiques utilisables en 
clinique. 
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Codeine and its Alternates for Pain 
and Cough Relief* 

5. Discussion and Summary 

This chapter concludes the survey of experimental and clinical data on the analgesic 

and antitussive properties of codeine and its potential therapeutic alternates. From an 

evaluation of their effectiveness on the one hand and the side-effects, including tolerance, 

dependence and abuse liability on the other, it would appear that the therapeutic goals of 

codeine could be achieved by other substances, except perhaps where analgesia, cough 

relief. and sedation are required simultaneously. The use of these other substances would, 
however, result in no particular gain and probably no particular loss. 
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Effectiveness and lack of undesirable side-effects, 
including tolerance, dependence and abuse liability, 
are obviously the leading characteristics to be consid
ered in the evaluation of codeine and its potential 
alternates. In the preceding parts of this article the 
information available on these characteristics for 
many different drugs has been reviewed. It remains to 
survey the picture as a whole in an attempt to assess 
whether an alternate is needed and, if so, to consider 
the progress that has been made in the search for one 
that is adequate. 
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CODEINE AND ITS ALTERNATES FOR PAIN RELIEF 

Analgesic action 

It was pointed out in Part I of this review that 
the greater part of the world's supply of codeine was 
used for pain relief, generally alone, if the route of 
administration was parenteral, but often in combi
nation with APC or aspirin if the route was oral. It 
has been shown that codeine can, at a price, equal the 
analgesic effectiveness of morphine if the parenteral 
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TABLE 71 

SUMMARY OF ANALGESIC EFFECTIVENESS OF ORAL DOSES 

-
I Man, usual dose 

I I I effects a 
Side-Animals, EDso 

I 

(m g) Dependence liability (mg/kg) 
Single I Per day 

Carisoprodol 130-185 350 1 050-1 750 _b None shown in man c 

Dextropropoxyphene 122 65 200-400 - <codeine 

Codeine 43 30-60 c. 250 

Dihydrocodeine 43-160 30-60 c. 250 ± Same as codeine 

Ethoheptazine >SOd 75-1soe 300-600 - None 

Etymide 47-57 75-150 450/ ± Little or none 

Metofoline 12-55 30-60 180-360 - Little or none 

Fenyramidol As for codeineY 100-400 400-1 600 + None 

Prodilidine <codeine 50-150 150-450 + Little or none 

a Compared with codeine. 
b Drowsiness is estimated to occur in 10% of patients. 
c Barbituate-like in dogs. 
d The subcutaneous EDso is 34-44 mg/kg; no oral EDso has been recorded. 
e Practically always with aspirin. 
f Not yet introduced into clinical medicine. Figures based on clinical investigations. 
g Potency about the same as that of codeine; various comparisons. 

dose is large enough. 1 However, there are several 
more powerful analgesic agents to choose from for 
parenteral administration, and taking into account 
the size of the dose required to equal the effects of 
morphine it would be difficult to establish an 
advantage for codeine. 

Moderate oral doses of codeine are effective against 
moderate pain of many origins, probably not as 
effective as we could wish, since the codeine is so 
frequently combined with APC in the hope that the 
effects of the two will be additive. The frequency of 
side-effects with oral doses is low and if moderate 
doses suffice then tolerance and dependence develop 
very slowly (Cass, Laing & Frederik, 1961, personal 
communication, 1963). Oral doses of codeine can 
produce respiratory depression, however (Bellville 
et al., 1958). If the pain is severe, and large doses 
must be used, the occurrence of side-effects will 
increase and dependence will develop more rapidly. 
Oral administration has many advantages, but 
there are conditions in which it is not feasible. If 
it were as effective and as safe as we would like it to 
be, the physician's hands would be freed for better 

• Houde, R. W. et al. (1960) Reported to the Committee 
on Drug Addiction and Narcotics, National Academy of 
Sciences, Washington, D. C., USA, p. 2312. 

and broader pain control; even first-aid kits could 
then contain adequate medication for the relief of 
severe pain in emergencies and the cost of drugs for 
the treatment of many painful conditions and the 
cost of special care would be greatly reduced. These 
considerations certainly justify an intensive search for 
a better oral medication. 

Table 71 summarizes the analgesic effectiveness 
and other data for some of the compounds produced 
so far; all these compouds were reviewed in Part 2 as 
potential codeine alternates. The figures in Table 71 
are our best estimates from the data reviewed. 

These figures are not impressive as far as any 
increase in analgesic potency is concerned; none of 
the agents is more effective than codeine. Appar
ently we have made no progress so far towards the 
relief of severe pain via the oral route. Dextropro
poxyphene is nearly always given with APC, and 
ethoheptazine with aspirin, yet the combinations 
hardly equal codeine in the relief of mild to moderate 
pain. All of these agents could be used where oral 
codeine is indicated, but they offer no advantage in 
the production of greater comfort. On the basis of 
the figures presented, metofoline might equal codeine, 
but it has not yet been introduced into general medi
cal practice. The specific opiate antagonists have not 
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been included in the table, but among them may lie 
our best lead towards future improvement. 

Side-effects 

In most cases the substances listed in Table 73 
compare favourably with codeine in their production 
of side-effects; some small advantage may have been 
gained in this respect. Even with fenyramidol and 
prodilidine the difference in the other direction is 
probably not great enough to prevent their use, if 
there were other advantages. The use of codeine 
itself, however, is not limited to any great extent by 
its side-effects, so that this can hardly be a deciding 
factor in choosing between agents. 

Dependence and abuse liability 

Dihydrocodeine is quantitatively and qualitatively 
similar to codeine in this respect. The other agents 
in Table 72, however, may all have some slight 
advantage over codeine in respect of abuse liability. 
Except for propoxyphene, which has been used much 
more extensively than any of the others, and for 
which a few cases of abuse have been reported, 
abuse of the other potential codeine alternates has 
not come to our attention and narcotics control has 
not been recommended for any of them. This is not 
a very great advantage, however, as the restrictions 
on the use of codeine are slight and are enforced 
only in certain places. 

Although codeine is not the ideal oral analgesic 
and we should certainly keep looking for better ones, 
we should keep in mind the considered judgment 
which Wolff (1938) expressed 30 years ago: "In 
view of the vast and justified extension of codeine 
consumption throughout the world for several 
decades, the few primary and secondary cases [of 
dependence on it] together cannot be regarded as a 
danger to public health", to which he added" ... wheth
er the medical use of codeine is a social danger may be 
answered in the negative ... The medical practitioner 
should not be alarmed ... and should not allow 
himself to be deterred from prescribing codeine 
freely in the usual small therapeutic doses." Seevers 
(1967) has recently summed up the situation by 
saying that codeine can be replaced in certain 
specified and limited situations, but: 

Judging from the continued popularity of codeine 
among physicians and laymen alike throughout the 
world in spite of the easy availability of the so-called 
• non-toxic ' preparations it seems illogical to abandon a 
drug like codeine which possesses, in one agent, not only 
antitussive properties but also pain relief and sedative 

properties which are helpful in relieving the discomfort 
often associated with a cough ... Codeine serves a need 
which is not presently met by other substances; ... [the 
evidence] hardly justifies discontinuing its availability. 

Seevers was thinking of reported abuse of codeine 
antitussive preparations, but his remarks are applic
able to the use of codeine generally. So we think it 
fair to say that there are other substances available 
that could be used as alternates for codeine, except 
perhaps where analgesia, cough relief and sedation 
are required simultaneously, but that the use of 
these other substances would result in no particular 
gain and probably no particular loss. Let us, 
however, continue to strive for better oral analgesia. 

CODEINE AND ITS ALTERNATES FOR COUGH RELIEF 

Antitussive action 

The sizes of the average single and daily doses of 
a substance in any cough therapy are criteria which 
indicate the efficacy of its cough-depressing action. 
Other criteria are the onset and duration of effect, 
the course of the dose-response curve and charac
teristics of action in terms of change in the frequency 
and intensity of coughing. Though the latter factors 
are perhaps less easily determined, they are of real 
importance in the evaluation of the total antitussive 
effect. For example, benzonatate differed from many 
other antitussives because of its sustained cough
depressing action, and homarylamine showed an 
increasing effectiveness from 10 to 20 mg, but no 
further increase from 20 to 40 mg (Bickerman & 
Itkin, 1960). 

Patients can assess a diminution in both severity 
and frequency of cough attacks and their subjective 
judgment of a drug can be expected to include an 
integration of both effects. On the other hand, 
mechanical registration of·cough (sound recording, 
etc.) usually deals only with cough frequency. 
Therefore, results regarding these effects which are 
based on subjective experience are not necessarily 
comparable with others based on mechanical 
recording. A comparison of antitussive effectiveness 
between codeine and its alternates, as well as among 
the alternates, is made exceedingly difficult by the 
wide differences in techniques, criteria and judge
ments that have been used. Nevertheless, the data 
collected in Table 72 give our best estimate from all 
sources of the average cough-depressing doses and 
related activities. Single and daily doses adminis
tered in therapy correspond fairly well with the 

16 
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TABLE!2 

CHARACTERISTICS OF CODEINE ALTERNATES AS,NTITUSSIVES COMPARED WITH THOSE OF CODEINEa 

Dosage (mg) ' Otheqharmacodynamic actions, relative to codeine 

Agent Therapeutic b 

I I I I 
I Gastro-intestinall 

Bronchial 

I 
I Anti-

I 
Healthy Animal !' Local 

I 
Abuse Analgesia e Sedation 

I volunteers c experiments d 
I 

Single Daily 

(±) Methadone 2.5 7.5 <C 2.5-15.0 <C =M =M 

Normethadone 7.5 15.0 Ineffective g <C >Ch =C 

Pholcodine 10.0 30.0 <C 10.0-15.0 <C Little or none h Little or none 

Caramiphen 15.0 60.0 >C =C Noneh 

Dihydrocodeine 20.0 60.0 =C =C >C 

Dextromethorphan 20.0 60.0 .;;c >C Non eh 

Ethylmorphine 25.0 60.0 >C =C =C 

Nalorphine Like C =C =C =M <M 

Codeine 20.0 70.0 >M >M <M Some 

AT-327 >C 90.0 None" Noneh 

Pentoxyverine 25.0 100.0 =C Noneh 

Dimethoxanate 25.0 =C None" Noneh 

Pipazetate 30.0 100.0 =C >C None h 

Sodium dibunate 100.0 =C 

Noscapine 30.0 100.0 >C >C Noneh None 

Clofedanol 35.0 120.0 >C Noneh None 

Clobutinol 40.0 120.0 >C60:40 =C Noneh None 

lsoaminile 40.0 140.0 .;;c Little or none h None 

Diphenylpiperidinopropanol 40.0 160.0 >C60:30 >C Noneh None 

Benzonatate 100.0 >C 100:30 =C None None 

Levopropoxyphene 100.0 400.0 >C100:15 >C Noneh 

Benzobutamine 100.0 400.0 =C Slight 

Oxolamine 120.0 600.0 =C <C 

a C = codeine; M = morphine; P = procaine; Co = cocaine. 
b Average for adults. 
c Relation to codeine, equipotent cough-depressing doses. 
d Composite of experiments performed with different species, methods of cough stimulation and routes of administration. 
e Results of animal experiments and clinical experience. 
I See Part 1 (under respective compounds) and Eddy, Halbach &. Braenden (1957). 

effective doses estimated from work with human 
volunteers. A major exception is Bickerman 's 
(Bickerman et al., 1957) failure to show effectiveness 
of normethadone in normal subjects. Doses used in 
therapy do not correspond as well with the effective 
doses in animal experiments, but the exceptions 
are mainly among the agents which must be ad
ministered in higher doses than are required for 
codeine. 

The therapeutic antitussive doses of codeine, 
summarized in an earlier table (Part 3, Table 29), 
permit the estimation of average oral doses of 
20 mg and 70 mg, single and daily, respectively, for 
adults. Table 72 shows that pholcodine, norme
thadone and caramiphen would generally be used 
in smaller doses, dihydrocodeine, ethylmorphine 
and nalorphine in equal doses, and the others in 
higher doses than codeine. The average single or 

Respiratory Circulatory 
i' 

:; 
'I =M =M <M !I 

Depression 

>C Little or none 

Little or none =C Antispas-
modic?h 

=C =M 

Improved 

Little or none 

Depression Little or none Like M 

: Depression Little Decreased 

!Increase h Someh Spasmolytic h 

Little or none Depression h Spasmolytic 11 

Noneh Depression h Spasmolytic h 

Depression Noneh 

I Increase h Noneh 

Increase h Depression h Spasmolytic h 

' Little or none h Little or none h None 

I Little or none Little or none None 

<Ch Depression h Spasmolytic h 

Little or none h tlittle or none h Little or none h 

1 Little or none h None 

, None 

\None Spasmolytic h 

None Depression? h Spasmolytic h 

g See Part 4 for details. 
h In animal experiments. 

Prolonged effect. 

Musculature 

=C 

Anti spas-
modic?h 

Constriction h 

Spasmolytic h 

Spasmolytic 

Noneh 

Spasmolytic h 

Spasmolytic 

Spasmolytic h 

j In animal experiments; clinical experience conflicting. 
k Clinical observation; decreased in animal experiments. 

I 

I Of non-opiate type occasionally; no physical dependence. 

daily dose is not necessarily a reliable indicator of 
the strength of antitussive action. It is the amount 
which experience has shown to be optimal in most 
instances for the particular preparation and which 
should be interchangeable in efficacy with the 
average dose of any of the other preparations. 

Dihydrocodeine and ethylmorphine are essentially 
codeine-like and mainly economic considerations 
govern their use as codeine alternates. Significant 

anaesthetic inflam- liability/ Secretion matory 

Like M 

Decrease <M;>C 

>PII,i None 

lncreasej <Coh None 

>C 

Little or none k Someh <C 

Little or none Like C 

None 

Decrease h Someh <M 

>Ph No data 

Decrease >Ph None 

<Ph None 

<Ph None 

Noneh None 

Increase h None 

Decrease h >Ph None 

Increase h None 11 None 

None <P < cz 

>P None 

Little or none None 

None 

None 

Equal toP? h Someh None 

antitussive action has been demonstrated for 
pholcodine, caramiphen, dextromethorphan, pipa
zetate, clobutinol, 1 levopropoxyphene and benzo
natate. Others are included in the table which have 
been considered alternates for codeine but for which 
available evidence does not permit a firm judgment 
of significance in this respect. Still others have 

1 Also known as Silomat. 
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been described in Part 4 as showing indication of 
antitussive action and these may have value as leads 
for future work. 

Other pharmacodynamic effects 

The majority of coughers suffer from an acute or 
chronic inflammation of the throat or deeper air
ways. Acute cases have a self-limiting illness 
mostly of short duration and in a great many of 
them cough could probably be relieved or would 
disappear with the taking of a simple syrup which 
contained no active drug (Boyd, 1946). Others with 
chronic cough may have little idea of the variation 
in their cough from day to day and may be un
aware of, or unable to judge with any reliability, 
the effects of antitussive drugs (Woolf & Rosenberg, 
1964). In some cases of coughing a degree of adapta
tion occurs so that the patient becomes less aware 
of his cough and pays scant attention to it. On the 
contrary the apprehensive person may tend to 
exaggerate the intensity and severity of his cough 
(Bickerman, 1960). Coughing is undoubtedly an 
extremely complex phenomenon and tussal hyper
reflexia may be treated at other levels of the reflex 
arc than the centre and in other ways than by action 
on the cough reflex mechanism (Silvestrini & 
Pozzatti, 1960). 

Pharmacological effects discussed in association 
with the antitussive action of drugs are analgesic, 
sedative, respiratory depressant, euphoriant, spasmo
lytic, local anaesthetic and anti-inflammatory and 
it is difficult to establish the therapeutic significance 
of such associations, based mostly on results in 
animal experiments. On the other hand, antitussives 
that are highly specific in cough-depressing action 
and lack some or all of these other effects (dextro
methorphan, noscapine, clobutinol and others) 
have been employed successfully for the depression 
of cough of various origin. 

A multilocular action, including antitussive, 
analgesic and sedative effects, could be considered 
advantageous in special cases. An analgesic effect 
could be desirable if the cough were accompanied 
by pain. A sedative effect could support the anti
tussive action in apprehensive patients or if the 
cough were initiated or enhanced by central stimuli 
(" nervous " cough). Substances that have all of 
these therapeutic components are codeine, dihydro
codeine, ethylmorphine and normethadone. 

In asthmatic bronchitis combined antitussive and 
spasmolytic (bronchodilatory) therapy may be 
indicated occasionally. On the basis of animal 

experiments caramiphen, pentoxyverine, pipazetate, 
noscapine, isoaminile and oxolamine combine these 
pharmacodynamic effects. However, since the 
spasmolytic action of any of these is less powerful 
than that of epinephrine or isoprenaline, it would 
seem to be of minor practical importance. 

A drug possessing anti-inflammatory action in 
combination with antitussive efficacy would seem to 
be indicated theoretically in cases of acute or chronic 
cough originated by inflammation in the tussal 
reflexogenic area. Oxolamine, dextromethorphan 
and codeine have produced both actions in animal 
experiments, but again the additional effect seems 
hardly powerful enough. Oxolamine depresses 
cough in guinea-pigs at a dose of 10 or 20 mg per kg, 
intraperitoneally, but depression of experimentally 
produced inflammation requires 30 mg per kg by 
the same route (Silvestrini & Pozzatti, 1960). 

Other examples of combined actions, antitussive 
plus local anaesthetic, antitussive plus secretolytic, 
etc., though theoretically interesting have not been 
therapeutically verified. 

Undesired side-effects in cough therapy 

Side-effects which may be encountered with 
therapeutic doses of codeine are obviously of concern 
in the determination of suitability. Therapeutic 
doses administered for depression of cough are 
usually smaller than those for pain and, as a rule, 
the former are given orally and the latter paren
terally. For both reasons frequency and severity of 
side-effects would be expected to be, and are, less in 
the treatment of cough. Reports of side-effects with 
antitussive doses are summarized in Table 73. 
Cass & Frederik (1953, 1954) reported that drowsi
ness, nausea, vomiting and constipation were not 
more frequent with oral doses of not more than 
20 mg of codeine than with placebo. Respiratory 
depression has been found to be significant with an 
oral dose of 60 mg of codeine (Bellville et al., 1958) 
but these authors discussed the contribution of 
indirect depression by codeine-induced drowsiness 
and sleep. A significant effect on blood pressure has 
not been observed after oral doses of codeine up to 
90 mg, but the heart rate may be decreased. Again 
dihydrocodeine and ethylmorphine are very similar 
to codeine. 

Normethadone has been introduced into medicine 
only in combination with a sympathomimetic, which 
might convey an exhilarating effect, but animal 
experiments have shown a respiratory-depressant 
action and clinical experience generally has shown 
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TABLE 73 

SIDE-EFFECTS REPORTED WITH ANTITUSSIVE DOSES 

0 CD 
.D c: 

"' 'Qj 
u .., .. 0 
0: u 

Drowsiness + + 
Dizziness + + 
Lightheadedness + + 
Excitement + + 
Restlessness 

Insomnia 

Apprehension 

Anorexia + + 
Nausea + + 
Vomiting + + 
Headache + + 
Tightness in chest 

Abdominal discomfort + + 
Constipation + + 
Diarrhoea + 
Urinary urgency 

Visual disturbance 

Sputum reduction 

Local reaction + +I 
Euphoria + 

a See Renovanz & Liebrich (1965). 
b With excessive dosage. 
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c In accidental poisoning of a child, 180 mg. 
d Epigastric symptoms. 
e Modification not severe. 
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+ + + 
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+ + + + 
+ + + + 

+d + + + 
+ 

+ + + + 
+ 
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+ + 

+i +h,i +g,j 

I Allergic reactions; itching, erythema, urticaria, anaphylactic shock. 
g Erythema. 
h Skin rash. 

Skin rash, urticaria. 
Erythema, itching. 

some sedative effect. The other alternates do not 
differ substantially from codeine in the frequency of 
their side-effects. They are devoid, or practically 
devoid, of respiratory depressant activity. Some of 
them have produced circulatory effects in animal 
experiments related mainly to vasodilatation (3-
methylamino-1, 1-di-(2-thienyl)-but-1-ene, pentoxy
verine, dimethoxanate, noscapine, isoaminile, oxo-

lamine), but the relation of such action to antitussive 
therapy is not important. Most of the other side
effects that have been seen (Table 73) have also 
occurred in placebo-treated patients and their 
frequency has rarely been weighed against their 
occurrence in the latter. The table is not quantitative; 
it is only a statement of what has been noted; for 
single substances this will be more complete the 
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more extensively and thoroughly the compound has 
been .examined. A few side-effects have been re
ported with alternates when there has been no com
parison with placebo or codeine-decreased visual 
acuity and urinary urgency (levopropoxyphene); 
apprehension (clofedanol); tightness in the chest 
(pentoxyverine); reduction of secretion ( caramiphen, 
pentoxyverine, levopropoxyphene). In comparative 
studies no side-effect has been reported for codeine 
which has not been seen with another substance, 
with the exception of mild euphoria (and this has 
been seen with dihydrocodeine and normethadone). 

On the whole, potential codeine alternates have 
not produced serious side-effects, and those observed 
have not occurred with disturbing frequency. At the 
same time, it has not yet been shown conclusively 
that any of the newer drugs has advantages or 
disadvantages over codeine in respect of side-effects. 

Abuse liability 

Methadone and normethadone produce depend
ence of the morphine type; codeine, dihydrocodeine 
and ethylmorphine can do so also, but with quite 
different significance. Dextromethorphan and iso
aminile have been abused, sporadically. Methadone, 
it has been pointed out, is too morphine-like for any 
continued interest in its antitussive action. Nor
methadone has definitely greater abuse potential 
than codeine. The dependence-producing properties 
of codeine and dihydrocodeine have been fully 
discussed in Part 1 and in Part 2, respectively, and 
the abuse of dextromethorphan in Part 4. No 
evidence of ability to produce dependence of the 
morphine type, or instance of abuse has come to our 
attention with any of the other substances in 
Table 72, but we must continue to be alert in this 
connexion. 

Finally one needs to ask, as in an editorial in the 
British Medical Journal (1964), whether the anti
tussives available at present satisfy the expectations 
of physicians and patients. The editorial stressed 
again the frequency with which cough is due to an 
acute upper respiratory infection needing nothing 
more than a simple syrup for symptomatic relief and 
said: " If something more than this is required the 
well-established official preparations should be 
perfectly adequate, and there is at present no good 
reason for recommending any of the newer, more 
elegant and usually more expensive drugs." At the 
same time Doyle & Mehta (1964) expressed the firm 
belief: " ... that newer synthetic antitussives signifi
cantly more potent than codeine will be discovered 

and, by virtue of their non-addiction liability and 
minimum side effects, will in course of time supplant 
the preparations employed today". 

Coughing is a mixed blessing. It can be a dis
tressing symptom, whose physiopathological effect, 
at the worst as in cough syncope, can be disastrous. 
Yet its importance as a diagnostic symptom is 
obvious and it is no exaggeration that its physio
logical function of clearing the bronchial tree of 
foreign matter is essential to life. One has only to 
contemplate the frequency with which unconscious
ness or weakness of the respiratory muscles is 
followed by aspiration pneumonia (Swyer, 1956). 
Cough depressants should smooth down the cough 
but not obliterate the activity of the reflex mechanism. 
The ideal antitussive might well be one which, 
although reducing the number of ineffective coughs, 
permits an adequate flow rate in the remaining 
coughs so as to aid bronchial drainage (Bickerman 
et al., 1957). At the same time in some circum
stances short-lived complete obliteration of the 
cough may be desirable, in endoscopies (such as 
laryngoscopy, bronchoscopy, oesophagoscopy) and 
in surgical procedures in the neighbourhood of the 
cough reflex area. The introduction of instruments 
into the trachea and bronchi causes forceful stimula
tion of mechanoreceptors quite different from the 
slowly increasing irritation of sensitive organs by 
inflammation or accumulation of secretions. One 
may wonder whether codeine or any of its alternates 
will, in safe dosage, reliably suppress such strong and 
sudden stimulation. Statements in the literature on 
this point are conflicting and there may be need for 
a stronger agent for this specific purpose. 

For most indications codeine is still that anti
tussive which is prescribed most frequently. A 
major factor supporting its popularity is the rarity of 
serious side-effects and of misuse. Another may be 
the combination of antitussive, pain-relieving and 
calming effects, perhaps appreciated by more 
physicians and patients than is generally realized. 
Observations of Gravenstein, Devloo & Beecher 
(1954), Woolf & Rosenberg (1964) and Renovanz & 
Liebrich (1965) support the importance of the psycho
logical element in the genesis of cough and of the 
suggestion of Swyer (1956) " ... that the patient's 
satisfaction might have resulted from euphorogenic 
or hypnotic effects ". 

But since non-dependence-producing antitussives 
are available, is the very small risk of codeine 
dependence which may be connected with antitussive 
therapy outweighed by therapeutic preference? It is 
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our opm10n that the danger of development of 
dependence under the conditions of the usual cough
depressing regimen is so small and the advantage of 
its manifold actions sufficiently large that it would 
seem illogical to abandon the drug generally from 
antitussive therapy. However, if it is thought 
desirable to attempt to suppress a chronic cough, 
even low abuse liability may have more weight and 
one of the alternates may be preferred. 

On theoretical grounds several of the codeine 
alternates have these properties desired in a perfect 
cough depressant: 

(1) they possess significant cough-depressing 
potency; 

(2) they depress cough of different pathological 
origins; 

(3) their frequency of side-effects is no greater, 
perhaps less, than for codeine; and 

(4) they are devoid, or practically devoid, of abuse 
liability. 

For none of them, however, is our quantitative and 
practical knowledge complete enough to establish 
therapeutic priority. 

RESUME 

LA CODEINE ET SES SUCCEDANES SEDATIFS DE LA DOULEUR ET DE LA TOUX: 

5. DISCUSSION ET RESUME 

La codeine et ses succedanes sedatifs de la douleur 

De faibles doses de codeine, administrees par voie 
orale, agissent sur Jes douleurs peu intenses d'origines 
tres diverses, mais il semble que J'efficacite du produit ne 
soit pas entierement satisfaisante car on lui associe tres 
frequemment de l'acide acetylsalicylique et de la phena
cetine. L'administration par voie orale entraine rarement 
des effets secondaires, et si Jes doses sont peu elevees 
l'accoutumance et la dependance de type morphinique 
n'apparaissent que tres Jentement. Lorsque l'intensite de 
la douleur oblige a augmenter Jes doses, Jes reactions 
secondaires sont plus marquees et la dependance se 
manifeste plus rapidement, d 'oil la necessite de recherches 
poussees en vue de decouvrir un analgesique actif par 
voie orale donnant de meilleurs resultats. 

Les donnees experimentales recueillies dans le cadre 
de ces recherches n'ont pas permis jusqu'a present de 
deceler une substance dotee d'un pouvoir analgesique 
plus eleve que celui de la codeine; aucun succedane n'est 
aussi efficace que cette derniere. C'est peut-etre parmi les 
antagonistes specifiques des opiaces que l'on pourra 
trouver un produit susceptible de remplacer avantageuse
ment la codeine. 

Sous le rapport des effets secondaires, beaucoup des 
succedanes etudies supportent avec succes la comparaison 
avec la codeine, et on peut estimer qu'a cet egiud certains 
progres ont ete realises. Ce facteur ne doit cependant pas 
orienter de fa9on decisive le choix de J'un ou l'autre 
produit de remplacement, etant donne que l'emploi de la 
codeine n'est en aucune maniere limite par J'existence de 
reactions secondaires. 

En ce qui conceme I 'aptitude a engendrer la depen
dance et l'abus, seule la dihydrocodeine fait preuve de 
proprietes essentiellement semblables a celles de la 
codeine, tant du point de vue quantitatif que qualitatif. 
Tous les autres produits presentent a cet egard un Jeger 

avantage sur la codeine. A !'exception du propoxyphene, 
qui a ete le plus Jargement utilise et qui a donne lieu a 
quelques cas d'abus, Jes eventuels succedanes de la 
codeine n'ont jamais ete accuses d'etre a J'origine d'em
plois abusifs et aucun d'entre eux n'a fait l'objet de 
mesures restrictives dans le cadre du controle des stupe
fiants. Neanmoins, si l'on enjuge par sa vogue persistante 
aussi bien parmi les medecins que dans le public - en 
depit de !'existence sur le marche de preparations dites 
<<non toxiques >> - il semble illogique d'abandonner 
un medicament comme la codeine qui tout en presen
tant des proprietes analgesiques et sedatives generales 
est aussi actif contre la toux. 

La codeine et ses succedanes sedatifs de la toux 

La grande variete des techniques et des criteres utilises 
par Jes differents chercheurs, ainsi que Jeurs divergences 
d'opinion, rendent particulierement ardu tout essai 
d'evaluation comparative des proprietes sedatives de la 
toux de la codeine et de ses succedanes. On note cepen
dant une concordance satisfaisante entre les donnees 
recueillies au cours de I 'utilisation therapeutique et les 
niveaux d'efficacite determines par !'experimentation sur 
des volontaires. La concordance entre les doses thera
peutiques et Jes doses efficaces chez l'animal est moins 
reguliere, mais Jes divergences concement principalement 
les substances qui exigent des dosages superieurs a ceux 
de la codeine. 

L'activite de la dihydrocodeine et de !'ethylmorphine 
est essentiellement du meme ordre que celle de la codeine. 
La pholcodine, le caramiphene, le destromethorphane, le 
pipazetate, le clobutinol, le levopropoxyphene et le ben
zonatate font preuve d'une efficacite notable contre la 
toux. En general, la pholcodine, la normethadone et le 
caramiphene doivent etre administres a des doses infe
rieures a celles de la codeine, la dihydrocodeine, l'ethyl-
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morphine et la nalorphine a des doses equivalentes, et les 
autres succedanes a des doses superieures. D'autres 
substances paraissent egalement dotees d'une certaine 
activite; elles permettront peut-Ctre d'orienter les futures 
recherches. 

D'autres effets pharmacologiques des medicaments 
actifs contre la toux sont examines en connexion avec 
leur action specifique: effets analgesiques, calmants de la 
douleur, depresseurs de la respiration, euphorisants, 
spasmolytiques, anesthesiques locaux et anti-inflamma
toires. 11 est malaise d'apprecier l'interet tberapeutique 
de ce genre d'associations, decelees principalement a 
]'occasion d'experimentations sur ]'animal. 

On pourrait tirer parti, dans certaines indications, de 
la polyvalence d'activite tberapeutique de medicaments 
efficaces contre la douleur et la toux et dotes par surcroit 
d'effets analgesiques. Parmi les substances rentrant dans 
cette categorie, il faut citer la codeine, la dihydrocodeine, 
]'ethylmorphine et la normethadone. 

L'experimentation sur ]'animal montre que le cara
mipbene, la pentoxyverine, le pipazetate, la noscapine, 
l'isoaminile et l'oxalamine, ont en plus de leur action 
calmante sur la toux, une action spasmolytique. 11 est 
done indique d'utiliser ces medicaments dans les cas de 
bronchite asthmatique, bien que leurs effets broncho
dilatateurs soient moins marques que ceux de certains 
agents adrenergiques. 

Dans I' ensemble, les eventuels succedanes de la codeine 
n'entrainent pas d'effets secondaires notables, et les 
reactions observees ne se produisent pas avec une fre-

quence facheuse. Par ailleurs il n'est pas demontre de 
fa~n indiscutable que l'une ou )'autre de ces substances 
nouvelles presente a cet egard des avantages ou des 
inconvenients par rapport a la codeine. 

La methadone et la normethadone engendrent une 
dependance de type morphinique. L'usage de la codeine, 
de la dihydrocodeine et de I 'ethylmorphine comporte un 
risque semblable, mais dans une mesure beaucoup 
moindre. On a signale ici et la des cas d'emploi abusif du 
dextromethorphane et de l'isoaminile. Jusqu'a present, 
rien ne permet de penser que l'une quelconque des autres 
substances sedatives de la toux deja mentionnees cree 
une dependance de type morphinique ou soit a l'origine 
d'abus. 

Dans la plupart des indications, la codeine reste le 
medicament sedatif de la toux le plus frequemment 
prescrit. Son succes est du au fait qu'elle est rarement a 
l'origine de reactions secondaires ou d'abus et qu'en 
outre elle associe a son action calmante sur la toux des 
effets sedatifs generaux. En tbeorie, plusieurs des succe
danes de la codeine possedent les qualites exigees d'un 
medicament veritablement actif contre la toux: efficacite 
marquee, quelle que soit !'affection qui provoque le 
reflexe; frequence d'effets secondaires egale ou meme 
inferieure a celle des reactions succedant a l'emploi de 
la codeine; et impuissance quasi totale a engendrer 
l'abus. 11 reste qu'aucun d'entre eux n'a fait l'objet d'une 
etude suffisamment complete pour que ]'on puisse fixer 
un ordre des priorites en matiere d'utilisation thera
peutique. 
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Acetamides, 101 
Acetonitriles, 217 
AF-634 

See 5-[2-(Diethylamino )ethyl]-3-(1-phenyl)propyl-1 ,2, 
4-oxadiazole 

Alimenazine, 195 
(- )N-Allyl-3-hydroxymorphinan 

See Levallorphan 
N-Allylnorcodeine, 168 
N-Allylnormorphine 

See Nalorphine 
Alphaprodine, 13 

· Amines related to homarylamine, 183 
p-Aminobenzoic acid ethyl ester 

See Ethoform 
2-Aminoindane, 116, 129, 138, 140, 153 
Aminophthalidylalbanes, 116 
Anaesthesia, 131, 141 
Analexin 

See Fenyramidol 
Anileridine, 13 
Antagonists, specific opiate 

See also by name, Levallorphan, Nalorphine, etc., 117, 
119, 168, 240 

Antihistamines, 142, 195, 200, 201 
APC [Aspirin, phenacetin, caffeine], 17, 83 
Arylbutanols, 210 
Arylpentanols, 210 
Aspirin, 13-17, 74, 75, 83, 103, 104, 111, 115, 118 
AT -327 [1-Methyl-3-di-(2 'thienyl)-methylene-piperidine ], 

142, 193, 242 
Atropine, 142 
Ba 10 611 [Melipan; (,8-Morpholinoethyl)-1-cyclopentyl

cyclopentan-2-one], 227 
Ban dol 

See Etymide 
Barbiturates 

See also Hexobarbital 
Becantex 

See Sodium dibunate 
Becantyl 

See Sodium dibunate 
Benadryl 

See Diphenhydramine 
Benzhydryl-diethylaminoethanol 

See Diphenhydramine 
Benzobutamine [N-(2-Benzoyloxymethyl-2-phenylbutyl)

N,N-dimethylamine], 150, 201 
Benzonatate [2,5,8, 11,14,17 ,20,23,26-Nonoxaoctacosan-

28-ol-p-butylaminobenzoate; Nonaethyleneglycol 
methyl ester of p-(n-butylamino) benzoic acid], 138, 
153, 182, 202, 228, 230, 241, 242, 245 

N-(2-Benzoyloxymethyl-2-phenylbutyl)-N,N-dimethyl
amine 

See Benzobutamine 

N-Benzylcodeine iodide, 166 
N-Benzylnorcodeine methiodide, 166 
Bibenzonium bromide, 167 
N-Butylnormorphine, 168 
CL-427 

See Prodilidine 
Caramiphen [bis-(Diethylaminoethyl 1-phenyl-1-cyclo

pentane carboxylate)ethane disulfonate], 142, 150, 
153, 208, 231, 242, 244, 245, 246 

Carbetapentane 
See Pentoxyverine 

Carbifene 
See Etymide 

Carisoprodol [2-Methyl-2-propyl-1 ,3-propanediol carba
mate isopropyl carbamate; N-Isopropyl-2-methyl-2-
propyl-1,3-propanediol dicarbamate; Soma], 73, 76, 
77, 119,240 

Chlorcyclizine [Chlorocyclizine; 1-(p-Chloro-a-phenyl
benzyl)-4-methylpiperazine], 201 

2-Chloro-a-(2-dimethylaminoethyl)benzhydrol 
See Clofedanol 

N-(p-Chlorobenzyl)-N-(2-pyridyl)-N,N -dimethylethylene
diamine, 200 

p-Chloro-a-[2-(dimethylamino)-1-methylethyl]- a- methyl
phenethyl alcohol 

See Clobutinol 
( ±) 1-(p-Chlorophenethyl)-6, 7 -dimethoxy-2-methyl-1,2,3, 

4-tetrahydroisoquinoline 
See Metofoline 

1-(p-Chloro-a-phenylbenzyl)-4-methylpiperazine 
See Chlorcyclizine 

1-(p-Chlorophenyl)-2,3-dimethyl-4-dimethylamino
butan-2-ol 

See Clobutinol 
1-(o-Chlorophenyl)-1-phenyl-3-dimethylaminopropan-

1-ol 
See Clofedanol 

Chlorpromazine, 141, 195 
Clobutinol [Silo mat; p-Chloro-a-[2-(dimethylamino )-1-

methylethyl]-a-methylphenethylalcohol; 1-(p-Chloro
phenyl)-2,3-dimethyl-4-dimethylamino-butan-2-ol], 
19,142,210,231,242,244,245 

Clofedanol [Chlofedianol; Detigon; 2-Chloro-a-(2-di
methylaminoethyl) benzhydrol; 1-(o-Chlorophenyl)-
1-phenyl-3-dimethylaminopropan-1-ol], 142, 204, 
214, 217, 231, 242, 245, 246 

Cocaine 
See Local anaesthetics 

Codeine 3, 28, 46, 53, 59, 74, 127, 130, 138, 140, 142, 147, 
150, 152, 158, 160, 161, 162, 163, 166, 171, 173, 174, 
179, 180, 195, 210, 215, 225, 239, 240, 242, 244, 
245 

Codeine combinations, 14, 15, 17, 82, 83, 88, 92 
Codeine glycosides, 19 

249-
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Codeine nicotinic acid ester 
See Nicocodine 

Codeine N-oxide, 166 
Codeine resinate, 19 
Codeine versus Antagonists, 168 
Codeine versus AT-327, 142, 193, 242 
Codeine versus Ba 10 611, 227 
Codeine versus Benzobutamine, 201, 242 
Codeine versus Benzonatate, 203, 205, 242 
Codeine versus Bibenzonium bromide, 167 
Codeine versus Caramiphen, 208, 209, 211, 242 
Codeine versus Carisprodol, 74, 75, 240 
Codeine versus Chlorocyclizine, 201 
Codeine versus Clobutinol, 213, 242 
Codeine versus Clofedanol, 214, 242 
Codeine versus Codeine plus aspirin, 17 
Codeine versus Codeine-N-oxide, 166 
Codeine versus Dextromethorphan, 169, 172, 174, 175, 

242, 245 
Codeine versus Dextropropoxyphene, 51, 78, 79, 80, 82, 

83, 88, 90, 191, 240 
Codeine versus Dihydrocodeine, 94, 158, 240, 241 
Codeine versus Dimethoxanate, 199, 242 
Codeine versus Diphenhydramine, 201 
Codeine versus Diphenylpiperidinopropanol, 217, 242 
Codeine versus Ethoheptazine, 98, 99, 240 
Codeine versus Ethyl dibunate, 228 
Codeine versus Ethyl morphine, 158, 242 
Codeine versus Etymide, 102, 103, 240 
Codeine versus Fenyramidol, 104, 105, 240 
Codeine versus Heroin, 51 
Codeine versus Isoaminile, 218, 242 
Codeine versus L-2909, 195 
Codeine versus Levopropoxyphene, 190, 242 
Codeine versus Meprotixol, 200 
Codeine versus Mepyramine, 201 
Codeine versus Methadone, 185, 187, 242 
Codeine versus Methaqualone, 219 
Codeine versus Metofoline, 51, 108, 109, 111, 113, 240 
Codeine versus Morphine, 20, 21, 22, 41, 51 
Codeine versus Nalorphine, 167, 242 
Codeine versus Nicocodine, 164, 165 
Codeine versus Normethadone, 187, 188, 242 
Codeine versus Noscapine, 178, 179, 180, 242 
Codeine versus Oxeladin, 219 
Codeine versus Oxolamine, 220, 221, 242 
Codeine versus Pentazocine, 118 
Codeine versus Pentoxyverine, 224, 242 
Codeine versus Pethidine, 51 
Codeine versus Phenothiazines, 195 
Codeine versus Pholcodine, 165, 242 
Codeine versus Pipazetate, 196 
Codeine versus Prodilidine, 114, 195, 240 
Codeine versus Promethazine, 195 
Codeine versus Sodium dibunate, 228, 242 
Codeine versus Thiambutenes, 193 
Codeine versus Win-13, 187, 194 
Cotarnine, 183 

Cothera 
See Dimethoxanate 

Cyclazocine [2-Cyclopropylmethyl-2 '-hydroxy-5,9-di-
methyl-6,7-benzomorphan], 118 

Cycloalkenones, 227 
2-Cyclopropylmethyl-2 '-hydroxy-5 ,9-dimethyl-6, 7 -benzo

m orphan 
See Cyclazocine 

N-Cyclopropylmethyl-3-hydroxymorphinan 
See Cyclorphan 

Cyclorphan [N-Cyclopropylmethyl-3-hydroxymorphinan], 
119 

Darvon 
See Dextropropoxyphene 

Detigon 
See Clofedanol 

Dexamphetamine, 18 
Dextromethorphan [( + )3-Methoxy-N-methylmorphin

an], 138, 140, 143, 149, 150, 153, 158, 203, 204, 229, 
242, 244, 245, 246 

Dextromethorphan plus Alcohol, 178 
Dextropropoxyphene [Darvon; a-(+ )-4-Dimethylamino-

3-methyl-1,2-diphenyl-2-propionyloxybutane], 51, 58, 
78, 97, 103, 104, 111, 113, 114, 116, 119, 191, 240 

Dextropropoxyphene combinations, 82, 83, 88 
Dialkylamino-1,2-diphenyl butanols, 78 
Dibunate plus Normethadone, 229 
Dibunate, Sodium 

See Sodium dibunate 
2,6-Di-tert-butyl-4-bromotriethanolamine naphthalene, 

229 
2,6-and/or 2,7-Di-tert-butyi naphthalene-sulfonate, sodi

um salt 
See Sodium dibunate 

2-(2-Diethylaminoethoxy) ethyl 2-ethyl-2-phenylbutyrate 
See Oxeladin 

2-Dimethy laminoethoxyethy !-phenothiazine-! 0-carboxy l
ate, 199 

Diethylaminoethoxyethyl phenylcyclopentyl carboxylate 
See Pentoxyverine 

Diethylaminoethyl morphine, 160 
is-[Diethylaminoethyl-1-phenyl-1-cyclopentane carboxy

late]ethane disulfonate 
See Caramiphen 

5-[2-(Diethylamino )ethyl]-3-phenyl-1 ,2,4-oxadiazole 
See Oxolamine 

5-[2-(Diethylamino )ethyl]-3-(1-phenyl)-propyl-1 ,2,4-oxa
diazole; [AF-634], 224 

Diethylcongeners of dimethoxanate, 199 
Dihydrocodeine [Paracodin], 12, 94, 108, 119, 140, 158, 

164, 166, 182, 229, 240, 241, 244, 246 
Dihydrocodeine nicotinic acid ester 

See Nicodicodine 
Dihydrocodeine-N-oxide, 166 
Dihydrocodeine pectinate, 96 
Dihydroisocodeine, 149 
Dimethoxanate [Cothera; 2-Dimethylaminoethoxyethyl 

phenothiazine-10-carboxylate], 195, 199, 242, 245 
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Dimethoxanate congeners, 199 
(±)6-Dimethylamino-4,4-diphenyl-3-heptanone 

See Methadone 
6-Dimethylamino-4,4-diphenyl-3-hexanone 

See Normethadone 
2-Dimethylaminoethoxyethyl phenothiazine-10-carboxy

late 
See Dimethoxanate 

2-[(2-Dimethylaminoethyl)-(p-methoxybenzyl)amino ]
pyridine 

See Mepyramine 
Dimethylaminoethyl morphine, 160 
4-Dimethylamino-2-isopropyl-2-phenylvaleronitrile 

See Isoaminile 
(±)6-Dimethylamino-5-methyl-4,4-diphenyl-3-hexanone 

See Isomethadone 
a-(+ )-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol 

propionate ester 
See Dextropropoxyphene 

a-(- )-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol 
propionate ester 

See Levopropoxyphene 
9-[3-(Dimethylamino) propyl]-2-methoxy-thioxanthene-

9-ol; 5-Dimethylaminopropyl-5-hydroxythioxanthene 
See Meprotixol 

( ±)-5,9-Dimethyl-2-dimethylalkyl-2' -hydroxy-6, 7- benzo
morphan 

See Pentazocine 
1-Dimethylamino-3-phenylindane, 116 
1 ,2-Dimethyl-3-phenyl-3-pyrrolidyl propionate 

See Prodilidine 
Dimyril 

See lsoaminile 
Dionin 

See Ethylmorphine 
Diphenhydramine [Benadryl; Benzhydryl-diethyamlino

ethanol], 142, 153, 200, 201 
2-Diphenylmethoxy-N,N-dimethylethylamine 

See Diphenhydramine 
Diphenyl propanes, 214 
I ,1-Diphenyl-2-piperidinopropan-1-ol, 216 
Diphepanol 

See I 1-Diphenyl-2-piperidinopropan-1-ol 
Dithienyl ethanols, 194 
Dithienyl propanols, 194 
Ephedrine, 142 
Epinephrine, 142 
Ethoform [p-Aminobenzoic acid ethyl ester], 137 
Ethoheptazine [Ethyl-1-methyl-4-phenyl-4-hexamethyl-

eneimine carboxylate], 96, 98, 99, 240 
Ethoheptazine plus Aspirin [Zacterin], 98, 99 
2-Ethoxy-N-methyl-N-[2-(methylphenethylamino)-ethyl]-

2,2-diphenyl-acetamide 
See Etymide 

Ethyl-!-< 2-carbamylethyl)-4-phenyl-4-piperidine carboxy
late [Win-13187], 194 

Ethyl dibunate, 151, 228 
Ethyl 2. 7-di-tert-butyl-naphthalenesulfonate, 228 

Ethyl 1-methyl-4-phenyl-4-hexamethyleneimine carboxy
late 

See Ethoheptazine 
Ethylmorphine [Dionin], 39, 140, 158, 229, 242, 244, 246 
Ethyl narceine, 183 
Etymide [Etomide; Carbiphene; Bandol; 2-Ethoxy-N

methyl-N-[2-(methylphenethylamino) ethyl]-2,2-di
phenyl-acetamide], 101, 120, 240 

Fenyramidol [Phenyramidol; Analexin; a-(2-Pyridyl
aminomethyl) benzyl alcohol], 104, 106, 120, 240 

Fortral 
See Pentazocine 

Heroin, 12, 31, 39, 51, 93, 135, 149, 150, 163 
Hexamethonium, 141, 153, 166 
Hexamethyleneimines, 97, 99 
Hexobarbital, 138, 140, 153 
Homarylamine, 183, 241 
Hydrastine, 183 
Hydrastinine, 183 
Hydrocodone, 160, 182, 200, 207 
Hydromorphone, 48 
Hydromorphone-N-oxide, 166 
fl-Hydroxyalkylaminopyridines, 104 
1-K-1 

See Metofoline 
lndanes, 116, 120, 129, 138, 139, 140, 153 
Isoaminile [Dimyril; Peracon; a-lsopropyl-a-(fl-dimethyl

aminopropyl)phenylacetonitrile citrate; 4-Dimethyl
amino-2-isopropyl-2-phenylvaleronitrile ], 142, 151, 
153,217,242,244,245,246 

Isomethadone [( ±)6-Dimethylamino-5-methyl-4,4-di-
phenyl-3-hexanone], 184 

Isopropylcongener of Dimethoxanate, 199 
a-Isopropyl",ar(fl-dimethylaminopropyl)phenylacetonitrile 

citrate 
See Isoaminile 

N-Isopropyl-2-methyl-2-propyl-1 ,3-propanediol dicarba
mate 

See Carisoprodol 
Isoquinolines, 105, 178 
L-1633 

See Sodium dibunate 
L-2909 

See 1-Phenethyl-4-propargyl-4-propionoxypiperidine 
Levallorphan [(- )-3-Hydroxy-N-allyl morphinan], 61, 

168 
Levopropoxyphene[Novrad; a-(- )-4-Dimethylamino-1 ,2-

diphenyl-3-methyl-2-butanol propionate ester], 78, 
134, 151, 190, 230, 242, 245, 246 

Levopropoxyphene-N-oxide, 166, 190 
Levorphanol, 13, 20, 95, 173 
Linctussal 

See Sodium dibunate 
Local anaesthetics, 137, 139, 142, 153 
Melipan 

See Ba 10611 
Melsedin 

See Methaqualone 
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Meprobamate, 73, 75 
Meprotixol [9-[3-(Dimethylamino)propyl]-2-methoxy-thi

oxanthene-9-ol], 200 
Mepyramine [Neoantergan; 2-[(2-Dimethylaminoethyl)

(p-methoxybenzyl) amino] pyridine; N-(p-Methoxy
benzyl)-N-(2-pyridyl)-dimethylaminoethylamine],201 

Methadone [( ± )6-Dimethylamino-4,4-diphenyl-3-hepta-
none hydrochloride], 140, 158, 184, 230, 242, 246 

Methadone isomers, 184 
N-Methallylnormorphine, 168 
Methamphetamine, 142 

· Methaqualone [Melsedin; 2-Methyl-3-o-tolyl-4(3H)-quin
azolinone], 16, 141, 219 

Methopholine 
See Metofoline 

N-(p-Methoxybenzyi)-N-(2-pyridyl)-dimethylaminoethyl
amine 

See Mepyramine 
( +) 3-Methoxy-N-methylmorphinan 

See Dextromethorphan 
2-(o-Methoxyphenoxymethyl)-5-oxazolidone 

See Metoxadone 
N-(p-Methoxyphenyi)-N-(2-pyrimidyl)-N,N-dimethylene

diamine, 200 
1-Methyl-3-di-(2 'thienyl) methylene-piperidine 

See AT-327 
1-Methyl-3-phenylpyrrolidines, 117 
Methylpropamine, 142 
2-Methyl-2-propyl-1,3-propanediol carbamate isopropyl 

carbamate 
See Carisoprodol 

2-Methyl-3-o-tolyi-4(3H)-quinazolinone 
See Methaqualone 

Metofoline [Methopholine; Versidyne, 1-K-1; 1-p-Chloro
phenethyl-6, 7-dimethoxy-2-methyl-1 ,2,3,4-tetra
hydroisoquinoline], 51, 58, 105, 119, 240 

Metofoline plus Aspirin, 111 
Metoxadone [2-(o-Methoxyphenoxymethyl)-5-oxazoli-

done], 95 
Morphine, 6, 7, 12, 14, 20, 21, 22, 26, 31, 34, 41, 51, 58, 

79, 80, 81, 92, 95, 96, 97, 105, 108, 110, 116 
Morphine-N-oxide, 166 
1-(fl Morpholinoethyl)-1-cyclopentenyl-cyclopentan-2-one 

SeeBa 10611 
0 3-(2-Morpholinoethyl)-morphine 

See Pholcodine 
Nalorphine [N-AIIylnormorphine], 78, 81, 87, 92, 96, 101, 

103, 116, 117, 160, 167, 179, 193, 194,,229, 242 
Narceine, 183 
Narcotine 

See Noscapine 
Nectadon 

See Noscapine 
Neoantergan 

See Mepyramine 
Neuroleptics, 141 
Nicocodine [6-Nicotinic acid ester of codeine], 142, 164, 

165, 229 

Nicodicodine [6-Nicotinic acid ester of dihydrocodeine], 
142, 164, 165, 229 

6-Nicotinic acid ester of codeine 
See Nicocodine 

6-Nicotinic acid ester of dihydrocodeine 
See Nicodicodine 

Nicotinic acid ester of pholcodine, 164, 165 
Nonaethyleneglycol methyl ester of p-(n-butylamino) 

benzoic acid 
See Benzonatate 

2,5,8,11 ,14,17 ,20,23,26-Nonoxaoctacosan-28-ol-p-butyl
aminobenzoate 

See Benzonatate 
Norcodeine, 60 
Normethadone [6-Dimethylamino-4,4-diphenyl-3-hexa

none], 134, 140, 158, 187, 230, 242, 244, 245 
Normethadone plus Dibunate, 229 
Noscapine [Narcotine; Nectadon], 140,168,178,230,242, 

244, 245 
Novrad 

See Levopropoxyphene 
Orphenadrine, 18 
Oxadiazoles, 219, 224 
Oxeladin [Pectamol; 2-(2-Diethylaminoethoxy) ethyl-

2-ethyl-2-phenylbutyrate], 142, 219 
N-Oxides, 166, 229 
Oxolamine [Perebron; 5-[2-(Diethylamino) ethyl]-

3-phenyl-1,2,4-oxadiazole], 139, 142, 150, 153, 219, 
231, 242, 244, 245 

Oxycodone-N-oxide, 166 
Papaverine, 6, 12, 142, 183 
Paracodin 

See Dihydrocodeine 
Pectamol 

See Oxeladin 
Pentamethonium, 142, 166 
Pentazocine [Fortral; Talwin; (±) 5,9-Dimethyl-

2-dimethylalkyl-2' -hydroxy-6,7-benzomorphan], 117 
Pentoxyverine [Carbetapentane; Diethylaminoethoxy

ethyl phenylcyclopentyl carboxylate], 140, 142, 
143, 153, 219, 224, 231, 242, 244, 245, 246 

Peracon 
See Isoaminile 

Perebron 
See Oxo1amine 

Pethidine, 13, 20, 51, 60, 82, 83, 95, 96, 97, 99, 101, 102, 
108, 112, 113, 140, 158, 194 

Pethidine congeners, 194, 230 
1-Phenethyl-4-propargyl-4-propionoxypiperidine 

[L-2909], 194 
Phenothiazines, 141, 195 
2-(2-Phenylethanolamino )-pyridine 

See Fenyramidol 
Phenyramidol 

See Fenyramidol 
Pholcodine [(03-(2-Morpholinoethyl)-morphine)]. 135, 

140, 142, 151, 153, 160, 164, 168, 204, 229, 242, 245 
Pholcodine nicotinic acid ester, 164 
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Phthalimides, 116, 117, 120 
Piminodine 

See Prodilidine 
Pipazetate [Piperidinoethoxyethylazaphenothiazine-10-

carboxylate], 139, 140, 150, 153, 196, 242, 244, 245 
Piperidinoethoxyethylazaphenothiazine-1 0-carboxylate 

See Pipazetate 
Piperidinoethyl morphine, 160 
Placebo, 28, 82, 83, 103, 105, 137, 146, 149, 245 
Procaine 

See Local anaesthetics 
Prodilidine [Piminodine; CL-427; 1 ,2-Dimethyl-3-phenyl-

3-pyrrolidyl propionate], 92, 114, 120, 195, 240 
Prodilidine plus Aspirin, 115 
Propoxyphene, 78, 79, 81,90, 91, 93,102,103,190 

See also Dextropropoxyphene 
d-Propoxyphene 

See Dextropropoxyphene 
/-Propoxyphene 

See Levopropoxyphene 
N-Propylnormorphine, 168 
a-(2-Pyridylaminomethyl)benzyl alcohol 

See Fenyramidol 
N-[2-(2'-Pyridyl)ethyl]phthalimide, 116 
Pyrrolidines, 117, 120 
Quaternary salts, 142, 166 
Ro 4-1778/1 

See Metofoline 
Romilar 

See Dextromethorphan 
Selvigon 

See Pipazetate 
Silomat 

See Clobutinol 
Sodium dibunate [Becantex; Becantyl; Linctussal; 

L-1633; 2,6-and/or 2,7-di-tert-butyl naphthalene
sulfonate], 139, 204, 227, 231, 245 

Soma 
See Carisoprodol 

Spasmolytics, 142 
Sq 10 269 

See Etymide 
Tal win 

See Pentazocine 
Taoryl 

See Caramiphen 
Tessalon 

See Benzonatate 
Tetracaine, 138, 139 
Thalidomide, 117 
Theratuss 

See Pipazetate 
Thiambutenes, 193 
Thiazinamium, 195 
Thioridazine, 141, 195 
Ticarda [Norrnethadone plus Suprifen] 

See Norrnethadone 
Toclase 

See Pentoxyverine 
Toryn 

See Caramiphen 
Tussukal 

See 1 ,1-Diphenyl-2-piperidino-propan-1-ol 
Ulo 

See Clofedanol 
Versidyne 

See Metofoline 
Win-13 187 

See Ethyl 1-(2-carbamylethyl)-4-phenyl-4-piperidine 
carboxylate 

Zactirin compound [Ethoheptazine plus Aspirin] 
See Ethoheptazine 
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