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Abstract. Two rhesus monkeys  were t ra ined  to discr im- 
inate  the I M  inject ion o f  e torphine  (0 .001mg/kg)  
f rom saline in a t ask  in which 20 consecut ive responses  
on one o f  two levers resul ted  in food  delivery. In  bo th  
monkeys ,  e to rph ine  (0 .0001-0 .0018) ,  meper id ine  
(0.1 - 1.0 mg/kg) ,  morph ine  (0.1 - 3.2 mg/kg) ,  and  co- 
deine ( 0 . 3 - 3 . 2 )  p r o d u c e d  dose- re la ted  increases in the 
percentage  o f  to ta l  session responses  tha t  occur red  on 
the e t o r p h i n e - a p p r o p r i a t e  lever. In  contras t ,  e thylke ta-  
zocine,  SKF-10047 ,  and  pentazocine ,  a t  doses up  to 
and  inc luding  those  tha t  suppressed  response  rates,  
p r o d u c e d  responses  p r imar i ly  on  the sa l ine -appropr i a t e  
lever. Thus,  e torphine- l ike  narcot ics ,  inc luding mor-  
phine,  have d iscr iminat ive  s t imulus effects in rhesus 
monkeys  which can be d is t inguished f rom those p ro -  
duced  by  narcot ics  wi th  nonmorph ine - l i ke  act ions  
such as e thylke tazocine ,  SKF-10047,  and  pentazocine .  
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A l t h o u g h  numerous  studies have demons t r a t e d  tha t  
narcot ics  can funct ion  as d iscr iminat ive  st imuli  in 
several  species of  an imals  (Shannon  and  H o l t z m a n  
1976; Schaefer  and  H o l t z m a n  1977; Co lpae r t  1978; 
Teal  and  H o l t z m a n  1980; Her l ing  et al. 1980), there  are 
no repor ts  o f  the d iscr iminat ive  effects o f  morph ine- l ike  
narcot ics  in the rhesus monkey .  This is somewha t  
surpr is ing  cons ider ing  the ra ther  extensive l i te ra ture  
tha t  has deve loped  on the re inforc ing s t imulus  charac-  
teristics o f  opia tes  in this species ( Johanson  and  Bals ter  
1978; Hoffmeis te r  1979). 

In  the present  exper iment ,  two rhesus monkeys  were 
t ra ined  to  d iscr iminate  the effects of  an in t r amuscu la r  
inject ion o f  e to rph ine  ( t e t r ahydro -7e - [1 -hyd roxy- l -  
methy lbu ty l ] -6 ,14-endoe thenoor ipav ine) ,  a na rco t ic  
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analgesic  tha t  is 2 0 0 - 1 0 0 0 0  times more  po ten t  than  
morphine ,  depending  on the assay (Blane et al. 1967; 
Kos ter l i t z  et al. 1974). The  abi l i ty  o f  a number  o f  
p r o t o t y p i c  narcot ics  to p roduce  an e torphine- l ike  dis- 
cr iminat ive  effect was then invest igated.  

Materials and Methods 

The subjects were two adult male rhesus monkeys (Macaca mulatta) 
maintained at approximately 90 % (8.0- 9.0 kg) of their free-feeding 
weights. Each monkey was fed sufficient Purina Monkey Chow after 
each session to maintain these reduced weights. Both monkeys had 
participated in various behavioral experiments prior to this study and 
had received a variety of drugs, including narcotics. Neither monkey, 
however, had participated in an experiment or received any drugs for 
at least six months before the start of this study. 

Prior to each experimental session, the monkeys were removed 
from their individual home cages and placed in primate restraining 
chairs. Monkey and chair were then placed in wooden experimental 
chambers that were fitted with two levers mounted on either side of a 
food cup. Other essential details of the chamber and other apparatus 
used in this study have been provided elsewhere (Hein et al. in press). 

Initially, each monkey was required to depress one of two levers 
in order to obtain a 300mg banana-flavored food pellet. The 
appropriate lever to obtain reinforcement was determined by the 
injection the monkey received prior to the session, i.e., either 
etorphine hydrochloride (right lever) or saline (left lever). The 
number of responses required for food delivery was gradually 
increased to 20 (fixed-ratio 20), with the added requirement that the 
responses occur in succession. Responses on the inappropriate lever 
reset the fixed-ratio requirement on the appropriate lever. Sessions 
ended after 75 deliveries of food or 90 min, whichever occurred first. 

Training sessions were usually conducted six days a week. Each 
monkey was injected IM 20min prior to each session with either 
0.001 mg/kg etorphine or saline (0.1 ml/kg). Etorphine and saline 
injections alternated from one session to the next. Training continued 
until each monkey met the criteria of emitting fewer than 40 lever 
presses before the first food delivery of the session and of distributing 
at least 90 ~ of the total session responses on the appropriate lever. 
Each monkey was required to meet these criteria for five consecutive 
sessions during which saline and etorphine injections alternated, and 
then for four consecutive sessions during which saline and etorphine 
were administered in a double alternation sequence (e.g., etorphine, 
etorphine, saline, saline). 

Once these criteria were met, test sessions were conducted with a 
range of doses of etorphine, morphine sulfate, codeine phosphate, 
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Fig. 1 
Discriminative stimulus and rate 
decreasing effects of four narcotic 
agonists in two rhesus monkeys 
trained to discriminate etorphine 
(0.001 mg/kg) from saline. Upper 
panel ordinates: number of 
responses on the etorphine- 
appropriate lever, expressed as a 
percentage of the total session 
responses. Lower panel ordinates: 
rate of lever pressing, responses per 
second. Average rates of responding 
• 1 SEM during saline training 
sessions were 1.49 + 0.06 (monkey 
911; N = 7) and 2.26 • 
(monkey 756; N = 7). Abscissae: 
drug dose, mg/kg. Each point 
represents a single determination. 
Open circles: monkey 911. Closed 
circles: monkey 756 

Fig.2 
Discriminative stimulus and rate-decreasing effects of 
ethylketazocine, SKF-10047, and pentazocine in two 
rhesus monkeys trained to discriminate etorphine 
(0.001 mg/kg) from saline. Ordinates, abscissae, and 
symbols, as in Fig. 1. Average response rates • 1 SEM 
following saline injections were 1.31 _+ 0.14 (monkey 911; 
N = 5) and 2.30 _+ 0.05 (monkey 756; N = 5). 

meperidine hydrochloride, ethylketazocine methane sulfonate, SKF- 
10 047 hydrochloride (N-allyl-normetazocine), or pentazocine (base). 
Throughout a test session, 20 consecutive responses on either the 
etorphine-appropriate or saline-appropriate lever resulted in food 
delivery; in all other respects, test sessions were identical to training 
sessions. Etorphine and morphine were injected 40 min prior to test 
sessions; all other drugs were injected 20 miu before the sessions. 
Test sessions alternated with training sessions. If during a training 
session an animal failed to meet the training criteria, further testing 
was postponed until the animal met the criteria on at least two 
consecutive training sessions. 

Pentazocine and ethylketazocine were dissolved in sterile water 
to which a small amount of lactic acid was added; if needed, sodium 
hydroxide was used to adjust the pH of the solutions to above 4. All 
other drugs were dissolved in 0.9 % sterile saline. Drug doses refer to 
the forms described above. Injections of all drugs and saline were 
made into the thigh muscle in a volume of 0.1 ml/kg. 

Data Analysis. The data for test sessions are presented as the average 
number of responses throughout the session that were emitted on the 
etorphine-appropriate lever, expressed as a percentage of the total 
responses. A test drug was considered to produce discriminative 
effects similar to the training dose of etorphine if 90 % of the total 

session responses were emitted on the etorphine-appropriate lever. 
The overall rate of responding on the two levers was also recorded 
during each session. The distribution of responses on the two levers 
was not evaluated if less than 100 responses were made during the 
session. 

R e s u l t s  

T h e  e t o r p h i n e - s a l i n e  d i s c r i m i n a t i o n  was  es tab l i shed  in 

29 ( m o n k e y  756) a n d  44 ( m o n k e y  911) sessions.  In  b o t h  

m o n k e y s ,  m o r p h i n e ,  code ine ,  a n d  m e p e r i d i n e  p r o -  
d u c e d  effects  s imi la r  to  those  p r o d u c e d  by  e to rph ine .  

T h a t  is, a t  the  l owes t  doses  o f  these  drugs ,  r e s p o n d i n g  

o c c u r r e d  p r i m a r i l y  on  the  s a l i n e - a p p r o p r i a t e  lever  
(Fig.  1, u p p e r  panels) .  H o w e v e r ,  as the  dose  o f  the  d rugs  

inc reased ,  e a c h  d r u g  p r o d u c e d  r e s p o n d i n g  on  the  

e t o r p h i n e - a p p r o p r i a t e  lever  t h a t  r e a c h e d  a m a x i m u m  

a b o v e  90 % o f  the  to ta l  sess ion  responses .  In  add i t ion ,  

e a c h  o f  the  d rugs  p r o d u c e d  a dose - r e l a t ed  dec rease  in 
the r a t e  o f  r e s p o n d i n g  (Fig.  1, l ower  panels) .  These  
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drugs were approximately  1000 (meperidine) to 10 000 
(codeine) times less potent  than etorphine in p roduc ing  
both  discriminative stimulus effects (Fig. 1, upper  pan-  
els) and rate-decreasing effects (Fig. 1, lower panels). 

In contras t  to these effects, ethylketazocine, SKF-  
10047, and pentazocine resulted in predominant ly  
sal ine-appropriate responding at doses up to and 
including those that  markedly  decreased the rate o f  
responding (Fig. 2). 

etorphine-like discriminative stimulus effects in this 
species. 
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Discussion 

Al though  a discriminative stimulus effect for etorphine 
has no t  previously been reported, it appears to be 
similar to that  p roduced  by morphine.  In  rats, the 
discriminative effect p roduced  by morphine  is shared 
by codeine and  meperidine (Lal et al. 1977), and in the 
squirrel monkey,  morphine  and meperidine have sin> 
ilar discriminative stimulus effects (Schaefer and Holtz-  
man  1977). In the present experiment, the discrim- 
inative stimulus produced  by etorphine in rhesus 
monkeys  was also produced  by morphine,  codeine, and 
meperidine. 

In contrast ,  ethylketazocine, SKF-  10 047, and pen- 
tazocine did not  produce  discriminative stimulus effects 
similar to those o f  etorphine. This result is consistent 
with other  nonmorphine- l ike  behavioral  actions o f  these 
narcotics in rhesus monkeys  (Downs and Woods  1976; 
W o o d s  et al. 1979; Y o u n g  et al. in press). Fur thermore,  
the inability o f  ethylketazocine, SKF-10047,  and pen- 
tazocine to produce  an etorphine-like discriminative 
effect was no t  due to the lack o f  discriminable effects o f  
these drugs, since each o f  these compounds  has been 
shown to produce  stimulus control  o f  responding under  
a variety o f  circumstances in several species o f  animals 
(Teal and Hol tzman  1980; Herling et al. 1980; Hein et 
al. in press). In  rhesus monkeys,  for example, SKF-  
10 047 appears to share discriminative stimulus effects 
with ethylketazocine, while etorphine, morphine,  co- 
deine, meperidine, and pentazocine do not  (Hein et al. 
in press). Thus,  the discriminative stimulus effects o f  
pentazocine in the rhesus monkey  appear  to be unlike 
those o f  either morphine-l ike or ethylketazocine-like 
narcotics. 

Each of  the narcotics that  p roduced  etorphine- 
appropr ia te  responding in this expe r imen t - code ine ,  
meperidine, morphine,  and e t o r p h i n e - i s  also self- 
injected by rhesus monkeys  ( Johanson  and Balster 
1978; Y o u n g  and W o o d s  1980). In contrast,  ethylke- 
tazocine (Woods  et al. 1979) and SKF-10047 (Young et 
al. in press) are not  self-administered, and  the results o f  
pentazocine self-injection studies are equivocal 
( Johanson  and Balster 1978). Thus, there appears to be 
a good  correlat ion between narcotics that  are self- 
injected by rhesus monkeys  and those that  produce 
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