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BELl ,AROSA, A.. J. A. BEDFORD AND M. C. WII,SON. S,,ciopharmac oI, J.t,,y ~,I d-amphetamim' in Macaca arctoides. 
PHARMAC. BIOCHEM. BEHAV. 13(2) 221-228, 1980.--This study was designed to assess the effects of acute 
d-amphetamine pretreatment on the social behavior of a heterosexual group of adult M. arctoides. The dominance status 
had been previously determined by use of daily group food competition tests. Prior to some sessions amphetamine was 
administered to a single group member; whereas on other occasions all subjects were drug treated. The effects of both the 
individual and concurrent pretreatmcnts were compared to those produced by saline. Furthermore, the effects of individual 
treatment were compared to those following concurrent dosing. The behavior of the group was monitored for one hour after 
a fifteen minute pretreatment time. Although generally qualitatively similar, the effects of concurrent and individual 
treatment were in many instances quantitatively different, d-Amphetamine increased vocalization, self-grooming, playing 
[low doses), social grooming (low doses), and aggression (low doses). At higher doses most forms of social interaction 
Iplaying, social grooming) were greatly decreased. Presenting behavior was increased by all doses under both treatment 
conditions. Mounting was incrca',cd to a much lesser extent and only after concurrent dosing. The increased presenting and 
mounting may be a result of sexual stimulation or perhaps more likely, an indication of increased submissive behavior 
directed toward more dominant animals. 
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T H E R E  have  been  n u m e r o u s  repor t s  of  changes  in h u m a n  
social b e h a v i o r  fol lowing the admin i s t r a t ion  of  am- 
phe t amine .  Violent  acts ,  rage and b e h a v i o r  a s soc ia t ed  with 
suspic ion have  been  repor ted ,  as well as gross  changes  in 
sexual  and verbal  b e h a v i o r  I I, 3, 4, 6, 7, 14, 17, 18]. T h e s e  
effects  may part ly resul t  f rom the reac t ion  of  nondrugged  
individuals  to the t rea ted  subject .  H o w e v e r ,  these  may also 
resul t  f rom direct  effects  of  a m p h e t a m i n e  on social behav io r .  
In genera l ,  there  has  been  little effort  e x p e n d e d  to asce r ta in  
w h e t h e r  these  social ly impor t an t  changes  are indeed  direct  
drug effects .  

In o rde r  to c i r c u m v e n t  some  of  the diff icul t ies  assoc ia ted  
with c o n d u c t i n g  a con t ro l led  clinical s tudy of  the social  ef- 
fects  of  a m p h e t a m i n e ,  r e s e a r c h e r s  have  c h o s e n  the nonhu-  
man pr imate  as a model  for s tudy ing  the social effects  of  this  
subs t ance .  W h e n  g r oup - hous ed  these  species  es tab l i sh  a 
s table  d o m i n a n c e  h ie ra rchy  which  func t ions  in cont ro l l ing  
g roup  behav ior .  Because  of  this h ie ra rchy ,  the pa t t e rn  of  
social  in te rac t ions  in the popu la t ion  is r easonab ly  s table .  
This  s tabi l i ty  then permi ts  the ident i f ica t ion of  drug effects  
on agonis t ic ,  affil iative and  d o m i n a n c e  behav io r s .  

Severa l  inves t iga tors  have  c o n d u c t e d  s tudies  of  the ef- 
fects  of  a m p h e t a m i n e s  on the  social b e h a v i o r  of  n o n h u m a n  
p r ima tes  12, I I ,  12. 13, 15, 16, 19, 21, 22, 23. 281. Al though  

mos t  s tudies  have  indica ted  that  a m p h e t a m i n e  dec rea se s  
social  in te rac t ion  a m o n g  these  subjec t s ,  one s tudy [16] re- 
por ted  that  the admin i s t r a t ion  of  a m p h e t a m i n e  faci l i tated 
social in te rac t ions  a m o n g  g roup-housed  juven i le  male  rhesus  
m o n k e y s .  No d is t inc t ions  were  made  c o n c e r n i n g  the  na ture  
of  this  in te rac t ion .  In s u m m a r y ,  these  repor t s  indicate  that  
t r e a t m e n t  of  g roup -housed  n o n - h u m a n  p r ima tes  with am- 
p h e t a m i n e  al ters  the  b e h a v i o r  of  the  t rea ted  subjec t s  as well 
as the b e h a v i o r  of  the un t r ea t ed  subjec t s  toward  the  t rea ted  
subject .  In mos t  cases  the subjec t s  were e i the r  adult  or  
j uven i l e  males .  Only one  adult  female  was so t rea ted  [151. 
There fo re ,  these  s tudies  p rov ide  little da ta  f rom which  to 
predic t  the effects  of a m p h e t a m i n e  on he te rosexua l  b e h a v i o r  
which  is of  par t icu lar  clinical impor t ance .  Severa l  of  these  
repor t s  sugges ted  that  a m p h e t a m i n e s  may a l te r  the domi-  
nance  h ie ra rchy  by affect ing submiss ive  behav ior .  Based  on 
these  cons ide ra t i ons  the fol lowing e x p e r i m e n t s  were  con-  
duc ted  in o rde r  to assess  the  effects  of  acu te  t r e a tmen t  with  
d - a m p h e t a m i n e  on the social in te rac t ions  of  a he t e rosexua l  
group o f M .  arctoides. The  effects  of  individual  and concur-  
rent  admin i s t r a t ion  were  c o m p a r e d  in o rde r  to a sce r t a in  
w h e t h e r  the b e h a v i o r  of  the  t rea ted  subjec t  is in f luenced  by 
the  t r ea tmen t  admin i s t e red  to o the r  sub jec t s  in the  group.  
F u r t h e r m o r e  s ince the a b o v e  data  suggest  that  (1) am- 
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phetamine differentially affects submissive behavior ,  and (2) 
that posit ion in the dominance  hierarchy may be a variable 
which dictates the effects of  t reatment ,  interactions be tween  
dominance  rank and drug effect were examined.  

M t T H O D  

Sub/ect.s 

The subjects were six (three male, three female) feral, 
drug naive stump(all macaques  (M. arctoides) weighing be- 
tween 4 and 7 kg. Subjects  were purchased from an importer ,  
therefore the possibility exists that the subjects were ob- 
tained from the same troop.  Fol lowing quarant ine proce- 
dures,  during which the subjects were  individually housed,  
the animals were cont inuously group-housed.  The  primary 
reason for using this part icular  species of  monkey  was that 
the stage of  the female ' s  menstrual  cycle has no significant 
effect on heterosexual  interaction.  This hick of  interaction 
has been demonst ra ted  in both paired and grouped tests [24, 
25, 26]. Therefore  in this species it has been concluded that 
social factors are more important  than ovarian hormones  in 
regulating heterosexual  interaction.  As a result of  these find- 
ings no at tempts  were made to regulate hormonal  levels or to 
control  for this variable across t reatment  condit ions.  No 
pregnancies  resulted during this study. Subjects  were fed 
sufficient amounts  of  biscuits (Purina Monkey Chow.  
Ralston Purina Company)  to insure all subjects in the group 
received adequate  nutritional a l lowances  twice daily, and 
had free access  to water.  In addition the subjects were each 
fed a multiple vitamin (Vi-Daylin,  Abbott  l ,aborator ies ,  
Chicago,  IL) daily. I,ight and dark cycles  were maintained 
at 12 hours on. 12 hours off. Ambient  tempera ture  was 
maintained at 21 . 2°C while the relative humidity was 
maintained at 50 '_ 5¢/(. 

A p [ ) a  r a  ltt.~ 

The group cage used was divided into two areas, a main 
living area measuring 2 .35×2.35×2.75 m (height) and a 
smaller  dosing and t reatment  area measuring 1.17×2.35 × 
2.75 m. The back and sidewalls of  each chamber  were  
covered  with Formica ' ,  while the front wall and ceiling were  
cons t ruc ted  of  2.5 cm :, 10 ga wire. A watering device  (Lixit ,  
Ancare  Corp. ,  Manhasset ,  NY) was located on the side wall 
of  the living area 1.5 m from the floor with a 30×30 cm perch 
located on the wall 30 cm below the watering device.  A food 
box (Hoel tge ,  Cincinnati ,  OH) was centered on the fiont wall 
of  the living area 60 cm from the rloor. The living area also 
contained a swing and several perches of  various sizes lo- 
cated on the back wall. A closed circuit television system 
was connec ted  to a video-casset te  recorder  which permitted 
the exper imenters  to remotely observe  and record the behav- 
ior of  the monkeys  in the group enclosure.  

l)ru,~,,~ and Sr,httions 

Drug solutions were  prepared on the morning of  use. All 
dosages were calculated on the basis of  the sulfate salt. 
d -Amphe tamine  sulfate was obtained from Smith,  Kline and 
French I ,aobratories  (Philadelphia.  PA) and dissolved in 
sterile normal saline. The concentra t ion  was adjusted so that 
intramuscular  injections could be given on the basis of  0.1 ml 
of  solution per  kilogram of body weight.  

])1"0( r d l l l ( ,  

O n c e  p laced  in the  g r o u p  e n c l o s u r e  the  subjects r e m a i n e d  

there f o r  the duration of the study, except  f o r  periodic times 
when they were removed for weighing. For two months  prior 
to any drug testing the subjects were observed daily ( 7 days/ 
week) be tween 10:00 and 11:00 a.m. by two observers .  
Nine different behavior  categories  were recorded by the ob- 
servers.  These were defined as follows and included: 

So(ial-,~,,roomin~,. When a subject picks with hands, feet 
or mouth,  the skin. fur or  nails of another  subject ' , ,  body. 
excluding genital area. 

Phtyin~.,. When a subject is swinging or  facilitating in- 
teraction with another  subject by any of  the following: pul- 
ling, squeezing,  nudging, chasing, slapping, or  wrestling. 

I'rc.sc,ti,.a,. When a subject directs his or her hindquar- 
lets  to another  subject or exposes  the genital area to that 
subject.  

Mounti ,g.  When a subject climbs onto the hindquarters  
of  another  subject.  

A t,,t,,re,~.sio,. When a subject stares t o w a r d  another  sub- 
ject  with open or  closed mouth,  followed by a chase and/or 
punching or  biting, and/or emit t ing vocalizat ion.  

Vocalization. When a subject was emitt ing sounds other  
than those arising from rapid repet i t ive movemen t s  of  the 
lips, jaws  (teeth) or tongue or  any combinat ion thereof.  

During the two month accl imation period prior to onset of 
this study, observat ion of  group behavior  indicated that 
vocal izat ion,  presenting,  mounting,  playing and aggression 
generally occurred as single brief episodes.  Therefore ,  these 
behaviors  were scored as such. However ,  social-grooming 

" I ' A l l L E  I 

t-FFECTS OF ACUI' t !  d -AMPHETAMINE T R E A T M E N I  ON F()()L) 
C()MPETITION IN GR()UP HOUSED Ma( m a . r{  t , , idc~ * 

d-Amphetamine dosage (mg.kg) 

Subject+ Saline O. 125 I).25 0.5 1.0 2.0 

A. Ind iv idual  treatment 
M - I  51.0 , 8.5 0 0 II 0 0 

F-I 23.0 • 5.4 16 (} 0 0 0 

M-2 13.8 - 4.4 12 0 0 0 0 
F-2 5.8 • 2.9 0 0 0 0 0 
M-3 3.0 ~ 2.3 0 0 0 0 0 

F-3 3.3 :. 1.5 4 0 0 0 0 

B. Concurrent  treatment 

M- I  46.6 _" 8.5 54 o o o o 

F-I 26.0 • 5.5 46 l) 0 1) 0 
M-2 14.7 • 3.9 0 I00 0 0 0 
1:-2 6.1 " 2.5 0 0 0 0 0 

M-3 3.7 _' 2.1 0 0 31 41 0 
F-3 2.9 - 1.4 0 0 69 59 0 

Total £.: of biscuits available 
which were retrieved by the 
group I(X) 50 72 ('~ 0 

*Numbers  represent the percentage o f  total retr ieved biscuits 
which were retrieved by that subject. Under  saline condition.', nor- 
mal ly  all biscuits placed in the hopper were retr ieved. Values for 
saline represent the mean and S[-M obtained from six (A~ and seven 
IB) vehicle control session:, respectively. 

;Sul3ject codes indicate the sex (M. F) and the relative dominance 
position of that subject within all subjects of the same sex. The lower 
the number, the more dominant the subject. The descending order in 
which the subjects are listed parallels the decrease in dominance 
behavior exhibited b~, that subject in the grotLp setting. 
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T A B I . E  2 

EF|:ECTS OF ACUTE d-AMPHETAMINE TREATMENT ON VOCALIZATION IN GROUP-HOUSED Mac,ca ,rct,,id,,s 

M-I* F-I M-2 F-2 M-3 F-3 Total for 
all subjects 

Saline~ 0 , 0 3.2 - 1.6 1.7 ~ 11.4 I.I + 0.5 4.9 v: 2.3 1.9 = 0.9 12.8 - 2.66 

Individual treatment:!: 
DA 0. 125 mg.kg 0 (1 54 47 4 I I 116 
DA 0.25 mg.kg 0 0 59 0 16 4 79 
D A  0.5 m g k g  5 4 40 42 I 1 4 106 
DA 1.0 mg.kg 0 0 0 5 109 28 142 
I )A 2.0 mg.kg 1 0 I 4 23 0 29 

( 'oncurrent llealmenl~ 
I)A 0.125 mg.kg 0 0 0 1 19 3 23 
DA 0.25 mg.kg 0 5 I 0 7 I 14 
DA 0.5 mg.kg 0 I l I 23 8 34 
DA 1.0 mg/kg 0 2 48 58 41 19 168 
I)A 2.0 mg'kg 0 0 25 0 7 8 411 

*Sul~ject codes indicate the sex (M. F) and the relative dominance position of that subject within all subiects of 
the same sex. The lower the number the more dominant the subject. 

lhe values for saline indicate the mean ( "_SEMI obtained from 7 control sessions in which all subjects were 
pretreated wilh saline. 

:i:'l'hese values represent the absolute number of occurrences of vocalization emitted by each subjecl when 
treated with a given dose of amphetamine when all other subjects received saline. 

§These values represent the absolute number of occurrences of vocalization emitted by each subject when all 
other subjects received the same dose of amphetamine 

occu r r ed  on  occas ion  as br ie f  ep i sodes ,  but usual ly  occu r red  
as pro longed  bouts .  T h e r e f o r e  bo th  the total  du ra t ion  and 
total  n u m b e r  of  ep i sodes  of  soc ia l -g rooming  were  recorded .  
T h e s e  data  were  col lec ted  in such at way that  bo th  the  ac to r  
and  the  rec ip ient  of  at b e h a v i o r  could be identif ied,  l n t e r r a t e r  
reliabil i ty c h e c k s  i.e., Pea r son  p r o d u c t - m o m e n t  [5], were  
c o n d u c t e d  periodical ly  dur ing  this  two mon th  per iod.  The  
cor re la t ion  coeff ic ients  for all scored  behav io r s  con t i nuous ly  
exceeded  0.9. At the end  of  this  two m o n t h  acc l imat ion  
per iod the effects  of two i n d e p e n d e n t  ser ies  of  drug reg imens  
were a s sessed  on the group  behav ior .  

I ' r , , cedure  I." A c u l c  I , d i v i d , a l  

O b s e r v a t i o n  sess ions  were c o n d u c t e d  daily,  five days  per  
week and cons i s ted  of  the fol lowing sequence :  (1) The  sub- 
j e c t s  were  first he rded  into the dos ing  and t r ea tmen t  area  and 
each  in jected in t r amuscu la r ly  in it r a n d o m  orde r  with e i the r  
sal ine or a dose  of  d - a m p h e t a m i n e .  The  subjec t s  were then 
re tu rned  to the matin part  of  the cage. (21 Fif teen minu tes  
post in ject ion a feeding o rde r  de t e rmina t ion  was made  by 
placing 50 biscui ts  in the food hopper .  The  o rde r  in which  the 
subjec t s  r e m o v e d  the biscui ts  was  recorded .  The  pe rcen tage  
of  the total  n u m b e r  of  b iscui ts  r em oved  from the box by each  
subjec t  was ca lcula ted .  (3) Final ly,  the subjec ts  in te rac t ive  
and soli tary behav io r s  were o b s e r v e d  and recorded  con-  
t inuous ly  by bo th  o b s e r v e r s  for 1 hr. The  doses  of  
d - a m p h e t a m i n e  s tudied were  0.125, 0.25, 0.5, 1.0 and  2.0 
mgJkg. A single,  but d i f ferent ,  subjec t  was injected with at 
dose  of  d - a m p h e t a m i n e  on Monday ,  W e d n e s d a y  and  Fr iday 
of  each week  until such subject  had rece ived  each  t r ea tmen t  
once .  The  o rde r  of  dos ing was r a n d o m i z e d  for each  subjec t .  
At least  six days  separa ted  success ive  a m p h e t a m i n e  treat-  
men t s  within a subject .  At least  4g hr  sepa ra ted  success ive  

a m p h e t a m i n e  p r e t r ea tmen t  t imes  across  subjects .  ()n inter- 
ven ing  sess ions ,  in which  no  subject  rece ived  a m p h e t a m i n e ,  
sal ine was admin i s t e red  It) all subjects .  Ne i the r  o b s e r v e r  was 
aware  of  the ident i ty  of the t r ea tmen t  regimen until the end 
of  the s tudy.  

I~ro( '( 'dl t lC 2" A ('111(" ( ' o l l ( l l l ' rC I l l  

Fol lowing the comple t ion  of  the acute  individual  s tudy,  a 
second  s tudy was u n d e r t a k e n  to de t e rmine  if the effects  of  
a m p h e t a m i n e  admin i s t r a t ion  on a g iven  subject  would be 
a l te red  if a m p h e t a m i n e  was also admin i s t e red  to the o the r  
g roup  m e m b e r s .  All expe r imen ta l  p rocedures  were identical  
to those  used in the initial s tudy,  excep t  that  all subjec ts  
were  in jected on the same day with an identical  drug dose.  
The  drug  t r e a t m e n t s  cons i s ted  of  saline and the same doses  
of  d - a m p h e t a m i n e  which  were used in the acute  individual  
p rocedure .  These  t r e a t m e n t s  were  given in a r andomized  
s equence  with seven  days  occur r ing  be tween  success ive  
t r ea tmen t s .  Behaviora l  and feeding rat ings were also con-  
duc ted  on days  (Monday  th rough  Friday)  on which  no in.jet- 
l ions  were  admin i s te red .  As in the p rev ious  inves t iga t ion ,  
the individuals  rat ing the social b e h a v i o r  and feeding order  
were  unaware  of  the t r ea tmen t  ident i ty  until  the s tudy was 
c o n c h | d e d .  

RESUI.I'S 

The  effects  of  a m p h e t a m i n e  on food compe t i t i on  are 
s u m m a r i z e d  in Table  I. W h e n  0.25, 0.5.  1.0 or 2.0 mg/kg of  
d - a m p h e t a m i n e  was admin i s t e red  to individual  m e m b e r s  of 
the g roup  and  the r emain ing  subjec t s  were  t rea ted  with 
sal ine,  the t rea ted  subjec t  did not re t r ieve  any  biscui ts .  Even  
p r e t r e a t m e n t  with the lowest  dosage ,  0.125 mg/kg, totally 
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climinatcd food retrieval in some subjects (M-l,  F-2, and 
M-3I. 

However  when all subjects in the group were simuha- 
neously treated with amphetamine, different results were 
observed. Concurrent treatment with 0.125 mg/kg com- 
pletely eliminated food retrieval in the four subjects who 
appeared to be least dominant. Only the two most dominant 
subjects retrieved the biscuits. Larger dosages of am- 
phetamine resulted in failure of the group to retrieve all fifty 
biscuits. No biscuits were retrieved by any subject following 
concurrent treatment with 2.0 mg/kg. The two least domi- 
nant subjects (F-3, M-3) did not retrieve tiny biscuits ft)llow- 
ing group treatment with 0.125 and 0.25 mg/kg. However,  
after treatment with 0.5 and 1.0 mg/kg, these two subjects 
retrieved all the biscuits retrieved by the group. Many of 
these biscuits were pouched rather than consumed. These 
same two subjects did not obtain any biscuits after they had 
been treated individually with these dosages. 

The effect of amphetamine on vocalization is illustrated in 
Table 2. The frequency of vocalization was greatly increased 
following individual treatment with till but the highest dos- 
age. Increased vocalization occurred in at least two, but not 
more than three, subjects following a given dosage. This 
effect across doses occurred in only 4 of the 6 subjects and 
was not dose related within a subject. Furthermore this ef- 
fect was not restricted to those subjects demonstrating the 
greatest frequency of this behavior on control days. Vocali- 
zation also increased following concurrent treatment, but 
only after treatment with 1.0 mg/kg of amphetamine. This 
increase occurred in all four subjects that demonstrated in- 
creased vocalization following individual dosing. 

Amphetamine administration generally decreased playing 
behavior. Following individual treatment with dosages of 
0.25 mg'kg-2.0 mg/kg the treated subjects did not engage in 
this activity. However  when all subjects were concurrently 
treated with 0.125 and 0.25 mg/kg the frequency of this be- 
havior increased. This behavior primarily occurred in M-I 
and M-3. This was likewise true in control sessions. Further 
increases in dosage completely eliminated this behavior as 
had occurred with individual dosing. 

Very little aggression was shown within the group during 
control sessions. This was perhaps a result of the stability of 
the dominance hierarchy of these subjects or of the social 
nature of this species. The quality of these interactions was 
usually very mild and rarely was overt attack displayed. 
Administration of amphetamine did not systematically alter 
the frequency or the dyadic involvement of this behavior. 
However,  following concurrent treatment, increases in this 
behavior occurred after the administration of 0.125 and 1.0 
mg/kg. The aggressors in both instances were males and 
usually the aggression was directed toward lower ranking 
subjects. All males were more aggressive following the low- 
est dose, whereas after the 1.0 mg/kg dose, all aggressive 
events were directed at M-3 by M-I. This aggression ap- 
peared to have been provoked by M-3 who was disrupting 
the interactive behavior of M-I and F-I. 

The effects of amphetamine on social grooming were 
somewhat similar to those seen with playing and are illus- 
trated in F!g. 1. Lower dosages tended to increase the fre- 
quency of this behavior following both individual and con- 
current dosing. Further increases in dosage above 0.5 mg/kg 
almost completely eliminated this interactive behavior. This 
dose-response relationship was observed in 4 of the 6 sub- 
jects. The magnitude of the effect at the lower dosages was 
similar for both treatment modes. The parlicipanls were not 
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FIG. I. Total number of occurrences of social grooming in all ,,ix 
subjects as a function of the prctreatment dosage of d-amphetamine. 
The open bars represent the sum of the effect on thc treated animals 
when dosed individually (values were summed over six sessions). 
The cross-hatched bars represent the sum of the effect on the treated 
animals when all were dosed concurrently (value obtained from one 
session). The height of thc saline bar represents the mean {~' SEM) 
of 7 sessions of the number of occurrence,~ pet session for this be- 
havior for the entire group. 

necessarily those who usually initiated social grooming 
episodes during control sessions. During these sessions 
females tended to social groom more than males. However 
following amphetamine grooming was predominantly ini- 
tiated by males. 

Perhaps the most obvious and interesting effect of am- 
phetamine on social behavior is illustrated in Table 3. All 
dosages administered either individually or concurrently 
dramatically increased the frequency of presenting. Al- 
though presenting increased following both treatment 
modes, the effect was more pronounced following individual 
dosing. The increased presenting occurred predominantly in 
females but was not completely restricted to this sex. Table 4 
illustrates the dyadic nature of this behavior. Although this 
table represents the data for only one dose, the dyadic distri- 
bution of the behavior is very similar to that which occurred 
with other doses. In general, lower ranking animals pre- 
sented only to higher ranking subjects. Females did not pre- 
sent to all males, but only to higher ranking males. The in- 
crease in presenting was primarily heterosexual: however, 
increased homosexual presenting to a more dominant subject 
of the same sex also occurred. Following treatment with 1.0 
or 2.0 mg/kg the topography of this behavior became so 
highly repetitive or unbroken that it appeared almost con- 
tinuous and therefore difficult, if not impossible to quantify. 
F-2 and F-3 would remain in this posture lbr minutes. As a 
result these subjects engaged in almost no other behaviors. 
The frequency of heterosexual mounting of treated females 
by the untreated dominant male was increased during the 
individual dosing procedure. The other two males did not 
mount treated females in the presence of the untreated Alpha 
male { M- I ). However if the Alpha male were treated, mount- 
ing of the untreated females by the other males increased. 
Mounting was not followed by ejaculation. Individual dosing 
of males with amphetamine did not systematically alter the 
frequency of mounting females. However,  the frequency of 
mounting by M-1 increased following concurrent dosing. 
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T A B L E  3 

I-FFECTS OF ACUTE d-AMPHETAMINE TREATMENT ON PRESENTING BEHAVIOR IN GROUP-HOUSEDMu< at a arct,,idc~ 

M- I F- I M-2 F-2 M-3 F-3 Total for 
all subjects 

Saline :'~ 0.14 , (1.14 0.49 • 0.22 0.17 , 0.12 0.43 . 0.21 0 • 0 0.09 . 0.05 1.32 - 2.21 

Individual treatment: 
I )A 11.125 mg.kg 0 12 3 14 22 13 64 

DA 0.25 mg.kg 0 14 0 9 17 46 96 
DA 0.5 mg, kg 0 33 23 70 9 38 173 

DA 1.0 mg:kg 2 34 15 144 26 87 308 

DA 2.0 mg.kg 0 103 12 92~ I 56~ 264~ 

Concurrent treatment:i: 
DA 0. 125 mg.kg 0 14 1 5 9 23 52 
DA 0.25 mg;kg I 12 5 l 5 9 53 
DA 0.5 mg.kg 0 17 2 10 3 9 41 
DA 1.0 mg.kg 0 62 2 15,~ 0 3~ 82~ 
DA 2.0 mgkg 0 38 0 3§ 0 I~ 42,~ 

*Saline ~;alues indicate the mean ( ' SEM) obtained from 7 control sessions in which all subjecls were pretreated with 
saline. 

;These values represent the absolute nt.mber of o c c u r r e n c e s  of presenting emitted by each sul~iect when treated with 
a given dose of amphetamine when all other subjects received saline. 

:!:These values represent the absolute number of occurrences of presenting emitted by each suljjecl when all other 
subjects were treated with the same dose of amphetamine. 

~These subjec t s  when treated with this dose asst.med a presenting posture for several consecutive minutes, therefore 
this figure does not reliably indicate the intensity of this behavior. 

Therefore  the alpha male,  both when treated and untreated,  
increased the f requency of  mount ing treated females.  Mount-  
ing primarily involved F-I ,  but F-2 and F-3 were also 
mounted.  Fol lowing individual dosing the two less dominant  
males exhibited reciprocal  homosexual  mounting.  In both 
cases,  the mounted subject was the subject receiving am- 
phetamine.  This effect was seen primarily with the 3 lowest 
dosages.  The alpha male was not mounted by other  males 
following his t reatment  with amphetamine .  

DISCUSSION 

The results of  the effects of  amphetamine  in the feeding 
test were unexpected.  This is the first report that am- 
phetamine increases food consumpt ion  in non-human pri- 
mates.  What is even more interesting is that this effect was 
only seen in the least dominant  subjects and then only when 
the group was concurrent ly  treated with a dose that totally 
inhibited eating in all subjects when treated individually. One 
would speculate  that perhaps the behavior  of  the dominant  
animals was disrupted by the t reatment  so that the lower 
ranking subjects were less apprehens ive  of  approaching the 
food conta iner  and obtaining food. During these concurrent  
t reatment  sessions,  unlike control sessions,  the dominant  
subjects were not near the food hopper.  Their  absence at the 
food hopper  on t reatment  sessions alone may have facilitated 
biscuit retrieval by the less dominant  subjects.  The succeed-  
ing discussion of  the presenting data  would argue against this 
hypothesis  since it would appear  that the lower  ranking sub- 
jec ts ,  which emit ted the most submissive behavior ,  would be 
less likely to emit risk-taking behavior .  Perhaps the select ive 
effect on food intake is a result of  both (1) the anorexic  action 
of  amphetamine  and of  (2) differences in the incent ive value 

of  food or  in the act of  obtaining the food based on subject 
position in the dominance  hierarchy. It would appear  that the 
anorexic  effect was similar in all subjects,  i.e., individual 
t reatment  data. However ,  it would appear  logical that the 
incent ive value of  obtaining the food would be greatest  in the 
least dominant  subjects,  who on control days were able to 
obtain very little food. When all subjects are treated concur-  
rently and the anorexic  action has resulted in the higher rank- 
ing subjects not compet ing for food, the greater  incentive 
value of  the food in the most submissive subjects func- 
tionally antagonizes the anorexic  action and these animals 
obtain the biscuits. Perhaps o ther  hypotheses  to explain 
these results are operat ive  but further exper imenta t ion  is 
necessary  to clarify the actual mechanism of  this complex 
interaction.  

The results of  this study in general support those of  other  
invest igators  who have administered amphe tamine  to 
group-housed macaques .  It has been previously reported 
[21,28] that amphetamine  decreases  playing and social be- 
havior  122,23]. Similar effects occurred in this study follow- 
ing the administrat ion of  doses  exceeding  0.5 mg,"kg. This 
may have been a nonspecific result of  intense s tereotypy 
produced by the dosages.  Lower  dosages facilitated playing 
and social grooming particularly if o ther  subjects were also 
treated. Therefore  it would appear  that the effect of  am- 
phetamine on these forms of  social interaction is depend- 
ent on dose and on the presence of  other  treated subjects.  
Perhaps when individually dosed,  untreated subjects dis- 
cr iminate drug-induced changes in the behavioral  pattern of 
the treated subject which results in their re luctance to engage 
in social interaction.  Other  invest igators have also reported 
an increase in social interaction following amphetamine  ad- 
ministration 116, 20, 211. These  data are also support ive of 
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T A B I , E  4 

DYADIC IDENTITY OF d -AMPHETAMINE I N D U C E D  C H A N G E S  IN PRESENTING 
BEHAVIOR IN GROUP HOUSED .~.l,,aac,~ ur~ t , , id , 's* 

Presentee { receiver) 

M-I F-I M-2 F-2 M-3 F-3 Total 

M- I: - -  0 2 0 0 0 2 
0 0 0 0 0 0 

F- I 33 - -  I 0 0 0 34 

62 - -  0 0 0 0 62 

M-2  26 0 - -  0 0 0 26 

0 0 - -  0 0 0 0 

F-2 127 12 5 - -  0 0 144 
12": 0 3": - -  0 0 1 5 

M-3 0 I I 0 4 - -  0 15 
1 0 I 0 - -  0 2 

F-3 30 23 17 3 14 - -  87 

0 0 I:!: 0 2" :  - -  3 

To ta l  216 36 35 7 14 (} - -  

75 o 5 o 2 o - -  

Presenter 

(originator) 

*The numbers represent the absolute number of occurrences of this behavior 
emitted by a given subject following the administrat ion of 1.0 mg/kg of 
d-amphetamine to only that subject in the group (upper numbers) or concurrently 
to all subjects in the group (lower numbers). The mean control values obtained 
from 7 control sessions for this behavior f o r  any subject was less than I occur- 
fence per session and lot the entire group was 1.3 occurrences per session. Sub- 
jects are listed in the order of decreasing dominance (increasing submissiveness} 
as determined by group food competition testing (See Table I). 

+Subject codes indicate the sex (M. F) and the relative dominance position of 
that subject within all subjects of the same sex. The lower the number, the more 
dominant the subject. 

~:Presenting became continuous. The subject remained in the presenting posture 
for sometimes several minutes therefore duration would have been a better indi- 
cation of effect rather than the number of occurrences. This was not anticipated 
during the preliminary baseline sessions therefore the protocol was not designed 
to score the behavior in this manner. 

cl inical  da ta  which  repor t  that  a m p h e t a m i n e  admin i s t r a t ion  
faci l i ta tes  social  in te rac t ion  19]. 

A m o n g  the  var ious  indices  of  clinical social in te rac t ion  
which  is easi ly  measu red  is voca l iza t ion .  It has  been  re- 
por t ed  that  a m p h e t a m i n e  inc reases  this  b e h a v i o r  in bo th  
g rouped  and isolated h u m a n s  [9,27]. The  p resen t  da ta  sup- 
port  these  f indings in that  voca l iza t ion  was inc reased  follow- 
ing individual  and  c o n c u r r e n t  dosing.  

The  p resen t  resul ts  also are suppor t ive  of o the r  s tudies  [2, 
11, 15, 21], which  have  repor ted  that  a m p h e t a m i n e  t r e a t m e n t  
resul t s  in s t e reo typ ic  behav io r .  This  act ivi ty  was  not gross ly  
a p p a r e n t  until  dosages  exceed ing  0.5 mg/kg had been  ad- 
min is te red .  The  t opography  of  the  s t e reo typy  var ied great ly  
ac ross  sub jec t s ,  but genera l ly  invo lved  se l f -grooming or  
p re sen t ing  behav ior .  H o w e v e r  the  form of  this  pa t t e rn  wits 
c o n s i s t e n t  o v e r  t r e a t m e n t s  within subjec ts .  The re  have  been  
severa l  clinical repor t s  sugges t ing  that  a m p h e t a m i n e  induces  
aggress ive  b e h a v i o r  pr imari ly  as a resul t  of  paranoia .  It has 
been  p roposed  141 that  the  exp re s s ion  of  this effect  is a d i rec t  
func t ion  of  the aggress ive  h is tory  of  the individual .  The  
p resen t  da ta  suggest  that  a m p h e t a m i n e  does  not indiscr imi-  
nately  increase  aggress ion.  These  data  are also in a g r e e m e n t  

with  a n o t h e r  repor t  [28] that  a m p h e t a m i n e  increased  aggres- 
sion in some  g roup-housed  male  m a c a q u e s  and dec reased  it 
in o thers .  

The re  have  been  many  anecdo ta l  repor ts  sugges t ing  that  
a m p h e t a m i n e  inc reases  the f r equency ,  quali ty and intensi ty  
of  h u m a n  sexual  behavior .  In some respec t s  the da ta  from 
the p resen t  s tudy suppor t  this propos i t ion .  The  most  dra- 
mat ic  behav iora l  change  which was o b s e r v e d  was the in- 
c rease  in p resen t ing  b e h a v i o r  by females.  These  resul ts  
suggest  a m p h e t a m i n e  preferent ia l ly  affected females  whose  
a h e r e d  b e h a v i o r  subsequen t ly  induced  moun t ing  by males .  
A repor t  [20J that  a m p h e t a m i n e  increased  m a s t u r b a t i o n  in 
male  ve rve t s  in the p re sence  of un t rea ted  females  also 
suggests  that  a m p h e t a m i n e  may be a sexual  s l imuhml .  

Al though  the  data  on p resen t ing  and moun t ing  could be 
in te rp re ted  its changes  in sexual  behav io r ,  they could equal ly  
well be in te rp re ted  its exp res s ions  of  submiss ive  or  domi-  
nance  behav ior .  This  in te rp re ta t ion  is suppor ted  by the fact 
that  moun t ing  was inf requent ly  fol lowed by e jacula t ion.  In 
the n o n h u m a n  pr imate  p resen t ing  is general ly  cons ide red  to 
be one of  many  submiss ive  ges tures ,  whe reas  moun t ing  is 
usually cons ide red  to be a dominan t  behavior .  There fo re ,  the 
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increased f requency of  present ing  may have been an ex- 
press ion of  increased submiss ion.  The fact that present ing  
was some t imes  homosexual  as well as he te rosexua l ,  and fol- 
lowed the lines of  the dominance  hierarchy favors  this hy- 
pothesis .  Therefore  amphe tamine  may be a powerful  el ici tor 
o f  submiss ive  behavior .  When the effects  of  concur ren t  
t rea tment  are compared  with those  of  individual t rea tment ,  it 
appears  that when the dominant  subjects  are also t reated 
with amphe tamine ,  less submiss ive  behavior  is engende red  
in the less dominant  subjects .  Other  invest igators  128] have 
also repor ted  that untreated males directed less submiss ive  
behavior  toward an amphe tamine  treated Alpha male, than 
when hc was not t reated.  Similar results  121 have been re- 
ported demons t ra t ing  that the adminis t ra t ion of  metham-  
phe lamine  1o group-housed  adult male M. m'mc,~ tr ina  re- 
sulted in an increase in submiss ive  behavior  and a dec rease  
in dominance  behavior  by the t reated subject .  This effect  has 
also been obta ined in a male M. a r c t o i d e s  [151 and in rhesus  
monkeys  [ 10]. It should be r eemphas ized  that when only the 
most  dominant  subject  was treated with amphe tamine ,  he 
did not emit submiss ive  behaviors  to lower  ranking subjects .  
Therefore  this suggests  that acute amphe tamine  t rea tment  
did not al ter  the posit ion of  the t reated subjects  in the domi- 
nance  hierarchy.  Howeve r ,  it has been repor ted  [28] that 
~ h r m t i c  adminis t ra t ion of  amphe tamine  to select m e m b e r s  of  

a group of macaques  resulted in a change in the posit ion of 
those subjects in the dominance hierarcy. 

It has been reported by many investigators that large 
doses of amphetamine induce paranoid ideation in humans 
[3]. Perhaps then this phenomenon is also occurring in 
grouped monkeys. As a result of this enhanced fear of the 
untreated dominant subject, increased displays of submis- 
sive behavior arc elicited in less dominant members of the 
group, 

In summary, the preliminary results presented herein are 
evidence of the contribution which non-human primate 
studies can provide in understanding the effects of drugs on 
human social behavior. Furthermore these data suggest that 
the actual social effects of substances can be greatly influ- 
enced by the social history of a subject, i.e.. position in the 
dominance hierarchy. 
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