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GLUCK, J. P., D. P. FERRARO ANt) R. G. MARRIOTT. Retardation of discrimination reversal by Ag-tetrahydro - 
cannabinol in monkeys. PHARMAC. BIOCHEM. BEHAV. 1(6) 605-608,  1973. Adult monkeys acquired a simul- 
taneous 2-choice color discrimination after which they were given a series of ten successive discrimination reversals. 
Half of the monkeys received all of this discrimination training under the influence of a synthetic A '~-trans-tetrahydro- 
cannabinol (A 9-THC), the major psychoactive constituent of marihuana, while the other monkeys served as nondrug 
controls. The drug states for the two groups were interchanged during the eleventh reversal. Although acquisition of the 
initial discrimination did not differ between the drug and control groups, subsequent discrimination reversals were 
markedly retarded for the drug group. Performance of the drug group on the initial reversals was characterized by 
perseveration to the previously reinforced stimulus. Introduction of the drug to the control group during the final 
reversal also produced an impairment of discrimination reversal performance. 
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TI tE  successive d i sc r imina t ion  reversal p rocedu re  involves 
the  repeated  sh i f t ing  of  response  c o n t i n g e n t  r e i n f o r c e m e n t  
be tween  two invar ian t  s t imul i  fo l lowing the  a t t a i n m e n t  of  a 
specif ied pe r fo rmance  cr i ter ion.  Var ia t ions  on this basic 
p rocedure  have been  useful  in es tab l i sh ing  a var ie ty  of  
f indings inc luding  phy logene t i c  d i f fe rences  in learning [6, 
15, 16] ,  degrees of  men ta l  r e t a r da t i on  [ 10 l ,  and ac t ions  of  
p s y c h o t r o p i c  drugs [8, 9, 11, 13] .  The  general  u t i l i ty  of  
this relatively com pl ex  p rocedure  is e n h a n c e d  by  its inde- 
pendence  f rom p e r c e p t u a l - m o t o r  biases [ 1 ]. 

The  major i ty  of  research deal ing wi th  the effects  of  
mar ihuana  on learned behav io r  has involved the  use of  
s imple behaviora l  tasks as represen ted ,  for example ,  by  
ope ran t  schedules  of  r e i n f o r c e m e n t  [ 2 ] .  By in large, this 
research has no t  served to de l inea te  the  behaviora l  mecha-  
nism of  ac t ion  for  m a r i h u a n a  from tha t  of  o t h e r  psycho-  
t ropic  drugs. Fer ra ro  et al., [3] have recen t ly  suggested tha t  
this de l inea t ion  migh t  be b e t t e r  accompl i shed  t h r o u g h  the  
use of  more  compl ex  behaviora l  tasks such as those  which  
i nco rpo ra t e  a m e m o r y  or cond i t iona l  rule learning com- 
ponen t .  Accord ing ly ,  the  present  e x p e r i m e n t  invest igated 
the  effects  of  ( - ) a " - t r a n s - t e t r a h y d r o c a n n a b i n o l ,  the  ma jo r  
psychoac t ive  c o n s t i t u e n t  of  mar ihuana ,  on  the 2-choice  
nonspa t i a l  successive d i sc r imina t ion  reversal pe r f o r mance  of  
monkeys .  

METItOD 

Animals 

Two adul t  male s tumpta i l  m o n k e y s  (Macaca arctoides) 
weighing a p p r o x i m a t e l y  11 kg, and two adul t  male rhesus 
m o n k e y s  (Macaca mulatta) weighing 9 kg were used. The  
m o n k e y s  had served in pr ior  d rug-behav ior  expe r imen t s  
[ 2 ] ,  bu t  had been  drug free for 3 mo pr ior  to the present  
s tudy.  

Apparatus and Materials 

The expe r imen t a l  c h a m b e r  was a sound  a t t e n u a t i n g  
cubicle  equ ipped  wi th  a p r imate  res t ra in ing  chair  and a 
s t imulus- response  panel  con ta in ing  two hor i zon ta l ly  aligned 
plastic response  keys. A s t imulus  p ro jec to r  was used to 
i l luminate  each response  key wi th  e i the r  whi te  or green 
light. R e i n f o r c e m e n t  was a 0.3 g Noyes  b a n a n a  pellet  deliv- 
ered in to  a foodwel l  on the s t imulus- response  panel.  

S y n t h e t i c  (-) ,a  ~ - t r a n s - t e t r a h y d r o c a n n a b i n o l  (96% 
Ag-TItC,  3% A"-TI tC,  and 1% cannab ino l ;  Batch No. 
SSC-66907)  was ob ta ined  in a 0.2 g /ml  so lu t ion  wi th  
d e h y d r a t e d  a lcohol  f rom the  Nat ional  Ins t i tu te  of  Mental  
t lea l th .  The A 9-THC was put  in to  a 0.1 g /ml  so lu t ion  wi th  
sesame oil and s tored in the  dark unde r  ref r igera t ion.  The 

~The authors thank Charles Morrow for his help in collecting the data. Research supported by National Institute of Mental Health Grant 
DA00355. Synthetic A 9-THC obtained by approval of the FDA-NIMH Psychotomimetic Agents Advisory Committee. The animals involved 
in this study were maintained in accordance with "Guide for Laboratory Animal Facilities and Care" as published by the National Academy 
of Science-National Research Council. 

~Reprints may be obtained from Dr. Douglas P. Ferraro, 176 Psychology Hall, University of New Mexico, Albuquerque, New Mexico 
87131, U.S.A. 
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drug vehicle used for oral adm i n i s t r a t i on  was 3 cc of  orange 
dr ink.  

Procedure 

The four m o n k e y s  were first t ra ined to respond  rel iably 
to an i l lumina ted  response  key and then  were given 18 daily 
sessions of  nond i f fe ren t i a l  r e i n f o r c e m e n t  to the two color  
st imuli .  A nondi f fe ren t i a l  r e in fo rcemen t  trial involved the  
s imul t aneous  p re sen t a t i on  of  the  green and whi te  lights on  
the response keys wi th  the lef t-r ight  key posi t ions  of  the 
two st imuli  being r andomly  de t e rmined .  A response  to 
e i ther  of  the two st imuli  was re inforced wi th  a p robab i l i t y  
of  0.5. Both re inforced and  non re in fo rced  responses  
t e rmina ted  the  trial and produced  a 10-sec in ter t r ia l  interval  
dur ing  which  no  s t imuli  were presented .  For  this and 
subsequen t  cond i t ions  of  the e x p e r i m e n t ,  a daily session 
consis ted of  100 trials. On the final two days of  nondi f fe r -  
ent ial  r e in fo rcemen t  t ra ining,  two m o n k e y s  (one s tumpta i l  
and one rhesus)  were given oral doses of  1 mg/kg  ,5 ~-THC 
2.5 hr pr ior  to the expe r i m en t a l  session. The  remain ing  two 
m o n k e y s  served as nond r ug  cont ro l s  and were similarly 
admin i s t e red  the  drug vehicle alone.  

During the  ensuing s imu l t aneous  d i sc r imina t ion  condi-  
t ion the whi te  l ight was specif ied as S' and the green light as 
S-. Specifically,  on each trial a response to S* was re inforced  
and p roduced  the  10-see inter t r ia l  i n t e rva l ; a  response  to S 
produced  only the  inter t r ia l  interval .  Discr imina t ion  train- 
ing was con t inued  on a daily basis for each m o n k e y  unt i l  a 

pe r fo rmance  cr i ter ion of  three  successive sessions of  90% 
correct  r esponding  was achieved.  The  d i sc r imina t ion  was 
then reversed,  tha t  is, the  whi te  light was made  S and the  
green light was made  S'. unti l  the  pe r fo rmance  cr i ter ion was 
again achieved.  In all, eleven such d i sc r imina t ion  reversals 
were given. 

The drug cond i t ion  init ial ly assigned to each m o n k e y  
dur ing  nond i f fe ren t i a l  r e in fo rcemen t  t ra in ing  was main-  
tained t h r o u g h o u t  acquis i t ion  of  the  init ial  color  discrim- 
ina t ion  and the  subsequen t  ten d i sc r imina t ion  reversals. On 
the first day of  the e leventh  and final d i sc r imina t ion  re- 
versal the drug states  for the m o n k e y s  were in te rchanged .  
The previously n o n d r u g  cont ro l  monkeys  were admin-  
istered 1 mg /kg , a~ ' -T l lC  and the previously  drug m o n k e y s  
were given the  drug vehicle alone.  Training in these inter- 
changed drug s ta tes  c o n t i n u e d  unt i l  the  pe r fo rmance  cri- 
te r ion for the e leventh  d i sc r imina t ion  reversal was achieved. 

RESt] 1. rs  

The admin i s t r a t i on  of  A~ -TllC did not  p roduce  di f feren-  
tial effects  dur ing  nond i f fe ren t i a l  r e i n f o r c e m e n t  t ra in ing  or 
dur ing  acquis i t ion  of  the  initial co lor  d i sc r imina t ion .  
Respond ing  for  b o t h  the drug and n o n d r u g  groups  was 
evenly divided be tween  the  two color  s t imul i  du r ing  the  last 
two days of nond i f f e ren t i a l  r e i n f o r c e m e n t  and b o t h  groups  
acqui red  the init ial  d i sc r imina t ion  at the  same rate. The 
mean  n u m b e r  of  sessions necded to meet  the  90% perfor-  
mance  cr i ter ion on the  initial d i sc r imina t ion  for the non-  
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FIG. 1. Percentage correct responding during each session across successive 
discrimination reversals for the nondrug control and 1 mg/kg a 9-THC stumptail 
monkeys. The dashed lines in the final reversal signify that the drug states were 

interchanged during this reversal. 
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FIG. 2. Percentage correct responding during each session across successive discrimination 
reversals for the nondrug control and 1 mg/kg tx 9 -THC rhesus monkeys. The dashed lines in 

the final reversal signify that the drug states were interchanged during this reversal. 

drag control  and drug groups was 13.0 and 13.5 sessions, 
respectively.  

A well defined A 9-Tl tC effect  was observed on discrim- 
ination reversal performance.  Figures l and 2 present 
percentage correct  responding across the eleven discrimina- 
tion reversals for the two species of  drug and control  
monkeys .  The number  of  sessions required to meet  the 
per formance  cri terion decreased across successive reversals 
for both the drug and control  animals. In o ther  words,  both  
groups acquired a comparable  discr iminat ion reversal learn- 
ing set. However ,  fur ther  analysis of  the first 10 reversals 
presented in Fig. 1 and 2 supports  the conclusion that 
49 -THC retarded discr iminat ion reversal performance.  This 
conclusion emerges from two basic findings: (1) Perfor- 
mance of  the drug animals was markedly  below that of  the 
control  animals on the first day of  each reversal, and (2) 
within each reversal the drug animals consis tent ly required 
a larger number  of  sessions to reach the per formance  cri- 
terion than did the control  animals. 

Fur ther  evidence of  the impai rment  in discr iminat ion 
reversal produced by 4 9-THC may be seen in the eleventh 
reversal where the drug states o f  the individual monkeys  
were interchanged.  The adminis t ra t ion of  Ag-THC to the 
control  monkeys  sharply a t tenuated  discr iminat ion perfor- 
mance on the first reversal day and, thereaf ter ,  had no 
observable effect .  In compar ison,  the removal of  the drug 
from the drug monkeys  occurred with minimal effect  
throughout  the reversal. In this con tex t  it is conceivable 
that these monkeys  had developed a drug tolerance which 

could have minimized the effects of  the change to the 
nondrug state [5] .  It should be further  noted that the 
observat ion of  asymetrical  transfer effects between drug 
states is not  u n c o m m o n  in the l i terature pertaining to state 
dependent  learning [ 14].  

DISCUSSION 

The obtained data suggest that the effects  of  A~-THC on 
discr iminat ion behavior  depend,  in part,  on the complex i ty  
of  the behavioral task. Whereas daily adminis t ra t ion of  
A 9-THC did not interfere with per formance  on a nondiffer-  
ential re inforcement  schedule or with the acquisi t ion of  a 
s imultaneous color  discriminat ion,  the drug did impair 
per formance  on successive reversals of the discrimination.  
Our failure to find a ,~"-TH(? effect  on the acquisi t ion of  a 
simple discr iminat ion is in accord with o ther  reports that  
4 9 - T H C  does not disrupt the ongoing per formance  of  
previously learned color  or form discriminat ions in primates 
[2,41. 

The 49-TH(" produced retardat ion of  discr iminat ion 
reversal per formance  observed herein was part icularly 
characterized by a perseverat ion of  responding to the 
previous S* on the first day of  each reversal. At least two 
explanat ions  of  this drug-induced perseverat ion seem viable. 
On the one hand, 49 -THC may have retarded the process of  
ext inc t ion  to the previous S +. Alternatively,  coun te r  condi-  
t ioning to the previous S- may have been impeded by the 
drug state.  Two lines of  evidence tend to implicate the 
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latter explanat ion.  Gonzales and Carlini [71 have repor ted  
that a marihuana extract  did not affect  the rate of  ext inc-  
tion of a previously reinforced ins t rumenta l  response.  
Fur the rmore ,  data from a recent s t imulus general izat ion 
exper iment  by Lyons et al. [ 1 2] ,  suggest that  /," -I 'HC may 
act to increase the aversiveness of  a negative discriminative 
stimulus.  If a " - T H C  similarly affected the S in the present  
forced choice discr iminat ion si tuat ion then the observed 
response perseverat ion to the previous S TM could be tenta- 
tively viewed as an active avoidance of  the previous S .  

The observed re tardat ion of  discr iminat ion reversal 
per formance  by a " - T H C  apparent ly  sets this drug apart 

from o ther  pharmacological  classes of  drugs. Previous 
exper iments  have been consis tent  in showing that  drugs of 
the s t imulant  [9 ,11] ,  t ranquil izer  [8 ] ,  and barbi tura te  
[13] classes facilitate d iscr iminat ion reversal per formance .  
Taken together  these data may be related to the finding 
that  a ~-THC is alone among psycho t rop ic  drugs in selec- 
tively affecting shor t - te rm memory  in n o n h u m a n  primates 
per forming  on a complex  delayed matching- to-sample  task 
[3] .  l towever ,  fur ther  research, part icularly with complex  
behavior tasks, will be necessary before the behavioral 
mechanism of  action for tx ~-T|I(? can be definit ively eluci- 
dated.  
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