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I ,OVEI,L, D. K., J. A. BEDFORD, L. GROVE AND M. C. WILSON. l'St?i'ct,~ ,?1 d-amphetamine and diazepam on paired 
and ,erouped primate lbod(ompetiti~m. PHARMAC. BIOCHEM. BEHAV. 13(2) 177-181, 1980.--Two male and two 
female rhesus monkeys ¢Macma muhHta) w e r e  the subjects of an experiment designed to assess the effect of 
d-amphetamine IDA: 0.125, 0.5 and 2.0 mg,,kg. IM) and diazepam (DZP: 0.5 and 2.5 mg/kg, IM) on food-getting behavior in 
paired and group competition. Paired competition results show that in some cases submissive animals, that had previously 
failed to obtain apple pieces, were successful in obtaining some apple pieces when either the dominant animal of the pair or 
both subjects were given 0.5 mg/kg DA or 2.5 mg,'kg DZP. Results revealed the same effect when all animals (group 
competition) wcrc given 0.125 and 2.0 mg, kg DA and 2.5 mg,'kg DZP. These results appear to indicate that the effect of 
drugs on food-getting behavior in competitive situations is in some manner influenced by the social status of the animal. 

Dominance hierarchy Competition d-Amphetamine Diazepam Food-getting Monkey Social be- 
havior 

A L T H O U G H  there have been surprisingly few exper imental  
investigations in this area.  there is ev idence  13] that the effect 
of  drugs on food-gett ing behavior  of  pr imates  in social set- 
tings may depend on the social status of  the subject.  Paired 
food compet i t ion  has often been used as a measure  of  
dominance-submiss ive  relationships [9, 10, 121. also it has 
been demonst ra ted  as an exper imental  procedure  sensit ive 
to the effects of  social status on the response to drug admin- 
istration in a food compet i t ion situation 131. The effects of  
ond diazepam on pellet-taking, mobili ty and aggression in 
rhesus monkeys ,  Mtt(tlc'tt mtdlttlta, that were  ei ther alone or 
paired with another  monkey  has been invest igated 131. When 
paired, the monkeys  were tested as both the dominant  and 
the submissive animal of  a pair. Only one animal of  a pair 
was dosed and the apparatus was designed with two feeders  
so that both animals of  a pair could obtain pellets. Pellet 
taking decreased significantly in the submissive monkey ,  
whereas  pellet taking in the dominant  monkey  was not as 
drastically affected.  Thus these results revealed that the 
same monkey would respond differently to the compet i t ive  
situation depending on whether  the monkey  was the domi- 
nant or  submissive monkey  in the pair. Fur thermore ,  the 
submissive position was far more sensit ive to the drug effect 
than the dominant  position. 

Howeve r ,  published data from this laboratory 1131 have 
indicated that only submissive macaques ,  Macaca arctoide.~. 
in a group-housed situation, will eat after the administrat ion 
of  an anorexic  dose of  d-amphetamine  to all animals.  In light 

of  these results further exper imenta t ion  was under taken to 
examine  the effect of  this drug and d iazepam on group- 
housed food-gett ing behavior  and on paired competi t ion for 
food. In addition, the effects on food compet i t ion were 
tested when ei ther the submissive or  dominant  animal of  a 
pair was dosed as well as when both were dosed. Rhesus 
monkeys  were selected as subjects because of  their exten- 
sive and well known behavioral  repertoire  and the aggres- 
s iveness  of  the species in a group situation [81 and more 
important ly,  because this species has been used previously 
131. 

E X P E R I M E N T  1 

METHOD 

5,ul!iect.~ 

Four  captive bred rhesus monkeys  tMacaca mulatta), 2 
male and 2 female,  served as subjects.  The subjects were 
approximate ly  3 years old. and weighed between 2.4 and 3.0 
kg at the start of  the exper iment .  Subjects  were named Ar- 
thur, Henry ,  Catherine and Ann. During the course of  the 
exper iment ,  the animals were fed appropriate  amotmts  of  
monkey  chow (Purina") and a multiple vitamin after each 
test session. Access  to water  was ad lib. The subjects were 
housed in individual stainless steel cages (Hoel tge,  Cincin- 
nati, OH). 

~Send reprint requests to this author located at Department of Pharmacology, School of Pharmacy, University of Mississippi, University, 
MS 38677. 
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T A B L E  1 

THE NUMBER OF APPLE PIF, CES WON BY ANIMAl, I WHEN PAIRED WITH ANIMAl, 2 
UNDER FOUR TREATMENT CONDITIONS INVOLVING INTRAMUSCULAR 

INJECTIONS OF EITHER D-AMPHETAMINE, DIAZFPAM OR VEHICLE 

Animal 2 

Treatment* 
Subject condition Henry Arthur Catherine Ann Total 

0.5 mg/kg d-amphetamine 
Cont - -  I 0 I 0 I 0 30 

Henry Sub - -  10 10 10 30 
Dom - -  I 0 I 0 I 0 30 
Both - -  l0 l0 l0 30 

Cont 0 - -  I 0 I 0 20 
Arthur Sub 0 - -  10 10 20 

- -  D o m  0 - -  8 9 17 
E Both 0 - -  8 8 16 

"E 
< Cont 0 0 - -  I0 10 

Catherine Sub 0 0 - -  I 0  It) 

Dom 0 2 - -  I 3 
B o t h  0 2 - -  0 2 

Cont 0 0 0 - -  0 
Ann Sub 0 0 0 - -  0 

Dora 0 l 9 - -  l0 
Both 0 2 I 0  - -  12 

2.5 mg/kg diazepam 
Animal 2 

Cont - -  10 10 10 31) 
Henry Sub - -  10 10 10 30 

Dom - -  10 10 10 30 
Both - -  10 8 10 28 

Cont t) - -  I() I 0  20 

A r t h u r  S u b  0 - -  I 0  10 20 

- -  D o r a  0 - -  I 0 I 0 20 

E Both 0 - -  I 0  5 15 
'7- 
< Cont 0 0 - -  10 10 

Catherine Sub 0 0 - -  10 10 
Dom 0 0 - -  5 5 
Both 2 0 - -  9 I I 

Cont 0 0 0 - -  0 

Ann Sub 0 0 0 - -  0 
Dom 0 0 5 - -  5 
Both 0 5 1 - -  6 

*Cont--Both animals given vehicle. 
Sub--Submiss ive  animal given drug and dominant animal given vehicle. 
Dom--Dominant  animal given drug and submissive animal given vehicle. 
Both--Both  animals given drug. 

Procedure (Paired Food Competition) 

T h e  d o m i n a n c e  h i e r a r c h y  w a s  e s t a b l i s h e d  p r io r  to t e s t ing  
and  w a s  b a s e d  on  the n u m b e r  o f  app le  p i ece s  ob t a ined  in all 
pos s ib l e  pa i r s  w i t h o u t  any  in jec t ions .  T h e  s u b j e c t s  o f  a pa i r  
w e r e  m o v e d  f r o m  the i r  r e s p e c t i v e  h o m e  cages  to the tes t  
cage (a s t a in less  s teel  h o m e  cage)  and  a l lowed  to adap t  to the  
cage  and to e a c h  o t h e r  for  15 min.  F o l l o w i n g  the  a d a p t a t i o n  
pe r iod ,  10 app le  p i eces  ( each  a p p r o x i m a t e l y  1/32 o f  a w h o l e  
app le )  w e r e  m a d e  avai lable  in a food  h o p p e r  m o u n t e d  on  the  

cage  d o o r ,  one  at a t ime at 1 min in terva ls .  Wi th  each  sub jec t  
a p p e a r i n g  3 t imes  in the 6 pos s ib l e  pa i r s ,  the m a x i m u m  
pos s ib l e  n u m b e r  o f  p i eces  that  could  be ob t a ined  w a s  30. T h e  
n u m b e r  o f  app le  p i eces  ob t a ined  f r o m  the h o p p e r  w a s  re- 
c o r d e d  for  each  an imal ,  and  cer ta in  o t h e r  individual  and 
in te rac t ive  b e h a v i o r s  w e r e  noted .  

F o l l o w i n g  this  d e t e r m i n a t i o n  o f  the h i e r a r c h y ,  all poss ib le  
pa i rs  o f  the fou r  sub j e c t s  we re  tes ted  for  the e f fec ts  o f  
d - a m p h e t a m i n e  (0.125 and  0.5 mg/kg .  IM) and d i a z e p a m  (In-  
j e c t ab l e  V a l i u m , "  H o f f m a n - l , a R o c h e ,  N u t l e y ,  N J: 0.5 and 
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2.5 mg/kg, IM) on food competition. Injections were given in 
the respective home cages. Subjectives were immediately 
moved to the test cage where the same procedure was fol- 
lowed for adaptation and collection of number of apple 
pieces obtained. Subjects were tested in only one pair a day. 
Four testing situations existed: both animals given vehicle; 
both animals given drug; dominant animal given drug with 
the submissive animal given vehicle: submissive animal 
given drug with the dominant animal given vehicle. The ve- 
hicle for d-amphetamine control was saline. The vehicle for 
diazepam control was a solution of 10"/~ ethanol, 40c/c 
propylene glycol and 50¢?; water. Injection volumes ranged 
from 0.3 to 0.5 ml. Dosing was scheduled so that no animal 
received a drug more frequently than every 3 days. All 
possible combinations involving a single dose of a drug were 
tested before going on to the next dose. 

RESULTS 

Table I presents the results of the paired competition in 
all testing situations with both drugs. Results for only the 
high dose of each drug are presented, since the low dose of 
both drugs did not produce any change in the variable tested. 
From control sessions (both animals given vehicle) the 
dominance hierarchy in the paired competition situation 
(based on the number of apple pieces obtained) was deter- 
mined to be the same as when no injections were given and 
was Henry, Arthur. Catherine and Ann in descending order. 

The number of apple pieces obtained by each subject was 
altered from control only when the dominant animal of the 
pair or both animals were treated with d-amphetamine (0.5 
mg/kg, IM) or diazepam (2.5 mg/kg, IM). In addition it was 
noted by the observer, that under control conditions, as well 
as when given either drug, Ann was usually competitive with 
Catherine. However, Catherine was defined as the dominant 
animal in control sessions since she obtained the greater 
number of apple pieces. In addition, it was noted that when 
dosed with d-amphetamine Catherine circled about the cage 
area almost constantly. Arthur also exhibited this behavior, 
but to a lesser extent than Catherine. There were some signs 
of CNS depression at both doses of diazepam tested. 

EXPERIMENT 2 

METHOD 

Sut?iects 

The same four animals that were used in the first proce- 
dure also served as subjects for this procedure. The same 
feeding regimen applied; however, less control was possible 
over the amount of chow consumed by each individual 
animal since the animals were fed as a group. Throughout the 
experiment, the animals were housed in a group cage ( 1.5 m 
wide. 2.1 m long, 2.1 m high). A food hopper was mounted 
on the outside of the front wall of the cage 35.6 cm above the 
floor and was easily accessible through the cage wire. 

Procedure (Grotq~ Food ('ompetition) 

The effects of d-amphetamine (0.125, 0.5, and 2.0 mg/kg, 
IM) and diazepam (0.5 and 2.5 mg/kg, IM) on competition for 
food were recorded in this group situation. A random dosing 
schedule across both the doses used in paired competition 
and across drugs was employed. The highest dose of 
d-amphetamine. 2.0 mg/kg, was included as the last dose 

tested since results up to that point had revealed some effect 
at the 0.125 mg/kg dose, but not at the 0.5 mg/kg dose. Dosing 
was scheduled so that no animal received a drug more fre- 
quently than every 3 days. All animals were immobilized and 
given the same dose of a drug 15 minutes prior to an experi- 
mental session. On the intervening days, all animals received 
an intramuscular injection of the vehicle appropriate to the 
drug being tested. Subsequently 20 apple pieces were made 
available in the food hopper, one at a time at 1 min intervals. 
The number of apple pieces obtained by each animal was 
recorded. In addition the number of Purina ~' chows obtained 
by each subject from the food hopper was recorded after all 
the apple pieces had been presented. The chow was made 
available in the food hopper, one piece at a time at I min 
intervals up to 40 pieces of chow or 40 minutes. Following 
this, more chow was made available in the hopper to insure 
that all subjects had an opportunity to obtain food. The dis- 
pensation of these additional chows wasn't recorded. 

RESUI.TS 

Table 2 presents the results of the effects of diazepam and 
d-amphetamine on group competition for apple pieces. Table 
3 presents the results on the number of monkey chows ob- 
tained from the food hopper by each monkey after all apple 
pieces had been presented. 

The dominance hierarchy as determined from Table 3 
agrees with the dominance hierarchy determined in paired 
competition for apple pieces. However, Table 2 indicates 
that Arthur was the most dominant animal when apple was 
presented to the group. The most striking deviation from 
control occurred when all subjects were dosed with 2.0 
mg/kg d-amphetamine (Table 27. During this test Ann ob- 
tained all the apple pieces. 

In addition it can be seen from Table 3 that changes oc- 
curred in the number of monkey chows obtained when the 
animals were dosed with both d-amphetamine and diazepam. 

DISCUSSION 

The control values shown in Table 1 for d-amphetamine 
and diazepam indicate that there was a consistency in the 
number of apple pieces obtained by each animal when paired 
against the other 3 animals. This would suggest that changes 
in the variable measured during test sessions were not due to 
variability in the behavior, but rather due to a pharmacologi- 
cal effect. 

The paired competition data indicates that a submissive 
animal obtained some or all of the apple pieces in competi- 
tion with a more dominant animal when the dominant animal 
was dosed or when both animals were dosed with the higher 
dose of either drug. This was particularly true for the pairing 
of Catherine vs Ann under the influence of d-amphetamine. 
There was normally some competition between these 2 
animals even though Catherine always won in control ses- 
sions. Thus, perhaps the probability was greater that a 
change might occur in the number of apple pieces obtained 
when these two animals competed. 

The same effect was also seen in the group competition 
though perhaps not as strongly, with the greatest effect being 
observed at the 2.0 mg/kg dose of d-amphetamine. The 
number of monkey chows obtained by individuals of the 
group in control sessions appears to correlate well with the 
paired competition data. However, Arthur obtained the 
greatest number of apple pieces in the group situation, not 
Henry. This alteration from the paired to the group control 
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T A B L E  2 

T H E  N U M B E R  OF APPLE PII'.'CI'.'S OB'I 'AINt".D BY F.ACH SUBJECT FROM T H E  FOOD 
HOPPER IN A GROUP S I T U A T I O N  WITH A M A X I M U M  OF 20 APPI.E PIECES T O T A l .  

POSSIBI.E FOR AI,I, SUBJECTS 

D-amphetamine Diazepam 
(mg,,'kg, IM) (mg,'kg, IM) 

Subtject *Control 0.125 0.5 2.(I :Control ( _- SE) 0.5 2.5 

A r t h u r  19.6 • 0.4 15 19 0 20 -- 0 18 12 

Henry : "  (1 - 0 (I 0 0 0 .-_ 0 0 4 

Ca the r i ne  0 ~- 0 (1 0 0 0 ± 0 2 4 

Ann- 0.4 • 0.4 5 1 20 0 - (1 0 0 

*Mean ( - SE) of 5 control sessions interspersed between experimental sessions. 
tMean(  • SE) of 4 control sessions interspersed between experimental sessions. 
:~Died within 24 hr after receiving 2.0 mg,,'kg, IM d-amphetamine. 

TABI~E 3 

THF NUMBI-R OF PURINA" MONKEY CHOW OBTAINI.',I) FROM THE FOOl) 
HOPPER IN A GROUP SITUATION WITH A MAXIMUM OF 40 CHOWS POSSIBLt- 

FOR ALL SUBJECTS TOTAL± 

D-amphetamine Diazepam 
(mg,'kg, IM) (mgJkg. IM) 

Subject Control* 0. 125 0.5 2.(I C'ontrol "~ 0.5 2.5 

Henry 12.8 _+ 2.4 4 18 22 19.0 "_ 1.2 7 3 
Arthur 7.8 * 0.9 4 8 0 10.8 ~. 0.6 8 10 
Cather ine  6.8 , 1.4 1 0 0 6.8 - 0.5 4 2 

A n n  1.0 :: 0 I 12 14 1.8 , 0.8 I 1 

*Mean ( '_ SE) of  5 control  sess ions  in terspersed be tween  exper imenta l  ses- 
s ions.  

~Mean ( ~ SI'-I of  4 control  sess ions  in terspersed be tween  exper imenta l  ses- 
s ions.  

:i:ln some  cases  the total c h o w  may not equal 41) if the cho,~, was  not retrieved 
f rom the food hoppe r  in the 4(I minute  interval al lowed for chow consumpt ion .  

s i tua t ion indica tes  that  the d o m i n a n c e - s u b m i s s i v e  relat ion- 
ships  in a group are not s imply one  on one  in te rac t ions ,  but 
are inf luenced  by the p re sence  of  o the r  m e m b e r s  of  the 
group.  The  reader  should  be r eminded  that  the da ta  in Table  
3 (chow)  was col lec ted  af te r  the da ta  in Tab le  2 (apple) and it 
is qui te  likely tha t ,  because  A r t h u r  normal ly  ob ta ined  most  
of  the apple  p ieces  in con t ro l  group compe t i t i on ,  there  was 
some  effect  on the  n u m b e r  of  c h o w s  that  he ob ta ined .  There -  
fore,  whe rea s  the dep r iva t ion  s tate  was  equal  ac ross  sub jec t s  
in the g rouped  apple  compe t i t i on ,  it was  not equal  for the 
g rouped  c h o w  compe t i t ion .  In addi t ion ,  s ince genera l ly  only 
one  an imal  ob ta ined  apple  pieces  in the group cont ro l  situa- 
t ion,  the in t r icacies  of  the  d o m i n a n c e - s u b m i s s i v e  relat ion-  
ships  are not revea led  by the p re sen t a t i on  of  the apple  
pieces .  H o w e v e r ,  it is c lear  that  u n d e r  the effects  of  bo th  
d - a m p h e t a m i n e  and  d i azepam in the group s i tua t ion ,  an imals  
which  had prev ious ly  failed to ob ta in  apple  pieces  suc- 
ceeded .  These  da ta  suggest  that  social s t a tus  may play an 
impor t an t  role in d e t e r m i n i ng  the effects  of  drugs  on food 
get t ing  b e h a v i o r  in two different  social s i tua t ions  (paired and  
group compet i t ion) .  

The  data  f rom bo th  the paired and g rouped  compe t i t i on  
indica te  that  d i azepam and d - a m p h e t a m i n e  exer t  s imilar  el:  
fects  on food-get t ing behav io r .  The  m a n n e r  in which  these  

drugs  exer t  the i r  effects  is not known:  howeve r ,  it is unlikely 
that  they work via the  same m e c h a n i s m .  In addi t ion ,  differ- 
ing effects  gene ra t ed  in dominan t  and  submiss ive  an imals  
may  c o m b i n e  to yield the o b s e r v e d  resul ts ,  a l though  the pri- 
mary  effect  appea r s  to be in the dominan t  animal .  
d - A m p h e t a m i n e  exer t s  an anorex igen ic  ac t ion :  however ,  one  
or  more  an imals  con t inued  to eat all the apple pieces avail-  
able.  D iazepam,  on the o the r  hand ,  is thought  to s t imula te  
food intake [ 1.4,  14]. It is unc lear  f rom the data  the degree  to 
which  these  ac t ions  affect the results .  

It is possible  that ,  r a the r  than  affect ing appet i te ,  mot iva-  
t ional fac tors  are al tered.  Diazepam has  been  shown [51 to 
increase  lever  r e spond ing  in rats  dur ing  confl ict  per iods  in 
which  food was paired with shock,  and d i azepam also in- 
c reased  c o n s u m p t i o n  in ra ts  naive  to swee tened  c o n d e n s e d  
milk as opposed  to expe r i enced  subjec ts .  It is pos tu la ted  that  
these  data  indicate  a d is inhibi t ion  effect  of  d iazepam.  Moti- 
vat ional  fac tors  can also be af | 'ected by the  p resence  of  an- 
o the r  animal  and w h e t h e r  or not that  animal  b locks  food- 
ge t t ing  behav io r ,  i.e., a dominan t  animal.  It has  been  
suggested  that  a s t imulus  " ' i n fo rma t iona l "  exchange  occurs  
be tween  a compe t ing  pair such that  that  b e h a v i o r  of a domi-  
nant  animal  elicits fear  in a submiss ive  subjec t  and thus  de- 
p resses  food-get t ing  behav ior .  When  only dominan t  an imals  
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are dosed with chlorpromazine  171, submissive animals ob- 
tained a greater  than normal number  of  food pellets. These  
data are consistent  with the results of  this exper iment  and 
imply that the drug effect is primarily in the dominant  animal 
and possibly is due to a breakdown in the - i n f o r m a t i o n a l "  
exchange  when the dominant  animal is dosed.  Diazepam.  
like chlorpromazine ,  exerts  bchavioral  effects  which may 
interfere with informational exchange,  d -Amphetamine ,  on 
the o ther  hand, is a CNS stimulant which elicits s tereotypic  
behavior .  When dosed with d-amphetamine ,  s tereotypic  be- 
havior  (circling cage area) was cxhibited by Cather ine and, 
to a lesser extent ,  by Arthur.  At the highest dose adminis- 
tered (2.0 mtz/kg, group competi t ion)  Ann was very act ive,  
whereas  all the other  members  of  the group were  relatively 
inactive during the initial compet i t ion  period. Stercotypic  
behavior  might cause a more dominant  animal to fail to oc- 
cupy a position that he or she normally occupied when com- 
peting for apple pieces and thus cause a disruption in normal 
compet i t ion  or  informatiomd exchange.  

Other  propert ies of  d iazcpam may contr ibute  to its effects 
on tood-gett ing behavior .  Diazepam has been shown to be an 
anti-anxiety agent by increasing responding in a conflict 
situation in squirrel monkeys  121. Another  study indicates 
that d iazepam al leviates  socially induced suppression of  a 
behavior  in cynomolgus  monkeys  [6]. In addition d iazepam 
has bccn shown to decrease  aggressive behaviors  in rhesus 
monkeys  131. 

It should be noted that the results of  this exper iment  do 
not appear  at first to agree with those of  o ther  invest igators  
131 although both exper iments  are based on the same prem- 
ise. Other  exper imenta t ion  has determined that food pellet 
intake was decreased  in submissive animals dosed with di- 
azepam:  however ,  both animals of  a pair were not concur-  
rently dosed.  In our  exper iment  it cannot  be determined 
whether  food intake decreased when only the submissive 
animal was dosed because  the submissive animal of  a pair 
did not obtain any apple pieces in the control sessions. How- 
ever ,  when both animals were  dosed,  the submissive animals 
increased their food intake. Therefore  the apparent  differ- 
enccs  could be due to differences in exper imenta l  procedure.  

Of  particular interest is the fact that 2 of  the subjects.  

Henry and Ann,  died within 24 hours after the administrat ion 
of  2.0 mg/kg d-amphetamine.  At this dose,  Ann, the lowest  
ranking animal,  obtained all the apple pieces and significant 
amounts  of  chow during compet i t ion.  Fur thermore  she con- 
t inued to eat from the daily ration of  chow del ivered to the 
group after the exper imental  session. Henry ,  although not 
eating any apples, consumed half of  the initial 40 chows  and 
also ate a larger than normal amount  of  chow after the exper-  
imental session. A necropsy revealed that in both cases the 
s tomach was severely  dilated. The cause of  death was at- 
tributed to overeat ing.  It has recently been reported [ I 1 ] that 
the deaths of  18 non-human primates of  various species were 
due to gastric dilatation. 

In conclusion,  it appears  that the effect of  drugs on food- 
gett ing behavior  in compet i t ive  situations is in some manner  
influenced by the social status of  the treated monkey.  Fur- 
thermore  this interaction was complicated by the social set- 
ting of  the test situation. This is ev idenced by the fact that 
whereas  0.5 mg/kg of  d-amphetamine  enhanced consumption 
by submissive subjects during paired compet i t ion ,  a similar 
effect did not result when this dose of  d-amphetamine  was 
administered in the group compet i t ion paradigm. It is quite 
conce ivable  that o ther  pharmacological  and toxicological 
measures  may also vary depending on the social situation in 
which the treated subject is placed. Thus,  results of experi- 
mentat ion in this area may be particularly applicable to the 
therapeutic  uses of  many agents affecting social behavior ,  as 
well as to the determinat ion of  the behavioral  toxicology of  
abuse drugs used in a social setting. 
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