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1986 --Intra olfactory bulb administration of three classes of GABA-mimetlcs (GABAa agomsts, inhlbitors of reuptake, 
mhibltors of GABA degradation) clearly inhibit mouse-killing behavior, without sedation A linear correlation is observed 
between GABA levels increase m the olfactory bulbs and munctdal inhibition following local injection of valproic acid and 
gamma-vinyl GABA, two GABA-T mMbltors, the d~fferences observed between these two compounds may be due to the 
differences in their mechanism of action on GABA-T activity and to the different pool of GABA on wMch they act No 
diffusion to extra bulbar sites were observed after local administration of gamma-vinyl GABA This evidence suggests an 
inhibitory role of GABA from olfactory bulbs in the modulation of mouse-kllhng behavmr 
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DURING the last years, pharmacological and biochemical 
data have suggested the involvement of  GABAerglc mech- 
anism in different forms of experimental aggression It was 
demonstrated that the potentiation of GABAerglc neuro- 
transmission blocked several forms of aggressive behavior 
[23,24] Thus, GABA-mlmetlc drugs administration inhibited 
lntraspeclfiC aggressive behavior in mice, induced either by 
isolation or by electroshock [30,31] Attacks by adult virgin 
mice on lactating female intruders and aggressive behavior 
induced by chemical agents [29] are also reduced by 
GABA-mlmetic drugs [24] 

Mouse-kllhng behavior (MKB) by rats is widely used as a 
model of experimental aggression [23, 40, 42] Although 
there is a controversy whether to consider or not murlcidal 
behavior as a predatory behavior, it should be pointed out 
that numerous investigators have shown that hunger cannot 
be considered as the determinant of  MKB It was reported 
that muricldal behavior of killer (K) rats is facilitated by food 
deprivation [1,16] but It is not induced by hunger [10,14] 
Murlcidal rats attack mice principally for the sake of killing 
in itself [17] and this behavior is described as a peculiar form 
of irrltatlve aggression [2] Concerning MKB by K rats, a 
dose-dependent inhibition after systemic administration of 
different GABA-mlmetlc drugs has been reported These ef- 
fects were without sedation [24] Synergystic effects have 
also been described with different types of GABA-mlmetic 

drugs [46] Some negative results were reported by Depauhs 
and Vergnes [6] concerning the effects of  several GABA- 
mlmetlcs on MKB, unless a sedative effect was obtained 
The reason for these discrepancies will be described later In 
addition, K rats present lower levels of GABA in the olfac- 
tory bulbs [20] Moreover, MKB can be induced by olfactory 
bulb ablation [23] On the other hand, mtraperltoneal inJec- 
tions of GABA-mlmetlc drugs on bulbectomized K rats were 
without effect [23] This lack of inhibitory effect seems to be 
specific for GABAerglc neurotransmisslon, since MKB of K 
rats as well as that of bulbectomized rats are clearly blocked 
after systemic administration of serotonln-mimetlc drugs or 
local injections of noradrenerglc compounds m amygdala 
(Mohna et al [27]) The involvement of GABAerglc neuro- 
transmission in olfactory bulbs and MKB is also supported 
by the fact that local injections of GABA immediately Inhib- 
ited murlcldal activity [2 l] This effect is rather specific since 
no inhibitory effect was observed after the m lectlon into the 
olfactory bulbs of other neurotransmttters such as glyclne, 
dopamme or serotonln [21] The only efficient drugs in MKB 
inhibition after injection into the olfactory bulbs were drugs 
performing a GABA agomstic effect and taurlne [25], a puta- 
tive inhibitory neurotransmltter [25] Furthermore, MKB 
can be induced by local administration of blcuculhne and 
picrotoxln, GABA antagonists [21] or allylglycine, an in- 
hibitor of glutamate decarboxylase [23] 
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In order to obtain a clear-cut demonstration that 
GABA-mlmetlc drugs injected locally into olfactory bulbs 
block MKB, three classes of GABA-mlmetlc drugs were lo- 
cally injected (a) GABA~ agonlsts, (THIP. musclmol, 
lsoguvacine), /b) GABA untake lnhlbltors (nipecotlc acid 
amlde, guvaclne), (c) lnhibltors of GABA-transamlnase Ival- 
prolc acid, "/-vinyl GABA) In addition, the correlation be- 
tween GABA level increase after GABA-T inhibitor inJec- 
tion and murlcldal behavior has been explored 

METHOD 

Animals Two-3-month-old male Wlstar rats weighing 
250-300 g at the start of the experiment were used They 
were housed Individually m plastic opaque cages (21 ×40× 15 
cm) and maintained in a 12 hr hght-dark cycle (light off 7 
p m )  

Mouse-l, dllng behavu.  After one month of  social isola- 
tion, murldlcal responses were recorded following the intro- 
duction of  an albino adult male mouse (30-35 g) into the cage 
of an isolated rat Those which killed mice consistently and 
In less than 5 min were classified as killer rats (K) The 
animals which did not kill the mouse were considered non- 
killers (NK) 

lnttabulbat treatment K animals under pentobarbltal 
anesthesia (37 5 mg/kg) were bilaterally implanted with guide 
cannulae (0 5 mm m diameter) into the olfactory bulbs The 
following coordinates were used +7 1 mm anterior from 
bregma, _+ 1 5 mm lateral to the mldline and 3 5 mm below 
the skull The cannulae consisted of a stainless steel tube, a 
0 3 mm diameter stainless steel wire served as the tuner 
stylet The cannulae were kept in position by fixing them 
with dental acryhc cement to four stainless steel screws in 
the skull A period of 8 days was allowed for recovery from 
surgery At the end of this period, K rats were injected either 
with drugs or saline, into the olfactory bulbs under light 
dlethyl ether anesthesia (The light dlethyl ether anesthesia 
was by itself without any effect on MKB ) The tuner stylets 
were removed from the implanted cannulae and a 0 3 mm 
needle, connected with a plastic tubing to a 5 /.tl Hamilton 
syringe was inserted The tip of the needle reached a position 
0 5 mm below the guide cannulae Drugs were dissolved in 
saline and injected bilaterally in a volume of I p.I per side at a 
speed of 1 /zl/mln After each infusion the needle was left m 
place for 1 mln Murlcldal test was performed immediately 
before and 30, 60, 90, 120, 150, 240, 300, 360 mln and 24 hr 
after the treatment At the end of the experiments, animals 
were sacrificed to verify the correct position of the cannulae 
in the posterior region of the olfactory bulbs [21] 

Murlcldal Inhibition was measured by the following pa- 
rameters (a) Percentage of K rats which no longer kill at 
different times after drug admlmstratlon (b) Latency time 
necessary to reach inhibition of murlcldal behavior in 41V~ of 
tested rats (hr), (c) Maximal percentage of murlcldal rats 
which do not kill after drug administration, (d) Evaluation of 
the surface between a parallel to the abscissa that corre- 
sponds to the situation of controls 1100% of killers) and the 
curve which represents the decrease in the % of animals 
which still kill [26), (e) Duration of  inhibition of mouse-killing 
behavior in at least 40% of rats tested (hr) 

Locornoto~ actl~ttv Motor activity during the saline 
period and under drug conditions was tested in an actograph 
apparatus Tests begin at 10 a m Each rat was placed in 
Plexlglas box 1100×20 cm) with 7 pairs of infrared photo cells 
2 cm above the solid floor to provide an automated measure 
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FIG 1 Typical chromatogram--Absclssa elutlon lime m minutes 
(olfactory bulbs 0 5 hr after GVG administration) (I) GABA) (2) 
GVG (3) 5-amino valenc acid (internal standardL 141 methJonme 

of locomotor activity K isolated rats were administered lo- 
cally into the olfactory bulbs with saline or the GABA- 
mimetic drugs at the same doses as those used in murlcldal 
studies K rats were placed in the actograph 60 mln following 
intra olfactory bulb injections Activity was evaluated by the 
number of photobeam interruptions/30 mm, during 150 mln 

EJJec t oJ y-VmyI-GABA ln tt a OIJac to 0' Bulbs 
Admmts tra t .m on GABA Level~ Fiom 5evepal Br im A~ea~ 

Isolated rats were injected with 20 p.g of T-vmyI-GABA 
(GVG) m the olfactory bulbs ( 1/zl in each side at a rate of 1 
p.l/mln) at the same coordinates used for cannulae Implanta- 
tions and under ether anesthesia Ammals were sacrificed by 
rapid decapitation 0 5, I, 2 5.5 and 7 hr after GVG admlms- 
tratlon, in order to prevent post-mortem increase in GABA 
levels, exactly 2 rain before sacrifice, rats were systemically 
injected with 100 mg/kg ot 3-mercaptoproplonlc, an inhibitor 
of glutamlc acid decarboxylase [44] Brain areas were 
quickly removed and dissected on a glass frozen plate and 
stored in liquid nitrogen 

Sacrifices were done between 2 and 4 p m to avoid the 
effects of a possible circadian rhythm Control rats were 
administered with saline The sampled brain areas were 
lyophyllzed, weighed and analyzed for their GABA and 
GVG content by means of gas-chromatography with SdlCa 
capillary column separation and electron capture detection 
The derivation procedure ~s mainly that described by Schmld 
and Karobath [36] with some modifications Samples were 
homogenized in 0 1 M formic acid containing 100 nmol of 
5-amlnovalerlc acid as internal standard, the homogenization 
were performed m 0 6 ml saarsted centrifuge tubes with lab- 
oratory made pestles which had been cast in identical ten- 
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FIG 2 Effects ofintra olfactory bulbs administration ofGABAd agonlsts on mouse-kilhng behav- 
ior induced by isolation Abscissa time (hr) after intra olfactory bulbs administration of 0 15 
/.~mol Ordinate incidence of munclde % (N=10) (l) saline, (2) muscimol, (3)THIP,  (4) 
isoguvacine 

T A B L E  l 

EFFECTS OF GABA-MIMETIC COMPOUNDS INTO THE OLFACTORY BULBS ON 
MOUSE-KILLING BEHAVIOR 

Compounds 

Maximal 
% of Efficiency 

Latency inhibmon (5h30) 
Dose time (hr) of MKB Conv units 

(#mol/rat) (b) (c) (d) 

Duratnon of 
mhlbmon (hr) 

(e) 

Musmmol 0 15 1 25 60 30 2 75 
THIP 0 15 0 5 70 52 4 75 
Isoguvaclne 0 15 1 0 80 38 3 0 

Nipecotic 0 15 1 5 40 30 2 5 
acid amlde 

Guvacine 0 15 0 5 60 34 2 0 

DPA 0 15 0 25 95 50 3 5 
GVG 0 15 0 75 80 56 6 5 

Parameters (b) (c) (d) (e) are described in the Method section 

trlfuge tubes from elect ron microscopy  embedding  resin 
After  centnfugat ion  of  the homogenates  (12,000 g during 20 
mln), supernatants  were  absorbed on amberh te  AG CG 120, 
100-200 mesh H + form columns (internal d iameter  0 6 cm, 
resin bed 1 cm),  after ex tens ive  washing with distilled water ,  
G A B A  and GVG were eluted with 2 ml of  3 M ammonia  The 
der ivat ion of  the lyophyhzed  eluates were per formed with 50 
p.l of  !-1-1-3-3-3 hexaf luoro isopropanol  (Aldrich, Beerse) 
and 100/zl of  tnf luoro-acet lc  anhydride (Aldrich, Beerse)  for 
I hr at room temperature  Excess  reagents  were  evapora ted  
under  a gentle s t ream of  dry ni trogen and 600 /~l of  2- 
2-4-trlmethyl pentane were  added Elec t ron  capture  gas 
chromatography  was per formed  on a Hewle t t -Packard  
5840-A apparatus Chromatographic  condi t ions  12 meter  
fused silica capil lary column coa ted  with methyl  silicone 

(inside d iameter  0 2 mm.  carbowax deact ivated) ,  0 4 p.I split- 
less injection, f low A 20 ml/mln, flow B 60 ml/mln, injection 
tempera ture  160°C, oven tempera ture  65°C, (isothermal) 
de tec tor  tempera ture  280°C. time per  analysis 15 rain In 
this chromat ic  system meth lonme can be quantified Figure I 
shows a typical ch romatogram 

Drugs Agonlst  o f  G A B A  a receptor  musclmol  (Sigma 
Chemical  Co ) [3], 4 ,5 ,6 ,7te t rahydroxazolo (5.4-c)- 
pyrldlne-3-ol (THIP) (kindly supphed by Dr Krogsgaard-  
Larsen .  Denmark)  [8,19], lsoguvaclne (kindly supplied by 
Dr Krogsgaard-Larsen ,  Denmark)  [8,19] Inhlbltors of  
G A B A  uptake nlpecotic  a o d  amide (NCS3) [46] and 
guvaclne  [12] lnhtbltors o f  G A B A  degradat ion valproate  
(DPA),  (Labbaz,  Pans)  [9] and -,/-vinyl G A B A  (GVG).  (Mer- 
rel Research  Institute,  Strasbourg,  France)  [13] 
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FIG 3 Effects of mtra olfactory bulbs admimstratlon of GABA reuptake mhlbltors on mouse- 
kdhng behavior induced by isolation Abscissa time (hr) after mtra olfactory bulbs administration 
of 0 15/.Lmol Ordinate modence of munclde % (N= 10) (1) saline, (2) mpecottc acid am]de. (3) 
guvaclne 
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FIG 4 Effects of mtra olfactory bulbs admimstratlon of GABA-T mhlbltors on mouse-kdhng 
behavior induced by molatIon Abscissa time (hr) after mira olfactory bulbs administration of 
0 15 #mol Ordinate incidence of munclde % (N=10) (1) sahne, (2) DPA, (3) GVG 

Statz~ttcal Analysta o[ Data 

Murlcidal responses  after drug administrat ion were eval-  
uated by Fisher-exact  probabdl ty  test (at the time of  maximal 
effect) [18, 27. 35] Statistical significance for G A B A  levels 
means was evaluated  by analysis of  var iance or  Student ' s  
t-test Correla t ion be tween  biochemical  and behaviora l  data 
was looked for by least-square regression analysis,  regres- 
sion coeff icients  were  compared  through var iance analysis 
[7] Moto r  activity values were  analysed by two-way 
A N O V A  

RESULTS 

Effect of  GABA Agomsts on Mot(~e-Kdhng Behavu. 

The administrat ion into the ol factory bulbs of  musclmol ,  

T H I P  or lsoguvaclne blocked murlcidal act lvl ty These  com- 
pounds interacted directly w~th G A B A  recognit ion sites as 
they displace radio-labelled hgands such as ~H-GABA [3], 
b locked munclda l  act ivi ty of  K rats (Fig 2) According  to 
our  parameters  of  muncida l  inhibition, the latency time and 
the durat ion of  inhibition, T H I P  seems to be the most  effec- 
tive of  the 3 agonlsts  tested (Table l) 

Effe( t of  GABA Uptake lntnbttorv on Mou,e-Ktlhng 
Behal'tor 

A decrease  of  munclda l  behavior  was observed  after 
guvaclne  and nipecotic  acid amlde administrat ion into the 
olfactory bulbs (Fig 3, Table 1) Both drugs block G A B A  
uptake mechan i sm [12,46] The latency time seems shorter  
for guvaclne 
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FIG 5 Evolut,on of GABA contents after mtra olfactory bulbs 
admm,strauon of 0 15/zmol GVG GABA nanomole/mg dry weight 
Bra.n areas OB. olfactory bulbs, MH. medmn hypothalamus, OT. 
olfactory tubercles. LH, lateral hypothalamus, A, amygdala. Sr. 
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of GVG contents of the olfactory bulbs--nanomole/mg dry weight. 
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FIG 6 lnhlbmon of MKB by mtra olfactory bulb administration of 
GABA-T mhlbltors as a function of GABA level m the olfactory 
bulbs Abclssa GABA level as % of control (values for DPA from 
21) Ordinate % mhlblUon of MKB Both GABA-T mhlbltors were 
rejected at the same molar dosage 0 15 tzmol + =GVG. O=DPA 
Results of the hnear regressmn analysis DPA, r=0 83, p<0 01 re- 
gressmn coefficient 1 27_+0 32, GVG. r=0 90. p<0 02, regressmn 
coefficient 0 32_+0 09 

lz'ffe~ t o f  G A B A - T  inh tb t tor ,  on M o u  ~e-Kdhng Behav ior  

The lnjecUon into the olfactory bulbs of GVG, an irrevers- 
ible inhibitor of GABA-T, reduced a long-lasting mhabttmn of 
muracidal acuvity (Fig 4) The maximal effect was obtained 
2 5 hr after drug administration (mhlbmon of MKB in 80% of 
anamals, Table 1) Valproate, a competmve inhibitor of 
GABA-T [5], administered locally into the olfactory bulbs 
reduces muncldal acuwty with a maximal inhibitor effect 1 
hr after drug administration (Fig 4, Table 1) 

Lffe~ t o f  GABA-Mtme t t~  Drug~ on Lot  o m o t o r  A~ ttl ' ttr 

With the doses used for MKB studies, no sedative effect 
was observed following mtra-olfactory bulb admmastrauon 
of the most effective agents When compared to the locomo- 
tor activity of controls, the mean values as % of controls are 
the following THIP 113%, guvaclne 111%, GVG 119% 

E/~e( t oJ ln t l  a-OlJa¢ tot x Bulbs Admire  stl a t . , n  oJ G V G  on 
the G A B A  Con ten t  m Se~ eral Brain A r e a s  

GVG admlmstration into the olfactory bulbs at the same 
coordinates as those used for behavioral studies induced a 
significant increase of the GABA content only m this brain 
area (Fig 5) A plateau in GABA level was observed 2 5 hr 
after drug injection, which corresponds to the time of maxi- 
mal muncldal inhibition (Fag 4) As shown .n Fig 6 there is a 
significant correlatmn (p<0 01) between GABA level m- 
crease m olfactory bulbs and muncidal lnhlblUon There is 
no increase in GABA levels m the other brain regions inves- 
tigated after GVG injection (olfactory tubercle, raphe slice. 
amygdala, median and lateral hypothalamus and corpus 

strlatum) Figure 5 shows a detectable GVG content, only m 
the olfactory bulbs On the contrary, GVG could not be de- 
tected m any other brain areas 

DISCUSSION 

In this work different types of  GABA-mlmetic drugs 
which enhance GABAergtc transmission via three main 
mechanisms of  action were used (a) GABA,  agonists, (b) 
mhlbltors of GABA reuptake process, (c) lnhtbitors of 
GABA degradation (by blocking GABA-T activity) As 
shown in this paper, the injection of all these compounds into 
the olfactory bulbs clearly blocked munctdal actlvlty A 
slmdar MKB inhibition was descnbed followmg systemic 
administration of GABA-mlmetic drugs [24] Moreover, 
murlcldal behavior induced by olfactory bulb ablation is not 
inhibited by IP or per os GABA-mlmetlc admtmstratlon, 
suggesting strongly the importance of an increase of GABA 
neurotransmission in the olfactory bulb either by local reJec- 
tion or by systemic administration In addatlon, local injec- 
tions into the olfactory bulbs of allylglycme, an inhibitor of 
glutamate decarboxylase, bicuculhne, a GABA antagonist 
on receptor site or plcrotox,n, which blocks chlonde chan- 
nels, induces muncldal aggression m non-killer rats [23] 
Bmchemlcal evidence has shown a reduction of GABA 
levels in the olfactory bulbs of rats with murlcidal activity 
[20] The mhibmon of MKB by compensation of this GABA 
deficiency suggests an inhibitory role of GABA from olfac- 
tory bulbs on MKB modulation Although all the GABA-hke 
compounds tested reduced muncldal display, differences m 
antlmurlcidal efficiency were observed even between drugs 
acting through the same mechamsm As an example, a higher 
antlmuricldal effect is observed after THIP adminlstraUon as 
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compared to muscimol or lsoguvacme, all GABA agonlsts, 
this may be explained by a more specific action on GABA 
receptors since it was suggested that THIP is more selective 
as GABAerglc agonlst when compared to musclmol [8] 
Concerning GABA-uptake inhlbitors, both drugs used at the 
same doses provoked a similar antimurlcldal effect, how- 
ever, the inhibition of MKB is apparently less efficient than 
that obtained with GABA agonlst At the same ~zmolar dos- 
age the lntraolfactory bulbs injection of GABA-T inhlbltors 
reduced murlcldal activity with a similar efficiency and max- 
lmal percentage of Inhibition 

One might expect that, after lntra-bulbar administration 
of drugs, GABA agonlsts would have shorter latencles than 
lnhlbltors of degradation or of reuptake In contrast, the re- 
sults obtained show that this is not the case A speculative 
hypothesis is that GABA agomsts bind to all receptors of all 
GABAerglc neurons, including lnterneurons which may in- 
hibit other GABAerglc neurons Moreover. It IS hkely that, 
because of the ddution of agomsts among all binding sites, 
the effective binding of agonlsts to the neurons involved in 
the inhibition of aggressive behavior is relatively lower Fur- 
thermore, it seems hkely that where exota tory  discharges 
occur, inhibitory discharges are triggered, GABA-T in- 
hibltors or Inhlbltors of reuptake, since they potentiate the 
effects of  GABA discharges locally on the sites involved in 
the behavior investigated, may be more efficient than GABA 
agomsts It is noteworthy that GABA agonlsts appear to be 
less effective than valprolc acid in the treatment of convul- 
sive disorders or epilepsy [22] Here again one may suggest 
that In the epileptic focus there is a spontaneous discharge of 
GABA in order to inhibit the discharges of the epileptic focus 
[43], inhibition of GABA degradation or of reuptake would 
also be more efficient than GABA agomsts acting on all 
GABA receptor sites in the brain, including those on 
GABAerglc Interneurons 

As shown in this report, there is a significantly linear 
correlation between mouse-killing inhibition and GABA 
level increase in the olfactory bulbs (r=0 90. p < 0  02) after 
local GVG admlmstratlon The antimuncldal effect of GVG 
is selective on GABA levels from olfactory bulbs since we 
did not observe any modification on GABA content in other 
brain areas investigated Smce at the same dosage DPA and 
GVG induced similar muncidal reduction (50 and 56 con- 
ventlonal units), It was then possible and Interesting to look 
for a hnear correlation between muncldal inhibition and 
GABA levels Increases in olfactory bulbs following local in- 
jection of DPA Taking into account the present results on 
MKB and those previously obtained in GABA levels in the 
olfactory bulbs [21], a significant linear correlation is in fact 
also observed (r=0 83, p < 0  01) It is important to point out 
that the regression coefficient for DPA IS significantly higher 
than that obtained with GVG This means that an increase of 
GABA levels In the olfactory bulbs induced by DPA is more 
efficient to inhibit murlcldal activity than a similar increase 
due to GVG According to a large body of evidence, the 
explanation of this observation may be that DPA increases 
GABA content in the synaptlc pool, while GVG increases 
GABA levels in the cytosollc pool [11, 32, 47, 48] DPA is a 
reversible, competitive inhibitor of GABA-T [5], in principle 
it may also act as an inhibitor of semialdehyde succlnlC de- 
hydrogenase [44] Nevertheless,  the increase on GABA 
levels is likely induced by its GABA-T Inhibitor propemes 
since local injection of succlnic semialdehyde does not 
produce an increase of GABA in the olfactory bulbs [37] On 
the other hand, GVG is a suicide GABA-T inhibitor, it lr- 

reversibly inactivates GABA-T [33,34] The higher lm.rease 
of GABA content (+ 18W,6 of controls) is reached 2 5 hr after 
GVG administration, while GABA increase prewously ob- 
served for DPA (+70% of controls) is reached at a shorter 
period of time According to these observations, maximal 
murlcldal inhibition is obtained I hi after DPA adminis- 
tration while a maximal antlmurlcldal effect is obtained 2 5 
hr after GVG inJection Thus it is highly probable that the 
kinetic differences observed between GVG and DPA ef- 
fects also arise from the difference in the mechanism of 
action ol these two drug~ on the ~ynaptlc and cytosollc 
pool So, the latter effects of GVG as compared to DPA 
may be due to an action first on the cytosohc pool fol- 
lowed by an increase on the GABA content ot the synap- 
tosomal pool [47,48] 

Since GVG levels were only detected in the olfactory 
bulbs, we may conclude that there is no diffusion of this drug 
from the rejection s~te in the olfactory bulbs to other brain 
areas Similarly, Intra-olfactory bulbs inJection of ~H- 
sUCClnlC semlaldehyde at the same coordinates as those 
presently used showed a lack of diffusion into other brain 
areas, in fact 95% of succlnlC semmldehyde was recovered 
m the olfactory bulbs [37] Thus, the same coordinates being 
used for local administration of the other GABA-mlmetlcs as 
well as of GABA, the antimuncldal effects obtained are spe- 
cific for GABA from olfactory bulbs A possible local 
anestheslc effect following rejection into the olfactory bulbs 
of GABA-mlmetlc drugs seems unlikely, since Mack [21] did 
not observe any MKB inhibition after local admlmstratlon of 
a local anestheslc drug Anosmla induced by nasal mucose 
lesion or by surgical removal does not Induce muncldal ac- 
tivity [38,39] The olfactory bulb system is not exclusively 
involved in sensory olfactlon but also modulates the hmblc 
balance through connections with preoptlc nuclei, lateral 
hypothalamus and the cortlcomedlal amygdala [28,41] 

An increase of GABAerglc neurotransmlsslon in the olfac- 
tory bulbs is also obtained by IP inJections of GABA- 
mimetic drugs like DPA and GVG which Increase GABA m 
several brain areas The reahty of this assumption is con- 
firmed by the fact that after IP administration of these sub- 
stances a long lasting increase in GABA is also obtained in 
the olfactory bulbs [26] In summary, inhibition of MKB by 
GABA-mlmetlc drugs after IP admlmstratlon was reported 
by Mandel et a/ [24] and Bohn and Da Vanzo [4] Depauhs 
and Vergnes [6] do not observe MKB Inhibition after IP 
InJection of several GABA-mlmetlc drugs unless a sedative 
effect was observed These discrepancies may arise from 
differences in experimental conditions, first of all. isolation 
conditions were different In our case, as well as in previous 
experiments, in which DPA clearly inhibits MKB [23,24]. 
rats were maintained to opaque cages which did not allow 
visual contact with other rats Moreover, the dimension of 
the housing cages were large enough to provide room for 
ample displacement When systemic administration of 
GABA-mlmetlc failed to inhibit MKB [6] cage~ were trans- 
parent (wire cages) and of very restricted dimension, these 
housing conditions may add some stressful factors to the 
social isolation Finally. we may imagine that the aggressive 
impulsion in some selected strains and in some conditions 
may be so that the dosage of GABA-mlmetlcs necessary is 
also sedative Nevertheless, let us remember that according to 
Karh [15]. a sedative effect by itself unless vel} strong does 
not interfere with MKB 

In summary, the data observed in this investigation sup- 
port an Inhibitory role of GABA from olfactory bulbs In 
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addt tmn,  a G A B A  def ic iency  m the o l fac tory  bulbs of  Iso- 
lated K rats  has  been  d e s c n b e d  [20,21], the compensa t i on  of  
thts def ic iency,  e i ther  by G A B A  itself  or by different  

GABA-mtme t l c  drugs,  block M K B  Thus,  we may conclude  
that  a def ic iency o f  GABAerg tc  neuro t ransmlss ton  m the 
olfactory bulbs plays a crucial  role m M K B  
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