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6. General agreement between phases of the 
DEC system and the HLB system was noted. 

7. The DEC system was presented as offering 
values which can be measured directly and which 
can be reproduced in any laboratory by the use of 
established procedures. 
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Antitussive Activity of a Series of 
Dialkylaminodiphenylbutanol Estexs 

By JOSEPH A. MILLER, JR., E. BROWN ROBBINS, and DONALD B. MEYERSt 

The effect of structural modifications upon the antitussive activity of abeeries of di- 
alkylaminodiphenylbutanol esters was examined. In an attempt to investigate a 
possible correlation of pharmacological activities, the compounds were also evalu- 
ated for their spasmogenic effect upon the intestine and their analgesic activity. 
Antitussive activity was determined in guinea pigs by means of SO?-induced cough. 
Spasmogenic activity was determined by inserting a balloon into the duodenum of 
anesthetized dogs. Analgesic activity was determined by the rat-tail heat method. 
The optimum antitussive structure tested within this series was a-dZ-2-propionoxy- 
1,2-diphenyl-3-methyl-4-dimethylnobutane hydrochloride. The optimum anal- 
gesic structure tested in this series was the 2-acetoxy analog of the same compound. 
Some degree of correlation was shown among the activities, although exceptions 

were noted. 

HE PRIMARY purpose of this study was to 
Timestigate the influence of certain structural 
modifications upon the antitussive activity of 
dialkylaminodiphenylbutanol esters. Since it 
had been obsen-ed that these compounds ex- 
hibited analgesic and spasmogenic activities, 
the possibility of correlations among these 
activities also was investigated. The antitussive 
evaluation was made using a new method which 
will be described in detail. 

The compounds chosen for this study were from 
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a series of dialkylaminodiphenylbutanol esters 
prepared by Pohland and Sullivan (1) of The 
Lilly Research Laboratories. All of these com- 
pounds were racemic mixtures, and were syn- 
thesized by the same general procedure from 
their corresponding ketones. The compounds 
used in this study are listed in Table I with their 
respective melting points. 

EXPERIMENTAL 

Antitussive Testing Metlpd.-Many problems 
are associated with the evaluation of antitussive 
agents and a variety of methods have been employed 
in an attempt to overcome these difficulties. The 
major problem is in evoking a reproducible cough. 
This reproducible cough must be responsive to 
known antitussive agents, and the method must be 
sensitive enough to discriminate among varying 
doses o f  these compounds. Often this discrimirra- 
tion is not good and results in a flat dosage-response 
relationship. The numerous disadvantages and 
problems of most methods led to the development 
of the following procedure which was used to  deter- 
mine the antitussive activity of the diphenylbutanol 
esters. 
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TABLE 1.4-DIMETHYLAMIN0-1,2-DIPHENYL-2-BUTANOL ESTERS 

Compound 
dl-2-.4cetoxy-l,2-diphenyl-4-dimethylaminobutane HCI 
a-dl-2-Acetoxy-l,2-diphenyl-3-methyl-4-dimethylaminobutane HCI 
a-dl-2-Acetoxy-l,2-diphenyl-4-dimethylaminopentane HCI 
a-dl-2-Acetoxy-1,2-diphenyl-3-methyl-4-pyrrolidinobutane HCI 
a-dl-2-Acetoxy-l,2-diphenyl-3-methyl-4-piperidinobutane HCI 
a-dl-2-Acetoxy- 1,2-diphenyl-3-methyl-4-morpholinobutane HCI 
dl-2-Propionoxy-l,3-diphenyl-4-dimethylaminobutane HCI 
a-dl-2-Propionoxy-l,2-diphenyl-3-methyl-4-dimethylaminobutane HCI 
a-dl-2-Propionoxy-l,2-diphenyl-4. dimethyl.aminopentane HCI 
a-dl-2-Propionoxy-l,~-diphenyl-3-methyl-4-py~olidinobutane HCI 
a-dl-2-Propionoxy-l,2-diphenyl-3-methyl-4-piperidinobutane HCI 
a-dl-2-Propionoxy-l,2-diphenyl-3-methyl-4-morpholinobutane HCI 

M.p.,OC. 
227-228 
187-188 
210-211 
202-203 
215-216 
195-196 
188-189 
170-171 
210-211 
191-192 196- 19 7 

190-191 

Spotted male guinea pigs weighing 250-400 Gm. 
were used as test animals. The guinea pigs were 
restrained in a plastic stock that permitted a face 
mask to fit flush against the front. The face mask 
was made by cutting off the bottom of a 6 cm. diam. 
plastic bottle. The neck of the bottle was fitted 
with a rubber stopper that had a hole bored in it to 
accommodate a syringe tip. The cough-producing 
stimulus was sulfur dioxide obtained from a cylinder. 
No pressure gauge was necessary, but an estimate 
of the gas flow was made by allowing the gas to 
bubble in a beaker of water in an exhaust hood. 
The gas was passed from the cylinder through a 
suction flask which served as a water trap for any 
water which might be siphoned into the tubing 
when the cylinder valve was closed. This was 
necessary because the sulfur dioxide within the 
tubing dissolved in water, resulting in a decreased 
pressure within the tubing. The apparatus is 
illustrated in Fig. 1. 

Five milliliters of the gas was diluted to 10 ml. 
with air by means of a 30-1111. syringe, and the 10 ml. 
of diluted sulfur dioxide was expelled into the plastic 
mask held over the gr 1‘ pig’s head. After the 
gas was administered to guinea pigs, they were 
released and observed for cough frequency within 
the next two minutes. 

A responsive colony of guinea pigs was first 
established by beginning with 3 ml. of gas diluted 
to  10, then 4 ml. diluted to 10 the next time, and 
finally 5 ml. diluted to 10 ml. By the third control 

run, nonresponders were discarded as well as those 
pigs on subsequent tests that did not respond after 
having received no treatment. 

All assays were of a cross-over design in which each 
pig received every treatment in a randomized 
order. All drugs were administered subcutaneously 
and there were approximately ten pigs used a t  each 
dose level. There was at least one day’s rest be- 
tween treatments. The mean number of coughs 
per pig on a treatment was compared with the mean 
control response, and the per cent cough depression 
was calculated by dividing the control value into 
the difference between treatment and control. 

Drugs were evaluated on the basis of their EDSo’s. 
This may be defined as that dose necessary to 
produce a 50% depression of cough. The EDlo’s 
and their standard errors were estimated by the 
method of Bliss (2) and are shown in Table 11. 
Although the ED% values were estimated on the 
basis of individual slopes, when a comparison within 
the series was to be made it was more appropriate 
to use a common slope to  arrive a t  an estimate of 
relative potency. The adjusted ED@ of a drug 
was related to the adjusted EDso of the reference 
standard. 

In all methods of cough stimulation in which the 
recording is done by measuring the force of expired 
air, the possibility of false responses must be kept in 
mind. True cough responses may be confused with 
gasps, sneezes, and various contractions of the 
abdominal musculature without the total integrated 

Fig. 1.-The antitussive screening apparatus. The apparatus has since been moved to a closed hood 
as n precaution against the sulfur dioxide fumes. 
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cough reflex occurring. This confusion was avoided 
by recording a response that was seen and heard. 

Many electrical methods, due to  the necessary 
surgery, involve acute experiments and the use of 
anesthetics. Due to  their depressant effect on 
neural conduction, there is the possibility that these 
anesthetics as well as nonantitussive compounds 
with anesthetic properties will influence the results. 

To  avoid inconsistencies in cough response, 
mechanical methods of cough stimulation must be 
well controlled so that the stimulus is always applied 
equally and to the same area. This would be 
difficult enough to reproduce within the same labora- 
tory using the same animal, but much more so in 
different laboratories. 

None of these problems are encountered with the 
method described; the simplicity of the method 
eliminates many variables, and the equipment 
required is a t  a minimum. The variance in response 
due to animals was quite high, but error was greatly 
reduced by designing cross-over studies in which 
each animal served as his own control. 

In an attempt to criticize and establish confidence 
in this method, those compounds which would be 
suspected to yield false positive results were ad- 
ministered, as well as known antitussive agents. 
Subtoxic doses of phenaglycodol,’ a central synaptic 
depressant, secobarbital,* a barbiturate, and procaine 
hydrochloride, a local anesthetic, produced no de- 
pression of cough. No significant difference was 
shown between control (no treatment) and placebo 
(0.9yo saline) when tested on a blind basis. This 
indicated that the effect of a saline injection was 
negligible and also showed the reproducibility of the 
control values in the same animals. On the other 
hand, morphine sulfate, codeine phosphate, and 
dextromethorphan hydrobromide3 produced results 
(Table 11) consistent with clinical findings. 

Spasmogenic Testing Method.-Mongrel dogs, 
6-12 Kg., anesthetized with an intravenous dose of 
140 mg./Kg. phenobarbital, were used as test 
animals. -4 tracheal cannula was attached through 
a two-way valve to a volume-flow gas meter which 
measured inspired air. The carotid artery was 
cannulated and connected to a mercury manometer 
for blood pressure recording. An incision was made 
in the abdomen to expose the stomach. .I cannula 
of No. PE 350 polyethylene tubing with a small 
balloon approximately 2l/2 in. long tied around the 
end was inserted through an incision in the fundus 
of the stomach. This was passed through the 
pylorus and down 6 to 8 in. into the duodenum. .4 
purse-string suture was made around the stomach 
incision to retard bleeding, and the abdominal 
incision was closed with wound clips. The balloon 
was inflated with approximately 6 ml. of air and 
attached to a tambour to record intestinal motility. 
All injections were made into the exposed femoral 
vein. A kymograph tracing of duodenal activity, 
blood pressure, and respiration is shown in Fig. 3. 

Analgesic Testing Method.-Female, albino. 
Harlan strain rats weighing 70-80 Gm. were used as 
test animals. The method was a modification (3) 
of that used by Davies and co-workers (4). Mean 
reaction times of treated rats were compared with 

1 Marketed as Ultran b y  Eli Lilly and Co. 
2 Marketed as Seconal Sodium by Eli Lilly and Co.  * Marketed as Romilar, kindly supplied by Hoffmann- 

LaRoche. Inc. 

Jouriial of Pliarmaceutical Sciences 

mean control values obtained at the same time to 
arrive a t  a mean increase in reaction time for each 
treatment group. h mean increase in reaction 
time of 1.5 seconds per ra t  (ED1.5) was arbitrarily 
established as a basis for comparing different drugs. 
This represented a significant rise in threshold 
response. Dosage-response curves were calculated 
for each drug, and using individual slopes, the dose 
necessary to obtain an increase in reaction time of 
1.5 seconds was computed. These figures are to be 
found in Table 11. 

The error was estimated by the method used for 
determining regression coefficients found in most 
standard statistical texts ( 5 ) .  The error of log 
dose x was estimated for the special case where y 
equals 1.5 seconds. 

As was done in the case of antitussive evaluations, 
relative potency figures were estimated on the basis 
of a common slope and the adjusted ED1.5 values 
were compared with the adjusted ED1.5 of the 
reference standard. 

RESULTS 

The results of the antitussive, analgesic, and 
spasmogenic evaluations are summarized in Table 
11. The minimal toxic dose refers to  the dose that 
produced the first observable signs of toxicity. 
These consisted of either sedation or tremors. The 
spasmogenic dose refers to  the lowest dose that 
produced any increase in activity of the duodenum. 
Explanations of the remaining columns have been 
given under the appropriate testing methods. 

Dotted spaces indicate that no significant effect 
was seen a t  subtoxic doses. -4 dotted space will also 
be noted after the figure 54.2 f 26.7 on line 9, under 
‘‘Analgesic Activity. ” hlthough this compound 
was of a low-order analgesic potency, an estimate 
of the ED1.s was not impossible. However, due 
to its poor dosage-response relationship and 5at 
slope, it was not included in the calculation of 
relative potency. I t  was felt that inclusion would 
flatten the common slope of the remaining active 
compounds, resulting in distorted estimates of 
relative potency. 

DISCUSSION 

In  the following discussion of structure-activity 
relationships all remarks will be limited t o  those 
twelve compounds that were reported in this paper. 
I t  must also be emphasized that these were racemic 
mixtures and that observations and conclusions 
apply only to these mixtures and not to  their optical 
isomers. From previous reports, it might be ex- 
pected that there would be a division of activity in 
the isomers upon resolving the racemate. I n  the 
case of the a-dl-2-propionoxy-l,2-diphenyl-3-methyl- 
4-dimethylaminobutane analog (dl-propoxyphene), 
it was demonstrated (6) that all of the analgesic 
activity resided in the dextrorotatory isomer. 
Also, this compound was shown to be unique in 
that the nonanalgesic isomer ( 1 )  possessed greater 
antitussive activity than the d isomer or the racemic 
mixture. 

N o  structure-activity study should be considered 
complete without a study of the optical isomers 
within that series, and further work in this area 
should provide additional valuable data. 

Antitussive Activity-In {he acetoxy derivatives, 
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it would be concluded that spasmogenic activity 
paralleled antitussive or analgesic potency, but not 
in any direct relationship. 

2 b ' ' ~ h i  

. -. . - ... 

7 I I I I I I 

1 
Fig. 2.-The effect of ,025 mg./Kg. followed by 

.05 mg./Kg., i.v. of a-dl-2-acetoxy-1,2-diphenyl-3- 
methyl-4-pyrrolidinobutane hydrochloride on the 
duodenum of an 8.8 Kg. female dog, anesthetized 
with 140 mg./Kg. sodium phenobarbital i.v. Top 
line, duodenal activity: second line, blood pres- 
sure; third line, respiratory volume in liters; fourth 
line, time in minutes. 

the compound unsubstituted at  R' and R2 possessed 
weak antitussive activity. Substitution at  R 2  
with a methyl group enhanced activity, but sub- 
stitution a t  R' was more effective. The activity of 
the R' methyl-substituted compound was further 
enhanced by the substitution of a pyrrolidine group 
for the dimethylamine group. A piperidine sub- 
stitution at  x resulted in decreased activity and the 
morpholine-substituted analog was void of anti- 
tussive activity. * 

In  the propionoxy derivatives, results obtained by 
substituting a methyl group at  R' and Rf  were 
inconsistent with the acetoxy analogs. Although 
both R1 methyl-substituted analogs were more 
potent than their corresponding unsubstituted or R2 
methyl-substituted analogs, the R2 methyl-sub- 
stituted propionoxy analog was less potent than 
its unsubstituted (R' and R* = H) analogs. This 
was not true in the acetoxy derivative. A pyrroli- 
dine substituent a t  .x did not enhance potency as was 
the case in its acetoxy analog. The piperidine 
analog was less potent than the acetoxy analog, 
and in both cases tlie rnorpholine analogs were 
inactive. 

From the data i t  was concluded that the most 
effective antitussive structure among these com- 
pounds was represented by the R1 methyl-sub- 
stituted. propionoxy, dimethylamine analog. Phar- 
macological studies of this compound have been 
reported previously in the literature (3). 

Spasmogenic Activity-The spasmogenic data 
on the dog intestine were quite difficult to correlate. 
The active compounds in the series fell within the 
range of 0.04 to 0.4 mg./Kg. i.v., which is consistent 
with other antitussives and analgesics except 
morphine. The acetoxy derivatives were more 
active than their corresponding propionoxy analogs, 
and those compounds which showed weak or no 
antitussive and analgesic activity were corisistently 
less active in their intestinal effect. If a compound 
had shown either antitussive or analgesic activity, 
it wasalsoactive upon the intestine. In this respect, 

Analgesic Activity.-In the compounds tested, it  
was observe< that the acetoxy derivatives were 
consistently more potent than their propionoxy 
analogs. This relationship also held true with 
respect to toxicity resulting in no therapeutic 
advantage. 

The unsubstituted (R* and R2 = H) dimethyl- 
aminobutane acetoxy analog produced no analgesia. 
Substitution with a methyl group a t  R2 produced an 
analgesically active compound and this activity 
was enhanced by shifting the methyl group to  the 
R' position. The substitution of a pyrrolidine 
group for the dimethylamine moiety resulted in a 
slight loss of analgesic activity. Activity was fur- 
ther reduced by the substitution of' a piperidine 
group at x. The morpholine analog was void of 
analgesic activity. 

In the slightly less active propionoxy analogs, 
the R' methyl-substituted compound was also the 
most active of the dimethylamine analogs. A 
progressive loss in activity resulted from shifting 
the R1-methyl group to  the R2 position and finally 
rcpoving it. The effects of the pyrrolidine sub- 
stitution at  - x were consistent with the acetoxy 
analog, but the piperidine substitution resulted in a 
total loss of activity. The morpholine analogs of 
the acetoxy and propionoxy derivative were 
consistently inactive. The ratio of the to the 
minimal toxic dose (therapeutic index) was roughly 
the same throughout the series. 

I t  was concluded that among these compounds, 
the acetoxy derivative with a methyl group in the 
R' position and a dimethylamine moiety at  .t 

represented the optimum analgesic structure. 
Correlation-Only one compound (a-dl-2-pro- 

pionoxy-1,2-diphenyl-4-dimethylaminobutane hy- 
drochloride) exhibited good antitussive activity with- 
out analgesic activity. The remaining compounds in 
which antitussive activity was demonstrated also 
exhibited analgesic activity. There was only one 
compound of good analgesic potency which exhibited 
low antitussive potency (a-dl-2-acetoxy-l,2-di- 
phenyl3-methyl-4-piperidinobutane hydrochloride). 
All compounds which were active upon the intestine 
were also active as analgesics and/or antitussives. 
These observations are suggestive of some degree of 
correlation between analgesic and antitussive 
potency, while a strong correlation was shown 
between antitussive activity and spasmogenic 
activity although not quantitatively so. 

SUMMARY 

1. A series of dialkylaminodiphenylbutanol 
esters was tested for antitussive activity, and this 
activity was compared with their analgesic 
potencies and effect upon the intestine. 

A new method for evaluating antitussive. 
activity was described. 

The optimum antitussive structure within 
this series tested was represented by a-dl-2- 
propionoxy - 1,2 - diphenyl - 3 - methyl - 4- 
dimethylaminobutane hydrochloride. 

2. 

3. 
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4. The optimum analgesic structure within REFERENCES 
this series tested was represented by a-dl-2- ,51y4$‘/$:!: and H. R. ,  J .  A m .  Chcm. sOc. ,  

(li$k,B1iss, C. I., Quart. J .  Pharm. Pkarmacol., 1 1 ,  192 

(3) Robbins, E. B. THIS JOURNAL 44 497(1955). 
(4) Davies, 0. L.. if ol. ,  Brit. J .  Piar&ol., 1.255(1916). 

aminobutane hydrochloride. 
5. Some degree of correlation* was shown ( 5 )  Diron, W. J., and Massey. F. J . ,  “Introduction to  

Statistical Analysis,” McCraw-Hill Book Co., New York. among the three activities, although exceptions 
(6) Robbins, E. B.,  and Miller, J. A,, Pharmal-ologtsf. 2. 

acetoxy - 1,2 - diphenyl- 3 - methf1- 4 - dimethyl- 

N. Y., 1951, p. 155. 

were noted. 98(1960). 

Chlorpromazine and Dextro-amphetamine as 
Antidotes in Acute Antihistaminic 

Toxicity in Rats 
By I. H. MAELt and J. E BESTER 

Acutely toxic oral doses of a number of antihistaminics were determined in adult 
white rats of both sexes. Toxic symptoms included convulsive seizures which lasted 
some minutes and were periodically repeated, followed by generalized central de- 
pression, terminating in unkoonsciousness and death. Chlorpromazine and dextro- 
am hetamine were administered in that order, intraperitoneally, in varying quantities 
an1  at varying time intervals. It was found that, if chlorpromazine was admin- 
istered at the onset of convulsions and dextro-amphetamine at the first signs of de- 

pression, the recovery rate of animals was quite high. 

HERAPEUTICALLY useful antihistaminics were 
developed well over 20 years ago, and 

for most of that time their acutely toxic ca- 
pabilities have been recognized. Just as the 
various antihistaminics vary in their potencies, 
so they vary in the frequency and severity of their 
toxic manifestations. Such variations are largely 
quantitative, however; and when they occur, the 
symptoms of acute toxicity are quite similar re- 
gardless of the drug used. Typically, drowsiness 
followed by nervousness, tremors, muscle twitch- 
ing, delirium, and convulsions are observed along 
with respiratory depression and cyanosis and 
followed by unconsciousness and death (1). 

Despite the fact that repeated efforts have been 
made to find satisfactory methods of treatment 
of acute poisoning with the antihistaminic drugs, 
methods of treatment continue to be difficult and 
not overly successful. The need for uniformly 
adequate antidoting has not lessened with the 
years; acute antihistaminic poisoning is not 
uncommon. Each month, for example, several 
such intoxications are reported in Arizona, total- 
ing 27 for the year 1981 (2). The Poison In- 
formation Center in Los Angeles in the first 6 
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months of 1961 reported 42 acute poisonings from 
antihistaminics as such, plus an additional 65 due 
to antihistaminic-containing nonbarbiturate seda- 
tives (3). 

The difficulty in preventing poisoning with 
these drugs and in coping with them when they 
arise is complicated by the fact that dose effect 
relationships are inconsistent. For example, the 
oral LDa of diphenhydramine in rats has been 
reported as 500 mg./Kg. (4), and of pyrilamine 
hydrochloride, subcutaneously in rats, as 150 
mg./Kg. (5) .  Yet 400 mg. of diphenhydramine 
and 1.3 Gm. of pyrilamine, respectively, caused 
the deaths of two 2-year-old children (1). 
Connolloy reported serious intoxication of a 5l/?- 
year-old child following ingestion of 12 mg. of 
chlorpheniramine (8). 

Because antihistaminics typically cause toxic 
symptoms of mixed characteristics, single anti- 
dotes offer little hope of success. Various drugs 
and drug combinations have been tried and re- 
ported. These include histamine, atropine plus 
epinephrine, phenobarbital, caffeine, dextro- 
amphetamine (i), ether (8 ) ,  phenobarbital plus 
caffeine and ephedrine (9). Results were gen- 
erally unsatisfactory. 

Chlorpromazine reportedly has shown the 
ability to cause a definite decrease in motor ac- 
tivity without evidence of hypnosis (10). Dex- 
tro-amphetamine has long been recognized as an 


