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ANDO, K. AND T. YANAGITA. Effects of an antitussive mixture and its constituents in rats discriminating methamphet- 
amine from saline. PHARMACOL BIOCHEM BEHAV 41(4) 783-788, 1992.-The discriminative effects of over-the- 
counter antitussive syrup containing dihydrocodeine (DHC), methylephedrine (MEP), caffeine (CAF), and chlorpheniramine 
(CPA) were compared with those of methamphetamine (MA) in a drug discrimination experiment using rats. Rats were 
trained to discriminate the effects of MA at 0.5 mg/kg SC and saline for food reinforcement under the fixed-ratio 10 schedule 
in a two-lever operant chamber situation. In substitution testing using a cumulative dose procedure by the subcutaneous 
route, DHC (4 and 8 mg/kg, expressed hereafter as referred to cumulative dose) or CPA (16-64 mg/kg) individually did not 
produce MA lever selection. On the other hand, MEP (128 mg/kg) and CAF (64 mg/kg) produced MA lever selection 41.5 
and 57.2% of the time, respectively. The complete mixture (16 mg/kg DHC + 32 mg/kg MEP + 33.2 mg/kg CAF + 6.4 
mg/kg CPA) produced MA level selection 65.8% of the time. The partial mixture containing only MEP + CAF at the above 
doses produced MA lever selection 95.6% of the time. Thus, the complete mixture only partially substituted for MA in rats 
while the partial mixture containing MEP and CAF completely substituted for MA. 

Drug discrimination Methamphetamine Antitussive mixture Dihydrocodeine 
Methylephedrine Caffeine Chlorpheniramine Rats 

OVER-THE-COUNTER antitussive syrups are drug mixtures 
of  which abuse has been reported among adolescents in Japan. 
These syrups usually contain antitussives such as dihydrocod- 
eine (DHC), bronchial muscle relaxants as well as sympatho- 
mimetics such as methylephedrine (MEP), CNS and respira- 
tory stimulants such as caffeine (CAF), and antihistamines 
such as chlorpheniramine (CPA). Although these combination 
mixtures are usually expected to produce enhancement of  anti- 
tussive effect and reduction of  side effects by interaction of 
the constituents, these mixtures at high doses have been found 
to produce effects (e.g., hallucinations, delusions, manic de- 
pression) resembling those of  methamphetamine (MA) in 
abusers (9). Previously, antitussive mixtures were found to 
be self-administered intravenously in rhesus monkeys at our 
laboratory, consistent with such mixtures having abuse poten- 
tial. In addition, the efficacy of  the reinforcing effects of  
DHC was demonstrably enhanced by interaction with the 
other constituents such as MEP, CAF, and CPA (11). Al- 
though antitussive mixtures can function as reinforcing stim- 
uli, their discriminative stimulus effects, which are likely to 
underlie their abuse, have not yet been well characterized. 

The purpose of  the present study was to examine the ability 
of  an antitussive mixture to produce MA-like discriminative 
stimulus effects in rats and evaluate the role of its constituents 
in producing these effects. 

METHOD 

Subjects 

Twenty-four male Sprague Dawley rats (jcl:SD, Clea Japan 
Inc., Tokyo) weighing between 310 and 390 g at the start 
of discrimination training were used. They were housed in 
individual cages in an animal room at controlled temperature 
(22 + 2°C). Rats received 15 g of food (CE2, Clea Japan 
Inc., Tokyo) per rat per day and water was available freely in 
the animal room. 

Apparatus 

Discrimination training was conducted in operant cham- 
bers. Each chamber was housed in a sound-attenuating box 
with fan ventilation. On one wall of the chamber, a light 
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was mounted centrally above a food cup, which was located 
between two response levers. Food (50-mg pellet, Clea Japan 
Inc., Tokyo) was delivered by a pellet dispenser (Model G 
5100, Ralph Gerbrands Co., Arlington, MA). Response re- 
cording and scheduling of  reinforcement contingencies were 
performed by an LSI-11 microcomputer (Digital Equipment 
Co., Maynard, MA) using software developed at this labora- 
tory. 

Discrimination Training 

Rats were trained to press a lever for food as a reinforcer. 
Lever-pressing behavior was shaped by progressively requiring 
more lever presses per reinforcement. When 10 lever press 
responses were required for reinforcement, rats were then 
trained to press one of the levers (MA lever) for food rein- 
forcement after MA administration and the other lever (saline 
lever) for food reinforcement after saline administration. For 
this training, either MA at 0.5 mg/kg or physiological saline 
at 1 ml/kg was administered subcutaneously 10 min before 
each daily session. A session was terminated after 100 rein- 
forcements or 30 min, whichever came first. After MA admin- 
istration, every tenth consecutive response on the MA lever 
was reinforced but responses on the saline lever were not rein- 
forced. After saline administration, every tenth consecutive 
response on the saline lever was reinforced but responses on 
the MA lever were not reinforced. The training sessions were 
generally conducted 6 days a week, during which MA and 
saline were administered according to a single alternation 
schedule (i.e., MA, saline, MA, saline . . . .  ) for sessions 1- 
20, followed by a double alternation schedule (i.e., MA, MA, 
saline, saline, MA, MA . . . .  ) after session 21. To determine 
whether the discrimination training had been successfully es- 
tablished, training criterion was set. The criterion was that at 
least 80% of  the responses 1) for the first food pellet in the 
session and 2) for the session overall were made to the appro- 
priate lever for at least five consecutive training sessions. 

Substitution Testing 

After establishment of the discrimination, the substitut- 
ability of the discriminative effects of  various drugs described 
below for those of  the training dose (0.5 mg/kg,  SC) of  MA 
was tested using a cumulative dose procedure (2,12). In this 
procedure, the dose-effect relationships of  test drugs were 
determined in multiple test periods using different doses of  
the same drug administered on the same day. Each period 
consisted of  administration of  saline or a dose of  a drug fol- 
lowed by a 10-rain rest interval and concluding with a 2-rain 
test session. The first period of each day of testing was always 
performed by using saline at 1 ml/kg via the same administra- 
tion route as that to be used in the following test drug periods. 
After the period with saline, the next period using a test drug 
was conducted in the same manner, beginning with adminis- 
tration of the drug at an initial dose (X mg/kg) and ending 
with the 2-rain test session after a 10-rain rest interval. In the 
succeeding periods, the same drug was tested next at the same 
dose (cumulative dose, 2X mg/kg),  then at twice the initial 
dose (cumulative dose, 4X mg/kg),  and so on, doubling the 
dose in each period as a rule. In the case of  drug mixtures, 
each dose of each constituent was increased in the same man- 
ner as above. The interval of  each administration was 13 rain 
(a 10-min rest interval after administration, a 2-rain test ses- 
sion, and 1 min for administering a drug to several rats). 
During the 2-min test sessions in each period, the procedure 
was identical with that during the training sessions except for 

the 2-min duration of the test session and the fact that every 
tenth consecutive response on either lever produced food rein- 
forcement. The 1-day substitution tests were interspersed with 
daily discrimination training sessions and were only held after 
the discrimination training criterion described in the discrimi- 
nation training section had been maintained for at least three 
consecutive discrimination training sessions. In the substitu- 
tion testing, complete substitution of each dose of a test drug 
for the training dose of MA was defined in terms of a substitu- 
tion criterion that required that at least 80% of the overall 
lever-press responses be made to the MA-appropriate lever in 
at least one of the test sessions for a test drug or a drug 
mixture. 

Drugs 

Methamphetamine hydrochloride (Dainippon Pharmaceu- 
tical Co., Osaka), /-ephedrine (Dainippon Pharmaceutical 
Co., Osaka), cocaine hydrochloride (Takeda Pharmaceutical 
Co., Osaka), dihydrocodeine sulphonate (Takeda Pharmaceu- 
tical Co., Osaka), caffeine anhydrous (Kantou Chemical Co., 
Tokyo), chlorpheniramine maleanate (Iwaki Pharmaceutical 
Co., Tokyo), and dl-methylephedrine hydrochloride injection 
(Tanabe Pharmaceutical Co., Osaka) were obtained commer- 
cially. These drugs were dissolved or diluted in physiological 
saline. The concentrations of all drugs were adjusted so as to 
result in a constant volume of 1 ml/kg. The antitussive mix- 
ture and various combinations of the constituents of  the mix- 
ture were prepared by mixing each constituent dissolved or 
diluted in physiological saline in the same proportions as the 
corresponding constituents of the over-the-counter antitussive 
syrup BRON W (S.S. Pharmaceutical Co., Tokyo). The com* 
plete mixture contained 4 mg DHC, 8 mg MEP, 8.3 mg CAF, 
and 1.6 mg CPA per 1 ml. All administrations were given 
subcutaneously except for cocaine, which was given intraperi- 
toneally. All drug dosages were given in terms of  the weight 
of the salt. 

RESULTS 

Within 37 sessions (50 days), 16 of 24 rats attained the 
training criterion for the establishment of discrimination be- 
tween MA at 0.5 mg/kg SC and saline. These rats were used 
in the following substitution testing while the other eight rats 
were excluded from the present experiment. 

In each of  the 1-clay substitution tests with various drugs 
using the cumulative close procedure, saline was tested first. 
In each of  the saline test sessions given before each drug test- 
ing, the mean percent of  MA-appropriate responses out of the 
total number of responses ranged between 0.0-1.1%0 and the 
means of total response rate per min ranged between 51.7- 
79.5 (Tables 1-4). 

In the substitution test with MA, the mean percent of 
MA-appropriate responses increased and the mean response 
rate decreased, both dose dependently (Table 1). Since the 
mean percent of  MA-appropriate responses was 92.2% at the 
cumulative close of  1 mg/kg SC of MA and 15 of 16 rats 
showed at least 80% of MA-appropriate responses at this 
dose, the effects of MA at this cumulative dose substituted 
for MA at the single training close (0.5 mg/kg SC). On the 
other hand, repeated subcutaneous administrations of saline 
caused almost 100% of the mean percent of saline-appropriate 
responses over six saline test sessions (Table 1). The means of 
total response rate per min were consistent over these test 
sessions, ranging between 70.2-80.7 across sessions. 

In the substitution test with cocaine, the mean percent of 
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TABLE 1 

SUBSTITUTION TESTS FOR THE DISCRIMINATIVE EFFECTS OF MA AT 0.5 mg/kg SC 
WITH OTHER DOSES OF MA AND WITH REPEATED ADMINISTRATION OF SALINE 

IN A CUMULATIVE DOSE PROCEDURE BY SUBCUTANEOUS ROUTE 

Cumulative % MA-Appropriate Response Rate 
Drug Dose (mg/kg) Responses* Per Min* n/Nt 

Saline 1 ml/kg 0.6 5: 0.5 66.8 5:4.0 0/16 

Methamphetamine 0.13 4.5 5: 3.0 72.4 5:3.6 0/16 
Methamphetamine 0.25 31.8 5 : l l . 1  54.9 _+ 5.4 4/16 
Methamphetamine 0.5 77.4 _+ 10.1 45.9 _+ 5.4 12/16 
Methamphetamine 1.0 92.2 + 6.3 34.8 _+ 5.4 15/16 

Saline 1 ml/kg 0.2 + 0.1 70.2 _+ 2.9 0/16 
Saline 2ml/kg 0.1 5 : 0 . 1  78.9 5:4.1 0/16 
Saline 3 ml/kg 0.1 + 0.1 78.2 _+ 4.0 0/16 
Saline 4 ml/kg 0.3 5 : 0 . 3  80.4 5:4.2 0/16 
Saline 5 ml/kg 0.2 5: 0.1 80.7 _ 4.3 0/16 
Saline 6 ml/kg 0.0 + 0.0 76.7 5:3.8 0/16 

*The mean percent of MA-appropriate responses and the mean response rate per min 
during each 2-min test session are presented with standard errors. 

tn /N  indicates the number of rats showing at least 80°70 of MA-appropriate responses 
(n) out of the total number of rats tested (N). 

MA-appropr ia t e  responses increased and the mean response 
rate decreased, both  dose dependent ly  (Table 2). Since the 
mean percent  o f  MA-appropr i a t e  responses was 83.307o and 
10 o f  12 rats showed at least 8007o o f  MA-appropr ia t e  re- 
sponses with cocaine at the cumulative dose o f  24 m g / k g  IP,  
cocaine at this dose substi tuted completely for MA.  At  this 
dose o f  cocaine, no response was observed in 2 o f  14 rats,  and 
thus these rats were excluded f rom the analysis. 

In the subst i tut ion test w i th / - ephedr ine ,  the mean percent  
o f  MA-appropr i a t e  responses increased and the mean re- 
sponse rate decreased,  both  dose dependent ly  (Table 2). The 
mean percent  o f  MA-appropr ia t e  responses was 78.3%, and 
11 o f  14 rats showed at least 8007o o f  MA-appropr ia t e  re- 
sponses w i th / - ephedr ine  at the cumulative dose o f  32 m g / k g  
SC. 

In the substi tution tests with each const i tuent  o f  the anti- 
tussive mixture,  the mean percent o f  MA-appropr ia te  re- 
sponses did not  increase with DHC or C P A  even at cumulative 
doses,  where the response rate decreased markedly with D H C  
and grossly observable sedative effects continued until the 
next day with C P A  (Table 3). Almost  no rats showed substitu- 
t ion o f  these drugs for MA.  With M E P  and CAF,  the mean 
percent  o f  MA-appropr ia te  responses increased and the mean 
response rate decreased, both  dose dependently (Table 3). The 
mean percent o f  MA-appropr ia te  responses was 41.5070 with 
M E P  at the cumulative dose of  128 m g / k g  SC and 57.2% 
with CAF at the cumulative dose o f  64 rng/kg SC. Less than 
hal f  the rats showed at least 80°7o o f  MA-appropr ia te  re- 
sponses with these drugs at the above doses, and the mean 
response rate markedly decreased with CAF at the above dose. 

TABLE 2 

SUBSTITUTION TESTS FOR THE DISCRIMINATIVE EFFECTS OF MA AT 0.5 mg/kg 
SC WITH COCAINE AND /-EPHEDRINE IN A CUMULATIVE DOSE PROCEDURE 
BY INTRAPERITONEAL ROUTE AND SUBCUTANEOUS ROUTE, RESPECTIVELY 

Cumulative ~/o MA-Appropriate Response Rate 
Drug Dose (mg/kg) Responses* Per Min* n/Nt 

Saline 1 ml/kg 0.2 + 0.1 79.5 + 4.8 0/14 

Cocaine 8 42.9 5:13.7 76.6 + 8.4 6/14 
Cocaine 16 64.3 _+ 13.3 69.3 5:7.4 9/14 
Cocaine 24 83.3 5:11.2 59.7 5:9.2 10/12 

Saline 1 ml/kg 0.1 + 0.1 69.1 5:4.2 0/14 

/-Ephedrine 8 2.7 5: 2.5 67.5 5:5.6 0/14 
/-Ephedrine 16 28.3 + 12.3 48.7 + 7.4 4/14 
/-Ephedrine 32 78.3 _ 11.3 37.2 + 8.6 11/14 

*The mean percent of MA-appropriate responses and the mean response rate per min 
during each 2-min test session are presented with standard errors. 

t n /N  indicates the number of rats showing at least 80070 of MA-appropriate responses 
(n) out of the total number of rats tested (N). 
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T A B L E  3 
SUBSTITUTION TESTS FOR THE DISCRIMINATIVE EFFECTS OF MA AT 

0.5 mg/kg SC WITH EACH CONSTITUENT OF AN ANTITUSSIVE MIXTURE 
IN A CUMULATIVE DOSE PROCEDURE BY SUBCUTANEOUS ROUTE 

Cumulative °7o MA-Appropriate Response Rate 
Drug Dose (mg/kg) Responses* Per Min* n/Nt 

Saline 1 ml/kg 0.3 ± 0.2 77.9 ± 4.1 0/14 

Dihydrocodeine 4 7.8 + 7.7 45.4 + 6.8 1/14 
Dihydrocodeine 8 0.0 ± 0.0 33.4 + 7.6 0/14 

Saline 1 ml/kg 0.1 ± 0.1 71.8 ± 4.9 0/14 

dl-Methylephedrine 64 25.8 ± 11.5 68.7 ± 10.3 3/14 
dl-Methylephedrine 128 41.5 ± 13.7 55.7 + 10.7 5/13 

Saline 1 ml/kg 0.1 ± 0.1 73.0 ± 3.9 0/13 

Caffeine 16 15.4 + 10.4 73.7 ± 5.5 2/13 
Caffeine 32 23.3 ± 10.9 58.6 + 6.9 2/13 
Caffeine 64 57.2 ± 11.8 11.6 ± 2.8 6/13 

Saline 1 ml/kg 1.1 _ 0.8 67.9 + 4.1 0/14 

Chlorpheniramine 16 7.4 + 7.1 70.4 _ 4.3 1/14 
Chlorpheniramine 32 7.6 ± 7.0 66.9 + 5.1 1/14 
Chlorpheniramine 64 0.6 + 0.5 62.0 ± 5.3 0/14 

*The mean percent of MA-appropriate responses and the mean response rate per min 
during each 2-rain test session are presented with standard errors. 

tn /N  indicates the number of rats showing at least 80°7o of MA-appropriate responses (n) 
out of the total number of rats tested (N). 

In the substitution test with the complete mixture contain- 
ing D H C ,  M E P ,  CAF,  and C P A ,  the mean percent o f  MA-ap-  
propriate responses increased dose dependently with the value 
of  65.8% at the highest cumulative doses (DHC at 16, M E P  
at 32, C A F  at 33.2, and C P A  at 6.4 mg/kg)  and 8 o f  12 rats 
showed at least 8007o of  MA-appropr ia te  responses at the 
above doses (Table 4). The mean response rate decreased dose 
dependently with this complete mixture.  With the partial mix- 
ture lacking D H C ,  the mean percent of  MA-appropr ia te  re- 
sponses increased dose dependently:  The mean percent was 
72.2% at the highest cumulat ive doses (MEP at 32, C A F  at 
33.2, and C P A  at 6.4 mg/kg) .  The mean response rate did 
not  change markedly with this partial mixture even at the 
highest cumulat ive doses and 8 o f  12 rats showed at least 8007o 
of  MA-appropr ia te  responses at the above doses. With the 
partial mixture lacking MEP,  the mean percent o f  MA-appro-  
priate responses increased dose dependently with the value of  
62.307o at the highest cumulat ive doses (DHC at 16, C A F  at 
33.2, and C P A  at 6.4 mg/kg)  and half  the rats showed at least 
8007o of  MA-appropr ia te  responses at the above doses. The 
mean response rate decreased dose dependently with this par- 
tial mixture.  With the partial mixture lacking CAF,  the mean 
percent o f  MA-appropr ia te  responses increased dose depen- 
dently but with the value of  33.207o at the highest cumulative 
doses (DHC at 16, M E P  at 32, and C P A  at 6.4 mg/kg)  and 
only one of  six rats showed at least 80070 of  MA-appropr ia te  
responses. The mean response rate decreased dose depen- 
dently with this partial mixture.  With the partial mixture lack- 
ing C P A ,  the mean percent o f  MA-appropr ia te  responses in- 
creased dose dependently with the value o f  68.9°70 at the 
highest cumulative doses (DHC at 16, M E P  at 32, and C A F  
at 33.2 mg/kg)  and six of  nine rats showed at least 80070 of  
MA-appropr ia te  responses at the above doses. The mean re- 

sponse rate decreased dose dependently with this partial mix- 
ture. Finally, with the partial mixture containing only CAF 
and M E P  the mean percent of  MA-appropria te  responses in- 
creased dose dependently with the value of  95.6% at the high- 
est cumulative doses (MEP at 32 and CAF at 33.2 mg/kgl  
and all rats tested showed at least 80070 of  MA-appropriate 
responses at the above doses. The mean response rate de- 
creased at the highest cumulative doses with this partial mix- 
ture. 

DISCUSSION 

In the present study, discrimination between M A  at 0.5 
m g / k g  SC and saline was established in rats. The dose ot 
M A  for discrimination training was selected based on data 
obtained f rom a schedule-controlled behavior experiment in 
rats performed at our laboratory where M A  at 0.5 m g / k g  SC 
clearly increased response rate. The discriminative effects o! 
M A  were compared to those of  the constituents contained in 
an antitussive syrup, as well as to prototypic psychomotoi  
stimulants such as cocaine and/-ephedrine in rats. The admin. 
istration route for the constituents of  the antitussive mixture, 
as well as /-ephedrine,  was matched to the route used for MA 
in the discrimination training. Cocaine was not administered 
subcutaneously but intraperitoneally because subcutaneous, 
administrat ion of  this drug caused inf lammation at the injec- 
tion site. In the substitution tests, a cumulative dose procedure 
was used to obtain results efficiently. MA at the cumulative 
dose o f  0.5 m g / k g  substituted partially and at the cumulative 
dose of  1 m g / k g  substituted completely for M A  at the single 
training dose (0.5 mg/kg) .  Under  the identical cumulativ~ 
dose procedure,  cocaine at the cumulative dose of  24 mg/k~ 
IP substituted for MA.  The similarity of  the discriminative 
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T A B L E  4 

SUBSTITUTION TESTS FOR THE DISCRIMINATIVE EFFECTS OF MA AT 0.5 mg/kg  SC 
WITH COMBINATIONS OF CONSTITUENTS OF AN ANTITUSSIVE MIXTURE IN 

A CUMULATIVE DOSE PROCEDURE BY SUBCUTANEOUS ROUTE 

Cumulative ¢/0 MA-Appropriate  Response Rate 
Drug* (mg/ml) Dose (ml/kg) Responsest Per Mint  n/N¢ 

Saline 1 0.1 ± 0.1 70.4 ± 3.9 0/14 

Complete mixture [DHC 1 0.3 ± 0.3 68.7 + 5.2 0/14 
(4) + MEP (8) + CAF 2 39.8 ± 12.0 45.8 ± 7.4 4/14 
(8.3) + CPA(I.6)]  4 65.8 ± 14.1 25.0 ± 7.5 8/12 

Saline 1 0.0 ± 0.0 57.1 ± 4.2 0/12 

1 8.3 ± 8.3 63.9 ± 6.4 1/12 
Mixture lacking DHC [MEP 2 42.2 ± 14.6 63.9 ± 8.6 5/12 
(8) + CAF(8.3) + CPA(1.6)] 4 72.2 ± 12.2 52.8 ± 9.1 8/12 

Saline 1 0.1 ± 0.1 61.3 ± 4.8 0/12 

1 8.8 ± 8.3 57.1 ± 6.6 1/12 
Mixture lacking MEP [DHC 2 37.3 ± 13.9 56.3 ± 6.9 4/12 
(4) + CAF (8.3) + CPA (1.6)] 4 62.3 ± 12.4 22.3 ± 5.4 6/12 

Saline 1 0.3 ± 0.3 51.7 + 4.6 0/10 

1 0 .0  ± 0.0 51.5 ± 7.8 0/10 
Mixture lacking CAF [DHC 2 10.5 + 10.0 28.2 ± 6.8 1/10 
(4) + MEP (8) + CPA(1.6)] 4 33.2 ± 15.3 17.5 _+ 7.0 1/ 6 

Saline 1 0.1 ± 0.1 59.3 _+ 5.0 0/11 

1 20.0 ± 13.3 39.7 ± 4.7 2/10 
Mixture lacking CPA [DHC 2 33.6 _+ 14.9 20.5 ± 2.2 3/10 
(4) + CAF (8.3) + MEP (8)] 4 68.9 ± 15.4 10.3 ± 2.7 6/ 9 

Saline 1 0.0 :t: 0.0 57.8 + 5.1 0/11 

1 9.1 + 9.1 63.5 + 5.1 1/11 
Mixture lacking DHC and CPA 2 28.5 + 13.8 64.1 + 5.8 3/11 
[CAF(8.3) + MEP(8)] 4 95.6 _+ 1.8 34.3 _+ 5.8 11/11 

*The relative concentrations of constituents are equivalent to those in an over-the-counter antitussive 
mixture. (DHC), dihydrocodeine; (MEP), d/-methylephedrine; (CAF), caffeine; (CPA), chlorpheniramine. 

1"The mean percent of MA-appropriate responses and the mean response rate per min during each 
2-min test session are presented with standard errors. 

:~n/N indicates the number of rats showing at least 80% of MA-appropriate responses (n) out of the 
total number of rats tested (N). 

effects of  cocaine and  a m p h e t a m i n e s  has  been repor ted  in 
o ther  studies (1,3,4,5,8).  The  repeated saline admin i s t r a t ion  
in the present  p rocedure  consis tent ly  p roduced  saline- 
appropr ia t e  responses.  These  facts  indicate  t ha t  the present  
cumula t ive  dose p rocedure  is appropr i a t e  for  obse rva t ion  of  
d iscr iminat ive  effects of  var ious  drugs in subs t i tu t ion  for  MA.  

In the  subs t i tu t ion  tests with  each cons t i tuen t  o f  the  ant i -  
tussive mixture ,  M E P  at 128 m g / k g  a lone  and  C A F  at 64 m g /  
kg a lone  subs t i tu ted  only par t ia l ly  for  M A ,  tha t  is, the  m e a n  
percent  of  M A - a p p r o p r i a t e  responses  was less t h a n  8007o and  
only some rats  showed subs t i tu t ion  for  M A  with these drugs.  
It was also demons t r a t ed  tha t  efficacy and  potency  of  M E P  
in te rms o f  par t ia l  subs t i tu tabi l i ty  for  M A  were lower t han  
those  o f  / -ephedrine.  On  the o ther  h a n d ,  ne i ther  D H C  no r  
C P A  subs t i tu ted  for  MA .  In the subs t i tu t ion  test  wi th  the  
complete  ant i tuss ive mixture  in which the  relat ive concent ra-  
t ions  o f  each cons t i tuen t  were ma tched  to the  p ropor t ions  
found  in the  over - the-counte r  ant i tuss ive syrup,  the  complete  

ant i tussive mixture  subst i tu ted  only part ial ly for  MA.  In this 
case, one  th i rd  o f  the  rats  showed the subs t i tu t ion  for  M A  at 
the  highest  cumula t ive  dose of  the  complete  mixture.  It should  
be men t ioned  tha t  this  dose is comparab le  to  consumpt ion  of  
eight  120-ml bot t les  o f  the  syrup by a 60-kg person,  while in 
fact  abusers  actually do ingest up  to several bot t les  of  this  
syrup a day (9), a l t hough  the pha rmacodynamics  and  pha rma-  
cokinetics of  the  mixture  under  the  present  exper imenta l  con- 
di t ions in rats  and  actual  abuse in h u m a n s  may  differ .  

The  roles of  the discr iminat ive effects of  each cons t i tuent  
in the  complete  mixture  were analyzed by test ing part ia l  mix- 
tures.  The  par t ia l  mixtures  lacking ei ther  any  of  DHC,  M E P ,  
CAF,  or  C P A  subst i tu ted  only part ial ly for  MA.  The  part ia l  
subst i tu tabi l i ty  for  M A  with the  par t ia l  mixture  lacking C A F  
was the lowest a m o n g  these four  par t ia l  mixtures.  The  re- 
sponse  ra te  per  minu te  for the par t ia l  mixtures  conta in ing  
D H C  at thei r  highest  doses was lower t han  the  response  rate 
for  the  par t ia l  mixture  lacking DHC.  These results seem to 
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indicate that CAF has a positive role in the substitution for 
MA, and DHC has higher response-rate-decreasing effects. 
On the other hand, the combination of CAF and MEP alone 
showed complete substitution for MA. This may indicate that 
CAF and MEP produce a synergistic effect in terms of substi- 
tution for MA. The role of CPA was considered to reduce 
the synergism of these drugs because the mean percent of 
MA-appropriate responses with the partial mixture of CAF, 
MEP, and CPA were lower than with the partial mixture of 
CAF and MEP alone. The similar synergism in the discrimina- 
tive effects of other antitussive mixtures was also reported by 
investigators who demonstrated that the mixture containing 
caffeine, ephedrine, and phenylpropanolamine substituted for 
amphetamine and cocaine in rats but each constituent individ- 
ually did not (6,7). 

Although the complete mixture does not appear to have 
strong MA-like stimulus effects, some of its constituents ap- 
pear to have stimulant properties, MEP and CAF produced 
partial substitution for MA when given alone, but produced 
complete substitution when given together. The results suggest 
that the MA-like stimulus effects of the CAF and MEP mix- 
ture are reduced by additional DHC and CPA and that the 
present complete mixture has a limited role for MA-like stimu- 
lus effects in the abuse of the antitussive mixture. 

Although the role of DHC in the complete mixture in terms 
of substitution for MA was minor in the present experiment, 

it is considered that the stimulus effects of the antitussive 
mixture need additional characterization, perhaps by examin- 
ing their resemblance to those of DHC or other constituents. 
It has been reported that neither CAF nor MA substituted for 
the same complete mixture used as a training drug in rats, 
while DHC and Ag-tetrahydrocannabinol did substitute for 
the complete mixture (13), and further that the reinforcing 
efficacy of DHC was increased with the combination of MEP, 
CAF, and CPA in rhesus monkeys (11). It was also demon- 
strated that place preference conditioning in rats was en- 
hanced by the combination of DHC and CPA in comparison 
with DHC alone (10). These facts may indicate that the com- 
plete antitussive mixture also has some different stimulus 
properties from those of MA. 

Under the present experimental condition using rats, it was 
concluded that the discriminative effects of the complete anti- 
tussive mixture were partially similar to MA and that CAF 
and MEP by their interaction play primary roles in producing 
MA-like discriminative stimulus effects while DHC and CPA 
play roles in reducing MA-like effects. 

ACKNOWLEDGEMENTS 

This research was supported by the grant for studies in neuropsy- 
chiatric diseases covering research into drug dependence (1987-1989) 
from the Ministry of Health and Welfare of Japan. The authors thank 
Dr. Koji Takada and Edgar M. Cooke for help. 

REFERENCES 

1. Ando, K. The discriminative control of operant behavior by intra- 
venous administration of drugs in rats. Psychopharmacologia 45: 
47-50; 1975. 

2. Ando, K.; Johanson, C. E.; Schuster, C. R. The effects of etha- 
nol on eye tracking in rhesus monkeys and humans. Pharmacol. 
Biochem. Behav. 26:103-109; 1987. 

3. Ando, K.; Yanagita, T. The discriminative stimulus properties of 
intravenously administered cocaine in rhesus monkeys. In: Col- 
paert, F. C.; Rosecrans, J. A., eds. Stimulus properties of drugs: 
Ten years of progress. Amsterdam: Elsevier/North-Holland Bio- 
medical Press; 1978:125-136. 

4. Colpaert, F. C.; Niemegeers, C. J. E.; Janssen, A. J. Discrimina- 
tive stimulus properties of cocaine: Neuropharmacological char- 
acteristics as derived from stimulus generalization experiments. 
Pharmacol. Biochem. Behav. 10:535-546; 1979. 

5. D'Mello, G. D.; Stolerman, I. P. Comparison of the discrimina- 
tive stimulus properties of cocaine and amphetamine in rats. Br. 
J. Pharmacol. 61:415-422; 1977. 

6. Gauvin, D. V.; Harland, R. D.; Michaelis, R. C.; Holloway, F. 
A. Caffeine-phenylethylamine combinations mimic the cocaine 
discriminative cue. Life Sci. 44:67-73; 1989. 

7. Holloway, F. A.; Michaelis, R. C.; Huerta, P. L. Caffeine-phe- 
nylethylamine combinations mimic the amphetamine discrimina- 
tive cue. Life Sci. 36:723-730; 1985. 

8. Huang, J. T.; Ho, B. T. Discriminative stimulus properties of 
d-amphetamine and related compounds in rats. Pharmacol. Bio- 
chem. Behav. 2:669-673; 1974. 

9. Kiriike, N.; Chikami, T.; Kawakita, Y. Psychiatric disturbances 
by dependence of over-the-counter antitussive agent (in Japa- 
nese). Jpn. J. Neuropsychopharmacol. 10:95-100; 1988. 

10. Suzuki, B.; Masukawa, Y.; Misawa, M. Drug interactions in the 
reinforcing effects of over-the-counter cough syrups. Psycho- 
pharmacology (Bed.) 102:438-442; 1990. 

11. Wakasa, Y.; Yanagita, T. The effects of methylephedrine, chlor- 
pheniramine and caffeine on intravenous self-administration of 
dihydrocodeine in rhesus monkeys. In: Harris, L. S., ed. Prob- 
lems of drug dependence, 1988, Proceedings of the 50th Annual 
Scientific Meeting, The Committee on Problems of Drug Depen- 
dence NIDA Research Monograph 90. Rockville, MD: NIDA; 
1988:370. 

12. Wenger, G. R. Cumulative dose-response curves in behav- 
ioral pharmacology. Pharmacol. Biochem. Behav. 13:647-651; 
1980. 

13. Yamamoto, T.; Ueki, S. The use of the drug discriminative para- 
digm for studying narcotic antitussive agent (in Japanese). Jpn. 
J. Psychopharmacol. 7:167-168; 1987. 


