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EARLI.W. ('. J. AND B. 1:2. I,EONARD. "lTw effect o f  testosterone and ¢:vproterone acetate on the concentration o f  
~t-aminohut.vric acid in hraht areas o f  aggres.vive and mm-aggress'ire mice. PHARMAC. BIOCH|-M. BI'IHAV. 6(4)409-413, 
1977. Mice which had been housed in croups were introduced into the home cages of isolated mice and the aggressive 
defensive behaviour assessed. The grouped mice were chronically treated with testosterone, cyprotemne acetate or arachis 
oil. The concentration of (;ABA was determined in 10 regions t'ollov¢ing the last behavioural assessment. The grouped mice 
which were treated with testosterone or with the anli-amlrogen, cyproterone acetate, were subjected to fewer aggressive 
attacks by the isolated mice than the grouped controls. The concentration of (;ABA in particular brain areas appears to 
depend on the degree of aggressive behaviour exhibited, the type of environment into which the mouse is 
introduced, the hornlone treatment, and the housing conditions. 

Aggression Brain ('yproterone acetate (;ABA Testoslertme 

I1 IS well establ ished that when male nlice arc isolatcd for 
several weeks, they become aggressive when placed in a 
neutral  env i ronment  with ano the r  mouse [ 24] .  This experi-  
mental  s i tuat ion has been used to s tudy the effects  o f  
various central ly active drugs on behaviour  [191. 

The pr imary aim of  the present  investigation was to see 
what ef fec ts  changes in the androgen status of nonaggres- 
sive mice, had on the aggression of  the isolated animal. The 
non aggressive mice were housed in groups and were used as 
o p p o n e n t s  in aggression tests with isolated mice. Changes in 
androgen status were achieved by injecting tes tos te rone  or 
the ant i -androgen,  cyp ro tc rone  acetate,  into the non- 
aggressive o p o n e n t  mouse.  

An in lpor tant  cons idera t ion  in this expe r imen t  was the 
use of  intact  aninlals. Stress has been shown to reduce 
tes tos te rone  in man 121] and in animals [3] .  It would 
follow that  the stress induced by defeat  or by in t roduc t ion  
into a novel env i ronment  [7, 1,1, 14, 15, 16], would 
depress  t es tos te rone  concen t ra t ions .  Therefore  in order  to 
maintain androgen levels, t e s tos te rone  was given to intact  
animals. In this exper in lenta l  design, if androgens  are 
reduced by env i ronmenta l  stress anti if tile responses  
measured are androgen dependen t ,  then cyp ro t e rone  ace- 
tate should not produce  an effect  in oppos i t ion  to tile 
effects  establ ished by androgen t r ea tment .  Also it would 
appear fronl the work of  o thers  that  cyp ro t e rone  or 
cyp ro te rone  acetate  has androgen-l ike quali t ies which have 
been demons t r a t ed  in studies on sexual anti aggressive 
behaviour [4, 10, 23] .  If cyp ro t e rone  acetate  is a potent ia l  

androgen,  at least in terms of ce, ta in types  of  behaviour 
then it would be expec ted  to st inlulate responses which are 
in accordance with tes tos te rone  s t imulated behaviour.  

As an ancillary part of  this s tudy,  changes in the 
concen t ra t ions  of the inhibi tory  t ransmi t te r ,  y-amino- 
butyr ic  acid ( ( ;ABA) were de te rmined  in di f ferent  brain 
regions of  mice. The possible relat ionship be tween ( ;ABA 
concen t ra t ions  and env i ronmenta l  factors associated with 
aggression is suppor ted  by several studies. Brody et al [5] ,  
using micro-cannulae implants  in the hypo tha l amus  of cats, 
repor ted  that  GABA inhibi ted attack responses anti in- 
creased the threshoht  for electrically induced attack.  Using 
a synap tosomal  fract ion which was prepared from brains of  
mice which had been different ial ly housed.  De Feudis et al, 
[6] found that the binding capacity of the part iculate 
fraction for ( ;ABA was less in the brains of isolated mice 
conlpared with grouped mice. The possible involvement  of 
( ;ABA in aggressive behaviour was also suggested by the 
observat ion in this laboratory that tile concen t ra t ion  of this 
amino acid was reduced in the septum of  rats which showed 
p ronounced  aggression following the adminis t ra t ion  of  
a p o m o r p h m e  (Kenny ,  Lynch anti Leonard,  unpubl ished) .  

ME I'HOI) 

E x p e r i m e n t  1 

Animals .  One hundred  twen ty  albino mice, 3 - 4  mon ths  
of age and weighing 25 30 g at the start of  the exper iment  
were used. The mice were randomly  assigned to 2 housing 
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condi t ions  e i ther  isolated or grouped.  l h e  60 isolated mice 
were housed in individual cages (30 x 13 x 11 cm) for 6 
weeks prior  to testing. The grouped mice were randomly  
assigned to 1 of  3 cages (41 x 25 x 11 cm). Each set of  
cage-mates was randomly  assigned to t r ea tment  groups.  
Each group was housed in the appropr ia te  cages 6 weeks 
prior to testing. 

Spec( f icat ion o.t t r ea tmen t  groups. Several groups were 
formed from the 60 nlice in the isolat ion-housing condi-  
tion. Six animals were randomly  chosen as isolation housing 
controls  (Group A). These animals were mainta ined under  
the same envi ronmenta l  condi t ions  as the o the r  isolated 
mice but were otherwise  un t rea ted  and not subjected to the 
behavioural  s i tuat ions.  Ano the r  6 animals were selected on 
the observat ion that  during the period of prel iminary 
testing none  exhibi ted  any aggressive behaviour  towards  the 
o p p o n e n t  mice. These mice cons t i tu ted  the non-f ighter  
group and were used only in the behavioural  part of this 
s tudy.  l h e  rentaining 48 mice cons t i tu ted  the fighter group. 
The behaviour  assessment of aggression was based solely on 
the recorded observat ions  on the fighter mice. In the 
interim be tween  the conclusion of  the behavioural  test ing 
and the start o f  the biochenlical  procedures  the animals 
were ranked according to the behaviour observed,  and then 
two groups (B and C) of  0 animals each were selected from 
the fighter group. Group  B animals exhibi ted the highest 
aggressive t endency  over all t rea tment  o p p o n e n t s  and over 
all behavioural  parameters .  Group C showed the lowest 
aggressive t endency  over all condi t ions .  

All mice which were assigned to group-housing condi- 
t ions were randomly  assigned to t r ea tmen t  groups on the 
saine day as housing ass ignments  were made. Two groups of 
six mice each were formed It) cont ro l  Ib r  housing condi- 
t ions ( e l i )  and for inject ion procedures  (e l ) .  The injection 
controls  were adminis tered  arachis oil ~0.1 ml) in accor- 
dance with drug- t rea tment  procedures .  These two groups 
never encoun te red  the behavioural  assessment condi t ions .  
Twen ty -one  animals were selected as o p p o n e n t s  to the 
non-f ighter  group,  and were used to evaluate the biochemi-  
cal effects  o3 being in t roduced  into a strange env i ronment .  
This group was equally divided into drug t r ea tmen t  
subgroups:  oil en v i r onm en t  group IOE), t es tos terone-  
env i ronment  group {TEL anti cyp ro t e rone  acetate- 
environnlent  group [( 'E).  l h e  remaining 27 animals were 
assigned to the defeated group which was the only group 
that encoun te red  nlembers  of  the fighter group. "Ihey were 
also the only group used in tile assessment of  defensive 
behaviour.  The defea ted  group was subdivided into drag- 
t r ea tmen t  group: oi l -defeated ~()I)L t e s tos terone-de fea ted  
(TI)) and cyprotercme ace ta te-defea ted  (( 'D L 

Prelimina*T procedure.  Procedttres for ident if icat ion of 
non-f ighter  mice were c o m m e n c e d  3 weeks after the 
housing ass ignments  had been nlade, and cont inued  for 4 
daily sessions. All isolated mice, except  for 6 animals which 
were selected as isolat ion-housing cont ro ls  ( ( ; roup A), 
encot ln tered  daily and it[ randoln a n len lbe r  fronl  [tie 
defeated group. After  the four th  session, each isolated 
nlollse had encoun te red  4 grouped-nl ice.  Six of  the isolated 
mice were chosen on the observat ion that none showed any 
aggressive t endency  towards  the grouped mice which had 
been in t roduced  into their  cages. These mice cons t i tu te  the 
non-f ighter  group. 

At tile conclusion of  tile 4th session, tile bedding in tile 
isolated micc 's  cages was changed.  All t r ea tmen t  procedures  
for lhe grouped mice were begun. Treatnlent  with 

tes tos terone  ~ 1 mg,'kg s o l  cypro te ronc  acetate  ~ I mg/kg sc,~ 
or arachis oil (0 .1ml)  were init iated 18 days prior to 
aggression testing. The drugs were also given daily through-  
out the period of  behavioural  observat ion.  Inject ions were 
given at 1800 hr and test ing c o m m e n c e d  at 2100 hr. 

Assessmen t  o.t" aggressive and deJ~'plsire hehar#,ur.  As- 
sessment fol lowed 18 days after  t h e 4 t h  prel iminary testing 
session. The remaining procedures  were adapted from those 
of Mugford and Nowell [17] .  The isolated mice )fighters)  
were equally dh, ided into 2 groups and e;.tch group was 
tested on al ternate clays for 6 periods each ( 12 consecutive 
days overallL Eight grouped mice fronl each defeated-  
t r ea tment  groups (O. TD, CD) were chosen as o p p o n e n t s  to 
the isolated nlice. Each grouped nlouse was in t roduced into 
file cage of  the fighter nlouse and left there for 4 rain. Each 
fighter naouse had encoun te red  one mouse f rom each 
t rea tmen t  class by the end o [  the 3rd lest session: i[ 
encoun te red  two fronl each t rea tment  group b,' the end of 
tile 6th test session. The results were taken from lhe second 
cncounter .  The following indices of aggression."defense wcre 
recorded:  (1) Duration of  aggression - taken as the time 
spent by the fighter mouse chasing, biting or wrestling with 
drug- or oi l- treated oppcment .  (2)  Latency to attack 
taken as tile tinle be tween the o p p o n e n t  mice enter ing tile 
cage and the first bile. (3) Nunlber  of  t imes the figtlter bites 
the o p p o n e n t  mouse.  (41 Duration o f  the defense upright 
posture by the o p p o n e n t  ltlOllSe. 

Groups  ()li, l '[i ,  anti ( t  consisted of  6 animals each. 
With the except ion  that these three groups encoun te red  lhe 
nonf ighter  mice. the drug and behavioural procedure  were 
thc same as those with the I)efeatcd ¢;roup. 

Rl.LgtJI IS 

Fhe results f r om the ef fec ts  o f  tes tos terone and cypro-  
te rone adn l in is te red  to the o p p o n e n t  mice ~FD, ( ' D )  on the 
var ious fmrameters o f  aggression shown by the f igh te r  mice 
are sumnla r i zed  in Fig. I. The results were expressed as a 
percentage o f  the c o n t r o l  values. ( ' o n t r o ]  values in the f irst 
three instances were tile response of  f ighter nlice to the 
con t ro l -opponen t  IOD~ v,'hile m the tour th  instance,  I)e- 
fense upright posture ,  cont ro l  values were representat ive of 
the oil-recipients" responses.  
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HG. I. The effect,; o f  teslo,;teronc ('IS) and cyproturtmc acetate 
(('A) on aggressive or defcn,dve bchaviour, 111 Fig. IA. tilt, responscs 
of  the fighter nlicC to the hornl',Hle-lreatcd oppollClll~, arc duration 
o f  aggression ( I )AL number o f  bites tNB), and the latency to atlack 
i LA). The fighter's mean responses to the control opponents arc DA 
(23.5 see), Nit 18.2 bites), and ('A 1129.5 secL In Fig. IB. the 
control oppon,enls II'lCilll see, re for tile duration of upright posture 

Du) is51.3 sec. *p--.{I.05 **p<(I.OI .p, 0.O05 



A N D R O G E N S ,  G A B A  A N D  A G G R E S S I O N  IN MICE 41t 

It can be seen that  t e s t o s t e r o n e  and c y p r o t e r o n e  ace ta te  
have a qua l i t a t ive ly  s imi lar  e f fec t  on all 4 p a r a m e t e r s  o f  
aggress ion.  It is i n t e r e s t ing  to no t e  tha t  the d u r a t i o n  o f  
aggress ion  was  s ign i f ican t ly  r educed  in b o t h  g r o u p s  fol- 
lowing  the  drug  t r e a t m e n t  and tha t  the l a t ency  to a t t ack  
was  s ign i f ican t ly  increased in c o m p a r i s o n  to the oil t r ea ted  
o p p o n e n t s .  The  n u m b e r  o f  bi tes  and the d u r a t i o n  o f  
defens ive  up r igh t  p o s t u r e s  were  also r educed  fo l lowing  the 
a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e  or  c y p r o t e r o n e  bu t  these  
changes  did no t  reach the t.}5'~ level o f  s ta t is t ical  signifi- 
cance.  

I)ISCUSSION 

The  resul ts  o f  this  inves t iga t ion  c o n t r a s t  wi th  the  
f indings  o f  o t h e r  inves t iga to r s  w h o  have s h o w n  tha t  
t e s t o s t e r o n e  increases  aggress iveness  o f  i sola ted mice 
[2 ,181 .  l l o w e v c r ,  w h e r e a s  m o s t  inves t iga to r s  have s tud ied  
aggress ion  in a neu t r a l  e n v i r o n m e n t  o r  in the f igh te r ' s  
home-cage  wh ich  has f r e sh -bedd ing ,  the p r e sen t  s t u d y  
r eco rded  the e f fec t s  o f  a h igh-scen ted  e n v i r o n m e n t  on 
aggress ion s h o w n  to the t r ea ted  o p p o n e n t s .  

Clearly,  t e s t o s t e r o n e  t r e a t m e n t  o f  the  o p p o n e n t  signifi- 
can t ly  mod i f i ed  the  aggressive b e h a v i o u r  o f  the f ighter  
mice. T h u s  the  d u r a t i o n  o f  aggress ion  was  reduced  and the 
l a tency  to a t tack  was  s ign i f ican t ly  increased  t o w a r d s  
t e s t o s t e r o n e  rec ip ient .  One  poss ib le  e x p l a n a t i o n  for  this  
was  tha t  t e s t o s t e r o n e  s t i m u l a t e s  an increase in an 
aggress ion- inh ib i t ing  p h e r o m o n e  [ 111. 

The  e f fec t s  o f  c y p r o t e r o n e  ace ta te  were  qua l i t a t ive ly  
s imilar  to those  o f  t e s t o s t e r o n e .  These  resul ts  are c o m p a t i b l e  
wi th  the ef fec t  o f  c y p r o t e r o n e  on  sexual  b e h a v i o u r  [ 4 ] .  An 
e q u i p o t e n t  non - s t e ro i da l  a n t i - a n d r o g e n ,  f lu t amide  was  also 
ineffect ive  in a n t a g o n i z i n g  sexual  and aggressive b e h a v i o u r  
in r oden t s ,  a l t h o u g h  its e f fec t s  on  pe r iphe ra l  t i ssues  were  
indicat ive o f  its a n t i - a n d r o g e n  ac t ion  [12 ,251 .  

Th ree  po in t s  seem w o r t h y  o f  c o n s i d e r a t i o n .  First ,  in this  
e x p e r i n t e n t  c y p r o t e r o n e  ace t a t e - r ec ip i en t s  e x h i b i t e d  behav-  
iour  wh ich  was  s imi lar  to b c h a v i o u r  induced  by tes tos-  
t e rone .  Second ,  c y p r o t c r o n e  ace ta te  w h e n  given a lone  to 

cas t ra ted  mice,  s t i m u l a t e d  the sexual  r e sponse  [ 1 0 ] ,  and 
third ,  p r ev ious  w o r k  t t o  be p u b l i s h e d )  us ing  the same  
e x p e r i m e n t a l  design,  has  s h o w n  tha t  p r o g e s t e r o n e  adminis -  
t r a t i on  had no  s ignif icant  ef fec t  on  e i the r  aggressive or  
defens ive  behav iour .  When  p r o g e s t e r o n e  was  admin i s t e r ed  
to in tac t  mice there  was  a decrease  in aggress ion [261.  
F u r t h e r  w o r k  wh ich  was  r e po r t e d  wou ld  suggest  that  
p r o g e s t e r o n e  has an a n t i - a n d r o g e n  ef fec t  on the CNS [ 8 ] .  

With these  c o n s i d e r a t i o n s  in mind ,  it wou ld  a p p e a r  tha t  
wi th  respec t  to aggress ive-defensive  behav iour ,  c y p r o t e r o n e  
aceta te  acts  like an a n d r o g c n  and s h o w s  on ly  min ima l  
an t i - and r oge n  qual i t ies .  

t',-rperiment 2 

Changes in brain y-aminobutyric acid. Eleven g r o u p s  of  
6 mice were  used.  Three  g r o u p s  were  f r o m  the isola t ion-  
hous ing  c o n d i t i o n  ( G r o u p s  A,B,C) and cight g r o u p s  were  
f rom the  g r o u p - h o u s i n g  c o n d i t i o n  ( C H , C I , O E , F E , C E , O 1 ) ,  
TD and CD). F o u r  days  a f te r  the last behav iou ra l  observa-  
t ions  were  c o n c l u d e d  (in par t  11, all an ima l s  were  again 
sub jec ted  to s imilar  behav iou ra l  c o n d i t i o n s  and then  killcd 
by sub jec t ing  t h e m  to m i c r o w a v e  i r rad ia t ion  for  1 2 
seconds .  The b ra ins  were  r e m o v e d  and dissec ted  in to  I0  
a n a t o m i c a l  areas by the  m e t h o d  o f  P o p o v e t  al. [ 2 0 ] .  These  
areas were  ce r ebe l l um,  brain s t em,  mid-bra in ,  o l f a c t o r y  
lobe,  s e p t u m ,  s t r i a t u m ,  t h a l a m u s - h y p o t h a l a m u s ,  h ip p o -  
c a m p u s ,  amygda la ,  and co r t cx .  Af te r  h o m o g e n i z a t i o n  in 
0.01 N I tCI  I c o n t a i n i n g  10~; F I ) T A  of  the d i s o d i u m  salt) 
the c o n c e n t r a t i o n  o f  y - a m i n o b u t y r i c  acid was d e t e r m i n e d  
in the  brain  reg ions  by the m e t h o d  o f  Uchida  and O 'Br ien  
[271.  

RESULTS AND DISCUSSION 

The  c o n c e n t r a t i o n  o f  - r - a m i n o b u t y r i c  acid in the var ious  
brain reg ions  are s h o w n  in Table  1. The  fo l lowing  general  
o b s e r v a t i o n s  can be made :  (11 I so la t ion  con t r o l  g r o u p  IA)  
s h o w e d  a decrease  in G A B A  (specif ical ly  in s t r i a t u m ,  
h i p p o c a m p u s ,  and a m y g d a l a )  w h e n  c o m p a r e d  wi th  the 

T A B L E  1 

CONCENTRATION OF GABA IN DIFFERENT BRAIN AREAS 

BRAIN A R E A S ( M e a n  _+ S E M  in mg/g  t i s sue)  

Isolation 

Treatment Groups Olfact. Sept. 
Housing-controla(A) 1.67 _+ .31 2.38 ± .42 
High aggress. #(B) 1.40 _+ .19" 2.43 -'- .17 
Low aggres. (CI 1.88 ± .22 2.84 ± .48 

Housing-control(CHI 2.01 ± .14 2.79 ± .33 
Injection-control aICl) 1.7(I _+_ .14 2.68 +_ .26 

Grouped 

Oil-environment :~(OEI 2.09 _+ .15 3.20 _+ .36 
Testos-environ. §(TE) 1.92 .'- .19 2.44 ± .45 
CypAcet-environ. §ICE) 1.87 _+ .23 3.12 ± .25 

Oil-defeat :{:(OD) 1.76 ± .18 2.51 -+ .29 
Testos-defeat §('I'D) 1.79 ±-_ .20 3.35 ± .42 
CypAcet-defeat §(CD) 1.62 ~- .09 2.72 ± .39 

Hipp.  Amygd. Striat. Thalam. Cortex Cerebl. Brn.Stm. 
0.82 ± .08 0.93 ± .13"* 0.96 = .19" 0.94 _+ .14 (I.80 ± .04 0.79 ± .07 0.7(I ± .07 
1.12 ± .16 0.97 ± .15 1.18 _+ .12"* 0.85 = .08 0.75 _+ .04 0.78 _+ .(18 0.70 ± .08 
1.08 ± .03 0.95 ± .03 1.78 ± .21 0.95 _- .10 0.82 +_ .05 0.90 ± .06 0.83 ± .04 

0.99 ± .08 1.48 _- .06 1.51 +_ .12 (I.97 _~ .06 0.78 ± .07 0.98 _+ .05 0.83 ± .05 
1.12 +_ .07 1.45 _~ .10 1.53 _-z..(}9 1.07 _+ .05 0.88 _+ .112 1.02 +_ .08 0.86 _+ .07 

Mid Brain 
1.12 -+ .13 
1.09 ~ .16 
1.28 ± .(17 

1.28 t .13 
1.29 ÷ .06 

1.44 _+ .22 1.16 ± .07** 1.82 _+ .11" 1.10 
1.05 ± .07 1.42 : .07** 1.37 ± .10"* 1.03 
1.22 -" .10 1.20 : .11 1.68 "" .12 1.06 

I.(18 ± .06 1.10 ± .14"* 1.36 ± .09 0.94 
1.19 -': .09 1.15 ± 0.8 1.58 -+ .29 1.111 
0.92 ± .(18 1.19 ± .10 1.58 -+ .17 1.111 

÷ .19 (I.83 -± .112 I.(12 + .(17 1.04 z .07** 1.45 _+ .18 
z .07 0.73 "- .04 I).88 ± .08 0.78 z .06** 1.31 ± .11 
÷ .08 (I.76 ± .115 (I.87 _+ .05 0.94 + .07 1.3(I _+ .10 

-+ .10 0.75 ± .04 0.88 ± .08 (I.91 _+ .04 1.10 _+..06 
± .11 0.85 = .03 (I.94 ± .(13 (I.98 _+ .10 1.14 ± .14 
± .13 0.79 = .05 0.95 ± .06 0.98 ± .14 1.29 ± .14 

Statistical comparison made with 'lgroup-housing 
*t,0.05. 
**pO.01. 

control, flow-aggression group, :l:injection-control, and §appropriate oil-control. 
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g r o u p e d  c o n t r o l s  (CH) .  (2)  D i f f e r e n c e s  b e t w e e n  high and 
low aggressive f igh te r s  (B and ( ' .  r e s p e c t i v e l y )  were  f o u n d  in 
the  o l f a c t o r y ,  and s t r ia ta l  a reas  wi th  the  low-aggress ive  mice  
e x h i b i t i n g  h ighe r  c o n c e n t r a t i o n s  o f  the  a m i n o  acid.  13) 
In j ec t i on  wi th  oil had n o  s ign i f ican l  e f f ec t  on  ( ; A B A  
c o n c e n t r a l i o n s ,  a l t h o u g h  a n o t e d  r e d u c t i o n  in (-;ABA was 
f o u n d  in the  o l f a c t o r y  lobe .  (4)  G r o u p  O1) s h o w e d  an 
overal l  r e d u c t i o n  in G A B A  levels w h e n  c o m p a r e d  wi th  
e n v i r o n m e n t - c o n t r o l s  ((: 'El. hu t  a c o m p a r i s t m  wi th  in j ec t ion  
c o n t r o l s  ( ( ' ! )  s h o w e d  on ly  a s ign i f ican t  r e d u c t i t m  in the  
amygda l a .  (5)  In the  d e f e a t e d  an imal s ,  t e s t o s t e r o n e  and 
c y p r o t e r o n e  a c e t a t e  inc reased  the  c o n c e n t r a t i o n s  in t he  
s t r i a t u m  and  t h a l a m u s .  The i r  e f f e c t s  were  no t  c o m p a t i b l e  
wi th  the i r  sugges ted  d i f f e r e n t i a l  a c t i o n s  bu t  were  c o m p a -  
t ible wi th  t he  b c h a v i o u r a l  e f f e c t s  d i scussed  in part  1. The  
d i f f e r e n c e  b e t w e e n  the  a n d r o g e n  and the  a n t i - a n d r o g e n  was 
mos t  n o t i c e a b l e  in the  h i p p o c a n l p t ,  s w h e r e  t e s t o s t e r o n e  
inc reased  and  c y p r o t e r o n e  d e c r e a s e d  the  G A B A  c o n c e n t r a -  
t ion .  In a d d i t i o n  c y p r o t e r o n e  inc reased  the  G A B A  c o n c e n -  
t r a t i on  in the  mid -b ra in  reg ion  and t e s l o s t e r o n e  incret,  sed 
the  levels in the  s e p t u m .  

/',, f i nd ing  w o r t h y  o f  e n u n l e r a t i o n  was the  e f f ec t  o f  
t r e a t m e n t  on  the  d r u g - e n v i r o n m e n t  g roups .  G r o u p  OE 
animals ,  w h i c h  were  o i l - r ec ip i en t s  and  e n c o u n t e r e d  the  
n o n - f i g h t e r ,  s h o w e d  inc reased  c o n c e n t r a t i o n s  o f  ( , A B A  in 
the  brain  s t e m .  s e p l u m ,  s t r i a t u m  and h i p p o c a m p u s  bu t  
s h o w e d  a s ign i f i can t ly  r e d u c e d  c o n c e n t r a t i o n  in the  anlyg-  
dala. In these  s ame  bra in  areas,  t e s t o s t e r o n e  spec i f i ca l ly  
or )posed  lh is  cha nge  in ( ; A B A .  In l ight o f  th is  a n d r o g e n i c  
e f f ec t ,  a c o m p a r i s o n  o f  the  a n t i - a n d r o g e n - r e c i p i e n t s  ( ( t ' i )  
wi th  o i l - r ec ip i en t s  t O E )  s h o w e d  no  a p p a r e n t  d i f f e r e n c e .  
sugges t ing  tha t  th is  e n v i r o n m e n t a l  c o n d i t i o n  p l ayed  a role 
in a l t e r ing  G A B A  levels w h i c h  were  poss ib ly  re f lec t ive  o f  t,n 
a l t e r a t ion  in e n d o g e n o t t s  t e s t o s t e r o n e ,  hi set,  por t  o f  this 
sugges t ion ,  J o n e s  and  Nowel l  [13 ,  14, 15, 16] r e p o r t e d  
tha t  i so la ted  mice  p r o d u c e d  a long-ac t ing ,  u r ina ry  s u b s t a n c e  

w h i c h  was s t ressful  to i n t r o d u c e d  male  mice.  F u r l h e r m o r e .  
the  s t u d y  hy Bliss 131 sugges ted  tha t  c h r o n i c  n o x i o u s  
e n v i r o n m e n t s  r e d u c e d  t e s t i cu la r  t e s t o s t e r o n e  levels and that  
brain b iogen ic  a ln ines  may  c o n t r o l  t e s t o s t e r o n e  levels. 

( ;F:N I . :RAI .  ( ' ( ) N C I . I ; S I O N S  

hi s u m n l a r y ,  t he re  was a dec rease  in the  aggress iveness  o f  
i so la ted  mice  t o w a r d s  n o n i s o l a t e d  mice  w h i c h  had been  
ch ron i ca l l y  t r e a t e d  w.ith e i t he r  t e s t o s t e r o n e  or  c .vp ro t c rone  
ace t a t e .  

t l o u s i n g  c o n d i t i o n s  a l ter  ( ; A B A  c o n c e n t r a t i o n s .  
The  l e n d e n c y  to e x h i b i t  ce r t a in  aggressive r e s p o n s e s  was 

inverse ly  re la ted  to ( ; A B A  c o n c e n t r a t i o n s  in pa r t i cu la r  
brain  reg ions  (e.g. low aggressive mice  s h o w e d  an increase  
c o n c e n t r a t i o n  o f  ( ; A B A  relat ive to  c o n c e n t r a l i o n s  Iound  ill 
high aggressive mice . )  

Defeat  r e d u c e s  ( ; A B A  in s o m e  brain reg ions ,  whi le  
t e s t o s t e r o n e  anti c y p r o t e r o n e  ace la te  v.'ere not  f ound  to 
o p p o s e  such  r e d u c t i o n s .  

A novel  nonaggress ive  e n v i r o n m e n t  inc reases  ( ; A B A  
c o n c e n t r a t i o n  while  dec reas ing  th is  z, m i n o  acid in the 
amygda la .  T e s t o s t e r o n e  was fotlvld to c o u n t e r a c l  lhese  
e n v i r o n m e n t a l l y  i n d u c e d  changes  in ( ; A B A .  

It is c o n c l u d e d  that the  i n h i b i t o r y  t r a n s m i t t e r  s u b s t a n c e  
- r - a m i n o b u l y r i c  acid may  ph, y a role in i so la t ion  i n d u c e d  
aggressive behav iou r ,  r h u s  one  f u r t h e r  t r a n s m i l l e r  suh-  
s t ance  nltlSt be at lded to lhe  list o f  n e u r o l r a n s m i t l e r s  w h i c h  
a l ready  inc lude  lhe  c a t e c h o l a m i n c s  { 281. s e r o t o n i n  [9] and 
a c e t y l c h o l i n e  I l l  and w h i c h  have been imp l i ca t ed  in 
aggressive hehav iou r .  

AC K N ( ) W  L I': I 1(; l': M I'~N 1" 
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