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BERGMAN, J. AND J. R. GLOWA. Suppression of behavior by ji)od pellet-lithium chloride pairings in squirrel monkeys. 
PHARMACOL BIOCHEM BEHAV 25(5) 973-978, 1986.--Responding by squirrel monkeys was maintained under a 
30-response fixed-ratio schedule of food presentation; during different sessions responding produced either 
sucrose-flavored or banana-flavored food pellets. Pre-session administration of doses of lithium chloride (LiCII less than 
3.0 mEq/kg did not alter rates of responding whereas pairing either type of pellet with post-session injections of 1.8 mEq/kg 
LiC1 suppressed both lever pressing and consumption during subsequent sessions in which that pellet type was available. 
When post-session injections of LiCI were discontinued, responding recovered within 14 sessions. / 'he suppression of 
responding, but not pellet consumption, was then reliably reproduced in each monkey by pairing post-session LiCI with the 
previously non-paired type of pellet. Pre-session administration of chlordiazepoxide (CDAP, 3.0-17.0 mg/kg) increased 
rates of suppressed responding in a dose-related manner, but did not increase pellet consumption. These data indicate that 
different mechanisms may be involved in the suppression of responding and the suppression of consumption of food by 
post-session injections of drugs. The suppression of responding by post-session injections of drugs in primates appears to 
be qualitatively similar to the suppression of responding by other noxious stimuli such as electric shock in that it is 
reversible, it can be reinstated by re-exposure to post-session drug injections, and it can be attenuated by pre-session 
administration of CDAP. 

Conditioned aversions Punishment Drug-paired stimuli 
Fixed-ratio Lever press Squirrel monkeys 

Lithium chloride Chlordiazepoxide 

T H E  suppre s s ing  effects  of  drugs  of ten have  been  s tudied  in 
e x p e r i m e n t s  in which  c o n s u m p t i o n  of  a nove l  food is paired 
with a pos t - sess ion  drug in jec t ion [11]. With  many  drugs ,  as 
few as two or  th ree  pos t - sess ion  in jec t ions  are suff ic ient  to 
suppres s  c o n s u m m a t o r y  b e h a v i o r  (cf. [20,21] for  reviews) .  
P rev ious  r e sea rch ,  c o n d u c t e d  pr imari ly  in roden t s ,  has  
s t r e s sed  tha t  the  d e v e l o p m e n t  of  s upp r e s s i on  depends  upon  
the nove l ty  of  bo th  the food and  drug and  upon  the  t empora l  
re la t ionsh ip  b e t w e e n  the de l ivery  of  food  and  the in jec t ion of  
drug. Wi th  some drugs,  for  example ,  the same dose  can  

e i the r  supp re s s  food c o n s u m p t i o n  w h e n  in jec ted  fol lowing 
the sess ion  or increase  food c o n s u m p t i o n  when  admin i s t e r ed  
before  the sess ion  [4,16]. 

P re sen ta t ions  of  food or  wa te r  tha t  main ta in  schedule-  
con t ro l led  b e h a v i o r  a lso may suppress  r e spond ing  a f te r  
be ing  paired with pos t - sess ion  drug inject ions .  Fo r  example ,  
w h e n  in ject ions  of  d - a m p h e t a m i n e  fo l lowed sess ions  in 
which  a d i s t inc t ive ly  f lavored  liquid ma in ta ined  r e spond ing  
by  rats ,  the de l ivery  of  the  f lavored  liquid a lone  subse-  
quen t ly  d e c r e a s e d  ra tes  of  r e spond ing  [7,24]. In o the r  
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FIG. 1. Rates of responding under the FR 30-response schedule of 
food presentation and the numbers of food pellets consumed by 
squirrel monkeys S-681 ( tOp)  and S-823 (bottom) when post-session 
saline injections were paired with banana-flavored or sucrose food 
pellets. A maximum of 20 pellets could be consumed in each session. 
Abscissae: consecutive sessions. Ordinates: mean response rate and 
number of pellets consumed. 

studies, responding by pigeons was suppressed by distinc- 
tively colored lights accompanying food or water presenta- 
tion after the colors were paired with injections of either 
lithium chloride [17] or d-amphetamine [8]. Experiments 
such as these have permitted direct comparisons to be made 
between the suppression of operant and of consummatory 
behavior by post-session injections of drugs in the same sub- 
jects and, in addition, between the effects of drugs that are 
administered before and, separately, after the behavioral 
session. 

Although a large body of information has accumulated to 
date regarding many of the effects of drugs on schedule- 
controlled behavior in the squirrel monkey [1], their sup- 
pressing effects only have been studied using IV drug injec- 
tions that were consequent to responding [9,10]. Those ex- 
periments showed that the immediate suppression of re- 
sponding produced by drug injections was comparable to 
that of other noxious stimuli such as electric shock. Of inter- 
est, recent studies also have shown that the presentation of 
distinctive stimuli associated with occasional electric shock 
also can effectively suppress schedule-controlled responding 
[25]. Despite procedural diffet'ences among these studies, 
such findings raise the possibility that the suppression of 
responding by distinctive stimuli associated with electric 
shock and by stimuli associated with post-session drug in- 
jections are qualitatively similar. If similar mechansims are 
involved in both types of suppression, the suppression of 
responding by post-session drug injections at least should be 
reproducible in the same subject and should be attenuated by 
the pre-session injection of drugs with known antisup- 
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SUCCESSIVE SESSIONS 
FIG. 2. Rates of responding under the FR 30-response schedule of 
food delivery and the numbers of food pellets consumed when p o s t -  

session LiCI injections ( 1.8 mEq/kg) were paired with sucrose pellet 
availability and post-session saline injections were paired with 
banana-flavored pellet availability. Abscissae: successive sessions. 
Ordinates: mean response rate and number of pellets consumed. 
Points at C show mean control values based on the preceding eight 
sessions for response rate and consumption for each pellet type: 
brackets show S.D. 4"> Indicates occasions on which salivation by 
the monkey was noted when post-session injections were adminis- 
tered. 

pressant effects such as chlordiazepoxide [23,25J. The pres- 
ent experiments were conducted to evaluate this possibility 
by studying the development, reproducibility, and attenua- 
tion of the suppressing effects of distinctively flavored food 
pellets paired with post-session injections of lithium chloride 
in squirrel monkeys responding under a schedule of food 
pellet presentation. In the course of these experiments, the 
effects of post-session lithium chloride also were compared 
to its effects in the same monkeys when administered before 
the behavioral session. 

M E T H O D  

Sulk/co'Is 

Two adult male squirrel monkeys (Saimiri sciureus), 
weighing 570 g (S-823) and 800 g (S-681) were used. Monkey 
S-681 had been studied previously under a fixed-ratio 
schedule of  food presentation and had received d- 
amphetamine; monkey S-823 was experimentally naive at 
the beginning of the study. Between experimental sessions, 
subjects were housed individually and had continuous access 
to water; weights were maintained at approximately 8(Y/~ of 
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FIG. 3. Response rate and pellet consumption recovery when su- 
crose pellet availability was no longer paired with post-session LiCI 
injections. Abscissae: successive sessions. Ordinates: mean re- 
sponse rate and number of pellets consumed. Saline injections fol- 
lowed sessions denoted in the left panels and no injections followed 
sessions in the right panels. *Indicates consumption of sucrose pel- 
lets in home cage. 

their free-feeding weights by restricting access  to food (Pur- 
ina Monkey  Chow) in the home cages. 

Apparaltts 

During exper imenta l  sessions,  monkeys  were seated in a 
Plexiglas chair  similar to the one descr ibed by Herd [ 11]. The 
chair was placed in a vent i la ted,  sound-at tenuat ing chamber  
(Industrial Acoust ics ,  model  AC-5) provided with white 
noise to mask ex t raneous  sounds.  A response lever  
( B R S / L V E ,  model  121-05) was mounted on the t ransparent  
front wall of  the chair. Each press on the lever  with a 
minimum downward  force of  0.20 N produced an audible 
click of  a relay within the chamber  and was recorded as a 
response.  Green and amber  lamps, mounted  at eye level be- 
hind the front wall, could be i l luminated to serve as visual 
stimuli. Two food pellet d ispensers  (Gerbrands,  Model  D-l)  
were mounted on the chair:  300 mg food pellets (Noyes  type 
F, sucrose-f lavored or  banana-f lavored)  could be del ivered 
to a tray accessible  to the monkey  through an opening in the 
front wall of  the chair. The tray was i l luminated by white 
light for I sec during food del ivery.  

5'cheduh" 

Responding was maintained under  a 30-response fixed- 
ratio (FR 30) schedule of  food presentat ion.  In the presence  
of  a green light, every  30th response  produced a banana- 
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FIG. 4. Rates of responding under the FR 30-response schedule of 
food delivery and the numbers of food pellets consumed when post- 
session LiC1 injections (I.8 mEq/kg) were paired with banana pellet 
availability and post-session saline injections were paired with su- 
crose pellet availability. Abscissae: successive sessions. Ordinates: 
mean response rate and number of pellets consumed. Points a! C 
show mean control values based on the preceding eight sessions fl)r 
response rate and consumption for each pellet type: brackets show 
S.D. ~ Indicates occasions on which salivation by the monkey was 
noted when post-session injections were administered. 

f lavored pellet and was fol lowed by a 60-sec t imeout  period, 
During the t imeout ,  the chamber  was dark and responding 
had no scheduled consequences .  Sessions ended after the 
complet ion  of  20 FR 30 components  or 60 min, whichever  
occurred  first. 

P l . o u ( J d l l l . (  , 

Initially, responding by each monkey was deve loped  
under the FR 30 schednle by presentat ion of banana-f lavored 
pellets. Subsequent ly ,  except  where  noted,  the type of  pellet 
(banana-f lavored and sucrose-f lavored)  al ternated every  two 
sessions.  After  several  weeks  during which similar rates o f  
responding were  maintained by the presentat ion of  the two 
types of  pellet, a regimen of daily post-session IM injections 
o f  saline was begun. Two weeks  later, injections o f  lithium 
chloride ( 1.8 mEq/kg  LiCI) were substi tuted for injections of  
saline fol lowing each of  the two and, subsequent ly ,  5 or  6 
consecut ive  sessions in which sucrose-f lavored pellets were 
available:  saline injections cont inued to follow sessions in 
which banana-f lavored pellets were available.  

Af ter  responding maintained by sucrose-f lavored pellets 
was consis tent ly  suppressed,  LiCI injections were discontin- 
ued. During the next twelve  sessions responding produced 
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FIG. 5. Effects of doses of IM chlordiazepoxide administered 30 
min pre-session on rates of responding suppressed by post-session 
LiCI (1.8 mEq/kg) pairings with banana-flavored (S-681) or sucrose 
(S-823) food pellet availability. Abscissae: dose, log scale. Ordi- 
nates: mean response rate for squirrel monkeys S-681 (top) and S-823 
(bottom). Points at C show mean control values based on 8 (S-681) 
or 6 (S-823) sessions for each pellet type during chlordiazepoxide 
dose-effect determinations; brackets show S.D. 
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FIG. 6. Effects of doses of IM LiCI administered l0 min pre-session 
on rates of responding maintained under the FR 30 schedule of 
banana pellet delivery. Abscissae: dose, log scale. Ordinates: mean 
response rate. Points at C show mean control values based on 8 
control sessions during LiCI dose-effect determinations: brackets 
show S.D. 

only sucrose-flavored pellets paired with post-session injec- 
tions of saline. Any sucrose-flavored pellets that were not 
consumed during the session were placed in the monkey's  
home cage later in the day. Subsequently, responding 
produced only banana-flavored pellets for seven consecutive 
sessions. Double alternation of sucrose-flavored and 
banana-flavored food pellet presentation then was resumed 
and all post-session injections were discontinued until re- 
sponding and food consumption were at or near previous 
control values for both types of pellet. 

The effects of pairing post-session LiC1 injections with 
banana-flavored pellets then were studied in both monkeys. 
Injections of saline followed sessions in which sucrose- 
flavored pellets were available whereas injections of LiCI 
(1.8 mEq/kg) followed sessions in which banana-flavored 
pellets were available. After responding maintained by 
banana-flavored pellets was consistently suppressed, all in- 
jections were discontinued for monkey S-823 until control 
rates of responding recovered. Subsequently, post-session 
LiCI injections again were paired with sucrose-flavored pel- 
lets for this monkey and the effects of chlordiazepoxide 
(3-17 mg/kg) were assessed on suppressed responding in 
both monkeys. The effects of different doses of chlor- 
diazepoxide were determined in an irregular order and no 
more than twice weekly. LiCI was not administered follow- 
ing sessions in which the effects of pre-session chlor- 
diazepoxide were studied. After experiments with chlor- 
diazepoxide, all post-session injections were discontinued. 
When responding maintained by banana-flavored pellets re- 
covered to previous non-suppressed values for monkey 
S-681, the effects of pre-session LiC1 administration were 
determined in both monkeys on responding maintained by 
banana-flavored pellets. Doses of LiC1 were studied in an 
ascending order, no more often than twice weekly. 

DrltL,.s" 

Lithium chloride and chlordiazepoxide HC1 were dis- 
solved in a 0.9% saline solution and administered in volumes 
of 0.5 ml/kg. Post-session LiCI injections were given im- 
mediately after the session ended. Pre-session injections of 
LiC1 and of chlordiazepoxide were given 10 rain and 30 rain, 
respectively, before the session. All injections were made in 
the thigh muscle (IM). 

RESULTS 

The FR 30 schedule of food presentation maintained rates 
of responding from 1.6-2.4 responses per second in S-681 
and S-823. Each type of food pellet maintained typical FR 
patterns of responding in which all 30 responses occurred in 
rapid succession. Despite an initial perturbation in respond- 
ing for S-823 when post-session saline injections were first 
introduced, neither the type of pellet nor post-session saline 
injections greatly altered response rates or pellet consump- 
tion (Fig. 1). 

Figure 2 shows the effects of injecting LiCI after sessions 
in which sucrose-flavored pellets were available. After only 
two pairings, the rate of responding and consumption of 
sucrose-flavored pellets began to decrease in both monkeys, 
and salivation was evident each time the chamber door was 
opened to administer LiCI at the end of the session. By the 
sixth pairing with LiCI, both responding and consumption of 
sucrose pellets were suppressed to low levels; banana- 
flavored pellets however, maintained responding and pellet 
consumption at control levels throughout this period. After 5 
additional sessions in which only banana-flavored pellets 
were available, subsequent presentations of sucrose- 
flavored pellets still suppressed rates of responding and pel- 
let consumption. Vomiting occasionally was observed after 
the session during this time. 
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Figure 3 shows the effects of substituting post-session 
injections of saline for LiCI and, subsequently, of discontinu- 
ing all injections. By the fourth session after LiCI injections 
were discontinued, salivation and vomiting no longer were 
evident for either monkey, although response rate and pellet 
consumption were still suppressed. However,  uneaten 
sucrose-flavored pellets that were placed in the monkey 's  
home cage were always consumed immediately. In subse- 
quent sessions, responding gradually recovered for S-681 but 
remained nearly completely suppressed for S-823. When re- 
sponding subsequently led to the presentation of banana- 
flavored pellets, pellet consumption was restored im- 
mediately in each subject and rates of responding returned to 
control levels within several sessions. When post-session in- 
jections were discontinued, responding maintained by 
sucrose-flavored pellets eventually recovered to previous 
non-suppressed control rates for both monkeys. 

Figure 4 shows the effects of subsequent pairings of 
banana-flavored pellets with post-session injections of LiC1. 
Rates of responding decreased over 8-10 pairings for both 
monkeys; pellet consumption, however,  was completely 
suppressed only in S-681. The suppression of responding by 
pairings of banana-flavored pellets with post-session injec- 
tions of LiCI developed somewhat more slowly than the 
previous suppression of responding by pairings of sucrose- 
flavored pellets and LiCI (compare Figs. 2 and 4). 

When post-session injections were discontinued for 
S-823, rates of responding returned to previous control levels 
within 14 days. Subsequently, the renewed pairings of post- 
session LiCI injections with sucrose-flavored pellets sup- 
pressed responding, but did not fully suppress pellet con- 
sumption, over the course of 4 sessions in this monkey (not 
shown). 

Figure 5 shows the effects of pre-session injections of 
chlordiazepoxide on responding suppressed by pairing of 
LiC1 and banana-flavored pellets in monkey S-681 and by 
pairings of LiCI and sucrose-flavored pellets in monkey 
S-823. Rates of suppressed responding were restored to 
non-suppressed levels by intermediate doses of chlor- 
diazepoxide (5.6 and 10 mg/kg) and either increased less or 
decreased by the highest dose in both monkeys. Doses of 
chlordiazepoxide which increased rates of suppressed re- 
sponding, however, did not restore pellet consumption fully 
or in a dose-related manner for either monkey: no more than 
10 pellets were consumed during the session after any dose 
of chlordiazepoxide. Remaining pellets were readily con- 
sumed in the home cage after the session. 

The effects of pre-session injections of LiCI administra- 
tion on responding maintained by banana-flavored pellets are 
shown for both monkeys in Fig. 6. Doses of LiCI below 3 
mEq/kg had little or no effect on responding whereas 3 
mEq/kg markedly decreased rates of responding in each sub- 
ject.  Rates of responding and pellet consumption were not 
affected differentially by pre-session injections of LiCI. 

DISCUSSION 

The present experiments show that schedule-controlled 
responding and food consumption by squirrel monkeys can 
be suppressed by distinctively flavored food pellets paired 
with post-session injections of LiCI. These results are con- 
sistent with earlier findings that foods paired with post- 
session injections of LiCI can suppress consumption in dif- 
ferent species [19,20] and extend to primates findings in 
other species that schedule-controlled responding also can 

be suppressed by distinctive stimuli that are paired with 
post-session injections of drugs [8, 18, 24]. Moreover,  the 
suppression of behavior by a dose of LiC1 that did not mark- 
edly affect responding when administered before the session 
indicates that, as with other drugs, the effects of selected 
doses of LiCI may differ when studied in dissimilar experi- 
mental contexts [21]. 

A novel feature of these experiments was the repeated 
suppression and restoration of responding using familiar 
types of food pellets and a constant dose of LiCI. Findings in 
previous studies have indicated that familiarity with the 
paired stimuli or the post-session drug.may retard greatly the 
development of suppression [2, 5, 14]. Extensive exposure to 
each type of food pellet prior to pairing with post-session 
injections of LiCI also may have retarded development of 
suppression in the present study. For instance, D'Mello and 
Stolerman [7] reported that schedule-controlled responding 
and fluid consumption were nearly completely suppressed in 
the course of only 3 pairings of a distinctively-flavored liquid 
with post-session injections of d-amphetamine whereas 6--8 
pairings of sucrose-flavored pellets with post-session injec- 
tions of LiCI were initially required to develop comparable 
suppression in both squirrel monkeys. However,  the devel- 
opment of suppression is also known to be related to the 
dose of the post-session drug [8]. It is likely that suppression 
would have developed more rapidly in the present experi- 
ments with a higher dose of LiCI despite familiarity with the 
paired food pellets. 

Continued exposure to either the type of food pellets or 
injections of LiC1 did not retard the rate at which schedule- 
controlled responding was suppressed for either monkey in 
subsequent sets of pairings. In contrast,  food consumption 
during behavioral sessions was affected more erratically dur- 
ing subsequent pairings and, for S-823, was never fully sup- 
pressed after the initial pairings of sucrose-flavored pellets 
with LiC1 injections. These findings suggest that pairing dis- 
tinctive foods with post-session injections of drugs has 
separable effects on consumption and on schedule- 
controlled behavior. They also indicate that changes in 
schedule-controlled behavior can provide an index of the 
suppressing effects of post-session injection of drugs that is 
reproducible and relatively independent of pre-exposure to 
the paired stimuli. In this regard, the suppression of respond- 
ing by post-session injections of drugs and by other stimuli 
such as electric shock may be qualitatively similar. 

The initial suppression of schedule-controlled responding 
and of food consumption by pairing sucrose-flavored pellets 
with LiCI usually was accompanied by salivation during ex- 
perimental sessions for both monkeys and by occasional 
episodes of vomiting. These reactions may have reflected 
gastrointestinal disturbances that contributed to the sup- 
pression of behavior during pairings of food pellets with 
LiCI. However,  the disappearance of salivation and vomiting 
before the recovery of responding and of food consumption 
after injections of LiC1 were discontinued suggests that other 
factors also were involved in the suppression of behavior. It 
is interesting to note that Hasegawa and Matsuzawa [11] 
recently have reported that the pairing of injections of LiCI 
with the availability of soybeans in the home cages of 
Japanese macaques suppressed the consumption of soy- 
beans in the home cage but did not suppress either FR re- 
sponding maintained by soybeans or their consumption dur- 
ing sessions of operant performance. The present observa- 
tion that uneaten pellets were readily consumed in the home 
cage after experimental sessions is consistent with such find- 
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ings and  suggests  tha t  cond i t ion ing  fac to rs  re lea ted  to the  
e x p e r i m e n t a l  sess ion  p layed  an  i m p o r t a n t  role in re ta rd ing  
the r ecove ry  of  s u p p r e s s e d  behav io r .  

R e s p o n d i n g  was r e s to red  to cont ro l  va lues  in the p re sen t  
e x p e r i m e n t s  e i t he r  by  admin i s t e r ing  ch l o r d i azepox ide  or  by 
d i scon t inu ing  the  pe l le t -drug  pair ings.  In con t r a s t  to its ef- 
fects  on  ra tes  of  r e spond ing ,  no dose  of  ch lo rd i azepox ide  
comple t e ly  r e s to red  the  c o n s u m p t i o n  of  food pellets .  Previ-  
ous  s tudies  have  s h o w n  tha t  the supp re s s ion  of  c o n s u m m a -  
to ry  r e s p o n d i n g  can  be a t t e n u a t e d  by p re - sess ion  adminis -  
t r a t ion  of  b e n z o d i a z e p i n e s  [3, 6, 22]. A l t h o u g h  the  fac tors  
r e spons ib l e  for  the  d i f fe rence  b e t w e e n  those  f indings  and  the 
p re sen t  resul t s  are u n k n o w n ,  the  d iss imi lar  effects  of  the 
b e n z o d i a z e p i n e  on s u p p r e s s e d  s chedu le -con t ro l l ed  r e spond-  
ing and  on  pel let  c o n s u m p t i o n  in the  p r e s en t  e x p e r i m e n t s  
fu r the r  sugges t  tha t  d i f ferent  m e c h a n i s m s  m ay  under l ie  the  
s u p p r e s s i o n  o f  these  b e h a v i o r s  by  pos t - s e s s ion  in jec t ions  of  
drugs.  

The  slow r e c o v e r y  of  b e h a v i o r  a f te r  pai r ings  with LiC1 
were  d i s con t i nued  is c o n s i s t e n t  wi th  f indings  in p rev ious  
s tudies  invo lv ing  b e h a v i o r  s u p p r e s s e d  by pos t - s e s s ion  injec- 
t ions  of  drugs  [17] and  in s tud ies  in which  the  de l ivery  of  
i n t e rmi t t en t  e lectr ic  shocks  is used  to supp re s s  schedule-  
con t ro l l ed  r e spond ing  [15]. The  gradual  r e s to ra t ion  of  re- 
spond ing  which  fol lowed the  d i scon t inua t ion  of  pos t - sess ion  

LiCI in jec t ions  should  be d i s t ingu i shed  f rom the  immedia te  
inc reases  in r e spond ing  p r o d u c e d  by in ject ions  of  chlor-  
d iazepoxide .  In addi t ion  to a t t enua t ing  the suppress ion  of  
c o n s u m m a t o r y  r e spond ing  by  st imuli  pa i red  with post-  
sess ion  drug in jec t ions ,  b e n z o d i a z e p i n e s  have  been  s h o w n  to 
r e s to re  r e spond ing  s u p p r e s s e d  by the p re sen t a t i on  of  stimuli 
such  as electr ic  shock  [19,23] or visual  stimuli  paired with 
shock  [25]. The  immedia te  na tu re  of  such  inc reases  in those  
e x p e r i m e n t s  and  in the  p re sen t  e x p e r i m e n t  genera l ly  con-  
t ras t s  wi th  the more  p ro t r ac t ed  r e sponse  r e c o v e r y  fol lowing 
the  r emova l  of  the  suppres s ing  condi t ion .  These  s imilar  find- 
ings, in con junc t ion  wi th  the  reproducib i l i ty  of  the suppres-  
s ion of  r e spond ing  in the  p r e sen t  expe r imen t s ,  suggest  some 
c o m m o n  funct ional  p roper t i es  of  the suppres s ion  of  
s chedu le -con t ro l l ed  behav io r ,  regardless  of  the  stimuli or  
p rocedu re  used to p roduce  suppress ion .  
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