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Codeine and its Alternates for Pain
and Cough Relief *
2. Alternates for Pain Relief

NATHAN B. EDDY, M.D.,1 HANS FRIEBEL, Dr med.,2 KLAUS-J)RGEN HAHN, Dr med.3
& HANS HALBACH, Dr med. Dr-Ing. 4

This report-the second of a series on codeine and its alternates for pain and cough
relief-contains a detailed evaluation of experimental and clinical data on newer sub-
stances having analgesic properties comparable to and in approximately the same range
as those ofcodeine. The data are discussed under the headings: analgesic effects in animals;
clinical usefulness; side-effects with particular reference to dependence andabuse liability.
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CARISOPRODOL 5

After the discovery and development of mepro-
bamate, further exploitation of the dicarbamate
molecule resulted in the preparation of substances
which differed widely in their pattern of activity.
One of these, carisoprodol (2-methyl-2-propyl-1,3-

* 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, devoted to an assessment of codeine as a pain reliever,
was published in Bull. Wld Hlth Org., 1968, 38, 673-741.
The second, third and fourth instalments deal, respectively,
with alternates for pain relief, the antitussive action of co-
deine, and potential alternates for cough relief. The final
instalment will consist of a discussion and summary of the
preceding reviews.
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' Director, Division of Pharmacology and Toxicology,
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6 Also known as Soma.

propanediol carbamate isopropyl carbamate) was
evaluated initially for paralysis of the intact animal,
depression of spinal reflexes, anticonvulsant effect
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CARISOPRODOL

and relief of decerebrate rigidity (Berger et al.,
1959, 1960; Berger, 1959), but it was also shown to
have some analgesic activity. It is mainly the latter
effect which will be dealt with here, but other effects
must be considered since some of them, e.g., muscular
relaxation, may play a part in clinical effectiveness.

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

s howed no analgesic action by the hot-plate or
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other methods utilizing a withdrawal response.
Carisoprodol plus codeine, 50 mg plus 16 mg per
kg administered intraperitoneally, had no greater
analgesic effect when measured by the hot-plate
method than codeine alone; and carisoprodol had
very little effect, less than aspirin, by the phenyl-
quinone-writhing-test in mice. However, it was
effective against the pain produced by injection of
silver nitrate into a joint of a rat (Berger et al.,
1960; O'Dell, 1960; Carpi, 1960) and against the
sensitivity of a rat's paw inflamed by yeast injection
(Berger et al., 1960). The ED50 for carisoprodol
administered orally was 130 mg per kg, and for
aspirin was 415 mg per kg as measured by the silver
nitrate test; it was 185 mg per kg for carisoprodol
administered orally and 22 mg per kg for codeine
sulfate as measured by the yeast test. Carpi said that
the effect in the silver nitrate test was hardly increased
at all by the simultaneous administration of an equal
amount of aspirin. According to O'Dell (1960)
the threshold for electrical stimulation of the tooth
pulp in the rabbit was not elevated by 5 mg per kg
of carisoprodol administered intravenously and
Frommel, Fleury & Schmidt-Ginzkey (1960), who
used 100 mg per kg administered orally, reported
only a small increase in tooth-pulp threshold in the
guinea-pig; the increase was greater, however, than
with aspirin. Carroll, Luten & Southward (1961)
found no analgesic effect with carisoprodol at the
rate of 50 mg per kg administered intraperitoneally
in cats (tail-pinch method).

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

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

I INN = pentetrazol.

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

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

Olds & Travis (1959) conducted experiments with
electrodes implanted in various brain areas in rats
and an arrangement for self-stimulation, and found
both augmentation and inhibition of the animal's
activity. According to Schoetensack & Hallmann
(1964) small doses of veratramine caused tremors
or excitation in rats and mice which could be
completely suppressed by carisoprodol. The ED,,,
for suppression of the tremor was 68.5 mg per kg
and for suppression of the more severe spasms
was 225 mg per kg administered intraperitoneally.
Kletzkin (1960) and Berger et al. (1960) described
electro-encephalographic changes in cats and rabbits.
An intravenous dose of 5-10 mg of carisoprodol
caused a marked decrease in the frequency and
an increase in the amplitude of cortical and
subcortical waves. Doses of 40-60 mg caused
irregular high-voltage waves of very low frequency
interspersed with isoelectric periods. Longo (1960)
confirmed these findings and noted blocking of
the arousal reaction to afferent stimuli and to elec-
trical stimulation of the reticular formation in cats.
Kletzkin said that the effects resembled those of
morphine and pentobarbital, in some respects more
than those of meprobamate.
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Douglas, Ludwig & Schlosser (1962) investigated
the metabolism of carisoprodol in the dog. The
drug was "4C-labelled in the carbonyl group and
administered intravenously in doses of 5.1-8.0 mg
per kg. The main carbamate found in the blood
was the administered drug, but hydroxycarisoprodol,
hydroxymeprobamate and meprobamate were also
found there and were the principal metabolites in the
urine in the ratio 3: 3: 1. Very little unchanged
drug was found in the urine.

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

Analgesic effect in man; clinical usefulness
Berger et al. (1960) and Margolin (1960a, 1960b)

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

At 60 mit, At 120 mitt
Placebo 96 104
Codeine phosphate, 30 mg 128 130
Aspirin, 600 mg 109 100
Aspirin, 1200 mg 121 104
Meprobamate, 800 mg 100 100
Carisoprodol, 350 mg 130 132
Carisoprodol, 700 mg - 151

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

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

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

Time after administration (hours)
Pre-drug 0.S 1.0 2.0 4.0

Codeine, 60 mg 9.68 10.65 11.98 11.85 11.09
Carisoprodol,

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

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

Using a different method (arterial occlusion) to
produce pain, Lasagna, T6trault & Fallis (1962)
obtained no greater effect on the threshold with
700 mg of carisoprodol than with placebo. Both
codeine (60 mg) and aspirin (600 mg) were more
effective. These results were from double-blind
cross-over tests with oral administration.

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

Side-effects
The principal side-effect noted with carisoprodol

has been drowsiness (see Table 12), but comments

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

EFFECTIVENESS OF CARISOPRODOL

Patients 1 Dosage] Results Reference
No. Indicati on (mg/day)

25 Headache or backache 4x350 Improvement, 68 % Proctor (1959)
80 Chronic headache 3x350 Improvement, 51 %a Friedman (1959,1960a)
52 Postoperative 3x350 Relief of sphincter spasm b Trimpi (1959)
56 Various conditions complicated 4 x 400 Excellent relief, 84 %; some relief, 9 % Hyde & Hough (1959)

by muscle spasm
154 Orthopaedic conditions 1 600-1 750 Excellent relief, 57 %; some relief in all

others Wein (1959)
100 "Low-back syndrome" 4x400 Complete relief, 37 %; marked relief, 45 %; Kestler (1959)

no relief, 8%C
12 Spasticity due to spinal cord

lesions 3x350 Some improvement, 83 % d Gammon & Tucker, (1959)
17 Musculoskeletal pain 3 x 700 Slight relief, about 17 % e Korst et al. (1959)
54 Musculoskeletal pain 5x350 Excellent relief, 72 %; no relief, 9 % Banninga (1960)
37 Postpartum 350 No better than placebo f Lasagna & De Kornfeld

(personal communication,
1960)

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

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

poor, 4/4 9 Kolodny (1960)
Postoperative 1 400 h No better than placebo Adams & Holden (1960)

43 Musculoskeletal pain 4 or 8x350 Complete relief, 28%; no relief, 9 % Neuchiller (1960)
123 Chronic pain various j Complete relief, 25.2 %; no relief, 29.3 % Billow et al. (1960b)
44 Traumatic and chronic

musculoskeletal pain 2 x 350-4 x 700 Very good relief, 92% k Turek (1961)
62 Low back and cervical spine

pain 3or4x350 Very good relief, 77.6%; no relief, 8% 1 Winokur (1961)
68 Traumatic back strain 350 Result given per dosem Gordon (1963)
50 Leg cramps in elderly 4-6x350 n Good relief, 82 %; no relief, 8 % Stern (1963)
50 Leg cramps 4x350 Relieved in 70 % of cases Chesrow et al. (1963)
95 Musculoskeletal pain 5 x 350 Marked relief, 64 %; no relief, 36 % Lawrence & Forsyth (1964)
57 Musculoskeletal pain 3 x 350 Moderate or better relief, 84.3 % 0 Feuer & Avram (1963)
30 Musculoskeletal pain Superior to aspirin P Redding (1964)

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

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

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

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

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

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

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

complete, 25/0; marked, 54/14; none, 3/23. Relief of muscle pain, 72/53; of spasm, 80/83; and of rigidity 63/57.
n1 One week inert medication, four weeks carisoprodol, one week no medication, four weeks placebo. In half the number of

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

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

4
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TABLE 12
SIDE-EFFECTS WITH CARISOPRODOL

Total No. of patients reporting side-effects
number Referenceof Drowsi- Dizzi- Nausea Other
patients ness ness

25 1 Rash, I Proctor (1959)

56 6 1 Hyde & Hough (1959)

154 17 Wein (1959)

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

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

54 11 Banninga (1959)

110 11 16 2 Kolodny (1950)

Noted a Adams & Holden (1960)

43 2 2 Neuchiller (1960)

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

44 14 1 Turek (1961)

62 13 1 Winokur (1961)

68 1 1 Stomach cramp, 1 Gordon (1963)

50 17 Stern (1963)

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

51 2 5 1; pruritus, I

Lawrence & Forsyth (1964)

23 Noted Peterson & Wise (1961)

77 Noted Spears & Phelps (1959)

25 3 Currier (1959)

34 13 Cooper & Epstein (1959)

77 None Spears (1959)

? None Carter (1961)

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

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

Abuse liability
Deneau & Weiss (1968; and personal communica-

tion, 1964) developed a method of measuring drug-

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

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

5
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No significant subjective effects were seen below a
dose of 1000 mg. This should not be construed as
excluding the occurrence of drowsiness; morphine-
like or other barbiturate-like effects were being
looked for. Larger doses were barbiturate-like,
causing mainly sleepiness and moderate ataxia, but
some patients were obstreperous, silly or difficult
to manage. Doses of 3600-4800 mg, in three equal
amounts in 24 hours, were substituted for morphine,
in persons stabilized on 240 mg of the latter per
day, without any significant effect on the develop-
ment of the abstinence syndrome. Also chronic
administration to five patients, starting with 1200 mg
per day, increasing to 4200 mg per day in 16 days
and to 4800 mg per day in 28 days and continuing
in one patient for 54 days, caused no barbiturate or
morphine-like chronic intoxication pattern and no
eventual withdrawal phenomena. After the adminis-
tration of single doses of 1000 mg or more and dur-
ing chronic administration, electroencephalogram
patterns developed changes like those seen with the
barbiturates, but no abnormalities were seen during
the withdrawal period like those seen during with-
drawal of barbiturates. These experiments showed
no evidence of carisoprodol having dependence-
producing properties and, although the experiments
in dogs showed the drug's ability to substitute for
barbiturate, no indication of abuse or dependence
in man has come to our attention.

DEXTROPROPOXYPHENE 1

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

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

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

Analgesic effect in animals; general pharmacology
Since the original claim for codeine-like effective-

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

Administration route
Oral Subcutaneous

Propoxyphene. HCl 122.9 27.3
Dextropropoxypheene. HCl 8.3
Codeine. HCl 43.2 14.2

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

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

Kissel, Albert & Boxill (1961) reported the
analgesic activity, measured by several methods and
for different routes of administration, and the LD50
for codeine sulfate and propoxyphene hydrochloride
as follows:

Test method

Tail-flick to radiant heat
Tail-pinch

Writhing

Analgesic ED5,0 (mg/kg)

Species and . Propoxy-
Spuee Codeine phene

administration * sul fate hydro-
chloride

Rat, 0 22.5 18.5
Mouse, 0 97.0 84.5
Mouse, SC 24.7 30.0
Mouse, IV 25.5 14.6
Mouse, SC 3.0 6.6

LDso (mg/kg)

Rat, 0 542 84
Mouse, IV 68 35

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

O'Dell (1960, 1961a) determined the analgesic
effect of codeine and dextropropoxyphene by the
hot-plate method in mice (an increase in response

time of 14% was significant), by the electrical
stimulation of tooth-pulp in rabbits (an increase in
the threshold voltage of 6% was significant), by
recording the spontaneous activity in mice (per-
centage increase ( -) or decrease (-) in the number
of interruptions of a beam of light in a 60-minute

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

Dose Analgesic effect Activift Reflexes
(mg/kg) Mice Rabbits ( t- ) ('-- )

Codeine 1.0 2
2.5 31
5.0 37

10.0 55
Dextro-
propoxyphene 2.5 4

5.0 27
10.0 35

6
27
45

17
25
40

No change
No change
No change

0
9 20 Increased

31 31 Increased

The LD50 for intravenous administration of codeine
was 87 mg per kg and of dextropropoxyphene
25 mg per kg; for the latter administered intraperi-
toneally it was 128 mg per kg. O'Dell (1961b)
plotted curves for the various activities and described
the "profiles " of the drugs tested. The dose-
response curve for codeine was steep in the 2.5-
20 mg per kg dose range for analgesia, with accom-
panying central depression, but there was no evidence
of interneuronal blocking. The analgesic dose-
response curve for dextropropoxyphene was flatter,
the drug was less effective in rabbits and there was
stimulation of motor activity.
Shemano & Wendel (1960, 1964) compared for

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

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

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

7
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Threshold (mm Hg)
Inflamed

foot

11-12
23
39
60

26
40
67

Normal
foot

34-35
41
45
53

41
46
62

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

site of analgesic action and attempted to differentiate
central and peripheral action by the responses

obtained after intravenous or cephalad or caudad
intra-arterial injection in dogs. The painful stimulus
was intra-arterial injection of bradykinin and
vocalization the criterion of effect. The reported
ED50s, in mg per kg, were as follows:

Morphine sulfate
Dextropropoxyphene. HC1

Intra-arterial
Central Peripheral

1.0 0.56 No analgesia
4.0 1.0 No analgesia

They concluded that there was a central site of
action for both drugs. The relative effectiveness of
dextropropoxyphene was remarkably high with each
route of administration.
The technique of McConnell (1962) showed that

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

Hoffmeister (personal communication, 1966) was

interested in the site of.action and a possible relation-
ship to dependence-producing properties. He im-
planted electrodes in various areas of the brain in
unanaesthetized cats and recorded spontaneous
changes in electrical activity and changes in response

to stimulation after the administration of drugs.
Morphine produced spontaneous changes in the
electrical record from the thalamus and the rhin-
encephalon; dextropropoxyphene did not. Both

drugs produced changes in the response to stimula-
tion, but the changes were weaker with dextropro-
poxyphene. Since the rhinencephalon is alleged to be
concerned with affective reactions, the above results
might be related to a difference in euphorigenic
effect.
De Sanctis et al. (1965) compared dextropropoxy-

phene and codeine administered orally and sub-
cutaneously in dogs, using elevation of the threshold
for the skin-twitch to radiant heat as the criterion.
When administered orally dextropropoxyphene gave
a graded dose response; codeine, though it elevated
the threshold, did not give a graded dose response
because of the occurrence of emesis. When given
subcutaneously dextropropoxyphene gave an in-
consistent response; codeine gave a graded dose
response.
Emele & Schanamann (1965) compared a number

of the milder analgesics by four analgesic methods
and, though they did not report doses, implied that
codeine and dextropropoxyphene were equally
effective.

Rodriguez & Pardo (1966) suggested a new tech-
nique which may be of value for relative potency
determination. Dogs were trained to walk along a
standard pathway: motor performance was impaired
by the production of pain in the hind limb and
improvement in performance was facilitated by the
usual analgesics. Results with aspirin, codeine and
dextropropoxyphene were comparable to clinical
estimates of the effects of these agents.
Forney et al. (1963) determined the minimal doses

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

Initial
Morphine sulfate

Dextro-
propoxyphene. HCl

Dose
(mg/kg)

0.22
0.67
2.00

2.70
8.10

24.20
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propoxyphene was followed by the death of 8 out of
10 animals.
Gruber et al. (personal communication, 1957)

reported the following figures for the LD50s of
racemic propoxyphene and dextropropoxyphene in
mg/kg:
Species and route
of administration *

Mice, IV
Mice, SC
Mice, 0
Rat, IV
Rat, 0

Dextropropoxyphene Racemic propoxyphene

31.8

268.7
23.2

273.7

29.3
211.7
273.7
22.2

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

They said also that sublethal doses, subcutaneously
or intravenously, did not decrease respiratory minute
volume in the dog.
Jung (1962) described a method for determining

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

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

guinea-pigs was ineffective but at that dose could
hardly be expected to be otherwise.
Summing-up the foregoing reports, the analgesic

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

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

Dose of dextrc-
propoxyphene-HC1

(mglkg)

30
40
50
60
80
100

Mortality (%) Convulsant period(min)

Alone After Alone After
nalorphine nalorphine

0
0
6.6

46.6
80.0
100.0

0
0
0
0
10
20

0
22.5
27.5
43.0
70.4
Died

0
0
6.2

16.0
25.2
42.7

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

Nalarphine dose
(mglkg)

0.1
0.5

20.0

Mortality
(%)
12.5
12.5
0

Duration of convulsions
(min)

25.8
19.8
5.1

These authors said that sectioning the cord in the rat
did not affect the LD50 of dextropropoxyphene, but
after this treatment convulsive movements occurred
only in the part of the body above the lesion.
Robbins (1955), in his first report on the pharmaco-

logy of propoxyphene, said that effects of large doses
were antagonized by nalorphine.
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Analgesic effect in Inan; clinical experience sibly less effective than the usually employed dose
aspirin APC. Dextropropoxyphene is mostThe laboratory results with dextropropoxyphene often used in combination with APC, with per-

indicated an analgesic effectiveness in the codeine haps some additive advantage as with codeine
range but this was not very clearly demonstrated in plus APC.
observations on experimental pain in man. Brown In ACh

& Lndeser 191)usd te etod f

In each of the three reports on the use of dextro-
&WLandmGowdes (1961)used thechmeth onflaDecu,f propoxyphene parenterally (Lasagna & DeKornfeld,
Waud in which inflatable cuff, personal communication, 1962; Stoelting, Stoelting

connected to manometer, was & Gruber, 1962; Houde, Murphy & Wallenstein,
around of the distended air personal communication, equal doses of it and

pressure control the subject pain pethidine were compared and in each the latter

Fifty the effective. Houde calculated equi-

65 mg of dextropropoxyphene, 65 mg of codeine, analgesic doses to be 50 of pethidine and 140 and

and 32.5 mg of each of these drugs plus APC 180 of dextropropoxyphene for the total and

(aspirin 210 mg, phenacetin 150 mg, caffeine 30 mg) peak analgesic effect.
and placebo on five consecutive days in random With respect to the of dextropropoxyphene in

order. There were wide variations in the initial and obstetrics, four reports have come to attention.
in the hourly thresholds, but the average of all Wunder (1961) tried it in 131 of 500 patients who

results was as follows: required medication to hasten labour. The first dose
Initial Percentage was 75 mg intramuscularly; a second dose (necessary

Dose threshold After After in only four cases) 50 mg. Labour was shortenedin both primiparae and multiparae, in comparison
Dextropropoxyphene 65 mg 260 6.5 3.5 with its usual duration, more so in the primiparae
Codeine 65 mg 275 13.4 9.8 and more so the less advanced the cervical dilatation

Dextropropoxyphene at the time of administration. The strength of theCodeine + APC 32.5 mg 272 11.0 8.5 uterine contractions was not influenced.Placebo 276 5.8 4.0 Bauer (1961), also concerned with the duration of
labour, reported the results of 226 cases and these

Nevertheless many clinical reports on the analgesic indicated that propoxyphene brought about a sig-
effectiveness of dextropropoxyphene have appeared shortening labour-an
and these are summarized in Table 13. Comparable of 139 minutes in 128 primiparae, and 92 minutes in
figures for codeine are given wherever possible with 98 multiparae. A good analgesic effect was also
a judgement (the reviewer's) of their relative effective- attained. A supplementary note said that a
ness:A, when the two appeared to be equal; similar result had been obtained in an additional
+ when dextropropoxyphene appeared to be more 500 cases. Bauer also gave an intramuscular dose
effective; -, when it was less effective. All doses of 75 mg.
were given orally unless otherwise indicated. The Reckendorf (1962) summarized the results ob-
table concludes with a summary of opinions or judge- tained with dextropropoxyphene in more than 3000
ments of others, for comparison with our own, based obstetrical cases in 60 hospitals. He said that the
for the most part on their own experience as clinical first stage of labour was shortened without an effect
investigators. on uterine contractions. There were no reports of
The data in Table 13 show that dextropropoxy- impaired respiratory activity in the newborn or of

phene was usually less effective than codeine and increased postpartum bleeding. If the drug was
only rarely superior to it. The judgements at the end given intravenously a fall in blood pressure was seen
of the table are similarly divided; the more recent in some cases. Reckendorf reported a spasmolytic
ones are the least favourable. Eisman (1961) effect on the intestine and uterus of guinea-pigs and
considered dextropropoxyphene to have only one- rabbits.
half the potency of codeine and Beaver (1965, 1966) Estelmann (1962) found that dextropropoxyphene
reached a similar conclusion. He said that it had at a dose of 75 mg, intramuscularly, shortened the
proved superior to placebo in doses of 65 mg or first stage of labour, in 240 cases. The effect was

more but that the efficacy of lower doses was greater in primiparae and the earlier the drug was

questionable; it was certainly no more and pos- given in the first stage.
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TABLE 13
CLINICAL ANALGESIC EFFECTIVENESS OF DEXTROPROPOXYPHENE

Observations

14 patients, chronic pain; I
or 2 capsules 5 or 6 times
per 24 h; each medication
for24 h. Complete cross-over

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

101 patients, chronic pain;
procedure as in preceding
report

A year's experience with
arthritic patients

300 patients, dental pro-
cedures

38 patients acute, 32 patients
chronic pain

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

i5 patients, malignancy or
herpes zoster; 2-10 doses
per patient in 2-4 days

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

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

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

38 patients, chronic pain

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

200 dental patients

132 postoperative patients;
23 patients, chronic pain

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

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

Medications

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

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

As in preceding report

No details

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

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

(1) Dextropropoxyphene * HCI,
32, 65 and 130 mg; 32 mg plus
325 mg aspirin; codeine phos-
phate, 65 mg; placebo. (2)
dextropropoxyphene * HCI,
32.5 mg, alone and with APC.
(3) dextropropoxyphene- HCI,
32, 65 and 130 mg. (4) Codeine
phosphate, 32, 64 and 130 mg

Dextropropoxyphene * HCI,
100 mg

Dextropropoxyphene * HCI,
65 mg; pethidine - HCI, 50 mg

Dextropropoxyphene * HCI,
65 mg, or 32 mg plus aspirin

Dextropropoxyphene - HCI,
65 mg, or 32 mg plus aspirin

Dextropropoxyphene * HCI,
65 mg, alone or plus APC

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

Dextropropoxyphene - HCI,
32 mg, plus aspirin, 325 mg,
and Ultran, 15 mg

Dextropropoxyphene * HCI,
30 mg

Dextropropoxyphene * HCI
and codeine phosphate, each
32, 65 and 130 mg; placebo

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

Results

No difference between drugs;
each better than placebo

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

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

Approaches codeine in effec-
tiveness

Complete relief 90 %; no com-
parative data

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

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

Slightly less effective than
pethidine

Slightly less over-all relief
than with pethidine

Effective in majority of cases

Good or excellent relief in 17

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

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

Excellent relief in 91 % of
cases

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

Drugs equally effective; better
than placebo

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

Appraisall Reference

±

±

±

+

+

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

Gruber (1956)
Gruber et al. (1956)

Gruber (1957)

Williams (1958)

Mellars & Herms (1958)

Settel (1958)

Cass & Frederick

(1959)

Sahagian-Edwards
(1958)

Wang & Gruber (1958)

Lozada (1958)

Malamud (1958)

Yanguas (1959)

Becker (1959)

Mead (1959)

Querci & Stangalino
(1959)
Cass & Frederik
(personal communica-
tion 1959)

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

Observations Medications Results IAppraisalI Reference

About 300 dental patients;
one capsule 3-4 times a day
or every 4 hours

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

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

Postpartum patients; 1 or
2 capsules 3 times a day

1200 dental patients

62 patients various

68 dental patients

Postoperative orthopaedic
patients, 50 per medication

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

35 postoperative orthopaedic
patients

Dental patients; 1 capsule
every 4 hours

37 surgical (traumatic)
patients

Postoperative patients; each
drug for 7 days, random
order

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

Postpartum patients; I or 2
capsules 4 times a day

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

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

Same as preceding reference

(1) Control = APC plus hyos-
cyamine and phenobarbital;
(2) dextropropoxyphene- HCI,
32 mg, plus control; (3) co-
deine phosphate, 32 mg, pius
control

(1) Dextropropoxyphene- HCI;
(2) aspirin; (3) APC;
(4) placebo

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

Dextropropoxyphene - HCI
plus APC plus Ultran

(1) and (2) dextropropoxy-
phene- HCI, 32 mg alone and
with APC; codeine phos-
phate, (3) 32 mg plus APC;
(4) placebo

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

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

(1) dextropropoxyphene * HCI,
60 mg; (2) placebo

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

Dextropropoxyphene;
codeine

Dextropropoxyphene * HCI,
100 mg; pethidine - HCI,
100 mg

Dextropropoxyphene HCI,
60 mg

Dextropropoxyphene HCI,
codeine phosphate, each, 32
mg, alone and with APC

Dextropropoxyphene - HCI,
32 and 65 mg; codeine phos-
phate, 32 mg; pethidine * HCI,
32 mg; placebo

Dextropropoxyphene* HCI,
65 mg; codeine phosphate,
32.5 mg, plus APC

Excellent relief 90 %: drug of
choice for these patients

Average pain relief score:
(1) 2.07; (2) 2.41; (3) 2.43

Percentage improved: (1) 62;
(2) 55; (3) 71; (4) 45

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

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

Good relief in 42 of 62 cases

Satisfactory relief: (1) 50 %;
(2) 91 %; (3) 60 %; (4) 34.8 %

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

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

Satisfactory relief: (1) 73%;
(2) 50 %; crossovers: (1) 77 %;
(2) 36%

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

Equally effective

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

Satisfactory relief, 72.6 %

No significant difference or
dose-effect relationship

No difference in relief among
medications

No significant difference

4+

+

±

+

Scott & Whitman
(1960)

Lehrman, Loveman &
Gruber (1960)

Friedman (1960)

Prockop, Eckenhoff &
McElroy (1960)

Lowe (1959)

Yanguas & Toledo
(1961)
Ping & Redish (1961)

Sadove & Schiffrin
(1961); Sadove, Schiff-
rin & All (1961); Schiff-
rin, Sadove & Bruce
(1961)
DeKornfeld & Lasagna
(personal communica-
tion 1961)

Sadove & Bruce
(1 961 a)

Haynes & Morrison
(1961)

Barrios (1962)

Niesenbaum &
Deutsch (1962)

Cohen et al. (1966)

Gruber et al. (1961)

Gruber, Baptisti &
Chernish (1962)

Cass, Laing &
Frederik (1961)
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TABLE 13 (continued)

Observations Medications Results Appraisal| Reference
G ChIt

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

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

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

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

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

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

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

45 patients, headache

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

94 postoperative orthopaedic
patients; cross-over

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

Postpartum patients; 40
doses each medication

40 postpartum patients per
medication

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

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

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

85 patients, chronic pain and
anxiety

100 postoperative patients,
random order, 3 days

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

Dextropropoxyphene - HCI
plus APC

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

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

Dextropropoxyphene - HCI
and codeine phosphate each
32.5 mg plus APC

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

Dextropropoxyphene - HCI
and codeine phosphate, each
32 mg

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

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

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

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

Dextropropoxyphene HCI,
32 mg; placebo

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

Dextropropoxyphene - HCI,
32.5 and 65 mg; placebo

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

Dextropropoxyphene * HCI,
100 mg

Dextropropoxyphene - HCI,
30 or 45 mg

Dextropropoxyphene- HCI or
pethidine * HCI, 100 mg;
placebo

Good relief: codeine, 97.6%,
propoxyphene, 88.2 %

Complete relief 77.5 %

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

Only propoxyphene plus APC
and aspirin better than
placebo

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

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

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

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

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

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

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

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

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

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

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

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

Satisfactory relief, 70.6 %

Relief almost identical, better
than placebo

+

+

+

.

Chilton, Lewandowski
& Cameron (1961)

Koslin (1963)

Boyle, Solomonson &

Petersen (1960)

Marrs, Glas & Silvani
(1959)

Santiago & Danforth
(1959)

Valentine & Martin
(1959)

Koslin (1959)

Magee & DeJong
(1959)

Wagner & Hubbel
(1959)

Van Bergen, North &

Karp (1960)

Cass & Frederik
(1964a)

Benson (1963)

Headley (1963)

Batterman, Mouratoff
& Kaufman (1964)

Zimmerman, Machling
& Omura (1960)

Billow et al (1960a)

Acquaviva & Greco
(1960)

Reiss & Aufses (1961)

2
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TABLE 13 (concluded)

Observations Medications Results Appraisal| Reference
61 patients, painIof various

61 patients, pain of various
origin

50 patients, acute pain

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

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

43 patients, pain of various
origin

24 patients, pain of various
origin

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

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

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

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

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

Dextropropoxyphene - HCI, Pain scores reduced: pro-
32 mg, plus aspirin, 325 mg; poxyphene,217to 75; placebo,
placebo 208 to 146

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

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

Dextropropoxyphene * HCI,
30 mg

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

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

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

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

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

Relief complete, 40 %; poor,
25%

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

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

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

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

±

Zuccoli (1961)

Settel (1959a)

Wilson, Deere &
Desiderio (1959)

Settel (1959b)

Bono & Mapelli (1959)

Wang (1965)

Lasagna & DeKornfeld
(personal communica-
tion, 1962)

Stoelting, Stoelting &
Gruber (1962)

Houde, Murphy &
Wallenstein (personal
communication, 1962)

Judgement based on own experience and literature

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

Equally as effective as codeine

Approximately equal to codeine

Dextropropoxyphene plus APC more effective than aspirin

For equal effect, amount required approximately twice that for codeine

Little better than APC

Approaches the effectiveness of codeine

Equal to or a little less effective than codeine

Inferior to codeine, but useful

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

As effective as codeine; best combined with aspirin

Ping (1956)

Bauerle (1958)

Council on Drugs of
of AMA (1958)

Lascala & Potente
(1960)

Eisman (1961)

Chamberlain (1961)
Cass & Frederik (1 963a)

Brit. med. J. (1963)

Chartier (1963)

Lasagna (1964)
Friedman (1964)
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Side-effects
It has been stated frequently, sometimes specifical-

ly and sometimes by implication, that dextro-
propoxyphene produces fewer side-effects than
codeine (Barrios, 1962; Billow, 1960a; De Kornfeld
& Lasagna, 1961; Friedman, 1960b; Gruber, 1956;
Gruber et al. 1961; Gruber, Baptisti & Chemish,
1962; Lowe, 1959; Mead, 1959; Mellars & Herms,
1958; Ping & Redish, 1961; Reverte Coma, 1960;
Sadove & Bruce, 1961a; Scott & Whitman, 1960;
Yanguas, 1959; Zuccoli, 1961). Some (Gruber et al.,
1955; Houde, Murphy & Wallenstein, personal
communication, 1962) have said that the two were
similar in this respect. Table 14 summarizes those
reports in which the kind and frequency of side-
effects produced by dextropropoxyphene have been
stated and also gives similar data for codeine, where
this was available in the same reports.

Qualitatively the side-effects are the same for both
drugs and, as the summary for all doses at the end
of the table shows, there is little difference in their
frequency. At the lower doses, however, side-effects
were more frequent for codeine but this is hardly
significant since these doses are generally not
analgesically equivalent. Acquaviva & Greco (1960)
and Bauer, Pretsky & Walter (1965) said that
dextropropoxyphene caused no respiratory or circu-
latory disturbances and Burget & Greene (1962)
reported that a dose of 130 mg, orally, in five male
volunteers caused no consistent change in the
response to accumulating carbon dioxide in re-
breathing experiments and no change in other physio-
logical processes. Bellville & Seed (1968; and person-
al communication, 1966) compared codeine and
dextropropoxyphene in nine normal subjects using
the displacement of PCO2 in mm Hg as the criterion
and obtained evidence ofsome respiratory depression
with each drug. The potency of dextropropoxyphene
relative to codeine was 0.33. The doses used orally
were 30 and 60 mg of each drug in one study, 60 and
120 mg of codeine and 90 and 180 mg of dextro-
propoxyphene in another.

Querci & Stangalino (1959) recorded the electro-
encephalogram in a patient who received two 60-mg
doses of dextropropoxyphene within two hours; the
only change was one resembling the sleep pattern.
Bauer, Pretsky & Walter (1965) gave a total dose of
9.2 mg per kg of propoxyphene intravenously
(whether the racemate or the dextro-isomer is not
stated, but it was probably the latter), in doses of
I mg per kg at a time, to patients under nitrous
oxide-oxygen anaesthesia and produced convulsions

preceded by epileptiform changes in the electro-
encephalogram. The dose, however, was about
10 times that usually given orally.

Poisoning

A number of cases of poisoning with dextro-
propoxyphene, with two deaths, have been reported.
A two-year-old child swallowed four 65-mg capsules
at 6.00 p.m. At 7.20 p.m. the child was staggering,
became lethargic and at 7.50 p.m. was cyanotic with
shallow breathing, followed by apnoea and coma.
The pupils were constricted and there were general-
ized convulsions but the circulation was well main-
tained and the child recovered (Hyatt, 1962).
Another child reportedly took an unknown quantity
of dextropropoxyphene (the drug was found in the
urine), became unconscious and cyanotic, with
shallow breathing and convulsions. Six hours later
the child could be roused partially and it sub-
sequently recovered (Starts, 1963). An infant of
17 months swallowed nine times 32 mg. About 45
minutes later there was ataxia, reflexes disappeared
and stupor ensued, with depressed breathing and
periods of apnoea. Consciousness began to return
in 90 minutes and there was complete recovery in
eight hours (Frasier et al., 1963). A one-year-old
infant ingested 20 times 32 mg and 45 minutes later
was unconscious and cyanotic, with gasping respi-
ration only two per minute. The pupils were
constricted, reflexes were abolished and convulsions
occurred. Repeated nalorphine injections caused
temporary improvement but the child died 12 hours
after the drug was taken (Frasier et al., 1963). A
six-year-old child ingested an unknown number of
capsules and vomited several times. No capsules
were seen in the vomitus. No respiratory depression
occurred and the child recovered promptly (Jacob-
ziner & Raybin, 1963). Another four-year-old
child, apparently took nine times 65 mg and was
discovered in convulsions, and was cyanotic, with
gasping respiration, progressing to apnoea. The
child responded promptly to nalorphine and reco-
vered (Swarts, 1964).

Three cases of intentional overdosage in adults
have been reported. A 62-year-old female was seen
four hours after ingesting 12 times 65 mg. She was
severely depressed, with respiration five per minute,
and her deep reflexes were depressed but her circu-
lation was apparently unaffected. She appeared to
be fully recovered in 18 hours (Chapman & Lewis,
1962). The second case was a girl of 15 who took
40 times 32 mg of dextropropoxyphene hydro-
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TABLE 14
FREQUENCY OF SIDE-EFFECTS WITH DEXTROPROPOXYPHENE IN COMPARISON WITH CODEINE

Mediction No. of Drowsi-Nue Constj_ Abdo- Dizzi- Skin Anor-
and dose patients ness - and pation d inal ness re-acton exia Other Reference

(mg) -_______ vomiting dstress ns recin xiai
4

7

3

6

1

2

9

2

6

13 c

6

5

10

5

1

74 d

71 e

14

18

I

Prockop, Eckenhoff &
McElroy (1960)

Gruber et al. (1956)

Gruber (1957)

Batterman, Mouratoff
& Kaufman (1964)

Wilson, Deere &
Desiderio (1959)

Koslin (1959)

Magee & De Jong
(1959)

Lehrman, Loveman &
Gruber (1960)

Wagner & Hubbell
(1959)

Ping & Redish (1961)

Koslin (1960)

D-32.5

C-32.5

D-32.5 + APC

C-32.5 + APC

D-65

C-65

D-65 + APC

C-5 + APC

D-32.5

C-32.5

D-85

C-65

D-32.5 b

C-32.5 b

D-65 b

C-65 b

D-32.5

D-65

D-32

C-32

D-32, 34

C-32, 34

D-32.5

C-32.5

D-32.5

C-32.5

D-32.5+ APC

C-32.5 + APC

D-32.5 + APC

C-32.5 + APC

D-32.5 + APC

C-32.5 + APC

D-32 + APC

161

154

149

142

35

42

4

24

9

9

9

9

303

303

303

303

49

49

48

42

50

50

268

273

50

50

104

98

1 831

1 843

62

68

211

3

2

2

8

5

I

6

9

4

11

4

2

I

2

3

5

33

34

22

71

2

4

3

1

42

2

9

19
12

47

131

4

10

16

11

17

11

4

1

7

33

32

41

43

4

3

11

60

52

21

50

2

20

16

31

17

19

10

21

3

5

8

1

10

21

2

3

2

11

2

2

14

23

49

3

3

2

26

44

32

51

19
19
20
4

12

9

5

4

2

20

26

19

35

5

16

4

19

a D = Dextropropoxyphene.HC1; C = codeine phosphate or sulfate; APC = aspirin, phenacetine and caffeine; A =
aspirin.

b 101 patients. Drug given four times a day for three days. Figures are days on which side-effect was noted.
c Other = nervousness 1, diarrhoea 4, headache 6, tinnitus 1, sweating 1.
d Other= nervousness 13, tiredness 45, unsteadiness 15, difficulty in breathing 1.
e Other= nervousness 9, tiredness 35, unsteadiness 18, difficulty in breathing 5, palpitation 2.



TABLE 14 (continued)

Medication No. of Drowsi| Nausea Consti_ Abdom-
and dose pains ns n ation ia
(mg) ptet nss vomiting distress

D-32.5 + APC

C-32.5 + APC

D-32.5 + A

D-32.5 + A

D-65

C-4S

D-65

D-65 g

C-32.5 + APC

D-65+ APC

C-32.5 + APC

C-32.5 + A

D-45 + APC

D-65 + APC

D-65 + A

D-65 + A

D-100

C-65

29

31

70

70

50

50

157

1 716

1 681

73

78

66

4

4

15

3

5

8

12

106

36

9

4

6

228 25

235

235

70

302

305

20

35

15

8

8

3

3

3

1

3

16

111

41

4

2

6

9

20

24

2

8

5

2

3

449

228

23

4

3

31

78

7

25

17

5

Dizzi-
ness

8

10

158

76

5

2

4

6

14

11

3

Skin Anor-
reaction exia

2

I

Other

I

1

24f

11

28 h

I
1

9

141 i

47 J

2

3

Reference

Becker (1959)

Reverte Coma (1961)

Settel (1958)

Brown & Landmesser
(1961)

Chilton, Lewandow-
ski & Cameron (1961)

Cass, Laing & Frede-
rik (1961)

Haynes & Morrison
(1961)

Koslin (1963)

Wang (1965)

Reverte Coma (1961)

Van Bergen, North &
Karp (1960)

Totals for each dose-rate
D-32, 32.5 883 48 46 50 21 34 4 19

C-32, 32.5 831 63 97 131 39 53 20 26

D-32.5 + APC 2 386 98 75 1 8 36 1 92

C-32.5+ APC 3941 163 202 233 100 148 2 124

D-64, 65 2 319 177 161 485 24 183 22 49 49

C-44, 65 709 64 90 53 40 38 5 31 37

D-65+ APC 540 55 34 23 32 25 8 152

C-65+APC 102 1 1 4 8 1

Totals for all doses of each medicament
D No. 7 367 454 346 565 137 292 19 19 367

% 6.16 % 4.69 % 7.66 % 1.85 % 3.96% 0.25 % 0.25% 4.98%

C No. 5 621 307 396 374 189 243 9 51 166
_ % 5.46% 7.04% 6.65% 3.36% 4.32% 0.16% 0.90% 2.95

f Other= insomnia 1, fatigue 3, headache 15, nervousness 5.
g 63 patients on drug for about 3 months, 4 times a day. Figures are days on which side-effect was reported. Other = ner-

vousness 9, sweating 2.
h Other = nervousness 26, sweating 2.
i Other included: hiccough 12, nervousness 19, insomnia 34, headache 5, sweating 16, tremor 14, dry mouth 43.
J Other= nervousness 13, hiccough 5, tremor 10, insomnia 13, headache 6.
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chloride at 9.30 a.m. She was given an emetic and
vomited twice, but became increasingly lethargic and
at 10.30 a.m. was comatose and cyanotic with
shallow respiration. Convulsions began early and
were persistent. She was given 5 mg nalorphine
intravenously and this was repeated twice within
10 hours. Other medications were given in an
attempt to control the convulsions and improve the
circulation. She died on the fifth day, having develop-
ed cerebral oedema from the prolonged convulsions,
with hypoxia and circulatory collapse (McCarthy &
Keenan, 1964). The occurrence of polyuria was a
prominent feature of this case. Bower et al. (1965),
using the surviving toad bladder and a diffusion
set-up, were able to demonstrate antagonism be-
tween both dextro- and laevo-propoxyphene and
antidiuretic hormone. Their results suggested that
the polyuria in the McCarthy-Keenan case was the
result of drug-induced nephrogenic diabetes insipi-
dus. A recent poisoning case was that of a young
woman, 18 years old, who took 26 capsules, estimated
to contain 832 mg of dextropropoxyphene at about
8.00 a.m. She was drowsy and drunken in about
half-an-hour, with convulsions at one hour followed
by coma and apnoea. The pupils were dilated and
the deep reflexes absent. Each of four doses of
nalorphine at half-hour intervals caused improve-
ment with some relapse between. She began to react
to painful stimuli after four hours, was disoriented
for some time but recovered (Qureshi, 1964).

Tolerance, dependence and abuse liability

Robbins (1955) gave rats 40 mg of racemic pro-
poxyphene twice a day for nine days. No tolerance
could be demonstrated. A dose of 10 or 20 mg per kg
had as much analgesic effect as before the chronic
administration was started. There was no tolerance
to toxic effects either, because increasing the dose to
80 mg per kg killed the animals.
Sim & Green (personal communication, 1958)

reported to the contrary. Adult male rats were
injected subcutaneously daily for 15 days with
codeine phosphate or dextropropoxyphene hydro-
chloride. The doses were 20 and 60 mg per kg of the
former, 28.3 and 85 mg per kg of the latter. Analgesia
was measured by reaction-time for tail-flick to
radiant heat and respiratory rate was counted on the
1st and 15th days. The intensity of peak analgesic
action was reduced and the duration of analgesia
was decreased with both drugs, as indicated by the
decreased number of animals showing analgesia at
successive observation periods after 15 days ad-

ministration. The number of rats per group whose
reaction-time was at least twice that of the control, at
intervals between 0.5 and 3 hours after injection, on
the 1st and 15th days is shown below:

Drug

Codeine phosphate
Codeine phosphate
Dextropropoxyphene.
HCI

Dextropropoxyphene.
HC1

Codeine phosphate *

Codeine phosphate
Dextropropoxyphene.
HCI *

Dextropropoxyphene.
HCI *

Interval after in.jection
(Dgleg) (hou2rs)(gk) 0.5 1 2 3

First day
20
60

7/10 4/10 2/10 0/10
10/10 10/10 9/10 8/10

28.3 9/10 8/10 4/10 0/10

85 9/10 9/10 6/10 4/10
Fifteenth

day

20
60

28.3

3/9 1/9 1/9 0/9
10/10 8/10 4/10 1/10

4/9 3/9 0/9 0/9

85 7/8 4/8 1/8 0/8
* One or two animals died during the course of the experiment.

There was also tolerance to the respiratory effect
and the changes in the respiratory rate per minute, at
intervals after injection, are shown below:

Druig

Codeine phosphate
Codeine phosphate
Dextropropoxyphene.
HCI

Dextropropoxyphene.
HCI

Saline control

Codeine phosphate
Codeine phosphate
Dextropropoxyphene.
HCI

Dextropropoxyphene.
HCI

Saline control

Interval after injectionDose (hours)
(mg/kg 2 0 0.5 I 2

First dar
20
60

310 184 280 272 282
296 148 152 188 246

28.3 294 204 170 270 268

85 268 194 192 200 248
- 274 240 252 252 285

Frtteenth
day
20
60

28.3

85

258
290

315

198 242 273 278
194 216 248 320

284 309 296 322

328 238 258 238 273
280 274 306 286 290

In monkeys, made tolerant to and stabilized on
3 mg per kg of morphine sulfate, subcutaneously,
every six hours, the abstinence signs 14 hours after
withdrawal from such administration were reduced
by 10 mg per kg of propoxyphene hydrochloride,
subcutaneously, as much as by 2 mg per kg of
morphine. Also when propoxyphene was adminis-
tered chronically to monkeys at a dosage of 60-
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90 mg per kg every six hours for 31 days and then
abruptly withdrawn, an abstinence syndrome of low
to intermediate intensity developed (Deneau, 1956).1
Hoffmeister (personal communication, 1966) also
said that dextropropoxyphene affected the abstinence
syndrome in morphine-dependent monkeys, but only
to a slight and variable degree.
Shemano & Wendel (1964) suggested that the

correlation between the intravenous LD50 and the
Straub reaction ED,0, or the analgesic ED,0 in mice,
the Straub index and the analgesic index would have
predictive value for dependence liability and calcu-
lated similar indices for codeine and dextropropoxy-
phene.
The tests at the Addiction Research Center were

begun in 1956 with the racemate and continued with
the dextro-isomer. Single oral doses of the race-
mate of 50-1000 mg were given to post-addicts in
41 trials on 25 men. Below 600 mg there were no defi-
nite subjective or objective effects. With doses of
600-800 mg most of the men were drowsy and some
complained of dizziness; none said that the effects
were similar to those of morphine until 800 mg were
given and then only three of the eight subjects so
reported. With the maximum dose of 1000 mg, one
patient was apprehensive and showed tremor, pallor
and sweating. In subjects stabilized on 240-280 mg
per day of morphine sulfate, administered subcu-
taneously, propoxyphene was substituted for the
regular morphine doses as an oral dose of 200 or
400 mg, to a total of 1200 or 2400 mg in 24 hours, and
compared with continuation of a placebo. With con-
tinuation of morphine hourly, Himmelsbach scores
varied from 3 to 8 points, with placebo the hourly
score rose to 32 and with propoxyphene the hourly
score varied from 13 to 23 points. Thus the results
with propoxyphene were significantly different from
those with placebo and morphine and were indicative
of partial satisfaction of the morphine-dependence
and, therefore, also of some dependence liability. In
another experiment, 1600 mg of codeine orally per
day substituted for morphine more satisfactorily than
800 mg of propoxyphene orally per day, the largest
dose which could be continued safely in thejudgement
of the investigators, for a two-week period. In still
another experiment complete suppression of the
morphine abstinence syndrome was not obtained

1 Also in Report to Committee on Drug Addiction and
Narcotics, National Academy of Sciences-National
Research Council, Washington, D.C., USA.

2 Reported to the Committee on Drug Addiction and
Narcotics, National Academy of Sciences-National Research
Council, Washington, D.C., USA (1956).

(three subjects) with oral doses of 1200 mg per day
of dextropropoxyphene. One of these men developed
a toxic psychosis on the fifth day of substitution,
another had hallucinations and the third complained
of nervousness and anxiety. The net conclusion from
these first experiments was that propoxyphene and
its dextro-isomer had some dependence-producing
potential, but substantially less than that of codeine.

In subsequent experiments, Fraser et al. used only
dextropropoxyphene hydrochloride, comparing it
under different conditions with codeine and some-
times with other agents. In 1961 they (Fraser et al.,
1961c) devised the questionnaires to be filled in by
both subjects and observers for closer appraisal of
opiate-like symptoms, identification of an agent as
" dope" (like morphine, or like another drug in the
subject's experience) and the subject's liking for a
drug. These were used hourly after single doses and
daily during chronic administration. Some experi-
ments using the questionnaires, differing in detail as
to dosage, route and duration of administration, etc.,
may be described as follows:

Expt no. 1. Eleven non-tolerant post-addicts
were given oral doses of 300 and 600 mg of dextro-
propoxyphene; codeine was not used for comparison.
Half of the subjects " felt " the drug at the lower
dose-level, and all felt it at the higher dose-level;
with the latter, 75% of the subjects identified the
effects as " opiate-like" (Fraser et al., 1961a).
Expt 1no. 2. Fourteen non-tolerant post-addicts

were given single intravenous doses of 120 mg
dextropropoxyphene hydrochloride, 60 and 120 mg
of codeine and a placebo in a cross-over design at
weekly intervals. The subjects readily differentiated
both drugs from the placebo. Identification as
"dope" was made in 800% of the cases with the
higher dose of codeine, and in 70% of the cases with
dextropropoxyphene. The liking-score was the same
for the 120 mg doses of the two drugs, but codeine
was rated higher for other parameters including
pupillary constriction (Fraser et al., 1961c).
Expt no. 3. Eight subjects who had been stabilized

on 240 mg of morphine per day were withdrawn by
substitution and gradual reduction of methadone.
They were drug-free for 7-10 days and while still
unstable and in a drug-craving condition, they were
given a single dose of 20 mg of morphine or 180 mg
of dextropropoxyphene intravenously. For all para-
meters, the latter was significantly morphine-like,
but its effect was less than that of the dose of
morphine given (Fraser et al., 1961b).
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Expt no. 4. Nine patients received single intra-
venous doses of 12 and 24 mg of morphine sulfate
and 160 mg of dextropropoxyphene hydrochloride
on a double-blind cross-over basis, in random
sequence. They identified morphine as " dope " in
between 90 and 100% of the cases, and dextropro-
poxyphene as dope in 80% of the cases. The latter
was thought to be a barbiturate in 4% of the cases
and otherwise was thought to be a blank (Martin,
personal communication, 1964).
Expt no. 5. In 11 post-addicts an oral dose of

400 mg of dextropropoxyphene was compared with
400 mg of prodilidine. The former was identified as
an opiate six times, as a blank twice and " felt " but
unidentified three times (Fraser, 1964).
Expt no. 6. In 12 men 180 mg of dextropropoxy-

phene, 20 mg of morphine, and 300 mg of prodilidine
were given intravenously in random order (Fraser,
1964). The comparative scores were:

Identi- Opiate Liking Pupillary
Feel drug fied as symptoms for constric-

dope syposdrug tion

Morphine 4.67 4.58 19.17 7.50 10.04
Dextropropoxyphene 3.42 3.17 13.42 6.50 7.40
Prodilidine 2.50 1.92 7.25 4.25 4.54

Chernish & Gruber (1960) reported experiments
with 12 patients who had been taking dextropropoxy-
phene for chronic pain, 65 mg four times a day for
six months, and another patient who had been taking
still larger amounts. They were challenged with
nalorphine, which precipitates abstinence signs when
physical dependence has been established, with
negative results. The authors said, with respect to
these patients, that no euphoria, tolerance or physical
dependence had been demonstrated.

Barrios (1962) who compared the usefulness of
codeine and dextropropoxyphene in the treatment of
traumatic pain and considered them equally effective.
believed that he saw more tolerance with codeine.

Cass, Laing & Frederik (1961) administered 65 mg
of dextropropoxyphene hydrochloride four times a
day, for three months, to 19 patients with moderate
chronic pain, and 32.5 mg of codeine phosphate plus
APC, four times a day, for a similar period, to
16 similar patients and challenged all of them with a
nalorphine injection every two weeks. Consistent,
progressive or clear-cut signs of physical dependence
on either drug were not detected. On abrupt with-
drawal, at the end of the three months, very mild
signs, possibly suggestive of some dependence, were
seen in four patients of each group.

Elson & Domino (1963) described a single patient
who became psychically and probably physically
dependent on dextropropoxyphene, first adminis-
tered on prescription for pain. The patient claimed
to have taken, at one time, 75 times 65 mg per day,
experiencing exhilaration and euphoria. In hospital
he was given 780 mg of dextropropoxyphene orally
without the appearance of toxic symptoms. When
the drug was withdrawn nervousness, abdominal
cramps, diarrhoea, sweating and yawning occurred.
This patient had been dependent on hydrocodone
and pethidine previously but claimed he had been
drug-free for four years at the time the dextropro-
poxyphene was started. On discharge from the
hospital the patient relapsed to the use of this drug.

Isbell (personal communication, 1959) reported
information about a patient, also given dextropro-
poxyphene initially for pain, who increased his dose
voluntarily because it relieved his tensions and
worries, but who could apparently discontinue the
drug at least for periods of several days. On hospi-
talization he showed no abstinence signs, though he
was probably psychically dependent on the drug.
As a result of the earliest report of dependence-

liability studies from the Addiction Research Center,
Lexington, Ky., USA, the Committee on Drug
Addiction and Narcotics 1 of the National Academy
of Sciences-National Research Council, USA, con-
cluded that propoxyphene, and hence its dextro-
isomer, had sufficient dependence-producing poten-
tial to warrant its control as a narcotic, preferably
comparable to that of codeine. The WHO Expert
Committee on Drugs Liable to Produce Addiction
(1956) concurred in this opinion and the WHO Expert
Committee on Addiction-Producing Drugs (1958)
reiterated this view two years later when it said:

" Whereas it has not been shown that propoxyphene is
devoid of addiction-sustaining or addiction-producing
properties, although its potentiality in these respects is
substantially less than that of codeine,

" Whereas it is desirable to keep close watch on and to
restrict carefully to medical and scientific needs the
manufacture of a new substance with some narcotic
properties, but strict control of such a substance at all
levels may not be necessary, and

" Inasmuch as the control provided in the 1931 Con-
vention for drugs in Group II is designed for recording
and supervision of manufacture and wholesale without
restriction on retail trade.

" The Committee concluded that its opinion with
respect to classification and control of propoxyphene and

I Minutes of 18th Meeting (1957) Bull. Drug Addiction &
Narcotics, p. 1517.
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its salts as a codeine-like substance,... is valid and should
be maintained. "

The Committee's recommendation was accepted
by 32 nations and propoxyphene was placed under
their regimen of narcotics control.
The Council on Drugs of the American Medical

Association (1958) expressed a very mild view on the
dependence-producing properties of dextropropoxy-
phene. " The addicting liability of dextropropoxy-
phene has been extensively studied and the evidence
indicates that the drug has either little or none."
The British Medical Journal (1963) expressed itself
similarly, "... less liable to lead to addiction than
codeine."
When dextropropoxyphene had been on the

market for five years both the National Research
Council, Committee on Drug Addiction and Nar-
cotics (USA) 1 and the WHO Expert Committee on
Addiction-Producing Drugs (1964) reviewed the
situation and both adopted similar statements. The
WHO Expert Committee reported that: " ... on
the basis of five years of marketing experience and
repeated observations at the Addiction Research
Center, Lexington, Ky., USA, in comparison with
other substances, the risk of dextropropoxyphene to
public health appeared to be sufficiently low as not
now to require international narcotics control."
Some indications of recent abuse of dextropro-

poxyphene have come to our attention. Claghorn &
Schoolar (1966) have said, "... in populations of
persons particularly prone to drug misuse, the drug
had become a source of abuse." These authors
mentioned two practices-{1) oral ingestion followed
by hot water or coffee to promote absorption, and
(2) solution in cold water, filtering through cotton,
concentration by boiling and intravenous injection-
and described three cases. The first, a nurse, had
taken the drug for a year for pain, increasing to
14 capsules (910 mg) daily, a level which she main-
tained for about five months. She had a number of
convulsions and other psychiatric symptoms and
was judged to have had an acute psychotic episode
and an acute organic brain syndrome secondary to
propoxyphene-induced seizures. The second and
third cases were males who had used heroin and
related drugs and employed the intravenous route
for the administration of dextropropoxyphene. One
man used 20-40 propoxyphene capsules daily to
control withdrawal symptoms when he was unable

I Minutes of the 24th Meeting (1962) Bull. Drug Addiction
& Narcotics, p. 2701.

to get the needed quantity of heroin. He had
convulsions, nervousness, tremor and headache. The
other man, presumably withdrawn from heroin,
claimed to have required 100 capsules daily. He said
that he obtained brief initial euphoria without the
pleasurable abdominal sensation noted with heroin.
He showed no serious withdrawal symptoms when
the use of propoxyphene was suspended. A private
physician reported to one of us the case of a young
woman who showed a typical morphine-like absti-
nence syndrome on suspension of dextropropoxy-
phene administration and relapsed promptly to use
of the drug after discharge from hospital.
No doubt there is need to be aware of the possi-

bility of abuse of dextropropoxyphene, but a change
in the views expressed in the resolutions of the
National Research Council (USA) and WHO Expert
Committees, which have been quoted, would not be
warranted.

Metabolism

Lee, Scott & Pohland (1957, 1959), using N 14CH3-
labelled propoxyphene prepared by Pohland, Sullivan
& McMahon (1957), incubated the compound with
slices of rat liver for 30 minutes and recovered
12.3% of the radioactivity as 14CO2, indicating
N-demethylation. Similar incubation with other
tissues including brain, whole blood and kidney
yielded 14CO2 only with the kidney and its demethyl-
ating activity was only 0.5-2.5% of that found with
liver slices. After intravenous injection in rats of
4 mg per kg of the labelled propoxyphene 38% of
the radioactivity appeared as 14CO2 in the expired
air within 22 hours and this was essentially all that
was eliminated in this way.
Very little propoxyphene was excreted unchanged

in the rat or in man. In the rat, using the labelled
material, 2.9% of the radioactivity appeared in the
urine in the first six hours; the urinary excretion at
22 hours was 13% and at 48 hours 15%. Roughly
35% of the dose appeared in the faeces in 48 hours.
In normal human volunteers, after 100 mg orally
every four hours for 16 hours, the amounts recovered
in the urine in 24 hours, in three subjects, were only
3%, 10%, and 3% of the amount ingested. The
authors did recover, however, a des-N-methylpro-
poxyphene as a dinitrophenyl derivative so that N-de-
methylation also took place in man in vivo.
Amundson, Johnson & Manthey (1965) adminis-

tered 65 mg of dextropropoxyphene orally at
7.30 a.m. to eight fasting, healthy males on two
occasions and collected urine at 2-hour intervals to
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TABLE 15
DOSES OF CODEINE AND DIHYDROCODEINE FOR EQUAL EFFECT

Species, route Dhdoof Method Dihydro- Codeine Reference
administration acoen

Mice, SC Hot-plate 12.4 14.2 Eddy, unpublished data

Mice, 0 Hot-plate 43.4 43.2 Eddy, unpublished data

Mice, IP Hot-plate 10 20 b Martinez & Stamburgo (1958)

Mice, SC Hot-plate 28.4 37.3 Weinstock (1961)

Mice, IP Hot-plate 60 40 Cahen (1964)

Mice, 0 Hot-plate 125 160 Cahen (1964)

Mice, 0 Writhing 160 160 Cahen (1964)

Mice, IP Writhing 5 5 (2) Weiss & Rossi (1962)

Mice, SC Radiant heat 19.0 10.8 Friebel & Reichle (1956)

Mice, SC Tail-flick, radiant heat 2.6 5.2 Haas (1955)

Mice, SC Tail-flick, electrical stimulation 2.2 4.4 Haas (1955)

Rat, IP Tail-flick, radiant heat 20 20 c Weiss & Rossi (1962)

Guinea-pig, SC Skin-twitch, radiant heat 80.0 48.5 Freibel & Reichle (1956)

Cat, IM Pressure on tail 7.20 8.04 Krueger, Eddy & Sumwalt (1943)

Dog, SC Toothpulp, electrical stimulation 30 30 Keasling & Gross (personal communica-
tion, 1957)

a SC = subcutaneous; 0 = oral; IP = intraperitoneal; IM = intramuscular.
b Authors compared 20, 10 and 5 mg per kg of codeine with 10, 5 and 2.5 mg per kg of dihydrocodeine. In each dose-pair a

similar percentage increase in reaction time was obtained with the two drugs. From the data as a whole the authors calculated that
dihydrocodeine was 2.3 times as potent as codeine.

c In both tests the effect of dihydrocodeine was a little more persistent. The action of both drugs was potentiated by2-tri-
fluoromethyl-10-[3-(U-morpholinoethylamino)-propyl]-phenothiazine. 2-HCI (A-3680), particularly in respect to duration.

12 hours and at 12-hour intervals to 48 hours. The
assay method determined the total amount of drug,
as administered and of metabolites, and differentia-
tion between these was by chromatography. Of the
administered dose 250% was excreted in the urine in
48 hours (mean, all subjects). Unchanged drug was
excreted mainly in the first six hours and metabolite
mainly after six hours, none at all being found
within four hours. The metabolite (des-N-methyl-
propoxyphene) was excreted in greater quantity than
unchanged drug.

DIHYDROCODEINE

Dihydrocodeine was introduced in Germany as an
antitussive about 50 years ago and has continued to
be used moderately as such through the years. It
was administered orally and almost no attention was
paid to its potentiality as an analgesic. The acute
interest in this possibility which was aroused in the

1 Also known as Paracodin.

USA a little more than ten years ago gave rise to a
number of carefully controlled clinical investigations.
We (Eddy, Halbach & Braenden, 1957) have already
reviewed this work, summarizing the situation in
these words:

" Dihydrocodeine is an effective analgesic, which, how-
ever, never seems to attain quite the potency of morphine.
Its optimal dose is 30 mg. At that dose very little, if any,
respiratory depression occurs and no other side-effects of
significance other than drowsiness. Increasing the dose to
60 mg increases the analgesia only slightly but does cause
the appearance of morphine-like side-effects and res-
piratory depression."

In order that this conclusion may be re-evaluated,
we shall review mainly experiences with dihydro-
codeine which have been reported since 1957.

Analgesic effect in animals
Figures available for the analgesic effect in tests in

animals in comparison with codeine are presented in
Table 15.
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TABLE 16
CLINICAL EFFECTIVENESS OF DIHYDROCODEINE

No. of Type of patient Dosage, route of Comment Referencepatients administration a

Postoperative, 348
doses

Postoperative

Postoperative

Dental, post-extrac-
tion

Chronic pain

Cancer, cross-over,
random order

Obstetric

Obstetric, 72 doses

Postpartum

Obstetric

50 mg, IM

30 mg, IM

30, 60 and 90 mg, SC

30 mg, 0

30 mg, 0 for 3 days

30 and 60 mg SC

30 to 50mg SC

30 mg, SC

15 or 30 mg SC

30 mg + 0.4 mg sco-
polamine, SC

Relief: excellent, 35 %; moderate, 56.7 %;
slight, 8.3 % b

Relief: satisfactory, 77 % c

30 mg less, 60 mg equal and 90 mg more
effective than 10 mg morphine

Relief: 73 % d

Equally effective as 100 mg pethidine,
orally; side-effects less

68 mg equivalent to 10 mg morphine e

Inadequatef

Adequate relief, 86 %, 9

72 % of multipara more comfortable than
after previous delivery
Equivalent to 65-75 mg pethidine with
fewer side-effects

Code & Jone (1959)

Lund (1959)

Keats, Telford & Ku-
rosu (1957)

Keesling & Keats
(1958)

Dundee (1960)

Seed et al. (1958)

Purkis (1960)

Myers (1958)

Myers (1958)

Ruch & Ruch (1957)

a IM = intramuscular; SC = subcutaneous; 0 = oral.
b The side-effectsof 348 dihydrocodeine doses were: sweating 2.9 %, giddiness 1.4 %, nausea and vomiting 3.5 %, and head-

ache 27.6 %. There was no placebo control.
c Relief was satisfactory in 90 % of 156 morphine doses and 47 % in 90 placebo doses. There were 188 doses of dihydrocodeine

given. In cross-overs 30 mg of dihydrocodeine was less effective than 10 mg of morphine.
d Side-effects were: sleepiness 32 %, dizziness 22 %, nausea 22 %, and vomiting 10 %. In contrast, with placebo, side-effects

were: sleepiness 16 %, dizziness 6 %, nausea 5 % and headache 2 %. Relief with placebo was 61 %.
e With respect to respiratory depression, 77 mg of dihydrocodeine v as equivalent to 10 mg of morphine. The authors con-

cluded that dihydrocodeine possessed all of the pharmacological properties of morphine in approximately the same relative pro-
portions.

f Comparison was with 198 patients without drug and 66 who received pethidine. There was more delay in completion of
labour and more delay in regular breathing of the infant in the dihydrocodeine group. If the dose was increased for greater effec-
tiveness there was more respiratory depression in the infant.

9 No interference with duration of labour and less depression of respiration in the infant than with pethidine. With dihydro-
codeine normal cry and breathing were delayed two minutes or more in 22.0 %; with pethidine in 37.5 %.

Fischer, Szabo & Stamburgo (1960) said that the
analgesic effect of dihydrocodeine (mice, hot-plate)
was enhanced by metoxadone [2-(o-methoxyphen-
oxymethyl)-5-oxazolidone]. The doses were 12.5 mg
of dihydrocodeine plus 25 or 50 mg of metoxadone
per kg, subcutaneously. Results with codeine were

not reported.
Only occasionally has dihydrocodeine been report-

ed to be less effective than codeine, usually its effect
has been equal to or slightly greater than that of
codeine. On the average its effect was about one-

third greater. Keasling & Gross (personal com-

munication, 1957) said that the effect of 40-80 ,umol
per kg of dihydrocodeine, intravenously, on the
tooth-pulp threshold in rabbits equalled that of
1-4 lumol per kg of levorphanol, also intravenously.

Clinical effectiveness

Additional references since 1957 to the clinical
analgesic effectiveness of dihydrocodeine are sum-

marized in Table 16.
Keats, Telford & Kurosu (1957) tested the res-

piratory effect of 30 and 60 mg of dihydrocodeine
against 10 mg of morphine in seven normal subjects.
All received all doses in random order. The 60-mg
dose caused less depression at one hour and greater
return towards normal at three hours than the 10-mg
dose of morphine. These authors also compared the
subjective effects of 60 mg of dihydrocodeine and
10 mg of morphine in 30 patients awaiting elective
surgery and needing no analgesic medication. The
results in percentages of the patient group were:

60

218

?

63

84

14

50

45

115

23
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Morphine Dihydrocodeine

Drunkenness 30 25
Depression 20 13
Dizziness 60 43
Cheerfulness 20 10
Lack of cheerfulness 23 13
Sedation 81 46
Nausea 27 13
Euphoria 17 8
Dislike of drug 36 55

Swerdlow & Foldes (1958), Levin (1957, 1958) and
Virtue & Payne (1958) have reported on the trial of
dihydrocodeine as an anaesthetic supplement.
The 19 patients of Swerdlow & Foldes were pre-

medicated with 8-11 mg of morphine plus atropine,
lightly anaesthetized with thiopental sodium, nitrous
oxide and oxygen and were then given 1.5 mg per kg
of dihydrocodeine, intravenously. Blood pressure
and respiration (rate, tidal volume and minute
volume) were measured before and at 3, 6, 10 and
15 minutes after the dihydrocodeine. Respiratory
rate decreased to 64.1 %, tidal volume increased by
55.8% and minute volume did not change signifi-
cantly. Heart rate increased 25% at three to six
minutes, and the systolic blood pressure fell from
115.8 to 61.6 at three minutes and was 84.7 at
fifteen minutes. In most patients there were signs of
histamine release and central nervous system stimu-
lation. Analgesia was not as good as would be ex-
pected with similar administration of pethidine.

Levin (1958), also supplementing thiopental so-
dium, nitrous oxide and oxygen, used initial doses
of dihydrocodeine of 12.5-100 mg. With the highest
dose there was a marked fall in blood pressure,
erythema and sometimes apnoea, promptly combated
by nalorphine. At the usual dose of 50 mg the
analgesia was good but not sufficient to prevent
coughing on insertion of the endotracheal tube.
Levin thought dihydrocodeine offered no advantage
over pethidine for supplementation.
The results observed by Virtue & Payne (1958)

were also disappointing. Their doses in 12 patients
ranged from 30 to 120 mg. None of the patients was
quietened sufficiently and the one who received
120 mg experienced a severe drop in blood pres-
sure.

Eckenhoff, Helrich & Rolph (1957) found the use
of 30 mg of dihydrocodeine, subcutaneously, in the
recovery room, less effective than 10 mg of morphine.
Doses of 50 or 60 mg in five normal subjects pro-
duced a slight depression of respiration but no
change in the response to accumulating carbon

dioxide in re-breathing experiments. Three of seven
normal individuals fainted when subjected to a
5060O head-up tilt after these doses of dihydro-
codeine.
Lundy (1957) made the surprising statement that

in a number of patients with severe chronic pain,
10 mg of dihydrocodeine by mouth was more
effective than a grain of codeine and its effect lasted
twice as long. On the other hand, Hunter (1959)
judged that a dose of 90 mg was required to equal
the effect of 10 mg of morphine but that side-effects
would be less.
Weinstock (1961) found that dihydrocodeine, like

morphine and codeine, produced lens opacities in
mice. The ED50 was a little less than for codeine,
121 mg versus 140 mg per kg, subcutaneously, as was
the ED50 for analgesia, 28.4 versus 37.3 mg per kg,
whereas the LD50 was a little higher, 194 against
142 mg per kg, subcutaneously.

Dependence liability
Himmelsbach (1941) and later Isbell (personal

communication, 1952), on the basis of substitution
tests in morphine-dependent persons at the Addic-
tion Research Center, Lexington, Ky., USA, judged
the dependence-producing potentiality of dihydro-
codeine comparable to that of codeine. Deneau
(1956),' by the standard screening procedure for
physical dependence capacity in monkeys, found a
dose of 12 mg per kg of dihydrocodeine equivalent
to 3.0 mg per kg of morphine. The comparable dose
for codeine was 14 mg per kg. A few cases of
dependence on dihydrocodeine have been reported
in the literature, principally where the patient had
turned to that drug after using other narcotics
(Linz, 1953; Cieslak, 1955).
The claim has been made that the effect of dihydro-

codeine is improved and side-effects reduced by its
administration as a pectinate (Boyd, 1959; Frileux &
Series, 1959; Series, 1960). We have not found a
record of carefully controlled comparisons.

ETHOHEPTAZINE

With the extensive exploration of the phenyl-
piperidines as background after the discovery of the
morphine-like effect of pethidine, chemists naturally
speculated on the influence of a heterocyclic ring
in the molecule, with more or fewer carbon atoms.

I Also (1956) in Report to Committee on Drug Addiction
and Narcotics, National Academy of Sciences-National
Research Council, Washington, D.C., USA.
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TABLE 17
EFFECT OF DIFFERENT DRUGS IN ADDITION TO PENTOBARBITAL

ON THE SLEEPING-TIME (min) OF MICEa

Pentobarbital, 50 mg/kg Pentobarbital,
Drg Dose 20 mg/kgDrug (mg/kg) Pre-treated Pre-treated Pre-treated

Control 15 min Control 24 hrs Control 15 min

Ethoheptazine 40 55.7 116.2 68.4 23.6 0.6 20.5

Ethoheptazine 80 208.4 24.6

Pethidine 24 69.3 125.7 53.6 41.9 1.0 17.3

Pethidine 40 201.4 28.6

Morphine 10 45.9 70.2 ' 50.8 71.1 0.6 5.6

Morphine 120 68.2 89.4

a From Glassman & Seifter (1955).

In the mid-fifties the synthesis of the hexamethyl-
eneimine analogue ethoheptazine (ethyl 1-methyl-4-
phenyl4-hexamethyleneimine carboxylate) was de-
scribed (Blicke & Tsao, 1953; Diamond & Bruce,
1954; Diamond, Bruce & Tyson 1957) and later
modifications were synthesized which, in many
instances, paralleled the changes which had been
effected in the pethidine series. The structure-action
relationships are not pertinent, however, to the
present discussion, because no other potential code-
ine substitute has resulted.

\/ COOC2 H5

\N/
CH3

ETHOHEPTAZINE

Pharmacology
Seifter et al. (1954, 1955) and Glassman & Seifter

1955, 1956) reported on the analgesic and sedative
properties of ethoheptazine. They found it to be
one-third as effective an analgesic as pethidine by the
tail-flick method in rats, and we 1 have obtained an
ED50 of 42.6 mg per kg, subcutaneously, by the
hot-plate method in mice, a little lower potency
than the result in the rat. Recently Axelrod &

1 Eddy, unpublished.

Baeder (1966) reported an ED50 in the same range,
i.e., 34 mg per kg, subcutaneously, by the tail-flick
method, and Lim et al. (1964) reported an ED50
which may indicate a relatively lower potency in the
dog. Their criterion of effect was vocalization after
intra-arterial injection of bradykinin. The intra-
venous ED50 of ethoheptazine citrate was 24 mg per
kg, of dextropropoxyphene hydrochloride 4.6 mg
per kg and of morphine sulfate 1.0 mg per kg.

Ethoheptazine and other analgesics " potentiated"
the sedative effect (sleeping time) of pentobarbital in
mice, if they were given intraperitoneally 15 min
before an effective or a subthreshold dose (Table 17).
Given 24 hours before pentobarbital, ethoheptazine
and pethidine appeared to shorten the sleeping
time; morphine still lengthened it. The results were
the same with hexobarbital. Glassman et al. (1955)
said that ethoheptazine did not depress respiration
even at doses which caused a fall in blood pressure.
Also it did not produce morphine-like excitement in
cats.
We found 1 the LD50 of ethoheptazine to be

190 mg per kg when administered subcutaneously in
mice, in the same range as that for pethidine.
According to Walkenstein et al. (1958) ethohepta-

zine was rapidly absorbed, the blood showing the
highest concentration within an hour. The greatest
amount of the drug was found in the liver and
kidneys. They administered 35-50 mg per kg of a
"4C-labelled compound intraperitoneally in dogs,
rats and rabbits. Very little of the drug was excreted
unchanged (2-4% in dogs and rats). Three metabolic
pathways were identified: (1) hydrolysis to the
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TABLE 18

CLINICAL ANALGESIC EFFECTIVENESS OF ORAL ETHOHEPTAZINE CITRATE

No. of Doae
patients Indication, regimen Ethoheptazine + other Result Reference

Chronic musculoskeletal
pain; graded doses every
4 hours for 1-16 weeks;
>200 trials

Pain of various origin

Pain of various origin

50-250 mg; aspirin

Various, alone

Various, with aspirin

Mainly pain due to dental 76 mg + aspirin, 325 mg (or
extractions double this amount) every

4 hours

Pain of various origin

Chronic pain; 4 x 1 capsule
per day for 7 days, cross-over

Postpartum; single doses

Postoperative, gynaecological

Postpartum; 1-4 doses per
patient, every 4 h as needed.
A total of 100 doses

Postpartum; single doses

Oral surgery; average 6 doses
per patient
Oral surgery; average 5 doses
of codeine per patient

Mostly traumatic musculo-
skeletal pain; usually 1 or 2
tablets every 4 hours

Dental

Dental, pain of extractions

Chronic musculoskeletal pain
or tension headache; I or 2
tablets 3 or 4 times per day

Postpartum

Postpartum

Arthritis, acute and degene-
rative; I tablet per 8 h

Dental patients

Oral surgery; 2 capsules

75 mg + aspirin, 325 mg

100 mg; 100 mg + aspirin,
600 rrg; codeine 30 mg+ as-
pirin, 600 mg; aspirin, 600 mg;
placebo

75 mg + aspirin, 325 mg

150 mg + aspirin, 650 mg

75 mg and 150 mg, compared
with aspirin, 600 mg; placebo

75 mg + aspirin, 325 mg;

codeine, 32 mg + aspirin,
650 mg

Per tablet: 75 mg + aspirin,
250 mg

150 mg + aspirin, 650 mg,
every 4 hours

150 mg + aspirin, 650 mg and
75 mg + aspirin, 325 mg (3.3
doses average) after extrac-
tion

Per tablet: 75 mg + aspirin,
250 mg + meprobamate,
150 mg

150 mg + aspirin, 650 mg
every 4 h to 4 doses;
codeine 30 mg + aspirin, 600
mg, same regimen

75 mg + aspirin, 325 mg,
sometimes double this
amount in suppository

(1) 75 mg + aspirin, 325 mg;
(2) codeine 32.5 mg + aspirin
+ phenacetin; (3) placebo

Per capsule 75 mg + aspirin,
325 mg

Safe effective dose, 50 mg

Relief: ambulatory, 73 %;
hospitalized, 62 %; postpar-
tum, 82 %. Results better
when combined with aspirin

Relief (no. of patients):
100% 50%

Single dose 30 6
Double dose 26 6

Relief: complete, 11; >50%,
15. Slightly less effective than
codeine, 30 mg + APC

Ethoheptazine + aspirin and
codeine + aspirin equal;
better than either alone or
aspirin alone; all better than
placebo

Relief:
complete, 64 %; none, 13 %
complete, 56 %; none, 20 %

Relief: satisfactory, 91 %

Inferior to aspirin, hardly dis-
tinguishable from placebo

Relief: excellent or good, 111,
each drug; none, 12 (etho-
heptazine), 9 (codeine)

Equivalent to codeine, 30 mg;
aspirin, 600 mg

Satisfactory, 93.1 %

More effective than aspirin
alone in 27 patients

Relief: complete in 91 pa-
tients; 50 % in 12 patients

Satisfactory

Satisfactory

Relief: excellent, 27; good, 11;
poor or none, 6

Gittinger, Grossman
& Batterman (1955)

Batterman et al.
(1957)

Haynes & Morrison
(1957)

Gutensohn, Lesko &
De Vito (1957)

Cass, Frederik &
Bartholomay (1958);
Cass & Frederik
(1960)

Roden & Haugen
(1958,1959)

McCarthy & Ullery
(1959)

De Kornfeld &
Lasagna (1959)

Albertson (1959)

Barber (1959)

Rankin (1959)

Torr (1959)

Splitter (1960)

Fitzgerald, Carrier &
Carlson (1961)

Bray (1961)

complete relief: (1) 55.1 %; Brennan & Cohen
(2) 62.2 %; (3) 44.4 % (1961 a, 1961 b)

Relief: complete, 73 %
(severe pain); 95 % (moderate
pain)

Haynes & Morrison
(1961)

330

127

72

40

71

53

39

227

35

150

150

ca 100

187

30

106

350

200

50

225

75

26
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TABLE 18 (continued)

No. of Indication, regimen DEthoheptazine+ other Result Reference

66 Oral surgery; 2 capsules Per capsule 16 mg + aspirin, Relief: complete, 83 % Haynes & Morrison
325 mg (severe pain); 86 % (moderate (1961)

pain)

63 Chronic pain; 4 doses per day 150 mg + aspirin; codeine, Equally effective Cass, Laing &
32.5 mg + APC Frederik (1961)

75 Pain of various origins; 150 mg + aspirin, 325 mg Relief: excellent, 70.6%; Cinelli & Zucchini
2-8 times per day good, 17.3 %; 150 mg (1962)

equivalent to 30 mg codeine

Dental patients; 2 tablets Per tablet: (1) 75 mg + No. of patients Complete relief Brennan (1963)
every 4 hours, begun (A) be- aspirin, 300 mg; (2) 75 mg + A B A
fore, or (B) after oral surgery asp rin, 250 mg + meproba- (A) (B) (A) (B)

mate, 150 mg; (3) aspirin, (1) 33 38 66.6 % 38.4 %
300 mg; (4) placebo (2) 35 42 54.2 % 57.1 %

(3) 38 38 60.5% 57.8%
(4) 36 31 27.7 % 35.4 %

50 Per medication group; pain Per capsule: (1) 75 mg + Relief: complete 50% poor Kolodny (1963)
of various origin; 4 x 2 cap- aspirin, 325 mg; (2) 75 mg + or none
sules per day aspirin, 250 mg + meproba- (1) 22 8 20

mate, 150 mg; (3) codeine, (2) 22 18 10
15 mg + aspirin, 325 mg; (3) 20 17 13
(4) placebo (4) 8 9 33

64 Pain of various origin 100 mg + APC every 3 hours Relief: complete 23: >50 % 33 Warner (1964)

Postpartum; 2 capsules per Per capsule: (1) 75 mg + No. of Relief Bruni & Holt (1965)
dose on demand; first 4 doses aspirin, 325 mg; (2) codeine, patients score
per patient evaluated 15 mg + aspirin, 325 mg; (1) 182 3.30

(3) aspirin, 325 mg; (4) pla- (2) 184 3.42
cebo (3) 191 3.24

(4) 195 2.86

corresponding acid (7-8% in dogs and rats);
(2) oxidative hydroxylation of the hexamethylenei-
mnine ring (9% in dogs); and (3) N-demethylation.
Asatoor et al. (1963) gave 75 mg of ethoheptazine

orally to normal subjects and analysed the urine
:ollected at two-hour intervals for 12 hours. Only
3.2 mg were recovered in 12 hours and 70% of this
ippeared in the first six hours. An acid metabolite,
.o the extent of 4-5% of the dose, and its conjugate,
'qual to 3-4% were found in both acid and alkaline
irine. N-Demethylation seems to have been assumed
rut a nor-compound was not identified.

'linical effectiveness
Reports on clinical effectiveness of ethoheptazine,

given almost always in combination with aspirin are
summarized in Table 18 and notes on the occurrence
of side-effects in Table 19. References are in the
same order in the two tables, which should be read
together.

Generally ethoheptazine plus aspirin was more
effective than a placebo; it is difficult to evaluate
ethoheptazine by itself, because it was so seldom
given alone or the mixture adequately controlled.

Certainly on a milligram basis it is less effective than
codeine, but, as it is used, the frequency of side-
effects is low. Haynes & Morrison (1961) tried to
relate the effectiveness of placebo, ethoheptazine
and codeine to the severity of pain. As pain at time
of administration increased, effectiveness (percentage
of patients relieved) fell as follows:

Placebo
Ethoheptazine + aspirin
Codeine + aspirin
Codeine + APC

from 78 to 14%
from 85 to 60%
from 86 to 83%
from 96 to 94%

Codeine was more effective against the more severe
pain.

Golbey, Gittinger & Batterman (1955) gave etho-
heptazine intramuscularly in patients with acute or
chronic pain, comparing it with similar hexamethyl-
eneimines with another methyl group at position
2- or 3- of the heterocyclic ring (the latter is the
alphaprodine analogue). By this route of administra-
tion at a dose of 100 mg, each of the three compounds
was judged equivalent to pethidine, with minimal
side-effects from single doses. These parenteral
doses seemed to have no effect on respiration, oxygen
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TABLE 19

SIDE-EFFECTS ASSOCIATED WITH ENTHOHEPTAZINE ADMINISTRATION a

Reference pI ents Side-effects

Gittinger, Grossman & Batterman
(1955)

Batterman et al. (1957)

Haynes & Morrison (1957)

Gutensohn, Lesko & De Vito (1957)

Cass, Frederik & Bartholomay (1958)

Roden & Haugen (1958,1959)

McCarthy & Ullery (1959)

Albertson (1959)

Rankin (1959)

Torr (1959)

Barber (1959)

Splitter (1960)

Brennan & Cohen (1961a, 1961b)

Haynes & Morrison (1961)

Cass, Laing & Frederik (1961)

Fitzgerald, Carrier & Carlson (1961)

Cinelli & Zucchini (1962)

Brennan (1963)

Kolodny (1963)

Warner (1964)

Bruni & Holt (1965)

>200 trials

330

71

92

227

150

100
(approx.)

106

156
156
124

75
66

63

75

50
50
50
50

182
189

250 mg tolerated, but incidence of CNS-stimulation favoured use of 50 mg
dose

Insignificant in 4 % of patients

Drowsiness, 10; dizziness, 3; nausea, 5; insomnia, 1; gastric distress, 1;
fullness In chest, I

Drowsiness, 1; dizziness, 1; nausea, 3; weakness, 2

Medication: (A) ethoheptazine; (B) ethoheptazine + aspirin; (C) codeine +
aspirin; (D) aspirin; and (E) placebo.

(A) (B) (C) (D) (E)
Dizziness 1 2 1 1 0
Constipation 0 1 1 1 1
Excitement 3 2 2 2 5
Drowsiness 1 4 1 0 2
Unsteadiness 3 2 1 1 3
Nausea and
vomiting 2 1 1 3 5

Nausea, 0.3 %; drowsiness, 5 %; gastric distress, 4 % of doses

Nausea, 1.8 %; dizziness, 1.0 %; drowsiness, 1.0 %; gastric distress, 1.0 %;
pruritus, 0.5 % of >1000 doses

Sleepiness and dizziness, 8; nausea and vomiting, 2. In equal number of
patients with codeine: sleepiness and dizziness, 31; nausea and vomiting,
18

Mild side-effects in only 12 patients

Light-headedness in 2 patients

No more gastric distress than to be expected with aspirin. Patients stayed
at work; given codeine they were sent home

Drowsiness or dizziness or both, 13; abdominal distress, I

Drowsiness Dizziness Nausea
Ethoheptazine 6 0 6
Codeine 10 12 13
Placebo 3 3 0

Nausea Drowsiness Dizziness Gastric discomfort
Ethoheptazine 1 4 0 0
Codeine 6 6 4 1

Ethoheptazine/codeine: (total number of patient-days and days effect re-
ported 148011681) nausea, 13/25; drowsiness, 56/36; dizziness, 145/76;
constipation, 248/228; heartburn, 4/78

Drowsiness, 6; nausea, 20; gastric distress, 15. In the codeine controls:
nausea, 43; gastric distress, 31

Side-effects (gastro-intestinal, itching, dizziness) in 10 %

No significant difference in side-effects per drug group

Nausea Drowsiness Dizziness Gastric discomfort
Ethoheptazine 1 1 3 3
Ethoheptazine 5 7 1 2
Codeine 3 5 4 2
Placebo I 1 1 4

Mild gastric distress or nausea, 4. In 24 treated for 6 months-2 years, no
therapeutic failures, no evidence of tolerance; laboratory tests revealed
no adverse effects

Ethoheptazine: nausea, 1; dizziness, I
Codeine: dizziness, 1

a Compare Table 18 for details of drug administration
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consumption, blood pressure, pulse rate or pupil size.
Chronic parenteral administration of ethoheptazine,
however, resulted in a cumulative toxic reaction,
manifesting itself by central-nervous-system stimula-
tion.

Bauer, Pretsky & Walter (1965) injected etho-
heptazine intravenously in five subjects. The doses
were 2.1, 4.2 and 8.5 mg per kg. The largest dose
given over a period of four minutes produced
epileptiform changes in the electroencephalogram.
In the awake subject there were visual and auditory
hallucinations; distorted colour vision, scorpions,
snakes and other disagreeable objects were reported.
Even the smallest dose, since it was per kg, was large
compared with the amount usually given orally.

Abuse liability
Ethoheptazine appears to have no ability to

produce morphine-like physical dependence and no
evidence of abuse of it or its preparation with aspirin
has come to our attention. It was tested in Dr
Seever's laboratory (personal communication, 1954)
in normal monkeys and in others dependent on
pethidine or morphine and it was administered
chronically. In normal monkeys, 30 mg per kg
administered subcutaneously produced mydriasis, a
pilomotor effect and chattering but practically no
sedative effect. In dependent monkeys doses up to
20 mg per kg administered subcutaneously, at the
peak of the abstinence syndrome, had no effect on
the withdrawal phenomena. In monkeys injected
every six hours for 41 days with doses increasing
from 2 to 14 mg per kg there were no signs of
physical dependence in response to nalorphine
challenge on the 19th and 32nd day or on abrupt
withdrawal. When tested at the Addiction Research
Center, Lexington, Ky., USA (Fraser & Isbell,
personal communication, 1955; Fraser, 1956) single
doses of ethoheptazine up to 300 mg, orally in
post-addicts, had very little subjective or objective
effect; dry mouth, drowsiness and dizziness were
seen occasionally. If 100 or 200 mg were given after
20 or 30 mg of morphine, the euphoric effect of the
latter was decreased. In morphine-dependent indi-
viduals substitution of 100 mg of ethoheptazine every
four hours, orally or subcutaneously, did not
suppress the development of abstinence phenomena.
The apparent lack of dependence-producing prop-

erties in ethoheptazine cannot be considered a
result simply of the presence in the molecule of a
7-membered heterocyclic ring. When modifications
of the peripheral groups of the ethoheptazine struc-

ture were made which considerably enhanced the
analgesic activity, as measured by experimental
methods in animals, signs of dependence-producing
properties appeared (Fraser, 1956).
The Council on Drugs of the American Medical

Association (1960) summarized the situation in
respect to ethoheptazine, saying in part, it can be
" ... used in both ambulatory and hospitalized patients,
for controlling mild or moderate pain associated with
musculoskeletal disorders... The drug is ineffective in
alleviating severe pain... The analgesic effects of
salicylates and ethoheptazine citrate are apparently ad-
ditive... The incidence of side effects after usual doses of
ethoheptazine citrate is relatively low... All of the
experimental evidence and the results of clinical trial
support the conclusion that ethoheptazine citrate is
completely devoid of addiction liability. Nevertheless the
careless use of the drug is not justified..."

ETYMIDE 1

Analgesic effect in animals; general pharmacology

The activity of etymide (2-ethoxy-N-methyl-N-
[2 - (methylphenethylamino)ethyl]- 2,2- diphenyl-acet-
amide) was investigated by Krapcho, Turk & Lott
(1960) and Krapcho & Turk (1963). It had the
greatest analgesic effect and longest duration of
action of a series of acetamides tested by Craver et al.
(1963). On the basis of the tail-flick method in rats
it was equally as effective as codeine, but by the hot-
plate method in mice it was only one-half as effective.

O O-C2H5

C CH3

C-N CH3

o CH2CH2N

CH2CH2

ETYMIDE

Tolerance to etymide developed in rats within two
weeks. Rats tolerant to pethidine were tolerant to
etymide, but the reverse was not true. Large doses
produced respiratory depression and hypotension in
anaesthetized dogs, effects which were antagonized
by nalorphine. Etymide was spasmolytic on various
isolated tissues and delayed the passage of a charcoal
meal in mice. High doses produced moderate, ab-
normal hepatic function in rats and dogs, correlated

1 Also known as: etomide, Bandol, Sq 10,269.
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with degenerative lesions of the liver; recovery,
however, occurred within three weeks. Piala, Rich
& Burke (1965) added the observation that the
compound was as antitussive as codeine in dogs at
about the same oral dose (4 mg per kg) and Piala,
High & Burke (1965) described the pharmacology of
etymide in some detail, and reported analgesic ED50s
(mg per kg) as follows:

Sq 10,269. HCI
Pethidine. HCI
Codeine sulfate
Propoxyphene. HCI

Hot-plate
Mice

56
71
66
70

Tail-flick
Mice Rats

57 47
68 58
58
65

For dogs in which cough was elicited by electrical
stimulation of the trachea the antitussive potency
was calculated to be 1.15 times that of codeine.
Our figure (National Institutes of Health, 1962,

unpublished) for the analgesic ED50 of etymide by
the hot-plate method in mice was 80.3 mg per kg,
with subcutaneous administration. The average
duration of the effect was 198 minutes, considerably
longer than for codeine. Our ED50 for codeine,
estimated by the same method and administered by
the same route, was 14.2 mg per kg.

Rectal temperature in dogs was reduced by oral
doses of etymide by as much as 7°F when the dose
was 160 mg per kg. With this large dose the hypo-
thermia persisted for more than 24 hours. The drug
also decreased spontaneous activity in mice by 50%
with 60 mg per kg, but not at all with double that
dose. In comparison, codeine reduced spontaneous
activity 80% at the 60-mg dose and 50% at the
120-mg dose.
Etymide blocked the electroencephalographic and

overt arousal responses to pain (tail-pinch) in cats at
intravenous doses of 1.5 mg per kg or more, but did
not block the response to sciatic-nerve stimulation
until a cumulative dose of 11.5 mg per kg had been
reached. Codeine at 1.0 mg per kg blocked the
response to pain but not that to sciatic stimulation.
Intraperitoneal injection in rats of 20 mg per kg of
Sq 10,269 diminished the conditioned-avoidance
response by 17% and the unconditioned-avoidance
response by 10%, but the effect did not persist.

In acute toxicity tests with mice, increased motor
activity and tail erection were evident after small oral
or intraperitoneal doses, and reduced motor activity
and convulsions after larger doses. In rats, intra-
peritoneal doses of 10-200 mg per kg caused pro-
gressive motor depression, mydriasis and catatonia.

In mice lower concentrations were more lethal than
higher ones, but there was no sex difference. The
LD50s for male mice are shown below:

Route *

IV
IP
0
0
0
0

Concentration (%) LD s, (mg/kg)

0.5 40
1.6 210
1.0 370
2.0 715
5.0 1 400

10.0 1 720
* IV = intravenous; IP = intraperitoneal; 0 = oral.

The authors believed that low solubility with poor
absorption and rapid degradation probably account-
ed for this difference (Piala, High & Burke, 1965).

Braun, Krapcho & Hess (1965) studied the excre-
tion of '4CH3-labelled etymide in rats and dogs.
Rats given 2.5 mg orally or intraperitoneally showed
a similar pattern of excretion. Less than 2.0% of the
administered radioactivity could be accounted for as
respiratory 14CO2. The rate and route of excretion in
the rat is shown below:

Hours after
administration

0-24
24-48
48-72
72-96
Total

Percentage of administered dose
Urine Faeces Total Carcass

25.0
4.3
0.9
0.4
30.6

48.4
10.7
1.8
0.6

61.5

73.4
15.0
2.7
1.0

92.1

9.8
3.3
2.5
1.3

Total
recovered

83.2
91.0
93.2
93.0

In dogs also faeces accounted for the greatest portion
of administered radioactivity, and the difference
between amounts in urine and faeces was greater
than in the rat. The average recovery in three dogs
was 15.9% in the urine and 64.2% in the faeces.
Evidence was accumulated of the formation of a
glucuronide and of primary or secondary amines or
both. In tissue-slice incubation studies (liver, kidney,
muscle, brain) metabolism of Sq 10,269, judged by
the formation of dinitrophenyl derivatives, occurred
only with liver slices.

Clinical effectiveness
Cass & Frederik (1964b) administered etymide to

35 patients with chronic pain mainly of musculo-
skeletal origin. The doses used were 50, 100 and
150 mg orally three times a day for six days and
comparison was with a placebo similarly adminis-
tered. The degree of pain relief was determined three
times a day, one hour after medication, and a weekly
average was calculated. The procedure was double-
blind and the medications were given in random
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sequence to all patients. The average pain relief
scores were:

Placebo 0.82
Etymide 50 mg 1.51
Etymide 100 mg 1.94
Etymide 150 mg 2.37

For each dose level the degree of relief increased a
little from day to day especially during the first three
days; with placebo the trend was downward. The
relief score was greatest at the 4.00 p.m. observation
at each dose-level of the drug and with the placebo.
The largest dose of etymide was ranked best by
34 of the patients; all ranked placebo as least
effective. The number of patients (out of 35) who
voluntarily reported the occurrence of side-effects
after etymide administration is shown below:

Dose
Placebo 50 mg 100 mg 150 mg

Nausea or vomiting 0 0 6 11
Dizziness 0 1 4 10
Constipation 2 0 1 7
Excitement 2 0 1 6
Drowsiness 3 2 5 17
Headache 0 0 0 1
Upset stomach 0 0 1 4

Blood examinations and urinalyses showed no drug-
related abnormalities.
The relief afforded by an oral dose of 75 mg of

etymide, as observed by 52 clinical investigators, has
been tabulated by Craver (personal communication,
1967) as follows:

Per-
A verage Per- centage

Medication No. of pain- centage reporting
patients relief getting unde-

score relief sirable
effects

Placebo 358 1.49 49.7 29.3
Codeine, 65 mg 413 3.04 89.1 31.5
Propoxyphene, 65 mg 359 2.62 78.6 22.8
Etymide, 75 mg 860 2.77 80.7 42.3

The most frequently reported side-effects in all
groups, including patients given placebo, were
nausea, dizziness, drowsiness, vomiting and abdo-
minal cramps. This summary included postpartum,
post-operative and medical (out-patient, private-
practice and chronic) patients. The relief reported
was greatest against chronic pain (97.3%) and least
in medical out-patients (57.3 %).

Sunshine & Kantor (personal communication,
1966) tested etymide in comparison with placebo,
aspirin and codeine in post-surgical or post-fracture

cases under double-blind conditions with no cross-
overs. The percentages of patients reporting anal-
gesia at the doses given were as follows:

No.of ~ Percentage
Agent and dose No. of reporting

analgesia

Placebo 49 63
Aspirin, 600 mg 51 82
Codeine sulfate, 32 mg 50 90
Etymide, 37.5 mg 48 77
Dextropropoxyphene, 32 mg 49 77

Forrest et al. (personal communication, 1967)
compared, in a Rerup design, 30 mg of codeine and
75 mg of etymide in 38 patients and 90 mg of
codeine and 25 mg of etymide in 39 patients, mainly
post-operative patients who no longer needed a
parenteral analgesic. On the basis of this preliminary
study they estimated 84 mg of etymide to be equiva-
lent to 60 mg of codeine.

Forrest et al. also gave doses of 30, 60 and 120 mg
of etymide and 60 and 120 mg of codeine orally,
in random order, to six male volunteers in a double-
blind experiment with cross-overs and determined
respiratory activity by a re-breathing technique.
Both drugs produced dose-related respiratory de-
pression. It was estimated that in this respect 125 mg
of etymide was equivalent to 100 mg of codeine.

Dependence-producing properties
Deneau & Seevers I tested etymide for physical

dependence capacity in monkeys, with both single
doses and chronic administration. Single sub-
cutaneous doses of 2-24 mg per kg in morphine-
dependent monkeys at the peak of the abstinence
syndrome had no suppressant effect on the with-
drawal phenomena. Larger doses could not be given
because of the low solubility of the compound. In
the chronic study, the drug was given subcutaneously
every six hours to naive monkeys in doses increasing
from 5.0 mg per kg for the first five days to 20 mg
per kg from the 16th to 31st day. The animals were
challenged with nalorphine on the 14th and 28th
days and were observed following abrupt with-
drawal on the 31st day. The drug produced marked
irritation at the injection sites. Abstinence pheno-
mena were precipitated by nalorphine and a syn-
drome of low intensity, disappearing within six days,
followed abrupt withdrawal. The physical depen-
dence capacity was judged to be of a low order. At

1 Minutes of the 26th Meeting (1964) Bull. Drug Addiction
& Narcotics, Add. 1, p. 13.
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autopsy the livers of these monkeys showed no
pathological changes.

Cass & Frederik (1964b) subjected 24 patients,
with persistent pain and a history of little previous
narcotic experience, to daily administration of ety-
mide for three months. The usual dosage was 150 mg
three times a day and no patient required more than
600 mg per day. The medication was usually
effective but mild side-effects were seen in 16 patients,
most ccmmonly nausea, drowsiness and dizziness.
The patients were challenged every four weeks by
administration of nalorphine, but neither in these
tests nor in the period immediately following abrupt
withdrawal, at the end of the three months, was any
evidence of physical dependence detected. No signs
of toxicity were reported after various laboratory
tests.

FENYRAMIDOL1

Analgesic effect; general pharmacology

Fenyramidol (a-(2-pyridylaminomethyl) benzyl
alcohol) was synthesized by Gray (1962) as one of a
series of f hydroxyalkylaminopyridines (Gray et al.,
1959) and studied pharmacologically by O'Dell et al.
(1960) and O'Dell (1960, 1961a, 1961b), in most
instances in comparison with codeine. Analgesia

1X -NH-CH2 CidA-
OH

FENYRAMIDOL

was measured by the hot plate method in mice (an
average increase in reaction time of 14% or more for
20 mice was significant), by electrical stimulation of
tooth-pulp in the rabbit (a 6% increase in voltage
pver that required for response in 50% of the cases
was significant), and by response after injection of
silver nitrate in joints of rats. The results for different
doses of fenyramidol and codeine are shown below:

Percentage increase in reaction time, hot-plate method
Mg/kg Route * Fenyramidol Codeine

2.5 IV 42 31
5.0 IV 51 37

10 IP 15 33
20 IP 22 38
10 0 33 4
20 0 34 34

Also known as Analexin.

Percentage increase in voltage, tooth-pulp stimulation
Fenyramidol Codeine

Mg/kg Route Time after Time after
administration (min) administration (min)
30 60 90 30 60 90

5.0 IV 20 18 6 32 16 6
10.0 0 20 23 0 15 22 3

* IV = intravenous; IP = intraperitoneal; 0 = oral.

The results indicate a close similarity in the potency
of fenyramidol and codeine. With the silver nitrate
method 20 mg per kg of fenyramidol, given orally,
caused a 60% increase in the threshold. The duration
of the effect was about eight hours.
The LD50 of fenyramidol was 124 mg per kg

intravenously, 450 mg per kg intraperitoneally, and
2425 mg per kg orally, in mice. The LD50 reported
by O'Dell for codeine was 87 mg per kg intra-
venously and 128 mg per kg intraperitoneally.
Fenyramidol administered intravenously depressed
the righting-reflex in mice at 30 mg per kg and at
185 mg per kg when given intraperitoneally; it
reduced spontaneous activity in mice at 50 mg per kg,
intraperitoneally. O'Dell (1961b) constructed " pro-
files " from his results of a number of drugs and said
that fenyramidol possessed moderately potent anal-
gesic activity which was evident over a broad range
of doses. He also said that it probably had little true
central depressant or dulling effect but possessed a
marked centrally-induced muscle relaxant action.

Carroll, Luten & Southward (1961) tested fenyr-
amidol against the sensitivity of yeast-inflamed paws
in the rat in comparison with other agents, all given
orally. The ED50s in mg per kg for several agents
were:

Aspirin 75 Codeine 22
Dextropropoxyphene 16 Fenyramidol 110

These authors said that the ED50 for muscle relaxa-
tion in the cat was 60 mg per kg, intraperitoneally,
and for loss of righting-reflex in the rat 735 mg per
kg, intraperitoneally. The LD50 was 355 mg per kg,
intraperitoneally, in mice and 756 mg per kg, orally,
in rats. The anticonvulsant dose was 331 mg per kg,
orally, in the rat for electrically produced convulsions
and more than 522 mg per kg for strychnine- or
pentetrazol-produced convulsions.

Mustala & Penttila (1962) determined the oral
LD50 for fenyramidol in mice as 405 mg per kg.
They said it did not prevent strychnine convulsions
in this species.

Hoffmeister (1962) elicited various reflexes in the
head region in rabbits by electrical stimulation and
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found them depressed by fenyramidol in the dose
range of 10-50 mg per kg, intravenously. Hexo-
barbital depressed these reflexes at 20-50 mg per kg
and morphine at 1-10 mg per kg.
According to Miller (1962) only about 1.5% of an

oral dose of fenyramidol appeared unchanged in the
urine of the dog. The chief excretory product was a
glucuronide. After oral or intravenous adminis-
tration, most of the drug was deposited in skeletal
muscle and slowly released for conjugation in the
liver.
Kast (personal communication, 1962) obtained

evidence of an analgesic effect of fenyramidol like
that of codeine in a different way. A patient in pain
pressed a pair of points on to his skin until he judged
the pain produced to be equal to the pathological
pain. The threshold for the matching experimental
pain was the amount of pressure required to produce
it. If the pathological pain were reduced the pressure
required for the matching experimental pain would
be less. The average thresholds for 24 post-operative
patients, in actual pressures (mm Hg), and in pa-
rentheses as a percentage of initial threshold, 30 and
60 minutes after taking 30 mg of codeine or 400 mg
of fenyramidol were:

Changes in threshold, (mm Hg and %)
Initial 30 min 60 min

Codeine
30 mg 76.8 (100) 30.0 (47.0) 10.3 (20.0)

Fenyramidol
400 mg 78.4 (100) 26.0 (51.0) 13.5 (21.0)

Placebo 56.9 (100) 38.5 (68.0) 36.8 (63.0)

Clinical experience

There are a moderate number of reports of clinical
trials of fenyramidol, at least some of which were
well controlled, against pain of various origin. These
are summarized in Table 20. Especially for musculo-
skeletal pain, with some muscular stiffness or spasm,
results have been moderately good with relatively
few side-effects attributable to gastrointestinal irri-
tation. In addition to the quoted cases, Barr (1963)
and Friedman (1964) have summed up their impres-
sion of the drug's usefulness, recommending 200-400
mg orally every four hours or 100 mg with 300 mg
of aspirin. The Council on Drugs of the American
Medical Association (1963) concluded that fenyrami-
dol "... probably is no more effective than the
salicylates... " and " It appears to be relatively
non-toxic, but more data are necessary to determine
its possible toxic effects after prolonged use."

Siegler, Fabiani & Nodine (1967) reported on the
use of fenyramidol intramuscularly in 70 consecutive
cases of musculoskeletal pain, mainly of traumatic
origin. On a double-blind basis, half received a
placebo injection, half received fenyramidol (1000 mg
per 5 ml; the exact dose administered is not stated,
one presumes it to have been 1.0 ml). The condition
of the patients was re-evaluated for pain relief,
decreased muscular spasm, increased motion and
side-effects 30-60 min after injection. The pain
relief was good in 10, and excellent in one of the
patients with placebo, good in 13 and excellent in
eight of the patients with fenyramidol. Giving
numerical values to the degree of relief, the average
score for placebo was 0.77 and 1.71 for fenyramidol
The blood pressure fell slightly in two patients, and
more markedly in one, after fenyramidol, and
slightly in one after placebo. There was significantly
greater improvement in motion and spasm after
fenyramidol than after placebo. The authors recom-
mend the use of injectable fenyramidol in the type of
case described.

Tests for dependence liability

Fraser, Essig & Wolbach (1961) carried out the
usual tests at the Addiction Research Center,
Lexington, Ky., USA, for dependence-producing
properties. Single doses up to 750 mg, orally, in
post-addicts produced no subjective or objective
effects, except sleepiness, in one of six patients at the
highest dose. Attempts to substitute for morphine in
morphine-dependent persons produced no significant
suppression of abstinence phenomena. The total
dose was 1500 mg in three doses in 24 hours.
Chronic administration of 600 mg four times a day,
increasing to 4500 mg per day in 18 days and
continued for an additional 42 days produced no
signs of physical dependence. The patients did not
like the drug and in two out of four the dose was
reduced to 3300 mg a day because of sleepiness and
other complaints. By these tests fenyramidol was not
at all morphine-like.

METOFOLINE1

Although, in the early days of their discovery, the
natural isoquinoline alkaloids of opium, narcotine
and papaverine, were credited with sedative proper-
ties, hence the name of the former, they have not
shown any ability to relieve pain and the study of

1 Also known as Methopholine, Versidyne, Ro 4-1778/1.
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TABLE 21
ANALGESIC EFFECT (EDso, mg/kg) OF METOFOLINE AND CODEINE IN ANIMALS

Species Method ] Route a Metofoline Codeine Reference

Mouse Tail-flick SC 18.0 18.0 Besendorf et al. (1962)

JMouse Tail-flick 0 38.0 40.0 Brossi et al. (1965)

Mouse Tail-pinch IV 3.6 13.5 Shemano & Wendel (1964)

Mouse Electrical stimulation,
tail SC - b - Cugurra & Serra (1982)

Mouse Writhing SC 5.0 5.5 Brossi et al. (1965)

Mouse Writhing 0 12.0 - Brossi et al. (1965)

Mouse Hot-plate SC 5.0 14.0 Eddy, unpublished data

Rat Skin-twitch SC 40.0 35.0 Besendorf et al. (1962)

Rat Skin-twitch 0 55.0 - Brossi, et al. (1965)

Rat Yeast inflamed foot SC -c - Baruth & Randall (1962)

Rabbit Electrical stimulation,
tooth pulp IV 4.4 7.4 Besendorf et al. (1962)

a SC = subcutaneous; 0 = oral; IV = intravenous.
b Morphine-like analgesic effect with 1-5 mg per kg subcutaneously.
c Same order of effectiveness, both normal and inflamed foot, as codeine.

isoquinolines as a source for analgesic compounds
did not seem worth while. Considering the relation of
isoquinoline to morphine structure, this was a
considerable gap in structure-action relationships,
which relatively recent chemical and pharmacological
investigations have done much to cover. The subject
has been carefully and thoroughly reviewed by
Brossi et al. (1965). Metofoline is one of the
products of this work, that was subjected to extensive
clinical investigation and warrants consideration as
an agent for the relief of mild to moderate pain. It is
(±)1-p-chlorophenethyl)-6,7-dimethoxy-2-methyl-
1,2,3,4-tetrahydroisoquinoline; its synthesis was
described by Brossi et al. (1960) and its pharmacology
by Besendorf et al. (1962) and Randall (1963).

CH2CH2- -C\

CH30 -KN-CH3
CH30 -

METOFOLINE

Pharmacology
The pharmacological results were reviewed by

Brossi et al. (1965) including some results from their
laboratory which had not been included in their
previous papers. The analgesic effect in animals is
summarized in Table 21 with figures for codeine

from the same sources. In addition, De Salva &
Monteleone (1963) said that metofoline, at a dose
which produced no neurotoxic effect, delayed a skin-
twitch response to electrical stimulation and in-
creased the voltage required to produce the twitch
in rabbits. McConnell (1962) found that rats which
could cut off electric shock to their feet by lever-
pressing, withstood a higher shock under the influ-
ence of metofoline. The minimal effective dose was
four times that of morphine and four times that
required for affecting an avoidance test used as a
measure of sedation, indicating for metofoline
relatively less analgesic than sedative action. For
morphine the effective doses were the same for both
tests. Clearly in animal tests metofoline was as
effective an analgesic as codeine, sometimes more
effective. Its toxicity was also of the same order as
that of codeine (see Table 22). Snyder (personal
communication, 1962) found that metofoline, ad-
ministered subcutaneously to doe rabbits at term,
had little effect on the foetal mortality:

Condition
Natural, undrugged
Metofoline, 20 mg per kg
Morphine, 3 mg per kg
Dihydrocodeine, 13 mg per kg
Pethidine, 40 mg per kg

No. of births Still-births (Y.)
243 6
41 10
198 22
123 38
200 18
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TABLE 22
ACUTE TOXICITY (LDso mg/lPg) OF METOFOLINE

AND CODEINE

Species Routea Meto| Codeine Reference

Mouse SC 180 140 Besendorf et al. (1962)

Mouse IP 70 - Brossi et al. (1965)

Mouse IV 70 56 Brossi et al. (1965)

Mouse IV 25 86 Shemano & Wendel
(1964)

Mouse 0 180 750 Besendorf et al. (1962)

Rat SC 400 500 Besendorf et al. (1962)

Rat IP 100 - Brossi et al. (1965)

Rat 0 400 - Brossi et al (1965)

Rabbit IV 30 34 Besendorf et al. (1962)

Dog 0 295 - Brossi et al. (1965)

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

It was suggested that a factor in the increased
mortality with the opiates was their spasmogenic
effect. Metofoline was spasmolytic, according to
Cugurra & Serra (1962) on isolated guinea-pig
intestine, and Besendorf et al. (1962) said that it
antagonized barium-induced spasm of the isolated
rabbit intestine one-fifth to one half as well as
papaverine. The intravenous injection of 1 mg per kg
of metofoline did not affect the movements of the
small intestine of the rabbit in vivo, but 5 mg per kg
decreased tone and amplitude. The decrease in
activity was not observed in dogs (Brossi et al., 1965).
Reber & Studer (quoted by Brossi et al., 1965)

administered metofoline intraperitoneally to rats in
an acacia suspension. Doses of 15 mg per kg five
times a week for eight weeks were followed by a
gradual increase to 125 mg per kg during the last four
weeks of a six-month experiment. There was ces-*
sation of growth at 40 mg per kg and weight loss at
85 mg per kg but no other untoward effects were
observed. Brossi et al. (1965) detailed the results of
other chronic toxicity studies carried out by associ-
ates in their laboratories. Scharer gave metofoline to
rats as a dietary component in concentrations of
0.05, 0.1 and 0.2%, equivalent to a daily drug intake
of 30-60, 60-110 and 100-200 mg per kg. The study
was continued for 18 months. No drug-induced
toxic effects were observed. Schwartz & Bagdon
gave metofoline to rats in a dietary mixture allowing
for a daily drug intake of 100 mg per kg by the

parent and the first-generation groups. Adminis-
tration was begun four weeks before breeding.
Fertility was not influenced significantly and con-
genital malformations or other abnormalities were
not observed. Bagdon et al. (1961) carried out
chronic toxicity studies in dogs which received daily
oral doses of metofoline of 10, 20 and 40 mg per kg
for nine months. The only adverse effect was
occasional emesis with the highest dose. When the
experiment was continued to 60 weeks two animals
at the 20-mg and two at the 40-mg dose developed
gastroenteritis, peritonitis and peritoneal adhesions
and one at each dose developed periportal cirrhosis.
The latter two had shown changes in liver-function
tests suggesting liver impairment. It was concluded
that the inflammations were due to mode of adminis-
tration and that the liver changes were secondary to
the inflammation. Daily intravenous administration
to dogs of 5 mg per kg of metofoline for periods of
35-50 days did not produce fibrotic changes in the
parenchymal organs of the peritoneal cavity and in
a chronic toxicity study in monkeys, daily oral doses
of 10, 20 and 40 mg per kg of metofoline for a year
were tolerated very well. One animal died suddenly
after 43 weeks but its death could not be related to
the drug schedule.
Brandman (1961) carried out a chronic-toxicity

study of metofoline in man. A total of 50 chronically
ill patients, without pain, were given 30 mg, orally,
four times a day for a week, then 60 mg four times a
day for three weeks. After two drug-free weeks
48 of the patients received 60 mg four times a day for
20 weeks. Haematological studies, urinalyses, electro-
cardiograms, electroencephalograms and circulatory
measurements were made on some patients from
time to time. One patient complained occasionally
of nausea and dizziness and another of nausea,
dizziness and headache; both complained similarly
during the drug-free period. No changes in blood or
urine or other pathological changes were observed
throughout. Brandman (quoted by Brossi et al.,
1965) continued the chronic-toxicity study in the
same patients for another six months. Daily meto-
foline doses of 360 mg were given for that period
and similar tests were made to those carried out in
the first phase. Again no changes in any of the
parameters studied were observed.

Besendorf et al. (1962) found that in the narcotized
rabbit 4 mg per kg of metofoline, administered intra-
venously, depressed respiration, an effect antagonized
by levallorphan, and produced hypotension and
bradycardia.
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Martin et al. (1964) compared the effects of meto-
foline and codeine given intravenously to chronic-
spinal-dogs and calculated their equivalence to 1 mg
per kg of morphine as shown below. The thoracic
cord had been transected 3-16 months earlier.

Mg per kg equivalen^e
Depression Efect on Effect on

offlexor reflex pupil body temperature

Morphine sulfate 1.0 1.0 1.0
Codeine sulfate 17.9 14.1 9.4
Metofoline. HCI 13.5 17.1 17.4

Codeine increased the heart rate, metofoline and
morphine decreased it. Given orally, 20 mg per kg
of codeine had a much greater depressant effect on

the flexor reflex than metofoline, in spite of the
occurrence of emesis within 30 minutes of drug
administration.
Schwartz et al. (1964) studied the metabolic fate of

metofoline in rabbit and man in part with 14C-labelled
material. Approximately half of the administered
dose was excreted in the urine as the original drug
and four metabolites, within a 2-3-day period. The
proportion of unchanged drug was small. The
metabolites were (1) N-demethylated metofoline;
(2) 6-O-demethylated metofoline; (3) N- and 6-0-

demethylated metofoline; and (4) the 1,2-dehydro-
genated derivative of (3). The most abundant
metabolite was (2), 33.5-50.6% of an administered
120-mg oral dose being recovered in this form in

three human subjects, and the least abundant was (1),
recovery of this form being less than 0.2% of the
administered dose. The distribution of metabolites
in the rabbit was similar to that in man. Excretion
in the dog was much less; only about 2% of an oral

dose of 10 mg per kg was found as metabolites (2),
(3) and (4).

Koechlin et al. (quoted by Brossi et al., 1965)
administered metofoline doses of 120 and 180 mg
orally to man (seven trials in five subjects) and
recovered 13.6-32% of the administered drug and its
metabolites from the urine in 12-24 hours. In
monkeys treated chronically with three dose-levels of
metofoline, 24-hour urinary excretion amounted to
about 4% of the daily dose, independent of the dose
level, principally as a conjugate of metabolite (2).

Schwartz & Rieder (quoted by Brossi et al., 1965)
studied the route of excretion of metofoline after
the administration of a single dose of radioactive
material. The results according to species are shown
in Table 23 (rearranged from Brossi et al., 1965).
Tissue distribution also varied with species; radio-
activity was much higher in the liver and intestinal
wall in the dog than in the rabbit and rat and higher
in the kidney in the rabbit than in the dog and rat.

Clinical evidence of analgesic activity

Table 24 shows the results of clinical trials of
metofoline, mainly with oral administration, and
also shows which of the trials used a double-blind
technique.

Relatively few side-effects were encountered and
details are given at the bottom of Table 24. In
general, the effectiveness of metofoline was less than
that of codeine but it was improved by addition of
aspirin or aspirin mixture. The drug was not very
effective when given parenterally.

Foldes, Moore & Suna (1961) gave 1.0 mg per kg
of metofoline intravenously to patients anaesthetized

TABLE 23
METOFOLINE EXCRETION a

Administration Period Excretion (% of the dose) b
Species of collection

Oral Intraperitoneal (days) Urine Faeces - Total

Rabbit 10 mg/kg 10 mg/kg 3 77.8/93.0 12.8/6.0 90.6/99.0

Rat 4 mg/kg 3 15.8 79.6 95.4

Dog 5 mg/kg 5 mg/kg 3 17.0/18.7 64.2/59.9 81.2/78.6

Man 40 mg total 4.5 48.1 15.3 63.4 c

Man 120 mg total 5.5 66.3 17.6 83.9

a Rearranged from Brossi et al. (1965).
b First figure after oral, second figure after intraperitoneal doses.
c Failed to collect one urine and one stool specimen during the experiment.
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TABLE 24
CLINICAL ANALGESIC EFFECTIVENESS OF METOFOLINE ORALLY, EXCEPT AS INDICATED

Patients

No. Indication

Postoperative

Orthopaedic

Postoperative
gynaecological

Male, orthopaedic

Acute pain, hos-
pitalized

Chronic pain,
ambulatory

Postoperative

Postpartum

Dental, post-
extraction

Chronic pain, can-
cer, cross-over

Dosages (single)
or per day

20 and 40 mg; codeine,
30 mg

30 and 60 mg; codeine, 30
and 60 mg

30, 60 and 120 mg

60 mg; dextropropoxyphene
60 mg and placebo

30-60 mg up to 6 times per
day

5-75 mg per 70 kg versus
morphine, 10 mg; 15 and
30 mg versus codeine,
50 mg; all IM

60 mg (53 patients); codeine,
60 mg (53 patients); aspi-
rin, 600 mg (48 patients)

60 mg (117 patients); codeine,
60 mg ('27 patients);
dextropropoxyphine, 65 mg
(127 patients); placebo:
every 4 hours.

20 and 60 mg; codeine, 20
and 60 mg

Result

Satisfactory relief: a 20 mg, 56 %;
40 mg, 70 %; Codeine, 67 %

Number of doses effective (out of
50): c Metofoline 30 mg, 35 %;
Codeine 30 mg, 33 %; Metofoline
60 mg, 42 %; Codeine 60 mg, 43 %

Percentage analgesia, 50 doses each
level: 30 mg, 64%; 60 mg, 76%;
120 mg, E0%d

Percentage analgesia, 100 doses
each medication: Placebo (50
doses), 50 %, Cross-over, 36 %;
Dextropropoxyphene, 73 %; Cross-
over, 77 %; Metofoline, 85 %, Cross-
over, 85 % e

Excellent, 9; good, 38f

Excellent, 12; good, 37

Even highest dose (65.6% relief)
less effective than morphine (75.0 %
relief). Approximately equivalent
to codeine

Codeine and aspirin not distinguish-
able, both superior to metofoline,
which was not distinguishable from
from placebo h

Relief reported at 48 hrs: metofoline
94.9 %; codeine 97.6 %; dextropro-
poxyphine 88.2 %; placebo 87.7 %t

Pain-relief scores: 2.52 and 3.68 for
metofoline, 3.00 and 3.48 for codeine
and 2.76 for placebo. No side-
effects.

Reference

Sadove, All & Schiffrin
(1 960) b

Schiffrin, Sadove &
Bruce, 1961a; Sadove,
Schiffrin & Ali (1961) b

Sadove & Bruce (1961a)b

Sadove & Bruce (1961 b)b
Sadove & Schiffrin

(1961)

Brandman (1961)

Keats (personal com-
munication, 1961) b

DeKornfeld & Lasagna
(personal communic-
ation,1 961) b

Chilton, Lewandowski
& Cameron (1961) b

Houde (personal com-
munication, 1962) b

a Sedation not significant. No nausea or vomiting.
b Used double-blind technique.
c Same result, cross-over data on 31 patients. Good results in 10 patients receiving 2-6 dosgs/day for 6 weeks to 4 months.

Doses of 10, 20 and 30-40 mg (IV) in 15 patients, analgesia of short duration in 9 of 11 at highest doses. Nausea in one, no change
in mood or euphoria, no respiratory or circulatory changes. No sign of tolerance during chronic administration.

d 86 % of doses effective if 325 mg of aspirin given with 30 mg metofoline. For all doses (398) nausea and vomiting occurred
only once. Sedation 10 % with 30 mg, 6 % with 60 mg, 10 % 120 mg.

Cross-over trials were on 22 patients only. Onset and duration of relief similar for both drugs. Also gave doses of 30, 60
and 120 mg, intramuscularly, and 60, 90 and 120 mg, intravenously, to small groups of patients (2-7) with analgesia of 30 min to
more than 120 minutes in nearly all. One patient after 60 mg (IV) showed a decrease in minute volume from 3900 to 2500 ml at onq
hour; In one patient after 90 mg (IV) blood pressure fell from 120/80 to 98/60 at 30 minutes after injection. Second reference resume
of authors' experience.

f Nausea in one patient only. Chronically ill patients with no pain were given 4 x 30 mg/day for I week; 4 x 60 mg/day for
3 weeks; 2 drug-free weeks; 4 x 60 mg/day for 20 weeks. No significant changes in blood or urine or other pathological signs attri-
butable to drug.

50 mg/70 kg (IM) given to 30 pre-operative patients without pain. Persistent pain at site of injection in 14, sleepiness 4, diz-
ziness 1, itching 1.

h Hot, dizzy spells 2 %; with codeine, headache, drowsiness, dizziness or nausea 7 %; with placebo, headache, dizziness 5%.

40
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34

35

51

50

14-16

18

39
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TABLE 24 (continued)

Patients Dosages (single) Rsl
No.__|__I_ndicatlon or per day Result Reference
No. Indicationo

Chronic pain, can- Houde, (personal com-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Chronic pain, can-
cer; cross-over

Postpartum

Postoperative

Headache in
boxers

Chronic pain

Rheumatism, acute
and chronic

Headache of vari-
ous origin

Headache of vari-
ous origin

Headache of vari-
ous origin

Pain after oral sur-
gical procedures

Postoperative

Postoperative

Orthopedic,
ambulatory

Pain after oral pro-
cedures: (1) 228
patients; (2) 215
patients

40 and 120 mg; codeine, 40
and 120 mg

60 mg; 60 mg + aspirin,
325 mg; placebo

60 mg; pethidine, 50 mg

60 mg with aspirin

60 mg; 60 mg + APC; APC;
codeine, 15 mg + APC;
placebo. Each for 6 days

3 x 120 mg per day

Alone

Plus aspirin

Plus APC

60 mg as needed, average
290 per patient

(1) 60 mg; (2) 60 mg + aspi-
rin; (3) 60 mg + aspirin +
hypnotic + caffeine.
Average 60-480 mg/day

(1) 60 mg + aspirin + hypno-
tic + caffeine; (2) dextro-
propoxyphene + APC
Three or more doses per
patient

Analgesic effect transient and signi-
ficantly less than with codeine. No
difference in side-effects.

Relief: alone 77.8 %; plus aspirin
81.0 %; placebo 38.9 % J

Analgesic effect of first doses: k
Com- Mod- None
plete erate

metofoline 50% 15.4% 26.4 %
pethidine 57.9% 7.8% 20.6 %

Relief up to 7 hours

Pain relief scores in same order:
1.24; 1.70; 1.13; 1.78; 0.78. Patients'
preference same order as score I

Satisfactory relief in 80 %, better
tolerated than salicylate

Excellent, 41; good, 13; fair, 6; poor,
53 patients m

Excellent, 43; good, 15; fair, 8;
poor, 47 patients

Excellent, 45; good, 17; fair, 14;
poor, 31 patients

Excellent analgesia in 160 (94.6 %)
(complete or almost complete
relief). No side-effects

Satisfactory

Satisfactory

Relief good or excellent: (1) 80.7 %;
(2) 86.0 %; (3) 97.9 %. Better than
aspirin, 67 of 88 patients. Equal or
better than propoxyphene, 25 of 32
patients. Similar result in another
102 patients n

Complete relief: (1) 77.5 %; (2) 85.3 % 0

Houde, (personal com-
munication, 1963) b

Adels & Rogers (1962) b

Moore, Foldes & David-

Elia (1962)

Cass & Frederik, (1963a-
1963b) b

Dubois (1963)

Ryan (1963)

Ryan (1963)

Ryan (1963)

Hoffman (1963)

Muras (1962)

Thomas, Tandan &
Singh (1962)

Brodsky (1963)

Koslin (1963) b

i Side-effects (first figure metofoline, second codeine, third placebo): none 93/68/97; nausea 5/21/11; drowsiness 10/25/10;
dizziness 10/30/9; headache 11/17/16; other 28/31/26.

J Dizziness in 1 after metofoline alone, in 5 after mixture; sleepiness 1, vomiting 1 after placebo.
kC Approximately equal for moderate pain; pethidine more effective for severe pain. Side-effects (first figure metofoline,

second pethidine): nausea 14/9; vomiting 11/5; drowsiness 17/13; dizziness 2/2; itching 0/2; disliked 3/2.
I Side-effects (figures in same order as doses): nausea 3/10/0/2/0; constipation 1/1/2/14/3; drowsiness 6/9/3/7/6.
m Only side-effect a little drowsiness.
n Side-effects (total): nausea 3, dizziness 1, drowsiness or sluggishness 2.
0 Side-effects (first figure metofoline, second propoxyphene mixture): nausea 19/8; gastric distress 22/7; dizziness 4/6; head-

ache 2/9; drowsiness 20/25; tinnitus 2/6.

40

19

70

110

14

34

103

113

113

93

169

149
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with thiopental, nitrous oxide and oxygen, either
alone or before or after 0.02 mg per kg of levallor-
phan (20, 12 and 4 patients respectively). Respiratory
rate and minute volume, pulse rate and blood
pressure were recorded before, and at short intervals
after, medication as well as at end of anaesthesia.
Additional doses of 12 mg were given if analgesia
was insufficient. Levallorphan had little effect.
Expressing initial values as 100%, changes at 3 and
10 minutes (first and second figures) were:

Resp. rate ResP. min. Pulse rate
Vol.

Metofoline 66.5/66.5 71.5/84.4 84.3/84.6

Systolic
blood

pressure

88.1/96.4
Metofoline
followed by
levallorphan 66.7/71.8 53.7/76.0 86.2/79.7 90.4/91.2

Metofoline
preceded by
levallorphan 60.5/57.5 * 61.0/79.2 *

* Two of the four patients had apnoea lasting 7 and 9 minutes.

The authors also compared metofoline (initial dose
1.0 mg per kg, total dose 1.28 mg per kg) and pethi-
dine (initial dose 0.5 mg per kg, total dose 0.94 mg
per kg) in two groups of 20 patients. The duration of
the analgesic effect of the former was longer and was

not accompanied by a hypnotic effect.
Swerdlow, Milligan & McEwan (1960) also tried

to supplement thiopental-nitrous oxide-oxygen an-

aesthesia with metofoline in 20 patients and found it
generally unsatisfactory compared with pethidine,
but the result was hardly unexpected since the rela-
tive dosage was so small; the figures (mg of meto-
foline/mg of pethidine) were: total dose=28.1/55.5;
dose per minute 0.67/1.2; dose per kg 0.1/0.79.

Dependence-producing properties

Besendorf et al. (1962) found that the analgesic
.effectiveness of metofoline in rats did not decrease
during the period when it was administered five
times weekly for three weeks and Bagdon (quoted by
Brossi et al., 1965) failed to observe-abstinence signs
in dogs which had received metofoline daily (doses
of 40 mg per kg increasing to 70 mg per kg in 23 to
27 weeks) and from which the drug was abruptly
withdrawn. Deneau & Seevers (personal communi-
cation, 1961) tested the effect of metofoline on the
abstinence syndrome of morphine-dependent mon-

keys. They estimated that the physical dependence
capacity was very low.

Fraser et al. (1961a, 1961b, 1961c) studied the
morphine-like effects and dependence liability in a

series of experiments at the Addiction Research
Center, Lexington, Ky., USA. Their conclusion was:

" By every criterion customarily used-degree and
quality of morphine like subjective effects, ability to
suppress symptoms of abstinence from morphine and
severity of abstinence reaction after prolonged
chronic administration-i-K-1 (metofoline) is a
compound of very little or no addictiveness."
"Chronic oral misuse is unlikely."
The experiments upon which this conclusion was

based may be summarized as follows:

Expt no. 1. Single doses of 600 or 1000 mg were
given orally to 11 post addicts all of whom had
difficulty in recognizing an effect; opiate-like symp-
tonr s were recognized at the higher dose only.

Expt no. 2. Single doses were given intravenously,
to 16 post-addicts, in a cross-over experiment; the
doses used were 120 mg of metofoline, codeine and
dextropropoxyphene. Morphine like symptoms and
pupillary constriction were found with each. The
milligram equivalence for opiate symptoms was:
codeine 1.0, metofoline 1.05; and for pupillary
constriction was: codeine 1.0, metofoline 0.83.

Expt no. 3. Substitution for 24 hours in nine
subjects stabilized on 240 mg of morphine per day.
Doses in 24 hours given intramuscularly were 300,
600 and 1200 mg of metofoline, 100 and 200 mg of
codeine, 180 mg of morphine and placebo. The
Himmelsbach abstinence-phenomena scores per
drug and per dose were: metofoline 137.9, 124.5 and
111.5, codeine 123.2 and 102,0, morphine 34.3 and
placebo 163.9. The estimated equivalence in absti-
nence suppressant potency was metofoline 6.9 mg
versus codeine 1.0 mg.

Expt no. 4. Substitution by three intravenous
doses in 24 hours in subjects stabilized on 240 mg of
morphine per day. Total doses of 180 mg in two,
and 360 mg in three subjects only partially suppressed
abstinence. One patient had a mild, and another a
severe vascular reaction with the larger dose. The
latter occurred when 95 mg of the third dose had
been given; the patient asked that the injection be
stopped. The blood pressure could not be recorded
for about eight minutes. There was weakness,
excessive sweating, extensive erythema, severe head-
ache and oedema of the skin. The latter persisted for
48 hours.
Expt no. 5. Chronic administration in five sub-

jects for 18 days, drug-free for two days, further
administration for 42 days. Maximum dosage
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1500 mg per day, orally. None liked the drug and
only one completed the experiment as planned; three
continued on a reduced dosage schedule. Only one
subject identified the drug as " dope ". During the
ten days after final withdrawal the average daily
abstinence score was only 7.5. The daily score for
codeine similarly administered, with a maximum of
1375 mg per day, was 27.5, and for dextropropoxy-
phene, with a maximum dose of 780 mg per day, the
score was 14.0.

Expt no. 6. Seven subjects were given a trial dose
of 180 mg (6 intravenously, 1 intramuscularly).
Given the option of taking the drug for seven days
only three elected to do so and they continued only
for an average of 3.7 days. Other drugs similarly
offered were morphine 30 mg (all elected, 6 com-
pleted); codeine 120 mg (4 elected, 3 completed);
dextropropoxyphene 180 mg (all elected, 2 com-
pleted). Patient-expressed preferences for the drugs
were:

First Second Third Fourth

Morphine 5 1 1 *
Codeine 2 2 3
Dextropropoxyphene 2 4 1
Metofoline 1 4 2
* Discontinued because of vomiting.

There were no abstinence phenomena seen at the end
of the experiment with either dextropropoxyphene or
metofoline. The authors' quoted conclusion is fully
justified by the above observations.

PRODILIDINE 1

Prodilidine (1,2-dimethyl-3-phenyl-3-pyrrolidyl
propionate) was described as a new analgesic agent
by Winder et al. (1961a, 1961b), by Kissel & Albert
(1961) and by Kissel, Albert & Boxill (1961). Winder
et al. by two methods (radiant heat on the back,
guinea-pig; pressure on tail, rat) found prodilidine a
little less effective than codeine given intraperitoneal-
ly, equal to or slightly better than codeine given
orally. It lacked substantial antipyretic, antiinflam-
matory, antitussive, constipating, respiratory de-
pressant and cardiovascular effects. Its LD50 in mice
was 76 mg per kg intravenously, 133 mg per kg
intraperitoneally, 295 mg per kg subcutaneously and
620 mg per kg orally. The figures for codeine in the
same order were 56, 78, 262 nad 504 mg per kg. The
dextro-isomer was slightly more active as an anal-
gesic and more toxic than the racemate and the
laevo-isomer was inactive.

1 Also known as Cl-427.

-O-C-C2Hs

CH3
PRODILIDE

The results and conclusions of Kissel, Albert &
Boxill (1961) were similar to those of Winder and his
associates. Their figures for analgesia in comparison
with codeine were as follows (all doses in mg per kg):

Route of administration
Oral Subcutaneouv Intravenous

Tail-flick, rat, 50 % increase in average group (10) reaction time

Prodilidine-HC1 17.3 17.8 11.2
Codeine sulfate 22.5 6.2 6.2
Tail-pinch, mice, 50 % Increase in average group (10) reaction time

Prodilidine-HC1 84.0 72.3 30.0
Codeine sulfate 97.0 24.7 25.5

Writhing, mice, 50 % reduction in writhesl/0 min

Prodilidine-HC1 7.2
Codeine sulfate 3.0

LD,0, rat

Prodilidine-HC1 253 188 74
Codeine sulfate 542 352 55

LD,O, mice

Prodilidine-HCI 318 194 91
Codeine sulfate 395 183 68

At the National Institutes of Health, USA,
results 2 on two samples of prodilidine for analgesic
effect, by the hot-plate method in mice, were ED50
18.8 and 19.5 mg per kg, subcutaneously. The oral
ED50 on the first sample was 11.9 mg per kg and the
LD50, subcutaneously, was 312 mg per kg.
Weikel & La Budde (1962) studied the physio-

logical disposition of prodilidine in rats. It was well
absorbed from the gastro-intestinal tract, but ex-
hibited low blood-levels after oral administration.
The drug was removed rapidly from the tissues and
little was excreted unchanged in the urine. Blood
levels were somewhat higher, and excretion of the
unchanged drug was greater, after subcutaneous
administration. The drug underwent N-demethyla-
tion by liver microsomes of several species in vitro
and the (-)-isomer was demethylated by rat liver
microsomes to a greater extent than the (+)-isomer.
The authors said later (personal communication)

2Unpublished results.
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that the major metabolite in the urine was N-des-
methylprodilidine.
Houde, Beliville & Wallenstein (personal com-

munication, 1961) compared prodilidine with aspirin,
300 versus 600 mg, and 150 and 300 mg versus 300
and 600 mg, all orally in patients with chronic pain
due to cancer. The pain scores for 35 doses in
21 patients were:

Prodilidine, 300 mg Aspirin,
Peak Total Peak
1.57 5.29 1.00

300 mg
Total
3.18

Aspirin, 600 mg
Peak Total
1.49 5.20

making 300 mg of prodilidine about equal to 600 mg
of aspirin. Side-effects of prodilidine were, however,
disturbingly high: nausea 10, dizziness 14, grog-
giness 3, sleepiness 3, jitteriness 1-these being the
side-effects recorded in 21 of 39 patients after a total
of 63 doses.

Cass & Frederik (1961) reported on the results of
prodilidine administration in 38 patients with chronic
pain, mostly musculoskeletal. A dose of 50 or
100 mg was given orally three times a day for six
days and compared in random order with 30 mg of
codeine sulfate, 600 mg of aspirin and placebo,
similarly administered. The decreasing order of
effectiveness, on the basis of average weekly pain-
relief scores, was codeine, 100 mg prodilidine, aspirin,
50 mg prodilidine, placebo. Of the 38 patients,
28 placed codeine first, and 10 placed prodilidine
first; 10 placed codeine second, and 28 placed
prodilidine second. The numbers of patients showing
side-effects is shown below:

Codeine Prodilidine, Placebo50mg

Nausea
Vertigo
Constipation
Excitement
Drowsiness

1 2
1 2
9 5
1 7
7 2

2
3
3
5

4

In another trial using the same procedure for
administration and analysis of results, Cass &
Frederik (1963c) reported very similar results. Only
the scores for patients who took all the doses were

included in the analysis. The dose of codeine in this
second trial was 50 mg. The averages for all pain-
relief scores per dose were:

Placebo
Prodilidine, 50 mg
Prodilidine, 100 mg
Aspirin, 600 mg
Codeine, 50 mg

0.883
1.468
1.675
2.181
2.358

The frequency of side-effects among 44 patients
was as follows:

Nausea
Dizziness
Constipation
Excitement
Drowsiness
Abdominal cramps

Prodil- Prodil-
Placebo idine, idine, Codeine Aspirin

50 mg 100 mg

5 2 0 5 7
5 0 3 6 1
4 2 4 17 3

11 4 8 5 6
6 3 4 15 18
2 5 3 7 7

Splitter (1961) treated 100 patients with pain of
various origin, mainly traumatic and arthritic, with
50 or 100 mg of prodilidine, orally, every four hours
for periods between 2 days and 10 weeks. He
categorized satisfactory relief as 100% if it did not
recur before the next dose was due; > 75% if
complete relief was obtained but with recurrence
before next dose was due or if the pain was reduced
to mild; > 50% if relief less complete and less
prompt. The numbers of patients showing relief
were also categorized according to the severity of the
initial pain as follows:

Initial pain

Severe
Moderate

Degree of relief
100% > 75 % >50%

62 8 12
16 1 0

Four patients developed mild nausea and dizziness,
and two developed a skin rash.

Boyle, Tabet & Wightman (1964) used 100 or
200 mg of prodilidine hydrochloride four times a day
for a week, double-blind; in other weeks, 50 mg
of prodilidine plus 325 mg of aspirin, or 32 mg of
codeine plus 325 mg of aspirin or placebo were given
in random sequence. Patients were seen daily and
the degree of pain scored. Each of the three medica-
tions was better than placebo, but there was no
statistical difference between them. These authors,
like Houde, who used larger doses, foYnd thati side-
effects occurred more frequently with prodilidine.

Batterman, Mouratoff & Kaufman (1964) also
reported a greater frequency of side-effects, using
only 50 or 75 mg of prodilidine hydrochloride per
dose in patients with chronic pain of musculo-
skeletal or arthritic origin. Relief was satisfactory in
69% of 158 patients with the 50-mg dose. It was not
increased by the addition of APC (70% satisfactory
relief in 96 patients) or by the increase to 75 mg
(61 % satisfactory relief in 56 patients).

Fraser (1964) found that prodilidine was judged by
post-addicts to be blank even at 400 mg sub-
cutaneously. At 300 mg, intravenously, it had little
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effect on the pupil, it was infrequently identified as
" dope ", and the symptoms produced were in-
frequently recognized as opiate-like. Administered
chronically to five subjects, starting at 200 mg, orally,
the dose could not be increased because of the
occurrence of nausea and vomiting. Three men
frequently expressed dislike for the drug and left the
experiment at 18 days; the other two continued for
39 days. Nalorphine precipitated very mild absti-
nence signs but these were seen only on abrupt
withdrawal. It was judged that the dependence-
producing potency was certainly less than with
codeine and probably less than with propoxyphene.

INDANES

Barltrop and his associates (Acheson et al., 1956;
Barltrop et al., 1956; Barltrop & Dodsworth, 1956;
Philpott & Barltrop, 1956) described in a series of
papers on potential analgesics, the synthesis of many
compounds with indane, or more particularly
phenylindane, as the basic component.

I-Dimethylamino-3-phenylindane. This material
was one of the best of the group. According to
David, Carter & Weber (1960) it produced complete

~-0
N(CH3)2

1-DIMETHYLAMINO-3-PHENYLINDANE

analgesia in rats (tail-flick method) at 10 mg per kg,
intraperitoneally and they quoted Wendel I as finding
a good analgesic effect with oral doses of this drug.
Their own results with this route of administration
were irregular and averaged only a 12.5% increase in
reaction tim* 30 minutes after a dose of 15 mg per
kg. We 2 determined an ED50 of 5.9 mg per kg
subcutaneously, but no significant effect with oral
doses (hot-plate method) with mice. David, Carter
& Weber (1960) said that small doses orally (1.0-5.0
mg per kg) produced a significant decrease in
spontaneous activity in rats. They tried the com-
pound in patients, with chronic pain mostly, in oral
doses of 30 and 50 mg three or four times a day. The
results were satisfactory in only 39% of the trials in
30 hospitalized patients, but, on the other hand, were
satisfactory in 85% of trials in younger ambulatory

1 Unpublished results, 1959.
Eddy, unpublished results, 1961.

cases. Five of the bed patients complained of
dizziness but, curiously, this was mentioned by only
two of the ambulatory patients. Perhaps the groups
were too small for these results to be meaningful.
Some of the patients had taken dextropropoxyphene
previously; eight judged it inferior, 41 equal, and
three thought it superior to the phenylindane.

2-Aminoindane. The pharmacology of this chemi-
cal was described by Witkin et al. (1961a, 1961b),
including a marked analgesic effect in animal
experiments. They referred to previous observations
on phenethylamines and suggested that 2-amino-
indane might be considered a cyclized phenethyl-
amine. The analgesic ED50 of 2-aminoindane (tail-
flick, mice) was 15.0 mg per kg, subcutaneously,
21.0 mg per kg, orally. By the hot-plate method 3 the
ED50 was 6.5 mg per kg, subcutaneously, and
surprisingly only 1.7 mg per kg, orally. Witkin et al.
also used the hot-plate method and reported an oral
ED50 of 25.0 mg per kg and at that dose an equival-
ence to morphine in intensity and duration of effect.
The ED50 of 2-aminoindane by the writhing test was
6.5 mg per kg, and that of morphine was 3.5 mg per
kg, orally. Nalorphine did not antagonize the
analgesic effect of 2-aminoindane.
2-Aminoindane potentiated the analgesic effect of

morphine in mice and, in that animal, depressed
gastro-intestinal propulsion. It was antitussive (Hahn
& Friebel, 1966) but did not produce respiratory
depression, decrease blood pressure, depress spinal
reflexes or increase blood-sugar levels. It had no
significant physical dependence-capacity in mor-
phine-dependent monkeys (Deneau, personal com-
munication, 1963). Its LD50 in mice was 170 mg per
kg, intraperitoneally. In spite of its analgesic and
antitussive actions 2-aminoindane could not be
classified as morphine-like. Investigation of its effect
in man, when given orally, should be interesting, if
such investigation is warranted by further toxicologi-
cal examination.

PHTHALIMIDES

N-[2-(2'-pyridyl)ethyl]phthalidimide. Wilson et al.
(1951) synthesized a group ofamino phthalidylalkanes
which failed to exhibit any appreciable analgesic
activity. Lewis (195 1a, 1951b), however, reported
that N-[2-(2'-pyridyl)ethyl]phthalidimide was more
effective than aspirin or aminophenazone but less
effective than codeine, with some sedative and local

' Eddy, unpublished, 1963.
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anaesthetic activity. Its LD50 was 60 mg per kg,
intravenously, and 360 mg per kg, orally, in mice, and
72 mg per kg, intravenously, and 860 mg per kg,
orally, in rats.

Thalidomide. Aberhardt (1959) claimed that
thalidomide increased the clinical analgesic effective-
ness of APC. Harris & Allgood (1960) undertook to
test this possibility in normal volunteers, using
electrical stimulation of teeth, but unfortunately
failed to include the necessary controls. They com-
pared APC (450 mg of aspirin, 325 mg of phen-
acetin, and 65 mg of caffeine) with 25 mg of thalido-
mide plus APC and with 32 mg of codeine plus APC,
but not with thalidomide or codeine alone. With

0
/C\ \\

K '<C/ O\N/O
O H

THALIDOMIDE

each of the mixtures the rise in threshold was greater
and the rise persisted longer (120 min instead of
40 min with thalidomide and 140 min instead of
60 min with codeine) than with APC alone.
These results of themselves are not impressive, but

may constitute a lead to further work.

PYRROLIDINES

Bergel et al. (1944), Macdonald et al. (1946) and
Woods et al. (1954) reported no analgesic activity
with 1-methyl-3-phenylpyrrolidines, with different
additional substituents at the 3- position. However,
Cavalla et al. (1961, 1962, 1964, 1965) explored more
extensively the possibilities of pyrrodolidine as a
framework upon which to build, and have also
substituted phenyl or other aryl group at the
3- position of the molecule. They tested for anal-
gesia by tail-pressure in rats, administered their
compounds intraperitoneally and determined LD50s
by the same route of administration in the same
species. Some analgesic activity was shown in many
compounds and structure-action relationships were

discussed. Rarely was activity shown to be as great
or greater than that of codeine; the maximum was
two-and-a-half times that of codeine. The only
compound selected for further study with a view to
clinical application was prodilidine, which has already
been described.

Simultaneously, Wu, Lobeck & Feldkamp (1962)
synthesised a series of pyrrolidines, and, after testing
them for analgesia, selected prodilidine for further
study. The compounds from the two sources proved
to be identical and were tested together for depend-
ence-producing properties (see " Prodilidine " above).
The reader is referred to the two series of papers on
the pyrrolidines for further details. Again this work
may furnish useful leads.

SPECIFIC OPIATE-ANTAGONISTS

When Lasagna & Beecher (1954) discovered that
nalorphine relieved postoperative pain in man as
well as an equal dose of morphine, new possibilities
in the field of analgesia were opened up. Nalorphine,
and other specific antagonists, since they precipitate
abstinence phenomena in persons with drug de-
pendence of morphine, will not substitute for
morphine or other similar drugs in such persons and
seemingly have no liability to abuse. Nalorphine,
and some others, however, produce disturbing side-
effects too frequently for practical use. However, it
is now well established that analgesic and side-effect
potency are not exhibited equally among the many
antagonists and a search for the combination which
will result in clinical usefulness is worth while. Only
two or three compounds of this type with results
pertinent to the question of codeine alternates have
so far been studied.

(1) Nalorphine appears to possess antitussive as
well as analgesic properties (see Part 4) but apart
from its disturbing side-effects, its effectiveness
orally is very poor.

(2) Pentazocine 1 ((+)-5,9-dimethyl-2-dimethyl-
allyl-2'-hydroxy-6,7-benzomorphan) has been studied
very extensively in the laboratory and clinically.

N-CH2-CH = C(CH3)2

CH3ZCH3
OH

PENTAZOCINE

' Also known as Fortral or Talwin.
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TABLE 25

NUMBER OF PATIENTS PER GROUP REPORTING SIDE-EFFECTS WITH PENTAZOCINE

Placebo Codeine Pentazocine, Pentazocine,

Male Female Male Female Male Female Male Female
24 25 20 29 25 24 18 31

Nausea and vomiting 0 0 0 2 0 2 0 3

Drowsiness 1 0 0 3 3 1 0 3

Dizziness 0 0 0 4 3 1 0 7

Headache 0 0 1 0 0 1 0 2

Tremor 0 0 0 0 1 2 0 0

Sweating 0 0 0 1 0 2 0 3

Mental aberration 0 0 0 0 2 1 0 3

Agitation 0 0 0 1 0 1 0 1

Pruritus 0 0 0 0 0 0 0 0

No. of patients reporting one
or more side effect 1 0 0 5 4 5 0 9

a From Kantor et al. (1965)

At a dose of 30-40 mg, subcutaneously, in man it is
equivalent to morphine against many types of pain.
Its side-effects are reported to be within bearable
limits. It is a weak antagonist. No evidence of
dependence-producing properties has so far been
seen and a conclusion against the need for control as
a narcotic has been reached (WHO Expert Com-
mittee on Dependence-Producing Drugs, 1966).1 It
is its oral effectiveness, however, which is of concern
to us here.
Kantor et al. (1965) compared 35 and 50 mg of

pentazocine, 60 mg of codeine, 600 mg of aspirin and
placebo, orally, against moderate to severe post-
surgical pain. Single doses were compared, one per
patient in random order. The patients' judgement of
pain intensity was scored initially and hourly for
five hours. Also recorded were onset of pain-score
reduction (mean hour in which reduction of pain-
score began), duration of pain-score reduction
(mean number of hours of pain-score reduction),
onset of relief (mean hour in which pain was judged
50% relieved), duration of relief (mean number of
hours of 50% reduction in pain), and SPID (mean of

I Pentazocine came on the market in the USA in 1967.
While the present review was being prepared for publication
a very few cases of excessive use (or abuse) were reported
and the drug's dependence potential is being investigated.

the sum of the pain-intensity differences throughout
the test). The results were as follows:

Medication Placebo Aspirin Codeine Pentazocine

Dose (mg) - 600 60 35 50
No. of patients 49 48 49 49 49
Pain-score onset 2.21 2.06 2.55 1.89
Pain-score duration 1.59 2.06 1.16 1.84
Relief onset 2.55 2.20 2.65 1.71
Relief duration 1.83 2.37 1.36 2.25
SPID 1.40 4.75 5.32 3.42 4.95

The 50-mg dose of pentazocine was comparable to
the dose of codeine used, in the intensity of its action;
its effect occurred sooner but was of shorter duration.
Side-effects occurred less frequently in males than in
females, but this difference was also seen with both
codeine and pentazocine (Table 25). The oral
effectiveness of pentazocine is encouraging and is
being studied further against other types of pain.

(3) Cyclazocine (2-cyclopropylmethyl-2'-hydroxy-
5,9-dimethyl-6,7-benzomorphan) is a much more
powerful antagonist, at least six or eight times
more effective than nalorphine, with sedative, anti-
convulsant and muscular relaxant properties (Harris
& Pierson, 1964). It is also effective orally (Martin
Gorodetzky & McClane, 1966). Lasagna, De
Kornfeld & Pearson (1964) first tried cyclazocine
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parenterally against postoperative pain, 0.1-2.0 mg
alternately with 10 mg of morphine. A dose of
0.25 mg was like morphine in analgesic effectiveness
but disturbing side-effects began to appear with
doses of 0.5 mg. More particularly for our purpose,
these authors gave cyclazocine orally for relief of
pain in postpartum patients. They compared 0.25 mg
with 65 mg of dextropropoxyphene plus APC and

with placebo, giving each medication to 50 patients
but only one dose per patient. Cyclazocine and
dextropropoxyphene were better than placebo but
not significantly different from each other. No side-
effects were reported.

(4) Cyclorphan (N-cyclopropylmethyl-3-hydroxy-
morphinan) in its analgesic and other properties is
qualitatively and quantitatively like cyclazocine. Its
oral use has not been reported.

These are very preliminary tests of antagonists as
oral analgesics but they are encouraging. The low
potential for abuse-liability and the possibility of
an effective dose, without disturbing side-effects,
warrants, we believe, extensive investigation of this
group of compounds.

SUME

LA CODtINE ET SES SUCCIDANIS StDATIFS DE LA DOULEUR ET DE LA TOUX:
2. LES SUCCtDANtS SIDATIFS DE LA DOULEUR

Ce deuxieme article d'une serie consacree a la codeine
et a ses succedanes comporte une description et une

analyse detaillees des donnees experimentales et cliniques
relatives 'a des substances recentes possedant des propri&
t6s analgesiques de nature et d'etendue comparables it

celles de la codeine. Ces donnees sont examinees sous

trois grands aspects: action analgesique chez l'animal,
utilisations cliniques, effets secondaires, particulierement
en ce qui regarde le risque de dependance et d'abus. Les
traits marquants de cette analyse sont resumes ci-apres.

Carisoprodol. II ne fait preuve d'aucune activite analge-
sique appr6ciable chez l'animal, mais il agit en revanche
sur la douleur artificiellement induite chez l'homme.
L'experience clinique montre que ce produit entraine une

sedation considerable (probablement par relaxation mus-

culaire) des douleurs d'origine musculaire ou squelet-
tique; il est par contre moins actif sur les douleurs d'autre
origine. On note, comme effet secondaire, de la somno-

lence dans 10% environ des cas. Chez le chien presentant
une dependance a l'egard du barbital, le carisoprodol,
s'il est administre a une dose double de celle du barbitu-
rique, empeche l'apparition du syndrome d'abstinence.
Chez l'homme, rien ne permet d'attribuer a cette subs-
tance une aptitude a engendrer une dependance de type
morphinique ou barbiturique.

Dextropropoxyphene. Chez l'animal, l'action analgesique
de cette substance, evalu&e par divers procedes, apparait
du meme ordre d'intensite que celle de la codeine.
L'isomere dextrogyre est deux fois plus actif que le
racemique. Comme la codeine, le dextropropoxyphene
provoque des convulsions et certains autres effets secon-

daires chez l'animal. Les donnees recueillies au cours
d'observations et d'essais cliniques et rapportees dans
62 publications sont presentees sous forme de tableau.
On estime qu'en cas de douleurs chroniques de cause
vari6e, de meme qu'en cas de douleurs dentaires, post-
operatoires ou du post-partum, I'activite du dextropro-
poxyphene est plus souvent inferieure qu'equivalente a
celle de la codeine et rarement superieure. La nature et la
fr6quence des effets secondaires succ6dant a l'emploi de
l'une ou l'autre de ces substances sont tres semblables.
Chez le rat, on a observe l'apparition d'une tolerance

a l'egard de l'effet d'analgesie et de depression de la
respiration du dextropropoxyphene. Chez le singe, les
epreuves de substitution et les epreuves directes de
dependance ont permis de constater l'existence d'un
degre modere de dependance vis-a-vis de la substance.
Des essais controles et des observations cliniques montrent
que chez l'homme le dextropropoxyphene possede en
puissance l'aptitude a engendrer la dependance, mais
dans une mesure beaucoup moindre que la codeine.

Dihydrocodeine. Chez l'animal, son action analg6sique
est equivalente it celle de la codeine. Chez l'homme,
l'observation clinique a montre que la dose optimale etait
de 30 mg; a cette dose, on ne note que peu ou pas de
depression de la respiration et aucun autre effet secon-
daire notable, en dehors de la somnolence. Substitu6e i
la morphine chez des singes dependants it l'egard de cette
demiere drogue, la dihydrocodeine fait preuve d'une
aptitude a engendrer la dependance physique analogue i
celle de la codeine. L'epreuve de substitution effectu6e
chez des sujets dependants as l'egard de la morphine
amene 'a la meme conclusion.
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Etoheptazine. Chez la souris, on a constat6 que le pou-
voir analgdsique de l'6toheptazine dtait environ vingt fois
moins elev6 que celui de la morphine. Chez l'homme,
l'6valuation quantitative de l'action analg6sique de cette
substance est malais6e, car elle est g6n6ralement adminis-
tr6e en association avec d'autres analg6siques comme
l'aspirine et la cod6ine. On a cependant montr6 que la
dose analg6sique efficace etait nettement inf6rieure a celle
de la cod6ine. Les effets secondaires sont analogues a
ceux produits par la codeine. Les epreuves sur le singe et
les observations cliniques n'ont pas mis en 6vidence un
risque d'apparition d'une d6pendance de type morphi-
nique.

Etymide. On a decouvert que l'action analg6sique de
cette substance chez la souris (mesuree par la m6thode de
la plaque chauffante) 6tait cinq a six fois moins forte que
celle de la codeine. Des observations cliniques lui
assignent une efficacite inferieure de 30% environ a celle
de la codeine. Les effets secondaires sont essentiellement
semblables a ceux qui sont observes apres administration
de doses equivalentes de codeine. On a pu, chez le singe,
demontrer une aptitude assez faible de l'etymide it
engendrer une dependance physique, mais on n'a decele
aucun phenomene du meme genre chez 24 sujets recevant
des doses quotidiennes de 450 a 600 mg de cette substance
pendant 3 mois.

Fenyramidol. Differentes dpreuves effectu&es chez la
souris et le rat font ressortir une similitude etroite de
l'activite analgesique du fenyramidol et de celle de la
codeine. A la suite d'essais cliniques portant surtout sur
la sedation des douleurs d'origine musculaire et squelet-
tique, on a pr6conis6 l'administration de 200 a 400 mg du
produit par voie orale toutes les quatre heures. Les effets
secondaires ont &t6 relativement rares et dus principale-
ment a l'irritation du tractus gastro-intestinal. Des obser-
vations cliniques controlees n'ont pas permis d'etablir
avec certitude que le f6nyramidol engendrait une depen-
dance de type morphinique.

Metofoline. En raison de la nouveaut6 de ce produit,
ses proprietds toxicologiques et pharmacologiques font
l'objet d'un expos6 assez detaille. Les epreuves d'analge-

sie chez la souris et le rat font apparaitre une efficacite
dgale de la metafoline et de la codeine. Au cours de la
plupart des essais cliniques, la metafoline a fait preuve
d'une activit6 a peu pres equivalente ou legerement
inf6rieure a celle de la cod6ine en ce qui regarde la s6da-
tion de la douleur relevant de causes diverses. On n'a
note que de rares effets secondaires. Chez le singe, on a
constat6 que I'aptitude de la m6tafoline a engendrer une
dependance physique etait tres faible. D'apres les r6sul-
tats d'observations cliniques (effets subjectifs; remplace-
ment de la morphine par la metafoline chez des sujets
presentant une dependance stable a la morphine; admi-
nistration de longue dur&e, suivie de retrait), le risque
d'apparition d'une dependance a Ia metafoline est tres
faible ou nul.

Prodilidine. Chez l'animal, l'activit6 analg6sique de la
prodilidine est du meme ordre de grandeur que celle de
la'cod6ine. Lors d'essais chez l'homme, on a constate
que le produit etait trois fois moins actif que la codeine
et environ deux fois plus actif que l'aspirine. Les fortes
doses entrainent des effets secondaires notables semblables
a ceux provoques par la codeine. Les observations cli-
niques montrent que I'aptitude de la prodilidine a engen-
drer la dependance est certainement plus faible que celle
de la codeine et probablement moindre que celle du
propoxyphene.

Derives de l'indane, de la phtalimide et de la pyrrolidine.
On a realise la synthese d'un certain nombre de ces
d6rives en vue d'une utilisation eventuelle en analgdsie.
Leur etude pharmacologique et clinique est encore trop
incomplete pour que l'on puisse juger de leur int6ret
therapeutique. Les resultats deja obtenus avec certains
d'entre eux permettront peut-etre d'orienter utilement les
recherches relatives a ces categories de substances.

Antagonistes specifiques des opiacis. lls sont particu-
lierement int6ressants en ce qui regarde la distinction
entre les proprietes analg6siques et l'aptitude a engendrer
la dependance. Les 6tudes menees jusqu'a maintenant
sur les derives du benzomorphane (pentazocine, cyclazo-
cine) et sur le cyclorphane ne sont que la premiere etape
de recherches plus pouss6es sur ce groupe de composes.
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