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BRAND,~O, M L , J C DE AGUIAR AND F G GRAEFF GABA medtatton of the antt-averstve actton of minor 
tranqudtzers PHARMAC BIOCHEM BEHAV 16(3)397--402, 1982 --Earher observatIons have shown that systemically 
injected minor tranquilizers decrease the aversive consequences of electrical stimulation of the dorsal perlaqueductal gray 
(DPAG) matter of the rat brain In order to verify If these drugs can act directly on the DPAG, chlordlazepoxlde (CDP) and 
pentobarbltal (PB) were locally reJected into the dorsal mldbraln of rats chronically implanted with chemltrodes, allowing 
electrical stimulation of the same brain area Mlcrolnjectlon of doses of 0 16 and 0 32 ttmol of CDP and 0 16/zmol of PB 
sJgmficantly increased the threshold electrical current reducing flight behavior by stimulating the dorsal mldbraln Flight 
behavior was measured by the number of times rats crossed the dividing line while running from one compartment of a 
shuttle-box to the other The same effect was caused by the lntracerebral injection of 0 32 and 0 64/xmol of the inhibitory 
neurotransmltter, gamma-amlnobutync acid (GABA) Conversely, local injection of the GABA antagonists, blcuculhne 
(5-20 nmol) or ptcrotoxm (0 3 and 0 6 nmol), into the dorsal mldbram induced flight behavior, hke the electrical stimulation 
On the other hand, the glyclne antagomst, strychnine (40 nmol) caused convulsive behavior only, while the mtracerebral 
InJection of the chohnerglc agomst, carbachol (10--40 nmol), increased locomotion, sniffing and turning behavior, but did 
not reduce flight Pretreatment with locally rejected GABA (0 64 ~mol) antagonized the averslve effect of either blcuculhne 
(10 nmol) or plcrotoxln (0 3 nmol), whereas CDP (0 32 /zmol) antagomzed blcuculhne only and PB (0 16 /xmol) was 
ineffective against either b~cuculhne or plcrotoxm These results suggest that minor tranquilizers act directly upon the 
DPAG by enhancing the tonic inhibitory influence of endogenous GABA This action may underly the antlaverslve affects 
of these drugs 
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P R E V I O U S L Y  repor ted  results have  shown that chlor- 
d iazepoxlde  (CDP) and pentobarbi ta l  (PB) decrease  the av- 
e r swe  consequences  o f  electrical  st imulation of  the dorsal  
perIaqueductal  gray (DPAG) substance o f  the rat brain [7, 
13, 16, 21] Also the increase in the mean arterial blood pres- 
sures,  heart rate and respirat ion caused by D P A G  electrical  
st imulation in ure thane-anes thet lzed  rats was shown to be 
a t tenuated by CDP [22] On the basis of  these  results,  the 
suggestion has been made that minor  t ranquil izers  impair  the 
functioning of  the brain avers ive  sys tem (BAS) compris ing 
the DPAG,  the penven t r i cu la r  gray substance of  the dl- 
encepha lon  and the amygdala  [5] and that this act ion would 
be responsible  for at least  part of  their  anti-anxiety effect  [7, 
16, 21] 

In the above  studies,  however ,  the anti-anxiety drugs 
were  injected ei ther in t rapentoneal ly  [7, 13, 16, 21] or intra- 
venous ly  [22] Therefore ,  it IS not  clear  whether  the drug- 
Induced at tenuat ion o f  the effects  o f  brain st imulation was 
due to an act ion of  the minor  t ranqudlzers  on the DPAG,  on 
different areas of  the BAS or on other  related brain sys tems 

In order  to verify if minor  tranquil izers can directly affect 
the DPAG,  CDP and PB were  locally injected Into the dorsal  
midbraln of  the rat through a permanent  guide cannula at- 
tached to a brain e lec t rode  ( cheml t rode ) ,  allowing electrical  
st imulation of  the rejection area  The effect of  Intracerebral  
injection of  CDP and PB on the threshold electr ical  current  
ellc~tmg flight behavior  by stimulating the D P A G  or its 
neighboring mesencepha lon  was measured  

The present  study was also aimed at exp lonng  the 
neurohumora l  mechanisms of  minor  t ranqulhzers  action in 
the D P A G  For  this purpose,  gamma-amlnobu tync  acid 
(GABA)  and its antagonists,  bicuculhne and picrotoxin 
were  microlnjected into the dorsal mldbrain The capaci ty of  
these drugs ei ther to alter the threshold current  inducing 
flight behavior  or  to cause behavior  changes similar to those 
ehcited by the electrical  st imulation of  the dorsal mldbrain 
was measured  These  substances were  chosen on the basis of  
several  repor ted  results suggesting that the inhibitory neuro- 
t ransmit ter ,  G A B A ,  IS involved  in the anti-anxiety as well as 
o ther  pharmacological  actions of  benzodlazeplnes  and barbl- 
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turates [9, 10, 25] For comparison, the glyclne antagomst, 
strychnine was also used Since the mtraventncular or 
mtrahypothalamlc mjectlon of the chohnerglc agomst, car- 
bachol, has been shown to induce fear-like behavior m cats 
[2,11] this drug was also included m the present study 

METHOD 

Antmal~ 

Male, albino Wistar rats, weighing 250--300 g were housed 
in mdlvldual glass-walled cages and given free access to food 
and water throughout the experzment 

Surgery 

Rats were anesthetized w~th 40 mg/kg of sodmm pen- 
tobarbttal, IP, and operated m a stereotax~c instrument 
(David Kopf, U S A ) A chem~trode made of a stainless 
steel guide cannula (o d 0 8 ram) glued to a brain electrode 
was ~mplanted m the dorsal m~dbram The electrode was 
made with stainless steel wire, 250 p.m m dmmeter, Dmmel- 
insulated except at the cross-sect~on of the t~p, reaching 1 
mm below the lower end of the cannula With the skull hori- 
zontal between bregma and lambda, the chem~trode was 
vertically introduced at the lambda, untd the electrode tip 
was 5 0 mm below the surface of the skull The chem~trode 
was attached to the bone w~th stainless steel screws and 
methylmethacrylate polymer cement A stylette was intro- 
duced ms,de the guide cannula to prevent obstruction The 
electrode w~re was connected to a male pro, parallel to the 
outer end of the cannula Together, they could be plugged 
into an Amphenol socket, at the end of a flexible electrical 
cable (see below), for brain stimulation 

Apparatu 

Brain stlmuh were generated by a constant current, 
sine-wave stimulator [15] The stimulation current was mom- 
tored by means of an oscilloscope (Heathklt, U S A ) 

A shuttle-box consisting of two compartments of 
25 × 20 x 20 cm without any bamer  between them was placed 
inside an insulating chest prowded w~th fan and a w~de angle 
lens allowing one-way vision of both compartments The 
grid-floor of the shuttle-box oscdlated w~thm a narrow angle 
around a m~dllne ax~s whenever a rat passed from one com- 
partment of the box to the other The movements of the grid 
floor closed one of two mlcrosw~tches connected with stand- 
ard electromechamcal equipment (Grason-Stadler, U S A ), 
automatically recording the crossing responses During the 
experiments, the shuttle-box was dlummated by a 2 W lamp 
The rat inside the experimental chamber had ~ts brain elec- 
trode connected with the stimulator by means of a mercury 
swivel and a flexblle, b~te-proof cable allowing ample move- 
ment inside the box Environmental temperature was kept 
between 20 ° and 22°C 

Proc edure 

Fwe to seven days after the surgery, the animals were 
placed inside the shuttle-box and allowed to habituate for 30 
mln In the next day, the threshold st~mulatlon for ehcmng 
flight behavior was determined For this purpose, brain elec- 
trical stlmuh (AC, 60 Hz) of 15 sec duration and current 
intensity increasing by steps of 1 4 /xA (RMS) were pre- 
sented at 1-mm intervals, until the rat began to run from one 
compartment to the other during the stimulation period The 

current intensity ehcltmg running behavior during three con- 
secuhve periods of brain stimulation was considered as 
threshold Animals with threshold current above 88 4 /xA 
(RMS) were discarded at any time durmg the experiments 

The intensity of the running behavior ehoted by brain 
stimulation was measured by recording m d~gltal counters 
the cumulative number of mldhne crossings made by the rat 
during 10 successive periods of brain stimulation (total 150 
sec) w~th constant current intensity 

For mtracerebral reJections, the stylette of the guide can- 
nula was removed and a thin dental needle (o d 0 3 mm) was 
introduced through the guide cannula untd its lower end was 
1 mm below the grade cannula, reaching the same depth as 
the electrode tip A polyethylene sleeve shut the upper end 
of the grade cannula, to minimize reflux of reJected solutions 
A volume of 1 /zl was reJected during 30 sec using a hand- 
driven Hamilton 10/zl mlcrosyrmge The needle was held 
reside the cannula for another 30 sec after the reJection and 
the ammals were placed into the shuttle-box ~mmedmtely 
thereafter No more than six mject~ons were g~ven to the 
same rat 

In order to measure the effect of local drug inJections on 
brain stimulation, the flight threshold was determined before 
as well as after the lntracerebral mject~ons The time interval 
between each drug inJection and threshold measurement was 
chosen on the basis of prehmmary experiments w~th the 
same drugs If the reJected drug, per se, reduced locomotion 
or running, the total number of m~dhne crossings was re- 
corded dunng a continuous period of 150 sec at the peak of 
the drug effect The ammals were unsystematlcally observed 
during bram stimulation as well as during 30 mm after 
mtracerebral drug reJections 

Analwt~ ol Re~ult~ 

Statistical comparisons between groups of paired or un- 
pmred observations were made using Wdcoxon's s~gned 
rank or rank sums test [4], respectively 

HIMolog~ 

Rats were sacrificed under deep pentobarb~tal anesthesm 
and their heads removed after perfuslon through the heart 
with saline, followed by 50 ml of 10% Formahn solution and 
by 50 ml of 10% Formahn contammg 1% potassium fer- 
rocyamde After decapitation, a DC current was passed 
through the brain electrode for 15 sec The heads were mare- 
tinned m 10% Formahn for at least three days The brains 
were then removed and frozen sections of 50/~m were placed 
on a glass shde Enlarged photographs were taken with an 
amphfylng projector The placements of the electrode tips 
were locahzed in diagrams from Konlg and KhppeFs [14] rat 
brain atlas 

Dru~ 

The following drugs were used chlordiazepoxlde hydro- 
chloride (Pslcosedln ®, Farmasa), sodium pentobarbltal 
(Nembutal ®, Abbott), gamma-amlnobutync aod  (Sigma), 
blcuculhne (Sigma), picrotoxin (Sigma), strychnine sulphate 
(Mann Research Laboratories) and carbamylchohne hydro- 
chloride (Carbachol, Sigma) 

Blcuculhne was dissolved according to the method de- 
scribed by Stevens et al [27] 5 mg of the drug were dis- 
solved in 0 1 ml of 1 0 N HC1 and 0 1 ml of 0 1 N NaHPO4 
was added to the solution The pH was raised to 4 8 by 
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FIG 1 Locahzatlon of electrode sites (Q) reside dmgrams from Konlg and Kllppel's rat brain atlas 
[14] Figures represent the atlas coordinates m/xm, anterior (A) to the inter-aural hne The number of 
points m the figure is less than the total number of rats used (80) because of several overlaps 

slowly dropping 0 1 N NaOH The control solution was simi- 
larly prepared Plcrotoxin was dissolved m warmed sahne 
solution, but injected at room temperature Other drugs were 
dissolved m saline solution at room temperature 

RESULTS 

Lo~ ahzatton oJ the Brain Ele~trode~ 

As shown In Fig 1, the electrode tips were Iocallzecl in 
the mesencephahc tectum and Inside the DPAG 

Beha vloral Effects o f  Bram Elec tru al Stimulation 

When the intensity of the stimulating current was in- 
creased stepwlsely, the first change observed was behaworal 
arrest or freezing The animals suddenly stopped, became 
tense and immobile and often urinated and defecated With 
higher current intensities, freezing behavior was followed by 
vigorous running from one compartment of  the shuttle-box 
to the other Alternatively, the animals reared at the corners 
of the box or poked their noses vigorously between the bars 

of the grid floor, as if attempting to escape from the shuttle- 
box Higher stimulus Intensities induced vigorous jumps 
against the celhng of the box Whenever this happened, the 
brain stimulation was immediately turned off The animals 
tended to freeze most of the time m between stimulations 

At threshold stimulus intensity (see Procedure), the brain 
stimulation Induced coordinated running Under these cir- 
cumstances, the number of mldhne crossings made by the 
animal during the stimulation period was a convenient meas- 
ure of  the magnitude of  the flight response 

Effect o f  Drugs on the Averstve Threshold 
of  Bram Stimulation 

As shown in Fig 2, intracerebral Injection of 0 16 and 
0 32 t~mol of CDP, 0 32 and 0 64 ~mol of GABA as well as 
0 16 ~mol of PB into the dorsal midbrain significantly m- 
creased the threshold of electrical current inducing flight be- 
havior by stlmulatmg the dorsal midbraln The magnitude of 
the drug effect was proportional to the injected dose 

The remaining drugs studied caused behavioral activation 
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FIG 2 Effect of local admm~strauon (l/zl  injected durmg 30 sec) of 
chlordlazepoxlde (CDP), gamma-ammobutync acid (GABA) and 
pentobarbltal (PB) on the averslve threshold of electrical sUmulatlon 
(AC, 60Hz, 15 sec) of the dorsal mldbram of the rat Increases m 
threshold are expressed as percent of pre-drug individual values of 
the threshold current intensity reducing runmng behawor (flight) 
reside a shuttle-box Hatched columns represent mean and bars the 
SEM Filled areas at the bottom of the hatched columns represent 
the control mean following mtracerebral rejection of vehicle in the 
same ammals Post-mjecUon thresholds were determined 30 mm 
after CDP or PB and 5 rain after GABA administration The symbol 
* indicates significant difference from control at p < 0  05, **p<0 01 
and ***p<0 005, using Wdcoxon's signed rank test [4] while n is the 
number of ammals m each group 

(see be low)  tha t  h inde red  the de t e rmina t i on  of  the ave r s lve  
t h r e sho ld  fo l lowing the i r  m t r ace r eb r a l  in jec t ion  

Behavtoral EJfec t v o] hltrac ep ebral Dtug huec tton 

The  dose  o f  10 nmol  of  b l c u c u l h n e  caused  m a r k e d  b e h a v -  
ioral changes  in the  e~ght ra ts  s tudied ,  beg inn ing  immedia t e ly  
af te r  Its in jec t ion  into the  dorsa l  m ldb ra ln  and  las t ing for  
a p p r o x i m a t e l y  5 m m  The  an imals  usual ly  ran con t i nuous ly  
inside the  shu t t l e -box ,  bu t  s o m e t i m e s  rea red  at its co rne r s  or  
poked  the t r  noses  b e t w e e n  the  bars  of  the  grid f loor  This  
b e h a v t o r  was  md l s t m gu t s hab l e  f rom tha t  o b s e r v e d  dur ing  
the  e lec t r ica l  sUmulat ton of  the  dorsa l  mldbra ln  at  t h r e sho ld  
c u r r e n t  in tens i ty  As  the  drug  effect  d~sappeared,  the  ra ts  
b e c a m e  quiet ,  usual ly  lying for  severa l  minu te s  at one  c o r n e r  
of  the  e x p e r i m e n t a l  c h a m b e r  T he  dose  of  5 nmol  o f b l c u c u l -  
l ine caused  s imilar  b e h a v i o r  changes  in on ly  two out  of  eight  
ra ts  s tudied  On  the  o t h e r  hand ,  the  dose  o f  20 nmol  of  
b t c u c u l h n e  r educed  In tense  runn ing  as well  as v io len t  j u m p s  
aga ins t  the  ce ihng  o f  the e x p e n m e n t a l  box  Occas iona l ly ,  
some  j e rk ing  m o v e m e n t s  o f  head  and  l imbs  occu r red  at  the  
peak  of  the  drug  effect  N e v e r t h e l e s s ,  genera l ized  convul -  
s ions  were  not  o b s e r v e d  The  r unn i ng  b e h a v i o r  caused  by  
bicuculhne resu l ted  In d o s e - d e p e n d e n t  mcrease s  of  the  
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FIG 3 Running behavior induced by electrical stimulation of the 
dorsal mldbraln of the rat w~th threshold current intensity or by 
intracerebral reject,on into the same brain area of two GABA 
antagomsts blcuculhne and plcrotoxm, as well as carbachol The 
intensity of flight behawor was measured by the number ofumes the 
ammal crossed the m~dhne between the two compartments of the 
shuttle-box during 10 successive periods of 15 sec of electrical sumu- 
lat~on, gwen at 1 mm interval, or during a continuous 150 sec period 
beginning immedmtely after blcuculhne or 3 mm after plcrotoxm 
administration Hatched columns represent mean and bars the SEM 
Fdled areas at the bottom of hatched columns represent control 
means obtained after e~ther electrical stimulation with half the 
threshold current intensity or vehicle mjecUon m the same ammals 
The symbol * indicates s~gnlficant difference from control at p <0 05 
and ***p<0 005 using Wflcoxon s signed rank test ]4] Figure, m 
parentheses indicate number of animals m each group 

n u m b e r  of  c ro s smg  r e sponses  made  by  the rats  reside the 
shu t t l e -box ,  as s h o w n  m Fig 3 

The  dose  o f  0 3 nmol  of  p l c ro toxm caused  b e h a w o r a l  ef- 
fects  s lmdar  to 10 nmol  of  b l cucu lhne  excep t  for  the i r  long 
la tency  of  near ly  3 m m  and duraUon of  approx ima te ly  10 
mm A lower  dose  of  0 15 nmol  of  p l c ro toxm affected only 
one  out  of  e ight  a m m a l s  s tudied whtle  the  dose  of  0 6 nmol  of  
the  a lkaloid  caused  m t e n s e  runn ing  and j u m p i n g  as well as 
some j e rk ing  m o v e m e n t s  As  also s h o w n  m Fig 3. the  doses  
of  0 3 and  0 6 nmol  of  p lc ro tox in  caused  the  a m m a l s  to c ross  
the  dividing hne  be tween  the two c o m p a r t m e n t s  of  the  
shu t t l e -box  s lgmficant ly  more  than  af te r  cont ro l  m j e c u o n s  
with near ly  the  same in tens i ty  

The  mjecUon of  10, 20 and 40 nmol  o f c a r b a c h o l  reside the 
dorsal  m l d b r a m  also s lgmficant ly  inc reased  the  n u m b e r  of  
mldhne  c ross ings  made  by the  animals ,  measu red  10 rain 
af te r  the drug  admmls t r aUon  The  in te rmed ia te  dose  caused  
the  g rea tes t  effect  (Fig 3) H o w e v e r ,  the  b e h a w o r  of  the 
an imals  in jec ted  with ca rbacho l  was  marked ly  di f ferent  f rom 
tha t  caused  by the G A B A  an tagon i s t s  or  the  electr ical  sumu-  
la t ion of  the  dorsal  mldbra in  Soon  af te r  the  mt race reb ra l  
in jec t ion of  20 nmol  of  ca rbacho l ,  rats  showed  mild body  
t r emor s  fo l lowed by c o n t i n u o u s  locomot ion  of  mode ra t e  m- 
tens i ty ,  a c c o m p a n i e d  by sniffing b e h a v i o r  dwected  at severa l  
p laces  The  ra ts  r e tu rned  to no rma l  a f te r  app rox lma te ly  15 
min f rom the  in jec t ion The  dose  of  10 nmol  of  c a rbacho l  
caused  lesser  effects ,  whe reas  the  dose  of  40 nmol  induced  
locomot ion  as well as tu rn ing  b e h a v i o r  t owards  e i the r  the  
r ight  or  the  left slde In no  ins t ance  runn ing  or o the r  flight- 
like b e h a v i o r  were  o b s e r v e d  fol lowing ca rbacho l  

Fhe dose  o f  40 nmol  of  s t r y c h m n e  caused  g e n e r a h z e d  
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PIG 4 Effect of local pretreatment w~th 0 32/.tmol of CDP, 0 16 of 
PB or 0 64/zmol of GABA on running behavior induced by 10 nmol 
of blcuculhne or 0 3 nmol of plcrotoxm, rejected into the dorsal 
m~dbram of the rat The GABA antagomsts were given 30 rain after 
CDP or PB and 5 mln after GABA administration The symbol * 
m&cates s~gmficant d~fference from the sahne-pretreated group (S) 
at p<0 05 and ***p<0 005, using Wdcoxon's rank sums test [4] 
Columns represent mean and bars the SEM Figures m parentheses 
indicate the number of animals m each group 

convulsions m four out of six animals, 5 mm after its 
mtracerebral mject~on The two other rats showed no effect 
A lower dose of 20 nmol of strychnine was ineffective m all 
six rats stud~ed 

The doses of the drugs that sJgmficantly increased the 
threshold electrical current reducing fl~ght behavior, namely 
CDP, GABA and PB (see above) did not cause appreciable 
behawor changes following their m3ect~on into the dorsal 
mldbram 

Effe( t o f  CDP, PB and GABA Pretreatment on Bt~ uc ulhne 
or Pt(roto rm-lndu( ed Fhght 

As shown m Fig 4, doses of CDP (0 32/xmol) and GABA 
(0 64/xmol), that increased the threshold of electrical stimu- 
lation reducing fight behavior (F~g 2), also s~gnfficantly de- 
creased the fl~ght behavior reduced by 10 nmol of blcucul- 
hne, when previously injected into the dorsal m~dbram 
However, PB (0 16/xmol) was lneffectwe Only GABA pre- 
treatment significantly attenuated the behavior reduced by 
p~crotoxln (0 3 nmol), both CDP and PB being ineffective 

DISCUSSION 

Several reported results suggest that the DPAG and ad- 
joining tectum of the mesencephalon play a major role m the 
integration of averslve behavior, m the rat [19, 21, 23, 28] 
Accordingly, the present results show that the electrical 
stimulation of the dorsal mldbram ehclts v~gorous running 
and jumping as well as other behavior changes characteristic 
of flight responses, in th~s species 

Systemically administered minor tranqmhzers decrease 
the aversive consequences of DPAG electrical stimulation 
Thus, previous studies have shown that doses of 3-22 mg/kg 
of CDP, given IP, decrease skilled escape from DPAG elec- 
trical stimulation [13,21] as well as release operant respond- 
lng pumshed by brief electrical stimuh apphed to the same 
area of the rat brain [7,16] The last effect was also caused by 
doses of 5 6-17 mg/kg of PB, given IP [16] These results led 
to the suggestion that minor tranqulhzers depress the BAS 
comprising the penaqueductal-penventrtcular gray matter 
and the amygdala [5] and that this action medmtes at least 
part of their anti-anxiety effect [7, 16, 21] The present re- 
sults showing that local rejection of either CDP or PB m- 
creased the threshold electrical current ehcltlng flight behav- 
ior by stimulating the dorsal m~dbram of the rat strongly 
suggest that minor tranqulhzers act &rectly upon the DPAG 
and/or adjoining tectum of the mesencephalon, m order to 
depress the funchonmg of the BAS 

The above suggestion, however, does not exclude the 
posslblhty that other areas of the BAS may also be affected 
by the minor tranqmhzers In th~s regard, recently reported 
results have shown that the mlcromjectton of CDP reside the 
amygdala releases food-rewarded lever-pressing pumshed by 
foot-shock, m the rat [17] Therefore, systemically injected 
minor tranqmhzers may ~mpa~r the BAS by acting s~multa- 
neously on several components of this system 

Concerning the neurohumoral mechamsms of minor tran- 
qudtzer's action, several reported results support the wew 
that benzodmzeplnes as well as barbiturates enhance the ac- 
tion of GABA on its receptors and therefore facdltate GABA 
neurotransmlssion in the central nervous system [1, 8, 12] 
Both benzo&azepme receptors and GABA have been found 
m the DPAG as well as other areas of the BAS, such as the 
medial hypothalamus and amygdala [3, 6, 18, 24, 26] In 
ad&tion, the present results show that m~cromjectton of 
GABA into the dorsal mldbram of the rat increased the fltght 
threshold m the same way as CDP and PB Therefore the 
ant~-averswe action of minor tranqulhzers, evidenced by the 
present as well as by previously reported results [7, 13, 16, 
21], may be due to the facditatlon of GABA-medmted neu- 
rotransmlssion m the DPAG The fact that two GABA 
antagomsts, blcucullme and plcrotoxm, reduced flight behav- 
ior when injected into the dorsal m~dbram strongly supports 
this suggestion The last results further m&cate that endoge- 
nous GABA exerts a tomc mhib~tory influence on the aver- 
slve DPAG The specificity of the behaworal effects of 
blcuculhne and p~crotoxm is demonstrated by the fact that 
the glycme antagomst, strychnine, caused only convulsive 
behavior when injected into the dorsal mldbram A partici- 
pation of GABA m the averswe function of the central gray 
has recently been suggested by G Sandner, D Dessort, R 
Lappuke, P Schmltt and P Karh (personal communication) 

On the basis of many reported evidence, it has been hy- 
pothesized that blcuculhne competes with GABA for its 
specific recogmtlon site in the GABA-receptor complex, 
whereas plcrotoxln antagomzes GABA actions by mterfenng 
with the opening of chloride ion channels assocmted with the 
GABA receptor [9, 20] The present results showing that 
GABA pretreatment antagonized the flight behavior reduced 
by e~ther blcuculhne or p~crotoxm ~s consistent w~th thzs 
model In the same way, the presently observed antagomstlc 
actzon of CDP on the effect of blcucullme could be due to an 
increased affimty of GABA receptors for the neurotransmlt- 
ter caused by the benzodmzepme, as demonstrated m exper- 
iments in wtro using binding techmques [8] In this regard, 
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h o w e v e r ,  the  lack o f  a n t a g o m s m  of  C D P  on p~crotoxln- 
induced  fl~ght does  no t  con f o r m  to the  expec t a t i ons  gener -  
a ted  by  the  a b o v e  mode l  Also  the  ine f fec t iveness  of  PB on 
bo th  b l c u c u l h n e  and  p l c r o t o x m - m d u c e d  b e h a v i o r  ~s puzzl-  
ing, s ince  ba rb i t u r a t e s  have  also been  s h o w n  to e n h a n c e  
G A B A  r e c e p t o r  ac t ions  [12] and  are supposed  to compe t e  for  
the  p lc ro tox ln  r e c o g m t l o n  site in the  G A B A - r e c e p t o r  com-  
plex [20] It  ~s poss ib le  t ha t  insuff ic ient  doses  o f  the  m i n o r  
t r a n q u t h z e r s  were  used  m the  p r e s e n t  s tudy  H o w e v e r ,  
h igher  c o n c e n t r a t i o n s  o f  so lu t ions  a l ready  p rec ip i t a t ed  at  
room t e m p e r a t u r e  and  thus  could  not  be  appropr i a t e ly  re- 
j e c t e d  

Prev ious ly  r epo r t ed  resu l t s  h a v e  s h o w n  tha t  m t r a v e n -  
t r tcu lar  or  m t r a h y p o t h a l a m l c  mject~on o f  c a r b a c h o l  induced  
seemingly  ave r s lve  behav io r s ,  such  as re t rea t  and  d e f e n s w e  
d isp lays  in ca ts ,  sugges t ing  tha t  b ra in  c h o h n e r g t c  n e u r o n s  
are  r evo lved  in fear  in tegra t ion  [2,11] The  p r e s en t  resul ts ,  
h o w e v e r ,  do not  s uppo r t  this  hypo thes i s  s ince no  fl~ght be-  
hav io r  was  o b s e r v e d  fo l lowing the mlcromject~on of  car- 
bacho l  into  the  ra t  mldbra ln  In s t ead ,  only  locomoto r ,  snlf- 

ring and  tu rn ing  b e h a w o r s  were  seen  fol lowing ca rbacho l  
a d m m t s t r a t l o n  N e v e r t h e l e s s  the  par t l c tpa t lon  of  chohne r -  
glc m e c h a n i s m s  in fear  c a n n o t  be  ent i re ly  d~sm~ssed because  
o f  the  d i f fe rences  m an imal  species  and  s~te of  mject~on be- 
tween  the  p r e sen t  and  p rev ious ly  r epo r t ed  resul t s  [2,11] 

In s u m m a r y ,  the  a b o v e  d i scussed  ev idence  suggests  tha t  
m ino r  t r anqu lhze r s  act  d t rec t ly  upon  the  D P A G  and poss ibly  
o t h e r  a reas  o f  the  BAS by e n h a n c i n g  the  tomc  inhib i tory  
mf luence  of  G A B A - m e d l a t e d  n e u r o t r a n s m l s s l o n  The  result-  
mg ~mpatrment  of  the  BAS may,  at  leas t  m par t ,  br ing abou t  
the an t l - ave r s tve ,  an t~ -pumshment  as well  as the  antt-anx~ety 
effects  of  these  drugs,  as p r e w o u s l y  sugges ted  [7, 16 21] 
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