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Codeine and its Alternates for Pain
and Cough Relief *

4. Potential Alternates for Cough Relief

NATHAN B. EDDY, M.D.,' HANS FRIEBEL, Dr med.,2 KLAUS-JURGEN HAHN, Dr med.3
& HANS HALBACH, Dr med., Dr.-Ing.4

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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* This review of the analgesic and antitussive effects of
codeine and its alternates is being published in the Bulletin
of the World Health Organization in five instalments. The
first, second, and third instalments dealt, respectively, with
the analgesic action of codeine (Bull. Wid HIth Org., 1968,
38, 673-741); its alternates for pain relief (Bull. WId Hlth
Org.,. 1969, 40, 1-53); and the antitussive action of codeine
(Bull. Wld HIth Org., 1969, 40, 425-454). The fourth instal-
ment, presented here, is devoted to an assessment of potential
alternates with antitussive action. The final instalment con-
sists of a discussion and summary of the preceding reviews
(Bull. Wld HIth Org., 1969, 40, 721-730).
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640 N. B. EDDY AND OTHERS

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.

---N-CH3 N-CH3

OCH3 OH OCH3 ' OH
CODEINE DIHYDROCODEINF

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

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 tuse of codeine as an antitussive (Linz, 1943).

,- N-CH3

OC2H5 c OH

ETHYLMORPHINE

There are few quantitative data on the antitussive
effect of ethylmorphine and few comparisons with
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TABLE 31
COMPARISON OF THE ANTITUSSIVE ACTION OF DIHYDROCODEINE AND CODEINE IN ANIMAL EXPERIMENTS

EDso (mg/kg) Ratio
Method Routee codei ne/dihydro- Reference

Dihydrocodeine Codeine codeine

Species: GUINEA-PIG

Inhalation of S02 SC 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 & Yanaura (1959)
cheal mucosa

Inhalation of sulfuric acid vapour 0 1.0 b c. 1.0 Chen & Biller (1959); Chen,
Biller & Montgomery (1960)

Mechanical stimulation IP 3.2 b 7.5 b 2.344 Cahen & Boucherle (1985)

Species: CAT

Mechanical stimulation IV c. 1.0 Ellis et al. (1963)

Electrical stimulation superior
laryngeal nerve IV c. 1.0 Ellis et al. (1963)

Chemical stimulation IP 7.5 b 15.0 b 2.0 Cahen & Boucherle (1965)

a SC = subcutaneous; IV = intravenous; 0 = oral; IP = intraperitoneal.
b Not calculated EDso 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 ED50s 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-
linoethyl)-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-CH3

0

oC H2

N-C H2

'0 OH

PHOLCODINE

idinoethyl, and selected the morpholinoethyl com-

pound as the most promising. Kelentey et al. (1958)
later prepa-red 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 greater 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 methods 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 (mglkg)
Pholcodine Codeine

Mechanically induced expiration 5.3 16.3
Chemically induced inspiration 15.1 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 anialgesic 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 tolerance developed (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, 1961 b; 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,g per
ml; the effective concentration of codeine was 1.8 Hg
per ml for inhibition of the peristaltic reflex, 7.0 utg
per ml 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 60o% 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,
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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%Y effective,
30 mg of codeine was 750 effective in reducing the

response of normal volunteers to an intravenous
dose of 0.1 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 restults 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 LD5oS (mg/kg) FOR PHOLCODINE AND FOR CODEINE AS REPORTED FOR

ROUTE OF ADMINISTRATION

Drug U1

p
C

P
C

P

p
c

p
C

P
C
P
C
P
C

cp

Route of administration b

IV IP SC

230 e 1010
60 c 134

_d
t _~~~~~d

540

1020
218

590
154

280
92

252 g

106

725
165

750
530

0

1917
535

THE SAME ANIMAL AND THE SAME

Reference

Chabrier, Giudicelli & Kristensson
(1950); Giudicelli, Chabrier & Kris-
tensson (1951)

Aurousseau & Navarro (1957)

Kelentey (1958)

1480 ahen (1961) e
335

1860
470

1000
255

205/114f
470/490

300

Cahen & Boucherle (1961a)

Palecek & Mekulaskova (1963)

Cahen (1961)

Plisnier (1960)

Kelentey (1958)

a P = pholocodine (usually the hydrochloride); C = codeine (usually the phosphate).
b IV = intravenous; IP = intraperitoneal; SC = subcutaneous; 0 = oral.
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 LD5o'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.

M

M

Species

ouse

ouse

Mouse

Mouse

Mouse

Mouse

Rat

Guinea-pig

Rabbit
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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 II 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 of nicocodine of 5 or 10mg 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 * EDao
O 125
IP 60
O 160
IP 50
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TABLE 34

COMPARATIVE ACTIVITY OF THE NICOTINIC ACID ESTERS OF CODEINE
AND PHOLCODINE

Nicotinic acid Nicotinic acid
Feature, species, dose, route a Codeine ester of Pholcodine ester of

codeine pholcodine

LD5o mouse (mg/kg), IP 154 51 630 250

LDso mouse (mg/kg), 0 470 280 1860 940

LD5o rat (mg/kg), IP 37

LD5o rat (mg/kg), 0 840

Analgesia, mouse, hot-plate
(mg/kg), SC 200 150 None None

Antitussive, cat, mechanical or
chemical stimulation (mg/kg),
IV 2.3 3.3 6.05 3.5

Antitussive, cat anaesthetized
(mg/kg), IV 5.0

Antitussive, dog, unanaesthe-
tized (mg/kg), IV 5.0

Circulation, cat, IV Vaso-
depression

Reduction in blood pressure,
dog (mm Hg), 4 mg, IV -10to -40 -10 to-80 -41 to-90 -44 to-91

Respiratory rate and volume,
dog, 4 mg, IV Decreased Decreased Increased Increased

Decreased propulsion, gastro-
intestinal tract, mice, 17 mg,
SC -47% -47%

Decreased propulsion, gastro-
intestinal tract, mice, 180 mg,
SC -50 % -38 %

Straub reaction, mice, 40 mg, SC 0 0

Straub reaction, mice, 480 mg,
SC 0 0

Excitement, cat, 60 mg, SC 0 0

Excitement, cat, 160 mg, SC 0 0

Histamine release I + ++++ +++

a lP = intraperitoneal; 0 = oral; SC = subcutaneous; IV = intravenous.

The antitussive doses, mg per kg, intraperitoneally,
by different methods were:

Nicodicodine Dihydro-codeine

Cat, chemical stimulation 7.5 7.5
Cat, electrical stimulation 1.0
Dog, mechanical stimulation 3.2 3.2
Guinea-pig, chemical stimulation 30.0

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 ,ug per ml relaxed isolated rabbit duodenum and
of 2.8 jug 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-

' 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,
like 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 ED50s were: 20 for the
N-oxides of morphire, 15 for dihydrocodeine, I for
hydromorphone, and 5 for oxycodone; the ED50 of
codeine itself was 10.4 They said that the N-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 less toxic than the
N-methyl analogues, as shown in Table 35.

Since the N-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 the N-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 & Ivan.o (1957)
observed that 20 mg per kg of pcntimethonium
depressed, but did not abolish, the cough rcsponse 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 quatemized 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
LD5oS (mg/kg) OF SOME N-OXIDE AND N-METHYL ANALOGUES

Reference

Hara & Yanaura (1959)

Kelentey et al. (1957)

Kelentey et al. (1957)

Hara & Yanaura (1959)

Kelentey et al. (1957)

Kelentey et al. (1957)

Hara & Yanaura (1959)

Kelentey et al. (1957)

Kelentey et al. (1957)

Kelentey et al. (1957)

Kelentey et al. (1957)

Compound

Morphine

Morphine

Morphine

Codeine

Codeine

Codeine

Dihydrocodeine

Hydromorphone

Hydromorphone

Oxycodone

Oxycodone

Animal

Dog

Rabbit

Mouse

Dog

Rabbit

Mouse

Dog

Rabbit

Mouse

Rabbit

Mouse

N-Methyl

360

250

540

120

80-1 00

120

150

Route a

SC

IV

SC

IV

IV

SC

IV

IV

SC

IV

SC

N-Oxide

170-220

2050-2350

767

1050

160

2000

75-120

800-1200

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. Kall-

CH3 +

H-O-CH2-CH2-N-CH3
I Br-

CH2 CH3/e,
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; 0=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 ml), 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,

, \ N-CH2-CH=CH2

OH OH
NALORPHINE

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

AA9
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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

NUMBER OF COUGHS

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 with 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
PER DOSE PER DOG, BEFORE AND AFTER INHALATION
OF N/2 SULFURIC ACID AEROSOL

Agent Dose Before Hours after treatmentAgent (mg/kg) treatment 1 2
_~~~

Codeine phosphate

Codeine phosphate

Nalorphine.HCI

Nalorphine.HCI

Nalorphine+ codeine

N-Allylnorcodeine.H Br

N-Allyinorcodeine.HBr

N-Allyinorcodeine + codeine

N-Allyinorcodeine + codeine

N-Allyinorhydrocodone tartrate

N-Allyinorhydrocodone + codeine

N-Propyinormorphine-HCI

N-Propyinormorphine + codeine

N-Propyinormorphine + codeine

N-Methallylnormorphine.sulfate

N-Methallyinormorphine + codeine

N-Butylnormorphine.HCI
N-Allylmorphinan .tartrate

N-Allylmorphinan .tartrate

N-Allylmorphi nan .tartrate

0.25

0.5

0.25

0.5

0.125 + 0.125

1.0

2.0

0.5 + 0.5

2.0 + 0.5

0.5

0.25 + 0.25

1.0

0.5 + 0.5

1.0 + 0.5

2.0

2.0 + 0.5

1.0

1.0

2.0

4.0

15

20

22

22

23

16

33

34

17

22

30

32

24

37

41

34

30

38

32

22

9

6

10

3

10

10

5

15

0

11

4

13

18

12

16

19

25

44

27

23

13

11

15

7

14

17

16

18

8

8

8

33

21

16

20

24

24

38

22

25

650



CODEINE AND ITS ALTERNATES FOR PAIN AND COUGH RELIEF. 4

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:

No. of
tests

Placebo
Nalorphine HCI, 5 mg
Nalorphine-HCI, 30 mg
Codeine sulfate, 30 mg

Placebo
Nalorphine HCI, 5 mg
Nalorphine-HCl, 30 mg
Codeine sulfate, 30 mg

28
30
19
33

30
12
22
27

Average decrease in
number of coughs

Interval after administra-
tion (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
1.8 1.1
3.8 4.0
3.0 4.5

0.04
1.0
3.1
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. Jn 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 & Bachtold, 1954; Reichle & 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-CH3

(+) / \X
OCH3
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 effect.

Pellmont & Bachtold (1954) also reported an
anti-inflammatory action of dextromethorphan when
inflammation was produced by mustard oil in mice.

2
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TABLE 37
EFFECTIVENESS OF DEXTROMETHORPHAN ON EXPERIMENTAL COUGH IN ANIMALS

Method of cough inductlon Anaes- Dose Routea Result Referencethesia (mg/kg) teaRslRfrnc

Species: RAT

Sulfur dioxide vapour 0 18.0 SC = EDso Reichle & Friebel (1955)

Species: GUINEA-PIG

Ammonia aerosol 0 1.0 SC 4.2% decrease in cough res- K&llquist & Melander (1957)
ponse b

Acrolein aerosol 0 6.0 SC Effective Maffli, Silvestrini & Banfi
(1963)

Acrolein vapour 0 3.5 SC Ineffective Silvestrini & Maffil (1959)

Acrolein vapour 0 5.0 SC 13.4 % inhibition Silvestrini & Maffii (1959)

Acrolein vapour 0 7.0 SC 67.1 % inhibition Silvestrini & Maffli (1959)

Acrolein vapour 0 14.0 SC 33 % inhibition Slivestrini & Maffli (1959)

Sulfur dioxide vapour 0 18.0 SC = ED5o Miller, Robbins & Meyers
(1963)

Sulfur dioxide vapour 0 14.0 SC = EDso Friebel & Reichle (1956)

Electrical stimulation of trachea 0 26.0 SC 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 min c Furukawa & Okabe (1958)

Species: CAT

Sterile pleurisy 0 2.0 SC 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 & Maffli (1959)

Ammonia inhalation + 2.0 IV As effective as codeine Pellmont & Bachtold (1954)

Soap powder insufflation + 1.5 IV As effective as 3.5 mg/kg of Pellmont & Bachtold (1954)
codeine

Electrical stimulation of supe- + 2.0 IV As effective as codeine, or Pellmont & Bachtold (1954)
rior laryngeal nerve more effective

Electrical stimulation of supe- + 2.0 IV Effective Maffli, Silvestrini & Banfi (1963)
rior laryngeal nerve

Electrical stimulation of supe- + 1.372 IV =ED5o for inhibition of inspira- 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 Chakravarty et al. (1956)
medulla, stereotactically

Mechanical stimulation trachea + 5.1 IP = ED5o Kase et al. (1959)

Electric stimulation of medulla, 0 1-2 IV Effective Matallana & Borison (1955)
stereotactically d
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TABLE 37 (continued)

Method of cough induction Anaes- Dose Route
thesia (mg/kg)IRuea

Sulfuric acid aerosol

Sulfuric acid aerosol

Electrical stimulation of trachea

Electrical stimulation of trachea

Electrical stimulation of trachea

Electrical stimulation of trachea

Electrical stimulation of trachea

Electrical stimulation of trachea

Mechanical stimulation of
trachea

Pathological

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

Species: DOG

0 28 % inhibition

0

SC

SC

SC

IV

SC

0

IV

0

Effective

Effective

Marked effect

Effective

= EDso

Approximate ED5O

> 40 % inhibition

= EDsoe

> 40 % inhibition

Chen, Biller & Montgomery
(1960)

Maffli, Silvestrini & Banfi (1963)

Maffii, Silvestrini & Banfi (1963)

Pellmont & Bachtold (1954)

Silvestrini & Maffii (1959)

Hara & Yanaura (1959)

Benson, Stefko & Randall
(1953)

Stefko, Denzel & Hickey (1961)

Kase et al. (1959b)

Stefko, Denzel & Hickey (1961)

a SC = subcutaneous; IV = intravenous; 0 = oral; IP = 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.
e Decerebrate animals. Doses of codeine for comparable effect, 1-6 mg per kg.

TABLE 38
REACTIONS INDUCED BY DRUGS WITH INFLAMMATION PRODUCED IN THE RAT'S FOOT BY PLANTAR INJECTION

OF BREWER'S YEAST a

|__________ - Analgesic action: increase Temperature changes (deg C)
Dru 1 Dose In pain threshold (mm Hg) c Anti-inflam-Teprtechns(dgCDrug (mg/kg) matory action d

Inflamed foot Normal foot Inflamed foot Normal foot Normal skin

Dextromethorphan 6.25 58 0 0 0.16 -0.2 -0.1

Dextromethorphan 12.5 130 26 13 -1.9 -0.2 -0.3

Dextromethorphan 25.0 232 123 23 -2.3 +0.4 +0.1

Codeine 6.25 58 35 0 0 0 0

Codeine 12.5 144 92 0 0 0 O

Codeine 25.0 235 136 0 0 0 0

a After Randall & Selitto (1958).
b Drugs were administered crally 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).

Result
_ ______ _~~~~~~~~~~~~~~~~~~~~~~~~~~~

Reference
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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

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.

TABLE 39

TIME-EFFECT RELATION OF GRADED DOSES
OF DEXTROMETHORPHAN FOR ANTITUSSIVE EFFECT IN
DOGS; COUGH ELICITED BY ELECTRICAL STIMULATION

OF THE TRACHEA a

No. of animals/ % inhibition of cough at
no. of

experiments 15 minm 30 min 60 min 1120 min

Dextromethorphan hydrobromide

12/27

12128

15/30

13/28

11/24

10/12

16

30

42

44

48

48

28

46

63

76

84

90

23

54

68

84

90

92

12

32

44

54

70

70

Codeine phosphate

12/14

12/16

26

48

46 44

88 99

30

78

a From Stefko, Denzel & Hickey (1961).

Respiratory efject
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

Oral
dose

(mg/kg)

0.5

1.0

2.0

4.0

8.0

16.0

1.0

4.0
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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 [kg, per ml,
whereas the corresponding concentration for codeine
was 1.8 jtg 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 I or 2 mg per kg,
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TABLE 40
TOXICITY OF DEXTROMETHORPHAN

Reference

Pellmont & Bgchtold (1954)

Eddy (unpublished data)

Benson, Stefko & Randall (1953)

Hara & Yanaura (1959)

Kas6 et al. (1959b)

Benson, Stefko & Randall (1953)

Randall et al. (1953)

Benson, Stefko & Randall (1953)

Pellmont & Bachtold (1954)

Kas6 et al. (1959b)

Pellmont & Bgchtold (1954)

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

50 mg.

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

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 % decrease In cough after
Drug (mg) I h 2h 3h 4h

Placebo -7.5 +2.5 +5.0 +25.0

Placebo +10.6 +4.3 -4.3 +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 -27.5 -10.0

Codeine 30 -32.8 -43.1 -34.5 -22.4

a From Bickerman et al. (1957).
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LDso (mg/kg)
Species

Mouse

Mouse

Mouse

Mouse

Mouse

Rat

Rat

Rabbit

Rabbit

Dog

Dog

Oral

165

165

350

Intravenous

37

35

15

19

3ga

> 10

Subcutaneous

275

298

277

157

153

600

> 400

> 20

a Minimal lethal dose.
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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 werejudged 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,
headacher 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 com-
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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.

ISOQUINOLINE 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.

CH2o_O<N-CH3
OCH3 CH-0

C.=0
N. OCH3

OCH3
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-
walt, 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 0.25 0.5 1.0 2.0

Codeine phosphate 3.2(25) 18.4(20) 21.5(50) 27.3(20)
Noscapine hydro-

chloride 3.1(15) 10.9(15) 16.5(15) 28.0(5)
* Numbers in parenthesis are the numbers of animals treated.

1 Also known as narcotine; Nectadon.
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In dogs the coughs were counte
hourly intervals after oral administ
with two or three tests per dog. Th
of coughs was:

Dose Before
(mg/kg) drug

Codeine phosphate
Noscapine

hydrochloride

0.5
0.5
0.5
1.0

17
32
19
28

Most authors have confirmed that
antitussive effect in animals (see T
it is less than that of codeine.
Chen, Biller & Montgomery 4

maximal antitussive action of nc
1.0 mg per kg, orally, at 30 minut4
its duration of action was hardly ti
& Flataker (1954) reported a slight'
of action of subcutaneous dose,
tolerance to the antitussive action.
Noscapine has not shown a sign

depressant effect. Haas (1955) n
increase in both respiratory rate at
after intravenous doses of 3 and
anaesthetized cats. LaBarre &
1959b) and Plisnier, Hernalsteen
observed an increase in pulmonary
anaesthetized dog after 1.0 mg per
intravenously, while the same dose
caused bronchoconstriction. Th
found that 1.0 or 2.0 mg per
intravenously, in rabbits increasec
tion by 40%. Barlow (1933) consi
tory effect of noscapine relativ,
Even at 42 mg per kg, subcutaneoi
only about the equivalent of one-fl
morphine on respiratory rate anc
CO2 was increased. Bellville et alt
respiratory minute volume and re
five normal human subjects. Doses
in random order to each subject
apart, comparing 60 mg of codeine'
of noscapine and placebo. Codein
noscapine was not. The latter war
different from placebo. Harris (
normal subjects, compared the effi
of 50 and 100 mg of noscapine
60 mg of codeine, on responses to
centrations and to CO2. Neither (

had any effect on either response
codeine depressed slightly the resy

Id before and at the 30 mg dose significantly depressed response to
,ration of the drug low oxygen concentration.
te average number 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,

Time after drug (h)
1 2 3 while codeine caused constriction. They used

2 5 17 anaesthetized cats and mechanically controlled
8 16 35 respiration under constant pressure. Konzett (1955)
2 11 14 said further that noscapine decreased blood pres-
0 16 12 sure by vasodilatation and had other slight anti-

spasmodic effects. Weaver et al. (1957) reported
noscapine has an bradycardia and vasodilatation after intravenous
able 43), but that noscapine in anaesthetized dogs. The effect was

maximal with 2.5-5.0 mg per kg and was cumulative
(1960) found the with repetition of small doses at short intervals.
)scapine in dogs, Injected into a coronary artery noscapine increased
es and found that coronary blood flow, and injected into the femoral
wo hours. Winter artery increased peripheral blood flow, without in
ly longer duration either case changing the systemic blood pressure.
s. They saw no Acute tolerance to these peripheral effects de-

veloped readily. The authors thought that the effects,
ificant respiratory except the bradycardia, were due to histamine libera-
ieasured a slight tion. Segal (1959), on this point, said that in limited
id minute volume experimental studies in asthmatics, noscapine did
5 mg per kg in not have significant antihistaminic or cholinolytic
Plisnier (I959a, effect.

&k LaBarre (1959) Gyang, Kosterlitz & Lees (1964) claimed good
ventilation in the correlation between analgesic action and inhibitory

r kg of noscapine, effect on the peristaltic reflex in the isolated guinea-
of codeine always pig ileum. The approximate minimal concentration
e latter authors was 0.05 ,ig of base per ml for morphine, 1.8 ,ug for
kg of noscapine, codeine and 22.0 ,tg for noscapine. The analgesic
i bronchial secre- potency ratios were 1.0 for morphine 0.08 for codeine
dered the respira- and 0.0 for noscapine.
ely unimportant.
isly, in rats it had
ourth the effect of
I the response to
.(1958) measured
sponse to CO2 ln
were given orally
at least 36 hours
with 30 and 90 mg
e was depressant;
s not significantly
1965), also using
ects of oral doses
and of 30 and
low oxygen con-

lose of noscapine
Both doses of

)onse to CO2 and

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

Tussigenic stimulus (mg/kg) Route a Result Reference

Species: RAT

S02 vapour 16.0 SC ED5o; less potent than codeine Reichle & Friebel (1955)
Friebel & Reichle (1956)

Species: GUINEA-PIG.

S02 inhalation 18.5 SC ED5o; codeine ED5o 8.0 Friebel & Reichle (1956)
Ammonia 1.0 SC Average decrease in coughs per Kallquist & Melander (1957)

5 min at 60 min= 2.4. For same
dose of codeine = 10.0

Acrolein 1.0 SC 11% inhibition of cough Silvestrini & Maffii (1959);
2.0 SC 34% inhibition of cough Maffii, Silvestrini & Banfi (1963)
3.5 SC 47% inhibition of cough

(Equivalent codeine dose 4.0 mg)

Antigen aerosol 1.0-4.0 SC Cough inhibitedb Winter & Flataker (1955a, 1955b)
codeine ineffective

Species: CAT

Electrical stimulation superior 30.0 IV ED5o; codeine EDso 4.0 Green &Ward (1955)
laryngeal nerve

Sterile pleurisy 1.0-5.0 SC Ineffective Van Dongen (1956)
Mechanical stimulation of trachea 0.1-1.0 SC As effective as codeine c Konzett & Rothlin (1954);

Konzett (1955)
Mechanical stimulation of trachea 22.4 IP ED5o; codeine ED50 1.79 c Kase et al. (1959)
Mechanical stimulation of trachea 5-10 IV Always antitussive d Mulinos (1960b)
or ammonia vapor

Electrical stimulation superior 3.0 IV Cough abolished;C also by codeine Haas (1955)
aryngeal nerve 3.0 mg/kg IV

Electrical stimulation superior 0.75 IV Equal depression of cough reflex as LaBarre & Plisnier (1959a, 1959b)
laryngeal nerve with codeine 1.0 mg c

Electrical stimulation superior To 10.0 IV Ineffective c Silvestrini & Maffii (1959)
laryngeal nerve

Sneezing attacks induced 15.0 IV Expiratory thrust decreased; equiv- Boner (1962)
alent codeine dose 2.0

Sulfuric acid aerosol 1.0 0 Slight inhibition, less than with Chen,Biller&Montgomery(1960)
codeine

Sulfuric acid aerosol 1.0 SC Equal to same dose of codeine Silvestrini & Maffii (1959)
Electrical stimulation tracheal 8.0 SC Less effective than 4.0 mg codeine Maffii, Silvestrini & Banfi (1963)
mucosa

Electrical stimulation superior 0.75 IV Equal to 1.0 mg of codeine LaBarre & Plisnier (1959a, 1959b)
laryngeal nerve

Electrical stimulation surface 12.0 IV ED5o; codeine ED5o 1.5 Hara & Yanaura (1959)
of trachea

Mechanical stimulation of trachea 22.2 IV ED5o; codeine EDso 3.76 Kase (1955a); Kas6 et al. (1959)

a Sc = subcutaneous; IV = intravenous; IP = intraperitoneal; 0 = oral.
b Guinea-pig was sensitized.
c Cat was anaesthetized.
d Cat was barbitalized.
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TABLE 44
TOXICITY OF NOSCAPINE HYDROCHLORIDE AND CODEINE PHOSPHATE

LDso (mg/kg)
Route a I-

Noscapine Codeine

O 2 784 535

SC 198 (181) b 191 (135) b

SC 514 246

SC > 300O c

IV 83

O c.1600

IP 850

IP 875

IP 800

SC 325

IV 75

IV 80 (73) 98 (69)

Reference

Aurousseau & Navarro (1957)

Kass et al. (1959)

Aurousseau & Navarro (1957)

Winter & Flataker (1961)

Winter & Flataker (1961)

Winter & Flataker (1961)

Drommond, Johnson & Poe (1950)

Drommond, Johnson & Poe (1950)

Drommond, Johnson & Poe (1950)

Hara & Yanaura (1959)

Hara & Yanaura (1959)

Kas6 et al. (1959)

a O = oral; SC = subcutaneous; IV = intravenous; IP = intraperitoneal.
b 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. Veds0 (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 after administration (h)
Dose (mg)

Placebo
Placebo
Placebo
Codeine, 5
Codeine, 10
Codeine, 15
Noscapine, 5

Noscapine, 10
Noscapine, 15

1 2

7.5 +2.5
+10.6 +1.5

8.0 +12.0
17.2 22.4*
32.4* 32.5*
32.8* 43.7*

31.9* 19.1
30.0* 16.7*
35.5* 39.5*

3

+5.0
4.3
12.0
22.4*
27.5*
34.5*

19.1
23.3*
37.4*

4

+25.0
+12.8
+2.0
17.2
10.0
2.4*

6.4
20.0*
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.

Species

Mouse

Mouse

Mouse

Mouse

Mouse

Rat

Rat (1 month)

Rat (2-4 months)

Rat (adult)

Dog

Dog

Dog
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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
Corn- Partial Noplete reif rlfrelief reifrlf

Noscapine 31 5 8
Codeine 13 14 9

Chronic cough
Corn- Partial No
rpelte relief relief

10 7 4
7 6 1

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

Method

Electrical stimulation supe-
rior laryngeal nerve, cat

Mechanical stimulation tra-
chea, dog

Electrical stimulation tra-
cheal mucosa, dog

S02 inhalation, mouse and
guinea-pig

Ammonia inhalation,
guinea-pig

Ammonia inhalation
guinea-pig

Ammonia inhalation
guinea-pig

Electrical stimulation
trachea, dog

Ammonia inhalation
anaesthetized cat

Citric acid aerosol, man

Dose Route a
(mg/kg) RotI

10

10-20

8

50

0.5-1.0

0.5-1.0

1.0-8.0

8.0

16.0

10, 20
and 40

IV

IV

IV

SC

0

0

0

0

0

0

Result

Brief suppression

Brief suppression

EDso equivalent to 1.5 mg/kg
codeine

Equal to 10 mg/kg codeine

Effective suppressant

Ineffective

Ineffective

8.0 mg equal to 1.0 mg
noscapi ne

Equal to 1.0 mg codeine

Equal to 0.5 mg codeine.
Also effective at 16 and
32 mg against pathological
cough in dogs

20 mg briefly effective;
40 mg equal to 15 mg
codeine

Effective

Reference

Domenjoz (1952)

Kase (1955a)

Hara & Yanaura (1959)

Kelentey, Stenszky &
Gzollner (1958)

Gloesener (1961)

Winter & Flataker (1954)

Winter & Flataker (1954)

Winter & Flataker (1954)

Stefko, Denzel & Hickey
(1961)

Stefko, Denzel & Hickey
(1961)

Bickerman & Itkin (1960)

Takagi, Fulizawa & Ideguchi
(1958)

a IV = intravenous; SC = subcutaneous; 0 = oral.
b Brown (1958).

Agent

Papaverine

Papaverine

Papaverine

Narceine

Ethyinarceine

Cotarnine

Hydrastine

Hydrastinine

Homarylamine b

Homarylamine

Homarylamine

Amines related
to homarylamine

-
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STRUCTURAL FORMULAE OF SOME ISOQUINOLINE ALKALOIDS AND RELATED
SUBSTANCES THAT HAVE BEEN TESTED FOR ANTITUSSIVE ACTIVITY

CH30 - N
CH30-- N

CH2

0 --OCH3

6CH3
PAPAVERINE

N-CH3

CH30 OH

COTARNINE

CH2 0 _ N-CH3

OH
HYDRASTININk

CH2

CH30 CHCH3
CH30 CONH2

R2

R, and R2= CH3, C2H5, C6H5

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-dimethylamino-4,4-diphenyl-3-
heptanone, was introduced into general medical
practice after 1946: it became widely available and
known under many narnes (United Nations, 1963).
It is completely synthetic, is prepared in racemic
form and is easily resolved into its optical antipodes.

CH2

__0 N'X-(CH3)2
CH2

CH30
C=O

-~] --COOH
N OCH3

OCH3

NARCEINE

CH2 I N-CH3

CH2-O

N -OCH3

OCH3

HYDRASTINE

CH2
QH 0- "I ~_CH2
N0 HN-CH3

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.

C

0

, C-CH2-CH3

\CH2-CH-N(CH3) 2

CH3
METHADONE
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0

I'C-CH2-CH3

\CH-CH2 N(CH3) 2

CH3

ISOMETHADONE

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

I ED,o (mg/kg) Ratio
Method Anaes- Route G ( methadonel Referencethesia

Methadone Codeine codeine

Species: RAT
S02-vapour inhalation 0 SC 1.0 10.0 10.0 Reichle & Friebel (1955)

Species: GUINEA-PIG

S02-vapour inhalation 0 SC 1.6 8.0 5.0 Friebel, Reichle & von Grae-
venitz (1955)

Species: CAT
Mechanical stimulation trachea + IV 0.11 2.53 23.0 Kas6 et al. (1959a)

Electrical stimulation, superior + IV 0.3 b _ _ Domenjoz (1952)
laryngeal nerve

Electrical stimulation, superior + IV 0.15 c c.1.0 c. 6.6 Toner & Macko (1955)
laryngeal nerve

Electrical stimulation, superior + IV 0.05 4.0 80.0 Green & Ward (1955)
laryngeal nerve

Electrical stimulation, superior + IV 0.15 d 2.0 13.0 Mattis (personal communi-
laryngeal nerve cation, 1954)

Species: DOG
Ammonia vapour Inhalation 0 SC 0.2-0.28 e 4.0-5.7 c. 9.0 Rosiere, Winder & Wax

(1958)
Mechanical stimulation, trachea 0 IV 0.8 _ - Kas6 (1955b)

Mechanical stimulation, trachea 0 IV 0.6 _ - Kase (1955b)

Mechanical stimulation, trachea 0 IV 1.0 d _ - Kase (1955b)

Mechanical stimulation, trachea 0 IV 0.11 3.76 34.2 Kas6 et al. (1959a)

Electrical stimulation, vagus nerve 0 IV 0.25 c - - Schroeder (1951)

Pathological cough 0 0 0.2 f | - Smith (1963)

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.
d The dose given suppressed cough completely.
e Doses given were as effective as 1.0-5.7 mg per kg of codeine.
f Effective for treatment of animals other than cats and horses: for which It should not be used because of exciting effect.

3
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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

ED50S of isomers EDsos relative to

ED-) + ( ) I(-)-isomer
Ratio analgesic/

antitussive

(-) () (+)

Analgesia (skin-twitch)

Antitussive (SO2-vapour)

Methadone

1.1 1.8 1 30.0 1.0 1.63 27.3

0.74 1.0 27.0 1.0 1.35 36.5 1.49 1.80 1.11

Test

Isomethadone

Analgesia (skin-twitch) 1.7 - 28.0 1 .0 _ 16.5 - -

Antitussive (SO2-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 & Itkin (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, and 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

Normethadone, 6-dimethylamino-4, 4-diphenyl-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-l-ol hydro-
chloride, a sympathomimetic, added partly to bring
about bronchodilatation. Normethadone is also a
completely synthetic substance, differing from

0

-3' ,C-CH2-CH3

/ \/ ~CH2-CH2-N(CH3)2

NORMETHADONE

1 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 normethadone 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 EDso (mg/kg) ~~~~~~Ratio

Route a Anaes- codeige/
Normethadone Codeine normethadone

---~~~~~~~~~ I

Reference

Ammonia inhalation SC

SOL-vapour inhalation

SO2-vapour inhalation

SO2-vapour inhalation

SO2-vapour inhalation

SC

SC

lP

Species: RAT
0 0.75 > 0.75

0 7.0 1 10.0

0

0

4.7

14.0

13.5

26.0

Species: GUINEA-PIG
SC 0 4.6 8.0

>1.0 Kraushaar, Schunk & Thym
(1964)

1.4 Reichle & Friebel (1955)

0.9 Hengen & Kasparek (1958)

1.85 Wiedemeijer, Kramer & de
Jongh (1960)

1.7 Friebel, Reichle & von
Graevenitz (1955)

Electrical stimulation superior
laryngeal nerve

Electrical stimulation superior
laryngeal nerve

Irritation of sterile pleurisy

Mechanical stimulation trachea

IV

IV

SC

IV

Species: CAT
+ 0.2 b 1.0 5.0 Plisnier (1957)

+ 0.3 1.5 5.0 Kohli, Gupta & Blargava (1960)

0 2.0'

Species: DOG
0 1.2 -

- Schaare (1958)

- Kase et al. (1959a)

a SC = subcutaneous; IP = intraperitoneal; IV = intravenous.
b Effective dose, not a calculated EDso.
c Complete suppression of coughing for 6-7 hours.

TABLE 50
COMPARISON OF EQUALLY EFFECTIVE ANALGESIC AND ANTITUSSIVE

SUBCUTANEOUS DOSES FOR NORMETHADONE AND CODEINE

|EDso (mg/kg) Ratio
Drug (analgesic/

(Analgesic Antitussiveg antitussive

Methadone

Normethadone

Codeine

Methadone

Normethadone

Codeine

1.8

5.8

13.0

3.7

12.2

48.5

Reference

Species: RAT

1.0 1.82 Reichle & Friebel (1955)

7.0 0.82 Reichle & Friebel (1955)

10.0 1.3 Reichle & Friebel (1955)

Species: GUINEA-PIG

1.6 2.31 Friebel, Reichle & von Graevenitz (1955)

4.6 2.66 Friebel, Reichle & von Graevenitz (1955)

8.0 6.62 Friebel, Reichle & von Graevenitz (1955)
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672 N. B. EDDY AND OTHERS

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.
Buhler (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 and p-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

I 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, 10 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-diphenyl-
3-methyl-2-propionyloxybutane also synthesized as a
racemate, is easily resolved into its dextro- and
levoisomers. 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 levoisomer was essentially
antitussive only. Gruber (1961) also reported that
the N-oxide of the levoisomer, administered as the
naphthalene sulfonate had significant antitussive
action.

0

(jk 3\) 0O-C-CH2-CH3

\CH-CH2-N(CH3)2
- 0CH3
\-CH2

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).

3Also 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 Route b
Equieffective doses (mg/kg)

(-)-Propoxyphene (+)-Propoxyphene

Species: GUINEA-PIG
SC 3.5Acrolein inhalation

Ammonia inhalation

Mechanical stimulation

Electrical stimulation laryngeal nerve

Species: CAT
IV

IV

IV

3.5

2.5-3.0

>4.0

2.0-3.0

>4.0

3.0

Codeine

3.5

1.5

3.0

1.5

Electrical stimulation trachea

a From Silvestrini & Maffii (1959).
b SC = subcutaneous; IV = intravenous.

Species: DOG
SC

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

>10.0 3.5

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

Drug

Placebo

Placebo

Placebo

(+A)-Propoxyphene

(± )-Propoxyphene

(+ )-Propoxyphene

(+)-Propoxyphene

(-)-Propoxyphene

(-)-Propoxyphene

Codeine

Codeine

Codeine

Oral dose Initial
(mg) average

no0.

65

130

32.5

65

32.5

65

5

15

30

2.61

2.87

3.33

2.08

1.97

2.21

2.00

2.00

2.10

2.76

2.22

3.22

% decrease in coughs at

1 h 2 h

- 7.5 + 2.5

*10.6 + 1.3

- 8.0 -12.0

- 60 -_ 80

-21.7 b

- 7.5

_44.4 b

-27.8 b

-33.3 b

-17.2

-32.4 b

-32.8

-29.0 b

- 5.9

-38.9 b

-22.3

-31.7 b

-22.4 b

-32.5 b

-43.1

a Taken from Bickerman et al. (1957). Propoxyphenes administered as the hydrochlorides.
b Represent significant differences.

3h 4h

+ 5.0

- 4.3

-12.0

-26.0 b

-15.8 b

- 3.8

-16.7

-27.8 b

-34.9 b

-22.4 b

-22.5 b

-34.5

+25.0

+12.8

+ 2.0

-12.0

- 7.2

-11.3

-25.0

-13.9

-19.0

-17.2

-10.0

-22.4
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TABLE 54
EFFECTS OF LEVOPROPOXYPHENE AND CODEINE ON THE AVERAGE NUMBER

OF COUGHS PER CITRIC ACID INHALATION a

IOral No. of INo. of coughs
Drug dose subjects(mg) jcs Initial I h 2h 3h 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 50 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 15 11 3.16 2.09 2.09 1.54 1.54

aTaken 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 consistent 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 100 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 ofpatients of 24 reporting the side-effect

Placebo Levopropoxyphene
50mg 100mg

Abdominal distress 1 1
Nausea
Vomiting
Loose stools
Headache
Dizziness
Drowsiness
Decreased visual acuity

1 4 4
- _- 1

-
1

-

4 3 1
1 1
1 1 -
_

- I

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

l-methyl-3-di-(2'-thienyl) methylene-piperidine (AT

\S \

N,'

CH3
1-METHYL-3-Dl-(2'THIENYL)METHYLENE-PIPERIDINE

327), synthesized by Kitamura et al. (1962). This
might be considered a cyclized analogue of 3-dime-
thylamino-l, l-di-(2'-thienyl)-but-1-ene, a morphine-
like analgesic, and it has been investigated by Kasd
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

Average dose (mg) Results (%)

None

13

6

2

Reference

Bickerman (1962)

Bickerman (1962)

Ernst & Jeffrey (1962)

Abruzzi (1962)

Chernish et al. (1962)

Abruzzi (1962)

Carter (1963)

a Satisfactory relief.
b Prisoners reporting at sick-call with cough as a symptom. Results significantly better than

with placebo (double-blind). The duration of the effect averaged 2.2 h with placebo, 2.9 h with the
50 mg dose and 3.4 h with 100 mg.

c Each dose given with 325 mg of aspirin. Cough Improved in 77 %, a significantly better result
than with aspirin alone. The duration of effect averaged 4.2 h.

NQ. of
cases

47 adults

31 adults

126 adults

50 adults

42 adults

50 children

26 children
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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).

X / COOC2H5

N/

CH2-CH2-CONH2

WIN-13l87

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, I-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

CH=C-CH2 O-C-CH2CH3O
\N /II

CH2CH2

L-2909
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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) S 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.

O---C-C2Hs

0
CH3

N

CH3
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
between cough-depressant action 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 INTRAPERITIONEALLY TO GUINEA-PIGS a

Agent Dose
(mg/kg)

Antihistaminic
effect

Neuroleptic
effect

Promethazine 7.5-50 Good Slight 60-77

Thiazinamium 7.5-15 Good None 18-86

Chlorpromazine 1-3 Moderate Good 25-59

Thioridazine 1.5-7.5 Moderate Good 18-51

Alimemazine 1.0-7.5 Moderate Good 38-47

Dimethoxanate 7.5-20 None None 10-72

Codeine 7.5-25 _ 14-60

a Cough was produced by sulfuric acid aerosol.

% suppression
of cough

l
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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
[piperidinoethoxyethyl azaphenothiazine-lO-carbo-
xylate hydrochloride], but other reports on its
action support their conclusion.

C0-CH2CH20CH2CH2N

0
PIPAZETATE

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-

" 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 LD50
was 80 mg per kg for the dog, 207 mg per kg for
mice and 530 mg per kg for rats; the intravenous
LD50 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 Haerl & Pichler (1962).
Haslreiter determined the response in 120 patients to
concentrations of ac tylcholine aerosol between
0.1 and 1.0% and onthe 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 (1965), that he could not reproduce
his results with the acetylcholine procedure.
Hammerl & 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
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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 (Hammerl & 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-10-carboxylate. Boissier & Pagny

COOCH2CH20CH2CH2N(CH3)2
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

I 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.

Approximnate
ED,o (mg/kg)

(1) 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 (I) 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
syrup. 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 di-
methylaminoalkyl side chain. M0oler Nielsen &
Neuhold (1959) described it as having only a slight

--"-I ---OCH3

CH2CH2CH2N(CH3)2
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.

Winter (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-pyrimidyl)-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.

I 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.

Kallqvist & 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 mepyraminel (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 intraperitoneally and

1 Also known as Neoantergan.

obtained a dose-related suppression of cough with
codeine but no significant effect with mepyramine.
These authors concluded that antihistamines were
not antitussivesper 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.

C2Hs

K-/C-CH2N(CH3)2
CH2

0
BENZOBUTAMINE

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-
buta- Codeine
mine

Guinea-
pig Acrolein aerosol SC 3.5 4.0

Cat Electrical stimulation
superior laryngeal
nerve IV 0.5-1.0 1.5

Dog Sulfuric acid aerosol SC 1.0 1.0
Sulfuric acid aerosol 0 5.0
Electrical stimulation

tracheal submucosa SC 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.

4
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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 codeine 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.C4NH-jI COO(CH2-CH20)9 CH3

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

1 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 ED50 for conduction anaesthesia was the con-
centration of 1.4 x 1IO- g/litre, for infiltration
anaesthesia 2.2 x 10-4 g/litre and for surface an-
aesthesia 2.2 x 10-4 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,
section 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
summarized in Table 58.
There was indication of delayed onset and per-

sistence 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- Dose Route a Cough Referencethesia (mg/kg) InhibitionRernc

Species: GUINEA-PIG

Acrolein aerosol 0 3.0 SC + Maffii, Silvestrini, & Banfl (1963)
Acrolein aerosol 0 3.5 SC >50% Silvestrinl & Maffl (1959)

Species: CAT

Soap powder insufflation + >0.3 IV + Bucher (1956)
Ammonia vapour Inhalation + 2.0 0 100% Stefko, Denzel & Hickey (1961)
Electrical stimulation superior laryngeal
nerve + c. 1.0 IV + Silvestrini & Maffii (1959)
Electrical stimulation superior laryngeal
nerve + 1.5 IV + Maffii, Silvestrini & Banfl (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 + Maffii, Silvestrini & Banfi (1963)
Sulfuric acid aerosol 0 >1.0 SC + Maffil, Silvestrini & Banfl (1963)
Electrical stimulation tracheal mucosa 0 >8.0 SC + Maffli, Silvestrini & Banfi (1963)
Electrical stimulation tracheal mucosa 0 4-10 SC 50% Silvestrini & Maffii (1959)
Electrical stimulation tracheal mucosa 0 1-4 SC 33-90% Stefko, Denzel & Hickey (1961)
Respiratory Infection 0 2.0 0 + Stefko, Denzel & Hickey (1961)

a SC = subcutaneous; IV = Intravenous; 0 = oral.
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TABLE 59
PERCENTAGE INHIBITION OF COUGH AFTER ORAL ADMINISTRATION OF DRUGS

TO UNANAESTHETIZED DOGS a

IT
Drug ~ No. of Time after administration (min)Dg(mg/kg) dogs/no. 15 30 60 120

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:

Mouse
Rabbit
Cat

LD,,
(mg/kg)

Intravenous Subcutaneous

10 100
5 200

4 _

Oral

400

> 2000

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 LD,ne 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 I 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 changes
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
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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 local 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), luliani & 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. ofpatients 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-l-
cyclopentane carboxylate) ethane disulfonate], was
first reported by Martin & Hiifliger (1946), and by
Geigy(1950)andwas introduced initiallyas 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 of the trachea. Toner & Macko
(1952) confirmed the antitussive action but said that
as far as intensity and duration of action were

COOCH2CH2N(C2H5)2 CH2SO3H

L S) I C~~~~H2SO3H
CARAMIPHEN

concerned 5 mg per kg of caramiphen 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
similar 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 100mg
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 100 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
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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.

Clobutinol'
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

CH3 CH3

Cl-'1 -CC C CH-CH2-N(CH3)2

OH

CLOBUTINOL

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 ED,0 for
suppression of the cough response to sulfur dioxide
was 8.35 mg per kg, subcutaneously, also very close
to that for codeine, 7.9 mg per kg.

I Also known as Silomat.

Antitussive ED,, (mg/kg)
anaesthetized cats

Method Route * Clobu- Codeinetinol
Electrical stimulation superior

laryngeal nerve IV 0.51 0.52
Ammonia inhalation IV 0.60 0.61
Mechanical stimulation

trachea IV 0.74 0.74
Electrical stimulation superior

laryngeal nerve 0 6.1 8.1
* IV = intravenous; 0= oral.

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 2045% 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 Clobutinol Codeine

Intraperitoneal 130 175
Subcutaneous 370 315
Oral 600 535

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
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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.

Cass & 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:

Codeine sulfate
Clobutinol
Diphenylhydramine
Clobutinol
Placebo

15 mg
80 mg
50 mg
40 mg

Average relief
score

1.497
1.269
1.062
1.053
0.683

The differences were 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 hydrocodore. 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 &

694
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696 N. B. EDDY AND OTHERS

Springett, 1962), the medication procedure was
double-blind.

Clofedanol 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

HO-C-CH2-CH2-N(CH3)2

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

1 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). G6swald (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% solution pro-

TABLE 63
EQUIPOTENT ANTITUSSIVE DOSES (BASED ON PEAK EFFECT) OF CLOFEDANOL AND CODEINE

~~~~Clofedanol Ratio
Method | Route al C(mg0/dkg)ol | Codeine | codeine/ Reference(mg/kg) ~clofedanol

Species: GUINEA-PIG

Citric acid aerosol SC 20.0 20.0 1.0 G6sswald (1958)

Ammonia inhalation SC 0.75 0.8 1.1 Kraushaar, Schunk & Thym (1964)

Sulfuric acid aerosol SC 25.0 20.0 0.8 Boissier & Pagny (1960)

Species: CAT

Electrical stimulation superior laryngeal
nerve IV 2-8 0.5-2 c. 0.25 Boissier & Pagny (1960)

Ammonia inhalation 0 8.0 0.5 0.06 Stefko, Denzel & Hickey (1961)

Species: DOG

Sulfuric acid aerosol 0 0.4 0.5 1.25 Chen, Biller & Montgomery (1960)

Electrical stimulation trachea 0 8.0 2.0 0.25 Stefko, Denzel & Hickey (1961)

Electrical stimulation vagus SC 2.0 2.0 1.0 Gosswald (1958)

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

Clofedanol
Animal Route a -CodeineRernc|LDso (mg/kg) |Dose tolerated LDso (mg/kg) ReferenceLD..(mglkg) (mglkg)

Mouse IV 70 78 G6sswald (1958)

Mouse IV 68 Boissier & Pagny (1960)

Mouse SC 150 115 G6sswald (1958)

Mouse SC 186 Chen, Biller & Montgomery (1960)

Mouse SC 240 Boissier & Pagny (1960)

Mouse 0 175 237 Chen, Biller & Montgomery (1960)

Mouse 0 495 Boissier & Pagny (1960)

Rat IM 200 Taccani (1959)

Rat 0 175 266 Chen, Biller & Montgomery (1960)

Rat 0 350 250 G6sswald (1958)

Rat 0 420 Taccani (1959)

Guinea-pig SC 200 100 G6sswald (1958)

Rabbit SC 50 b G6sswald (1958)

Cat 0 80 b 50 (lethal) G6sswald (1958)

Dog SC 30 G6sswald (1958)

Dog 0 20 Chen, Biller & Montgomery (1960)

Dog 0 5 G6sswald (1958)

a IV = Intravenous; SC = subcutaneous; 0 = oral; IM = intramuscular.
b Lethal dose.
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TABLE 65
CLINICAL OBSERVATIONS ON THE ANTITUSSIVE ACTION OF CLOFEDANOL

Patients Dosage (mg) Result (%) Side-effects
Poor or

and comments Reference
No. Type Single Daily Good Moderate 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 _ Prussing (1960)

78 Moderate cough 20-50 60-120 86 - 14 _ Prussing (1960)

43 Tuberculous 30-55 90-175 67 16.5 16.5 In 2 patients c Oswald (1961)

84 Acute infection 20-30 60-120 86.5 12 1.5 None d Voiculescu & Neuman (1959)

40 Various 90 7.5 2.5 None Ghisleri (1960)

239 Various 50 30 20 _e 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 Schroer (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 h 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.
d 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

OOHC

\CHCH3

/N\

1, 1-DIPHENYL-2-PIPERTDINOPROPAN-1-O1
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as a component of a cough preparation.' 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 1.0 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 were carried out also by Lindner &
Stein (1959) in rats, guinea-pigs and dogs. Rats and

1 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.

Isoaminile 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 (Stuhmer & 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.

CH3

c C\ CH3

N-=C CH2-CH-N(CH3)2

CHs
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.

2 Also known as Peracon, Dimyril.

S
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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

Patients Dose (mg) Result Side- Reference

No. Type Single Daily Good Moderatel None effects

136 Various 122 9 5 Nonea Petersen (1960)
126 Various 40 160 95 28 3 Rimoldi (1960)

172 Various 20-40 60-240 90 5 5 None Brenner-G6dderz (1959)
Irritative cough c 21.3-43 Very good Muysers & Siehoff (1960)

62 Various 20-40 60-120 Equal to codeine d Eidmann (1959)

38 Tubercular 30-60 150-250 Good e None Schmiedel (1959)

58 Severe cough 30-80 90-320 Good f None Christoffel & Kolberg (1958)

40 120 Good None Schumacher (1959)

92 Various 40 120-150 Good None Feser (1960)

55 Acute and chronic Good None Virchow (1961)

25 Chronic bronchitis 21.5 64.5 Ineffective Graham (1962)

30 Chronic bronchitis 40 120 Ineffective Graham (1962)

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.
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.
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(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-tolyl4(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

N CH3

OyN>Q/

CH3

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)ethyl 2-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-

O COOCH2CH20CH2CH2N(C2H5)2
C

CH2 CH2

CH3 CH3
OXELADIN

cluding, therefore, that the pentane ring was not
essential. According to Kohli, Gupta & Blargava
(1960) the ED50 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. If 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 & Vallance (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 administiation 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-1,
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

3 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-O

/\c\-3 \ NN=C-CH2CH2N(C2H5)2
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 Dose Route a % inhibition of cough(mg/kg)

Species: GUINEA-PIG
Acrolein Oxolamine HCI b 0.5 IP 16

Acrolein Oxolamine HCI b 1.0 IP 29

Acrolein Oxolamine HCI b 2.0 IP 39

Acrolein Codeine HCI b 1.0 IP 15

Acrolein Codeine Cl b 2.0 IP 33

Ammonia Saline b - IP 19.6

Ammonia Oxolamine HCI b 0.5 IP 49.5

Ammonia Codeine phosphate b 1.0 IP 44.5

Ammonia Oxolamine phosphate c 3.0 IP 26.9

Ammonia Oxolamine phosphate c 5.0 0 31.6

Ammonia Oxolamine citrate e 3.0 IP 24.3

Ammonia Oxolamine citrate C 5.0 0 29.2

Ammonia Codeine phosphatec 3.0 IP 13.9

Ammonia Codeine phosphateC 5.0 0 29.5

Species: CAT
Electrical stimulation laryngeal Oxolamine HCI b 2.0 IV 50 in 1 animal of 4 for 20 min

nerve

Electrical stimulation laryngeal Oxolamine HCI b 5.0 IV 70-80 in 2 animals of 4 for 40 min
nerve

Electrical stimulation laryngeal Oxolamine HCI b 10.0 IV 100 in 7 animals of 8 for >60 min
nerve

Electrical stimulation laryngeal Oxolamine phosphate c 4.2 IV
nerve

Electrical stimulation laryngeal Oxolamine citrate c 5.5 IV Equally effective
nerve

Electrical stimulation laryngeal Codeine phosphate c 1.0 IV
nerve

a Ip = intraperitoneal; 0 = oral; IV = intravenous.
b Experiments reported by Silvestrini & Pozzatti (1961).
c Experiments reported by Balea & Buret (1964).
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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 tolerance
was ascertained by Silvestrini & Pozzatti (1961) or
Balea & Buret (1964).

Silvestrini & Pozzatti (1961) determined the acute
toxicity of oxolamine by various routes in mice and
rats:

Oxolamine hydrochloride
Oxolamine citrate
Codeine hydrochloride

Oxolamine hydrochloride

LD6, (mg per kg) mice

63 206 465 929
351

67 125 286 365
LD5. (mg per kg) rats

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:

Oxolamine
Codeine
Placebo

Dose/day
4xlOOmg
4x 30mg

Cough relief
Good Moderate

20 12
19 12
3 8

None

8
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 relief (% 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

No. of
patients

36
36
36

Pain relief (V% improved)
Rheu- No. Of Dental
matism patients
66.6 12 75.0
66.6 14 71.4
22.2 13 15.3
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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- (1-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).

H 1z;N-0
-N=C-CH2-CH2-N(C2H5)2

CH2

CH3
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,l the diethylaminoethoxyethyl ester
of phenylcyclopentyl carboxylic acid.

O COOCH2CH20CH2CH2N(C2H5)2

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, Denzel & 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 Pentoxyverine Codeine
Method ~~~~(mg/kg) (mg/kg)

Electrical stimulation implanted
tracheal electrode, dog 1.0 1.0

Inhalation of ammonia, cat 4.0 0.5
Pathological cough, dog 8.0 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 EDsn 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
(PJisnier & 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

AF-634 a Oxolamine b
Effect Animal Dose Dose |

_______ _ _ _ ~~~~(mg/kg) Route c Result (mg/kg) Route c ResulIt
Antitussive

Acrolein inhalation

Electrical stimulation
laryngeal nerve

Analgesic

Writhing test

Hot-plate

Randall-Selitto test

Anti-inflammatory

Randall-Selitto test

Granuloma test

Anti-pyretic

Anti-spasmodic

Isolated intestine

LD so

0.25

0.5

1.0

2.0

50

Up to 50

Up to 50

30

20

40

80

IP

IP

IP

IP

IV

SC

SC

SC

SC

0

0

0

20% inhibition

41.4% inhibition

53.1 % inhibition

53.3% inhibition

100% supression in
half the animals

Ineffective

Ineffective

Effective, 4 h

15% inhibition

Ineffective

Ineffective

Equivalent to aspirin

0.8,Ag/ml acetylcholine inhibition

2.0Mg/ml histamine inhibition

0.6pg/ml barium chloride inhibition

107 IV

390 IP

720 SC

1270 0

a From Silvestrini & Pozzatti (1963).
b From Silvestrini & Pozzatti (1961).
cIP = intraperitoneal; IV = intravenous; SC = subcutaneous; 0 = oral.

0.5

1.0

2.0

5.0

10.0

Up to

Up to

20-40

40

40

IP

IP

IV

IV

IV

SC

SC

SC

SC

SC

0

16% inhibition

29% inhibition

50% suppression in
1 animal of 4

70-80% suppression
in 2 animals of 4

100% suppression in
7 animals of 8

Ineffective

Ineffective

Effective, 21 h

5% inhibition

I neffective

200 mg =100 mg aspirin

5-0,Ag/ml acetylcholine inhibition

5.0tg/ml histamine inhibition

5.OiAg/ml barium chloride inhibition

63 IV

206 IP

465 SC

929 0

The last authors reported the acute toxicity of
pentoxyverine and codeine, mg per kg:

Route * Pentoxyverine
(mg/kg)

Mouse 0 230
Rat 0 830
Mouse IV 26
Rat IV 25

* O=oral; IV=intravenous.

Codeine
(mg/kg)

375
850
67
54

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-

Guinea-
pig

Cat

Mouse

Mouse

Rat

Rat

Rat

Rat

Guinea-
pig

Mouse
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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 - (fi-Morpholinoethyl) -1-cyclopentenyl-cyclopen-
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.

/CH2CH2-N 0

- 0

BA 10 611

Groszman, Berker & Casimir (1961) used 24 vol-
unteers, 22 ofwhom were tuberculous, and compared
30 mg ofcodeine with 25, 50 and 100 mg of Ba 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 10611
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 10611 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

/C(CH3)3

(CH3)3C
SO3Na

SODIUM DIBUNATE

response, was apparent ten minutes after injection
and persisted for at least two hours. Even when the

2 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 dos Es 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.

Little
Some
A lot

Decrc

Degree of improvement (no. ofpatients)
Dibunate Codeine Placebo

4 1 5
6 4 5
2 7 1

Change in cough counts (no. ofpatients)
ased 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 et 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 posologie, 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 d6pendance a ete examinee dans le deuxieme
article de la presente serie.
On estime que l'efficacite de l'ehylmorphine contre la

toux est du meme ordre que celle de la codeine. On
admet aussi qu'elle peut susciter des phenomenes de tol&
rance et de dependance physique; ce demier aspect n'a
toutefois pas ete' dtudid de fa9on systematique, etant
donne que les applications therapeutiques de la substance
sont assez limitees.
A en juger par les resultats de l'experimentation sur

l'animal et par les donnees cliniques, l'action sedative de
la toux de la pholcodine est superieure d'environ 50% 'a
celle de la codeine; cette substance provoque des effets
secondaires dont la frequence et l'intensitd 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 tol6rance ou
dependance physique lorsqu'on l'administre pendant de
longues periodes.

La nicocodine et la nicodicodine, produits resultant de
l'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 sels 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 l'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. Administrde en
meme temps que la codeine, elle ne diminue pas l'efficacite
de cette derniere.
Le dextromethorphane a fait l'objet de nombreuses

recherches, tant chez l'animal que chez l'homme. I1 est
depourvu de toute propriete analgesique, mais son
action sedative de la toux chez l'animal egale et surpasse
meme legerement celle de la codeine. Le fait a ete confirm6
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
l'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 I'abus du cannabis plut6t que les
effets morphiniques.

C'est seulement en 1954 qu'on a decouvert l'action
sedative sur la toux de la noscapine, le deuxieme, en quan-
tite, des alcaloides de l'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
l'experimentation sur l'animal et par des essais cliniques.
Le racemique est environ cinq ia 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
et de moins en moins utilisee comme calmant de la toux.

Les experiences effectuees chez l'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
cliniques 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-
lytique (p-hydroxyephedrine).
Le levopropoxyphene est essentiellement un calmant de

la toux, alors que chez l'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. Il ne pro-
voque que des effets secondaires mineurs. Si l'on en juge
d'apres les essais auxquels ont et 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. Ils 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 attribu6e
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 l'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 l'experimentation menee sur
I'animal a l'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, it la
condition d'etre administree it 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 un certain 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 propri6t6s sedatives de la toux. Les
doses de benzonatate et de codeine qui combattent effica-
cement la toux provoquee experimentalement chez
l'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 elev&es. 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 ia
l'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
dot6 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 l'action sedative sur la toux du
caramiphene est equivalente, ou meme legerement sup&
rieure, a celle de la codeine. La substance entraine rare-
ment des effets secondaires et l'on n'a signale aucun cas de
tolerance ou d'abus.

Clobutinol. De nombreux essais cliniques, dont certains
effectues par la m6thode du double anonymat, portant sur
des malades souffrant de toux d'origines diverses ont
montre de facon 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
l'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 l'animal

ont montre que le clofrdanol dtait 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
l'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 pheno-
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 echou6. 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 th6rapeutiques
sont, semble-t-il, du meme ordre de grandeur que celles
du clofedanol.

II est egalement difficile de porter un jugement definitif
sur l'isoaminile qui n'a e soumis qu'a un petit nombre
d'essais cliniques dument contr6les. 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 6tant de 20 et
70 mg respectivement. Les effets secondaires, pour autant
qu'ils existent, ne sont que rarement observes.

L'oxolamine a ete davantage etudi6e a l'occasion de
recherches visant a decouvrir un sedatif de la toux i
action peripherique. Il 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 contr6les, on lui reconnait une
efficacite therapeutique 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 et6 deceles chez l'animal ne semblent pas
intervenir dans l'action sedative de la toux.
Des experiences intensives chez l'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 La 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 therapeutiques utilisables en
clinique.
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