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CLEMENT, J., S. SIMLER, L. CIESIELSKI, P. MANDEL, S. CABIB AND S. PUGLISI-ALLEGRA. Age-dependent 
changes of  brain GABA levels, turnover rates and shock-induced aggressive behavior in inbred strains of  mice. PHAR- 
MACOL BIOCHEM BEHAV 26(1) 83-88, 1987.--Shock-induced aggressive behavior (SIAB) is absent or very weak in 
C57BL/6 (C57) mice at the age of 12 weeks while it reaches high levels at the age of 20 weeks. This age-dependent increase 
of aggressive responses is absent in DBA/2 (DBA) mice. Aggressive C57 mice (20 week old) are characterized by lower 
GABA levels in amygdala, striatum and substantia nigra than both non-aggressive C57 (12 week old) and DBA mice (12-20 
week old). Concerning turnover rate, C57 mice at the age of 20 weeks show lower turnover rate values in cerebellum and 
raphe and higher values in septum in comparison with 12 week old mice of the same strain. These results are discussed in 
terms of the role of GABA function in brain areas which are involved in the control of emotionality and aggressive 
behavior. 

Shock-induced aggressive behavior Inbred mouse strains GABA Age 

IN the last decade a body of  evidence has pointed to a major 
role of the inhibitory transmitter y-aminobutyric acid 
(GABA) in different kinds of aggressive behavior such as 
mouse killing by rats, isolation and shock-induced aggressive 
behaviors in mice and female aggression against lactating 
intruders [3, 8, 9, 14--16, 22, 24, 25, 27, 30, 31]. 

It has been recently shown that shock-induced aggressive 
behavior (SLAB) is absent or very weak in C57BL/6 mice at 
the age of 10--12 weeks while it exhibits high levels at the age 
of  20 weeks. This age-dependent increase of aggressive be- 
havior is absent in DBA/2 mice which are characterized by 
low or no aggressive responses at the two aforementioned 
ages. These age- and strain-dependent differences in SIAB 
are not related to differences in shock sensitivity [21,25]. 

Moreover it has been observed that GABA agonist pic- 
rotoxin and glutamic acid decarboxylase (GAD) inhibitor, 
D,L-allylglycine, induced aggressive responses in non- 
aggressive 10 week old C57BL/6 mice and 20 week old 
DBA/2 mice, while GABA agonist muscimol hydrobromide 
and GABA-transaminase inhibitor sodium n-dipropylacetate 
(DPA) inhibited aggressive responses in aggressive 20 week 
old C57BL/6 mice [25]. These findings suggest that age- 
dependent changes in GABA system in C57BL/6 mice might 
be related to the age-dependent increase of SIAB exhibited 

1Requests for reprints should be addressed to Lucien Ciesielski. 

by this strain of mice but not by DBA/2 strain. If so, aggres- 
sive C57BL/6 mice should show differences in GABA func- 
tioning in comparison with non-aggressive mice of the same 
strain and with mice belonging to the DBA/2 strain. 

The purpose of this study was to investigate the effects of 
age on SIAB and GABA levels and turnover rates in different 
brain areas of C57BL/6 and DBA/2 mice. 

METHOD 

Animals 

Male C57BL/6 (C57) and DBA/2 (DBA) mice (Charles 
River Labs., Italy) 22-25 days old and weighing 13-15 g at 
the beginning of the experiments were used. Upon their ar- 
rival, animals were randomly assigned to different experi- 
mental groups. Mice were housed in groups of 6 in plastic 
cages (27×21 × 13.5 cm) and maintained in a 12 hr light/12 hr 
dark cycle. Food and water were freely available. Mice were 
tested at the age of 12 and 20 weeks. For both behavioral and 
biochemical tests naive mice were used. The experiments 
were carried out during the light period (10 hr-14 hr). 

Aggressive Behavior 

Shock-induced aggressive behavior was measured in an 
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apparatus in which the bites between two mice are recorded 
through a counter [23]. 

SlAB in mice has been shown to be largely an aggressive 
offensive behavior [4]. Previous studies [4, 20, 21, 23] have 
shown that in different experimental conditions the number 
of bites and fighting time are highly correlated. Moreover 
when no social conflicts occur following electric shocks 
(e.g., when young animals or some strains of mice are con- 
sidered or when mice are under the effect of drugs) mice 
show either freezing postures and/or escape attempts from 
the experimental cage and very rarely upright postures [20, 
21,23, 25]. Furthermore, some pharmacological studies have 
shown that biting allows a reliable measure of dose-related 
changes in aggressive behavior produced by drug treatment 
[20, 22, 24, 25]. Thus it seems to us that biting is a reliable 
and useful measure of aggressive behavior induced by elec- 
tric shock in the mouse. 

The apparatus consists of an experimental chamber 
(9xgx 14 cm). Two holes (1 cm diameter at 1 cm above the 
grid floor) allow the tails to extend out of the chamber on two 
opposite walls. A threaded bush previously glued on each 
tail by means of Bostik is fixed by a nut in the center of a ball 
bearing, so that the mouse can move freely with no danger to 
the tail. The two ball bearings work as slip rings for a contact 
detector. 

A low current (2 ~zA) passing through both mice during 
biting is amplified by the contact detector so that all bites, 
but no other body contact, can be recorded by a digital 
counter. Aggressive behavior was induced by shocking si- 
multaneously both mice. The electric shock (0.25 mA) was 
applied by means of two electrodes to the part of the tail 
available between the hole and the ball bearing. 

In our experiments each experimental group consisted of 
ten pairs of mice which were used one time only. Each ex- 
perimental session lasted for four min in which shocks of 0.5 
sec duration were delivered each 3 sec. Prior to each 
encounter, the mice were placed in opposite halves of the 
experimental cage, separated by a sliding door. After a 60 
sec adaptation period the sliding door was raised, and shocks 
were delivered. The experimental cage was cleaned between 
testing sessions in order to remove odors. Mice of each pair 
came from different breeding groups. 

Determination of  GABA Levels 

Mice were sacrificed by focused microwave irradiation (2 
kW, 2.45 gigahertz, 3 sec; Litton 70-50 as modified by Med- 
ical Engineering Consultants, Lexington, MA). The fast in- 
activation of brain enzymes induced by this method allows 
dissection and sampling without postmortem GABA in- 
crease [1,10]. Brains were removed from the skulls. The dif- 
ferent brain regions were dissected according to the mouse 
atlas of Lehmann [ 13] and lyophilized (the raphe slice was a 
1-mm-thick slice containing the raphe and surrounding 
areas). 

GABA level determinations were performed according to 
one of the following methods: (a) Electron capture gas-liquid 
chromatography of the fluorinated derivative obtained 
through acylation of GABA with trifluoro-acetic anhydride 
and I,l,l ,3,3,3-hexafluoroisopropanol (Aldrich Europe, 
Beerse) according to the method of Schmid and Karobath 
[28]. 5-Aminovaleric acid (Fluka, Buchs) was used as an 
internal standard. (b) Thin-layer chromatography of the 
stable fluorescent lactame obtained through the condensa- 
tion of GABA with 5-dimethylamino-l-naphthalenesulfonyl 

TABLE 1 
EFFECT OF AGE ON SHOCK-INDUCED AGGRESSIVE BEHAVIOR IN 

C57 AND DBA MICE 

Age 
(weeks). C57 DBA 

12 5.0 + 4.5 2.3 _+ 1.9 
20 43.6 _+ 14.1"$ 6.5 + 3.8 

Aggression was expressed by the number of bites exchanged be- 
tween two mice (mean _+ S.E.). 

*Significantly different from 12 week old mice of the same strain. 
¢Significantly different from 20 week old mice of the other strain. 
p<0.01. 

chloride (Fluka, Buchs) and direct scanning on a spectro- 
fluorometer (Aminco Bowman, Silver Spring) according to 
the method of Seller and Wiechmann [29]. 

Estimation o f  GABA Turnover Rates 

GABA turnover rates were estimated according to the 
method of Bernasconi et al. [2] using D,L-gabaculine (5- 
amino-l,3-cyclohexadiene carboxylic acid, hydrochloride) 
100 mg/kg IP (0.57 mmol/kg). D,L-Gabaculine is a K-cat in- 
hibitor of GABA-T. According to this method, the turnover 
rate (nanomol GABA formed/min/mg dry weight) was com- 
puted by least-squares regression analysis, as the slope of 
the line GABA level=f (time) in the interval 15-60 min dur- 
ing which the initial GABA level increase is linear after in- 
traperitoneal injection of gabaculine. 

Statistics 

The results were statistically analyzed by two-factor 
analysis of variance (ANOVA), the factors being strain (2 
levels=C57, DBA) and age (2 levels= 12 and 20 weeks). 
Further analyses for individual between-group comparisons 
were carried out with post hoc tests (Duncan multiple range 
test). 

A two-factor ANOVA was carried out for each brain 
area. GABA turnover rates were compared through variance 
analysis [7]. Single statistical analyses were carried out for 
each brain area. 

RESULTS 

Aggressive Behavior 

Concerning the number of bites (biting), ANOVA showed 
a significant strain main effect, F(1,36)=65.97, p<0.001, a 
significant age main effect, F(1,36)=76.29, p<0.001, and a 
strain x age interaction, F(1,36)=49.28, p<0.001. 

At the age of 12 weeks both C57 and DBA mice present 
low or no aggressive responses without differences between 
strains. Concerning the C57 strain, individual between-group 
comparisons show that mice aged 20 weeks exhibit higher 
aggressive responses than mice aged 12 weeks (p<0.01). The 
aggressive scores of DBA mice aged 20 weeks are not differ- 
ent from those of mice of the same strain at the age of 12 
weeks. Moreover the aggressive responses of C57 mice aged 
20 weeks are significantly higher (p<0.01) than those of DBA 
mice of the same age (Table 1). It is worth noting that mice 
exhibiting low levels of biting did not show other aggressive 
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TABLE 2 

GABA LEVELS IN BRAIN AREAS OF 12 AND 20 WEEK OLD C57 AND DBA MICE 

C57 DBA 

Brain Area ANOVA 12 week old 20 week old 12 week old 20 week old 

Pons a,b 8.2 ± 0.5 (6) 5.7 ± 0.3 (9) 6.5 ± 0.7 (5) 4.6 ± 0.5 (11) 
Cerebellum a,c 5.0 ± 0.5 (7) 5.8 ± 0.5 (11) 7.1 ± 0.7 (6) 6.5 ± 0.7 (11) 
Ant. Coll. b 14.4 _+ 1.0 (6) 12.2 ± 0.5 (8) 13.8 ± 1.4 (5) 12.0 ± 0.5 (8) 
Post. Coll. b,c 12.5 + 1.1 (6) 12.3 ± 1.1 (10) 15.0 ± 0.7 (7)+ 10.1 ± 1.0(10) 
Amygdala c 15.2 _+ 1.5 (6)* 12.0 ± 2.1(10) 13.6 ± 3.7 (5) 14.8 ± 3.2(11) 
Thalamus b,c 12.2 ± 1.1 (7) 11.8 ± 1.3(11) 13.5 ± 2.7 (6)+ 9.4 + 0.8(10) 
Olf. Bulb a 29.0 _+ 2.6 (7) 28.1 ± 4.1 (10) 24.3 ± 2.7 (6) 24.2 ± 3.5 (9) 
Olf. Tub. a,b 16.322.5(7) 13.3+2.4(11) 22.9+3.4 (5) 20.1 ± 1.3(10) 
Striatum a,b,c 13.8 ± 0.9 (6)t 9.5 ± 1.6 (10) 12.3 ± 1.3 (6) 13.8 ± 0.9 (10) 
Raphe a,b 12.3 + 1.6 (6) 10.2 ± 1.0(11) 9.7 ± 1.0 (6) 8.1 ± 1.3 (10) 
Fr. Cortex b,c 8.620.7(7)  8.2+0.6(11) 8.1 20.3 ( 7 ) +  10.2_+2.1(10) 
Hypothal. a,b 16.0 + 2.3 (7) 13.8 ± 1.2 (9) 19.8 ± 2.5 (6) 15.1 ± 2.3 (11) 
Septum a,b 14.1 ± 1.3(6) 12.02 1.1(11) 16.822.7 (5) 12.42 1.6 (8) 
Hippoc. a,b,c 10.22 1.3(7) 9.92 1.2(11) 8 .220 .8  (7)+ 10.1 _+0.7(10) 
S. Nigra c 22.1 ± 1.5(6)t 18.4+2.1(11) 19.1 22.6(10) 19.923.9 (9) 

GABA steady-state levels are expressed as nmol/mg dry weight ± S.E. 
Number of animals is expressed in parentheses. 
For each brain area: a=strain main effect, b=age main effect, c=strain × age interaction. 
*p<0.05, +p<0.01; in comparison with 20 week old mice of the same strain. 

responses or defensive postures but only escape attempts 
from the testing cage. 

GABA Levels 

The results are shown in Table 2. Two-factor ANOVA 
showed a significant strain main effect for pons, 
F( 1,27) = 51.5, p <0.001, cerebellum, F( 1,31) =42.8, p <0.001, 
olfactory bulb, F(1,28)=12.2, p<0.01,  olfactory tubercle, 
F(I,29)=60.7, p<0.001, striatum, F(1,28)=8.9, p<0.01,  
raphe, F(1,29) =27.3, p <0.001, hypothalamus, F(1,29)= 11.3, 
p<0.01,  septum, F(1,26)=5.8, p<0.05,  and hippocampus, 
F(1,31)=5.7, p<0.05; a significant age main effect in pons, 
F(1,27)=132.5, p<0.001, anterior colliculus, F(1,23)=34.9, 
p<0.001, posterior colliculus, F(1,29)=52.8, p<0.001, 
thalamus, F(1,30)=17.8, p<0.001, olfactory tubercle, 
F(1,29)=11.9, p<0.01,  striatum, F(1,28)=9.7, p<0.01,  
raphe, F(1,29)=17.0, p<0.001, frontal cortex, F(1,31)=4.4, 
p<0.05,  hypothalamus, F(1,29)=20.6, p<0.001, septum, 
F(1,26)=26.8, p<0.001, and hippocampus, F(1,31)=5.7, 
p<0.05. A significant strain x age interaction was evident in 
cerebellum, F(1,31)=10.1, p<0.01,  posterior colliculus, 
F(1,29)=44.7, p<0.001, amygdala, F(1,28)=5.4, p<0.05,  
thalamus, F(1,30)=12.2, p<0.01,  striatum, F(1,28)=36.3, 
p <0.001, frontal cortex, F( 1,31) = 9.4, p <0.01, hippocampus, 
F(1,31)= 11.2, p<0.01,  and substantia nigra, F(1,32)=5.8, 
p<0.05. 

Individual between-group comparisons showed that 20 
week old C57 mice exhibited lower GABA levels in amyg- 
dala, striatum and substantia nigra in comparison with mice 
of the same strain aged 12 weeks. DBA mice at the age of 20 
weeks showed lower GABA levels in posterior colliculus and 
thalamus and higher levels of  the neurotransmitter in frontal 
cortex and hippocampus when compared with DBA mice at 
the age of 12 weeks. 

GABA Turnover Rates 

Results are shown in Table 3. C57 mice at the age of 20 
weeks showed lower turnover rate values than mice of  the 
same strain aged 12 weeks in cerebellum and raphe while 
higher values were evident in septum of older mice. DBA 
mice aged 20 weeks showed lower turnover rate values in 
comparison with 12 week old mice of the same strain in 
anterior colliculus, amygdala, thalamus, frontal cortex, hip- 
pocampus and septum. 

DISCUSSION 

Some working hypotheses emerge from the present find- 
ings concerning the role of GABA system in the control of 
SIAB. We observed that aggressive C57 mice (20 week old) 
are characterized by lower GABA levels in amygdala, 
striatum and substantia nigra than both non-aggressive C57 
(12 week old) and DBA mice (12-20 week old). In the last 
decade, a number of studies have pointed out an inverse 
relationship between GABA levels in the brain and aggres- 
sive responses in different kinds of aggressive behavior. A 
decrease of GABA levels in the olfactory bulb was observed 
in muricidal rats [3, 14-16]. Compensation for this decrease 
in GABA content of the olfactory bulb produced by systemic 
injections of GABA-transaminase inhibitors sodium 
n-dipropylacetate (DPA) and aminooxyacetic acid (AOAA) 
suppressed killing behavior [3,14]. A similar inhibition of 
muricidal behavior was observed after local injection in the 
olfactory bulb of DPA, 2,4-diaminobutyric acid, an agent 
that blocks GABA reuptake, and of the GABA agonist mus- 
cimol [15,16]. On the other hand, injection of picrotoxin (a 
GABA antagonist) or allylglycine (an inhibitor of  glutamate 
decarboxylase (GAD)) induced killing behavior [15]. 
Moreover, the decrease of  GABA in the olfactory bulb and 
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T A B L E  3 

GABA TURNOVER RATES 1N BRAIN AREAS OF 12 AND 20 WEEK OLD 
C57 AND DBA MICE 

C57 DBA 

Brain Area 12 week old 20 week old 12 week old 20 week old 

Pons 0.12 _+ 0.02 0.10 +_ 0.01 0.08 _+ 0.01 0.12 + 0.02 
Cerebellum 0.20 - 0.01+ 0.14 _+ 0.01 0.08 _+ 0.01 0.12 + 0.02 
Ant. Coll. 0.12 _+ 0.02 0.12 _+ 0.01 0.14 _+ 0.02t 0.06 _+ 0.01 
Post. Coll. 0.15 + 0.03 0.09 _+ 0.01 0.11 _+ 0.03 0.06 _+ 0.02 
Amygdala 0.34 + 0.04 0.26 _+ 0.03 0.35 _+ 0.04* 0.22 + 0.04 
Thalamus 0.12 _+ 0.02 0.15 _+ 0.02 0.33 _+ 0.08* 0.14 _+ 0.02 
Olf. Bulb 0.45 + 0.08 0.34 _+ 0.04 0.45 - 0.04 0.38 _+ 0.05 
Olf. Tub. 0.21 _+ 0.04 0.22 _+ 0.03 0.22 _+ 0.03 0.17 +_ 0.03 
Striatum 0.11 _+ 0.03 0.12 + 0.02 0.18 _+ 0.03 0.12 + 0.03 
Raphe 0.16 _+ 0.03* 0.09 _+ 0.02 0.14 + 0.03 0.11 + 0.02 
Fr. Cortex 0.31 + 0.03 0.27 _+ 0.02 0.03 + 0.015 0.19 _+ 0.02 
Hypothal. 0.35 + 0.05 0.38 _+ 0.04 0.43 _+ 0.05 0.35 + 0.06 
Septum 0.27 + 0.035 0.47 + 0.02 0.48 _+ 0.04+ 0.30 _+ 0.03 
Hippoc. 0.31 + 0.03 0.30 _+ 0.03 0.32 _+ 0.04* 0.20 _+ 0.03 
S. Nigra 0.10 -+ 0.02 0.10 + 0.02 0.11 -+ 0.02 0.08 _+ 0.04 

GABA turnover rates (nmol GABA formed/mg dry weight) + S.E. were determined 
from GABA measurement at 15 min (n -7-9)  and 60 min (n-7-9)  after injection of 
gabaculine (100 mg/kg, IP). 

For each brain area: *p<0.05, +p<0.01, $p<0.0005; in comparison with 20 week old 
mice of the same strain. 

in the  s t r i a tum in i so la ted  high aggress ive  mice  in compar i -  
son  wi th  i so la ted  low aggress ive  mice  was r epo r t ed  w h e n  
e i the r  o u t b r e d  or  inbred  mice  were  c o n s i d e r e d  [8,30]. 
Sod ium n -d ip ropy lace t a t e ,  musc imol  and  n ipecot ic  acid 
amide  (an inh ib i to r  of  G A B A  reup take)  have  b e e n  s h o w n  to 
dec rea se  agonis t ic  b e h a v i o r  in i so la ted  mice  [22]. Da V a n z o  
and  S y d o w  [6] r epo r t ed  tha t  A O A A  and  g a m m a - a c e t y l e n i c  
G A B A  p roduce  a s upp r e s s i on  of  i so la t ion- induced  agonis t ic  
b e h a v i o r  in mice  and  a c o n c o m i t a n t  inc rease  of  b ra in  G A B A  
levels .  Recen t ly ,  S imle r  and  c o w o r k e r s  [31 ] have  s h o w n  tha t  
sys t emic  in jec t ion  of  D PA  an t agon i zed  agonis t ic  b e h a v i o r  of  
i so la ted  mice  in a t i m e - d e p e n d e n t  fash ion  in paral lel  to an  
inc rease  of  G A B A  levels  in o l fac tory  bu lb  and  s t r ia tum.  

Potegal  et al. [18] r epo r t ed  an inve r sed  n u m b e r  of  high 
aff ini ty b inding  si tes in the  b ra in  " m i d r e g i o n "  ( including 
s t r ia tum)  of  aggress ive  h a m s t e r s  in c o m p a r i s o n  wi th  non-ag-  
g ress ive  animals .  T h e s e  resul t s  are c o n s i s t e n t  wi th  a de- 
c rease  of  b ra in  G A B A  func t ion ing  in aggress ive  subjec ts .  

C o n c e r n i n g  S I A B  in mice,  it was  p rev ious ly  s h o w n  [25] 
tha t  G A B A  an tagon i s t  p ic ro tox in  and  G A D  inh ib i to r  D- 
L-al ly lglycine  induced  aggress ive  r e s p o n s e s  in non-  
aggress ive  C57 mice (aged 10 weeks)  and  D B A  mice,  while  
D P A  and  musc imo l  inh ib i t ed  aggress ive  b e h a v i o r  in aggres-  
s ive C57 mice  (aged 20 weeks) .  

In l ight o f  the  f indings  d i s cus sed  a b o v e  and  in pa r t i cu la r  
of  those  c o n c e r n i n g  S I A B  in C57 and  D B A  mice ,  our  p r e sen t  
resul t s  indica te  tha t  the  d e c r e a s e  of  G A B A  levels  in 20 week  
old C57 mice  in c o m p a r i s o n  wi th  12 week  old mice  of  the  
same  s t ra in  might  be  re la ted  to the  e x p r e s s i o n  o f  aggress ive  
r e sponses .  In par t icu la r ,  a dec rea se  o f  the  n e u r o t r a n s m i t t e r  
levels  were  o b s e r v e d  in amygda la ,  s t r i a tum,  and  s u b s t a n t i a  
nigra of  C57 but  no t  of  D B A  mice.  A l though  s t r i a tum is a 
b ra in  a rea  which  is c o n s i d e r e d  to p lay  a role in the expres -  

sion of  S l A B  [12], it mus t  be t aken  into a c c o u n t  tha t  C57 
mice af te r  8 weeks  of  social  isolat ion (20 week  old at the  
m o m e n t  of  test ing) p r e sen t  a c lear-cut  dec rea se  of  S IAB [20] 
and  a dec rea se  of  G A B A  levels  in the  s t r i a tum [30] in com- 
par i son  with g rouped  mice  of  the  same age. On the  basis  of  
these  p rev ious  resul t s  it s eems  difficult  to re la te  a dec rea se  
of  G A B A  levels  in this a rea  to an increase  in S IAB.  Amyg-  
dala  is well k n o w n  to play a ma jo r  role in S IAB,  in par t icu lar  
it exer t s  a faci l i ta tory inf luence  on  this b e h a v i o r  [17]. Thus  a 
dec rease  of  b ioavai labi l i ty  of  an inh ib i to ry  n e u r o t r a n s m i t t e r  
such  as G A B A  may  a c c e n t u a t e  this  inf luence  in C57 mice at 
the  age of  20 weeks .  Also the dec rea se  of  G A B A  levels in 
s u b s t a n t i a  nigra might  be re la ted  to the inc rease  of  aggres-  
s ive r e s p o n s e s  in 20 week  old C57 mice.  G A B A e r g i c  t rans-  
miss ion  in the nigra has  been  re la ted to the cont ro l  of  neural  
ac t iv i ty  of  n igro-s t r ia ta l  dopamine rg i c  neu rons  in tha t  G A B A  
inhibi ts  ac t iv i ty  of  dopamine rg ic  neu rons  [5]. A p o m o r p h i n e  
was s h o w n  to inc rease  d ramat ica l ly  S IAB in 12 week  old C57 
and  DBA mice,  an effect  an t agon i zed  by p r e t r e a t m e n t  with 
DPA [24]. Thus  it may be tha t  the  dec rea se  of  G A B A  in the 
nigra is re la ted  to an inc rease  of  d o p a m i n e  ac t iv i ty  in nigro- 
s t r ia tal  neu rons  which  could be invo lved  in the increase  of 
S IAB in 20 week  old C57 mice.  

C o n c e r n i n g  t u r n o v e r  ra tes ,  C57 mice at  the age of  20 
weeks  show lower  t u r n o v e r  va lues  in ce rebe l lum and  raphe  
and  h igher  va lues  in s ep tum in c o m p a r i s o n  with 12 week  old 
mice.  It is ques t i onab le  w h e t h e r  these  changes  in t u r n o v e r  
ra te  are  re la ted to the  inc rease  of  S IAB exhib i ted  by  20 week  
old mice.  T u r n o v e r  ra te  dec rea se  in raphe  of  20 week  old 
mice may  indicate  e i the r  lower  energy  me tabo l i sm or  lower  
act iv i ty  of  G A B A .  Such  changes  in this  a rea  which  play a 
major  role in reac t iv i ty  and  behav io ra l  a rousabi l i ty  [32] 
might  be re la ted  to a l te red  emot iona l  respons iv i ty  to nox ious  
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st imuli  (shock) .  C o n c e r n i n g  ce rebe l lum a poss ib le  d e c r e a s e  
of  G A B A  func t ion ing  ind ica ted  by  t u r n o v e r  ra te  d e c r e a s e  is 
hard  to re la te  to SLAB. C e r e b e l l u m  has  b e e n  r epo r t ed  to be 
i nvo lved  in p r e d a t o r y  b e h a v i o r  o f  cat  [26] bu t  little or  no th ing  
is k n o w n  a b o u t  its role in in t raspeci f ic  aggress ive  b e h a v i o r  
induced  by  nox ious  st imuli  in the  mouse .  Las t ly ,  the  in- 
c rease  of  t u r n o v e r  ra te  in s e p t u m  o b s e r v e d  in 20 week  old 
C57 mice  which  a c c o m p a n i e s  a dec rea se  in s t eady-s t a t e  
levels  may  ref lect  an  increase  of  G A B A e r g i c  ac t iv i ty  in this  
b ra in  area.  It is wor th  not ing  tha t  po ten t i a t ion  of  G A B A  
func t ion ing  in the  s ep tum by  local in ject ions  of  musc imo l  has  
been  repor ted  to inc rease  behav io ra l  reac t iv i ty  and  inter-  
specif ic  aggress ion  in the rat  [19], a resul t  t ha t  suggests  a 
poss ib le  role of  s ep tum in the e x p r e s s i o n  of  S l A B  in C57 
mice.  

Di f fe rences  in G A B A  func t ion ing  of  a b o u t  25-100% be- 
tween  aggress ive  and  non-aggres s ive  mice o b s e r v e d  in our  
s tudy  are re la ted  to 8-9-fold d i f fe rences  in aggress ive  b e h a v -  
ior. A s imilar  re la t ionsh ip  b e t w e e n  G A B A  and  behav io ra l  
changes  have  been  found in prev ious  studies in which  2 ~ 4 0 %  
of G A B A  changes  in s t r i a tum and  o l fac tory  bu lb  were  re- 
la ted to 7-10-fold changes  in o t h e r  k inds  o f  aggress ion  such  
as i so la t ion- induced  aggress ive  b e h a v i o r  and  mouse-ki l l ing  
by rats  [14-16, 30, 31]. Such  quan t i t a t ive  re la t ionsh ip  be- 
tween  G A B A  func t ion ing  changes  and  behav io ra l  ou tpu t  
seems  to indicate  tha t  the  changes  o b s e r v e d  at n e u r o c h e m i -  
cal level  swi tch  on some neura l  m e c h a n i s m ,  poss ib ly  involv-  
ing o t h e r  n e u r o t r a n s m i t t e r  sys t ems ,  which  is able  to elicit 
behav io ra l  changes  m a n y  fold larger  than  the  n e u r o c h e m i c a l  
ones .  

In conc lus ion ,  ou r  resu l t s  show tha t  at  the  age of  12 weeks  

C57 and  D B A  mice p re sen t  low or  no  aggress ive  r e sponses .  
C57 mice at the  age of  20 weeks  show high levels  of  aggres-  
sive r e s p o n s e s  while  in D B A  mice at the  same age aggress ive  
r e s p o n s e s  are not  d i f ferent  f rom those  exh ib i t ed  by  12 week  
old mice of  the  same  strain.  C o n c e r n i n g  G A B A  levels  the 
resul ts  s t rongly  suggest  tha t  the  dec rea se  of  the  neuro -  
t r an smi t t e r  in amygda la  and  subs t an t i a  nigra in C57 mice  
aged 20 weeks  in c o m p a r i s o n  wi th  12 week  old C57 mice are 
re la ted to high levels  of  S l A B  exh ib i t ed  by  20 week  old mice.  
In addi t ion  to this  a re la t ionsh ip  b e t w e e n  aggress ive  re- 
sponses  and  changes  in t u r n o v e r  ra tes  in s ep tum ( increase)  
and raphe  (decrease)  was  po in ted  out  by the p resen t  resul ts .  

G iven  the  wide d i s t r ibu t ion  of  G A B A  in the cen t ra l  nerv-  
ous  sys t em it is conce ivab le  tha t  this  n e u r o t r a n s m i t t e r  is 
involved  in m a n y  behav io r s  if no t  in all [11], including ag- 
gress ion.  A large body  of  ev idence  has  s h o w n  a G A B A  in- 
v o l v e m e n t  in di f ferent  k inds  of  aggress ive  b e h a v i o r  con-  
t rol led by  different  neura l  subs t r a t e  (brain areas)  [9, 14-16, 
30, 31]. The  p resen t  resul ts  add fu r the r  ev idence  to the  grow- 
ing l i tera ture  on  G A B A  and aggress ion  indica t ing  tha t  G A B A  
func t ion ing  in specific bra in  a reas ,  d i f ferent  f rom those  cru- 
cial in the exp re s s ion  of  o the r  k inds  of  aggress ion  [32], play a 
ma jo r  role in the  con t ro l  of  S IAB in the  mouse .  
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