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SOUBRIE, P ,  M H THIEBOT AND P SIMON Enhanced suppressive effects of averstve events reduced tn rat~ by 
pwrotoxtn Posstbthty of a GABA control on behavtoral mhtbttton PHARMAC BIOCHEM BEHAV 10(4) 463--469, 
1979 - -The  effects of a GABA receptor blocking agent, plcrotoxm (0 5 and 1 mg kg -z IP 30 mm before testing) on the 
behaworal inhibition induced m rats by (1) novelty, (2) pumshment or (3) non-reward were stu&ed lhcrotoxm was found to 
enhance (la) Inhibition of water dnnkmg in rats placed for the first Ume m an unfamflmr box, (lb) inhibition of milk dnnkmg 
m rats faced with mdk for the second t~me and (lc) mh~bltlon of chocolate retake m rats faced wtth chocolate for the third 
time This drug fmled to further reduce milk dnnkmg or chocolate retake m rats faced for the first time wroth milk or 
chocolate thcrotoxln has no effect on dnnkmg of rats habituated to the test box or famdmnzed with chocolate P~crotoxln 
was found to enhance (2) the lnlubmon of lever presses for food induced m separate groups of rats by the dehvery of an 
electric shock at each 25th or 10th press Th~s drug failed to further reduce depressed pressmg reduced by the dehvery of a 
shock at each 5th press Plcrotoxm did not modify responding m non-punished rats lhcrotoxm was found (3a) to zmpmr 
recovery from reward depression reduced m rats by shift from a CRF to a FR 4 schedule but was ineffective on rats well 
adapted to a FR 4 schedule and (3b) to further depress reduced responding dunng the first extraction sessions but not dunng 
the last extmct~on session It ~s proposed that plcrotoxm only increases the mhlbltory control of avermve events on 
behawor Since we found this drug to be ineffective on very strong ~nhtb~tlon, one can suggest that GABA may be cnt~cally 
lmphcated m the release of behavior from todd mh~bztory control exerted by novelty, pumshment or non-reward 

Behaworal mhlbltaon Novelty-reduced mhlblUon 
t~on P~crotoxm GABA 

Punlshment-muuced mtubltlon Non-reward reduced mhlbl- 

N U M E R O U S  exper iments  have  been devo ted  to the lnves-  
t lgation o f  a possible  invo lvement  o f  different pu ta twe  
neurotransmatters  such as acety lchol ine  [18, 23, 25], 
no rep inephnne  [14, 24, 33], and 5 -hydroxy t ryp tamme [26, 
31, 34], m the control  o f  the behavioral  inhabition induced m 
animals by pumshmen t  or  by frustrat lve non-reward  

Recen t  biochemical  and e lec t rophysiologlcal  data suggest 
that  benzodmzepmes ,  drugs known to re lease  responding 
suppressed by var ious  mhibatory inf luences such as novel ty ,  
punishment ,  and non-reward  [9,14], may  exer t  a facd~tatory 
role on neuronal  p rocesses  revolving gamma-ammobuty r l c  
acid (GABA)  as a t ransmit ter  [6, 11, 15, 16, 17] Further-  
more ,  it has been  shown that those  brmn structures  known to 
be revolved  m behawora l  inhibition and cons idered  as major  
sites o f  act ion o f  manor tranquil izers,  namely  the amygdalold 
complex ,  septal nuclei  and h ippocampus ,  exhablt high 
L-glutamate  decarboxylase  activaty and/or  high levels  o f  
G A B A  [1, 2, 10] 

The present  work  at tempts  to mvestagate m rats the 
possible involvement  of  the putat ive inhibitory neuro- 
transmitter ,  G A B A ,  m the control  o f  behavioral  inhibition 
Fo r  that purpose ,  the effects p roduced  by p lcro toxm,  a drug 
known to reduce  G A B A  funcUomng [6, 15, 36], were  mvest~- 
gated on the fol lowing forms of  behavioral  inhabltlon" 

(I) Nove l ty - reduced  inhibition" reduced dnnking  or  eating 
reduced by the "neophob~c"  value (a) of  the situation to 
whach the rat had been int roduced,  (b) of  the dnnk  or  (c) of  
the food presented ,  

(II) Punishment- reduced lnhabltlon, decreased  lever  
presses  for food produced  by painng some responses  with 
the dehvery  of  electric shocks according to a conflict  
schedule  

(III) Non-reward°reduced mhlbltaon: (a) depression of  
reward m rats shifted from cont inuous re inforcement  to a 4 
response  f'lxed-ratao (FR 4) schedule o f  pellet  dehvery ;  (b) 
reduced lever  presses  under  extinctaon. 
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METHOD 

The expenments  were c a m e d  out on male Wlstar A .F  
rats (230 + I0 g) housed In groups of  10 under standard 
con&tmns (hght/dark cycle=12 hr/12 hr, room tempera- 
ture=21 _+ I°C) 

The injections were performed mtraperltoneally (pic- 
rotoxm being injected as a suspension with acacia gum) in a 
volume of  0.5 ml/100 g of  body weight, 30 mm before testing 
At tlus time picrotoxin markedly affects GABA processes 
[15] According to preliminary studies, plcrotoxm (purchase 
from SIGMA) was studied at 2 dosage levels" 0.5 (pH=5 65) 
and 1 mg kg -~ (pH=5 55), 2 mg kg -1 was not extensively 
studied since at this dosage plcrotoxln markedly reduced 
food or water intake or pressing for food Control animals 
received distilled water injections lntrapentoneally Previous 
expenments  using such procedures have shown that acacia 
gum injections have no effects as compared to water inJec- 
tions 

Separate groups of 8 to 12 rats were randomly assigned to 
an experimental condition All the experaments were carried 
out In a blind procedure Statistical analysis was done using 
either a Student 's  t-test or analysis of  variance. Normal dls- 
trabutmn, in particular for the time spent dnnkmg, was 
statistically verified by Shaplro 's  W test [28]. 

1 Novelty-mduced lnhtbztlon 

(a) Drmkmg time m non-farmhar vs famthar test box The 
general procedure used has been previously described [29]. 
The rats were deprived of water (food was freely available) 
dunng the 16 hr preceding the test session and were indwld- 
ually placed in a wire-mesh box (36x36×30 cm) A drinking 
bottle was located in each corner of  the box. The orifice of 
the drinking tube was 3 cm above the floor The time spent 
drinking by the rats was noted by visual observation and 
recorded to the nearest second by means of a stop-watch. 

All the experiments were performed between 9 and 12 
a m  

oWater  drinking time in a non-famdlar box. Three groups 
of  rats rejected with plcrotoxln 0 5, 1 mg kg -~ or distilled 
water, respectively, were scored for dnnkmg time (5 mm and 
10 mln after their placement in the box) upon their first 
experience with the expenmental  box 

QWater dnnkmg time m a famdmr box Before the test 
sessmn, rats were subjected to 6 (1 daily trial) 10 mm place- 
ments in the wire-mesh box. The rats were deprived of water 
during the 16 hr preceding each trial and, except during the 
10 mm daily dnnking sessmns, water was only available be- 
tween 2 and 6 p m. Three groups of  rats, matched according 
to their dnnkmg time on the 6th trial, were injected with 
plcrotoxln 0 5, 1 mg kg -~ or distilled water, respectively, and 
were tested at their 7th exposure in the box. The time spent 
drinking 5 and 10 mm after the placement of  the rat in the box 
was recorded 

(b) Drmklng time of  non-famthar vs famthar drink Rats 
were previously habituated (6 trials) to drink water in the 
wire-mesh box, as described above. After the 6th trial, 6 
groups of rats matched according to their dnnking time were 
formed Group 1 was injected with distilled water before 
each trial and was subjected to two additional water dnnkmg 
trials (these will be referred to as baseline condition) For  the 
5 other groups, a non-familiar drank, milk, was substituted 
for water Group 2 was injected with distilled water before 
each dnnkmg traal; Groups 3 and 4 were injected with pic- 

rotoxm 0.5 and 1 mg kg -~, respectively, before the first 
expenence with milk (7th trial); Groups 5 and 6 were rejected 
with plcrotoxm 0.5 and 1 mg kg -1, respectzvely, before tbelr 
second experience with mdk (8th trial). The time spent drink- 
ing (water or mdk) within the first 5 min during the 7th and 
8th trials was recorded 

(c) Food mtake of non-familiar vs famdtar food The rats 
were deprived of food (water was freely available) dunng the 
16 hr preceding each of the 6 trials Each trial (1 daily tnal  
between 9 and 12 a.m.) was run for 30 mm in a 42 × 28 x 18 cm 
translucent box on the floor of  which 6 chow biscuits were 
placed. Except  for the 30 mm daily sessions, food was only 
available between 2 and 6 p m. After the 6th trial, 7 groups of 
rats matched according to their food intake were formed 
Group 1 was injected with distilled water before each trial 
and subjected to 3 additional standard food intake sessions 
(baseline). For  the other 6 groups, a non-famlhar food, 
chocolate, was substituted for standard food Group 2 was 
injected with &stilled water before each trial. Groups 3 and 4 
were injected with plcrotoxm 0.5 and 1 mg kg -1, respec- 
tively, before their 1st experience with chocolate (7th trial), 
Groups 5 and 6 were rejected with plcrotoxin 0.5 and 1 mg 
kg -~, respectively, before their 3rd experience with choco- 
late (9th trial); Group 7 was injected with picrotoxm 1 mg 
kg -~ before its 6th experience with chocolate (12th trial) 

The amount of  food ingested was evaluated by weighing 
the chow blscmts or the pieces of chocolate before and after 
the 30 min food intake session The amount spilled, which 
was very low over a 30 min penod,  was collected and 
weighed with the remaining pieces of food and was not mod- 
ified by the drugs studied 

Experiments conducted on pumshment- and non-reward- 
reduced inhibition were performed using 3 operant chambers 
(housing m ventilated sound attenuated cubicles) with an 
automatic magazine dehvenng 45 nag Noyes pellets The 
boxes were eqmpped with levers (5.5 cm above the grid 
floor) which required a vertical force of at least 12 g to oper- 
ate the mlcroswitch. Rewards were delivered into a recess 
between the 2 levers in front of which was a 5 cm wide 
transparent flap which the rat had to push open with its head 
to collect pellets. General illumination came from a 2 8 W 
houselight on the ceiling. Electnc current could be passed 
through the glad floor which consisted of 0 5 cm dm stainless 
steel rods spaced 0 5 cm apart 

The rats, maintained at 80-85% of their normal body 
weight, were gaven 10 trials (1 daily session of  15 mm) to 
press the right lever of the Skinner-box to obtain food pellets 
according to a continuous reinforcement schedule Rats not 
displaying a high level of  responding (80 presses/15 min) at 
the end of these sessions were discarded. In order to estab- 
lish the baseline level of lever presses,  6 additional daily 
sessmns were performed Each rat was tested at the same 
time of the day After the 6th session, separate groups of 
rats, matched according to their performance, were formed 
and subjected to one of the experimental sessions 

H Pumshment-mduced Inhibition 

For  8 groups of  rats, the experimental session modified 
from the punishment procedure used by Glowa and Barrett  
[12] consists of reinforcing each press with the dehvery of a 
pellet and m painng some presses with the dehvery of  an 
electric shock (0 35 mA) through the grid floor of the Skin- 
ner box. Groups 1 and 2, rejected with distilled water and 
plcrotoxin 1 mg kg -1, respectively, were punished according 
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1 Effects of  picrotoxm on novelty (unknown box)-induced 
inlubitlon of water dnnkmg in rats The columns refer to the time 
(sec) spent dnnkang (mean ± SEM) by rats 5 and l0 min after their 
placement in the box Novelty-induced mhlbltion can be evaluated 
by companng the dnnklng time of control rats tested for the first 
time in the box to that of rats tested after six 10 rain daffy dnnklng 

sessions in the box 

to a 5 response fixed-ratio schedule (FR 5) of shock presen- 
tation (each 5th press produced a shock), Groups 3, 4 and 5, 
mjected with distilled water, picrotoxIn 0.5 and 1 mg kg -~, 
respectively, were punished according to a FR 10 schedule 
of shock presentation, Groups 6, 7 and 8 injected with distil- 
led water, picrotoxln 0.5 and 1 mg kg -~, respectively, were 
punished according to a FR 25 schedule of shock presenta- 
Uon. 

Two groups (Groups 9 and 10, injected with distilled 
water and picrotoxin 1 nag kg -~, respectively) were not sub- 
jected to a conflict schedule and the experimental session 
was identical to the 6 previous sessions. 

III Non-reward-mduced Inhibition 

(a) Shift from contmuous remforcement to a FR 4 
schedule of  reward delivery Rats were trained to perform in 
the Skinner box according to a continuous reinforcement 
schedule, as described above After the 6th additional ses- 
sion, 11 groups of rats were subjected to daily FR 4 experi- 
mental sessions Group 1 was given distilled water before 
each FR 4 session. Groups 2 and 3 were injected with pie- 
rotoxin 0.5 and 1 nag kg -~, respecUvely, before the 1st FR 4 
session, Groups 4 and 5 were injected with plcrotoxln 0 5 
and 1 mg kg -~, respectively, before the 2nd FR 4 session, 
Groups 6 and 7 were injected with picrotoxin 0.5 and 1 mg 
kg -1, respectively, before the 3rd FR 4 session; Groups 8 and 
9 were injected with picrotoxm 0 5 and 1 mg kg -~, respec- 
tively, before the 4th FR 4 session; Groups 10 and 11 were 
injected with picrotoxin 0.5 and 1 mg kg -~, respectively, be- 
fore the 7th FR 4 session. 

(b) Extinction of  food-remforced responding Rats were 
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FIG 2 Effects ofpicrotoxln on the consumption ofa "neophobic" 
food (chocolate) or drank (milk) in rats The columns refer left part to 
30 mln food intake (g) (mean -+ SEM) or right part to 5 mln dnnklng 
time (see) (mean ± SEM) Novelty-induced inhibition can be eval- 
uated by companng the levels of performance of control rats when 
tested either with their familiar food or drink (baseline), at their first 
experience or after previous experience(s) with chocolate or milk 
For each trial, separate groups of picrotoxln treated rats were used 

trained to perform in the Skinner box according to a continu- 
ous reinforcement schedule, as described above After the 
6th additional session, 7 groups of rats were subjected to 
daily experimental extinction sessions Group 1 was injected 
with distilled water before each session Groups 2 and 3 were 
injected with pIcrotoxln 0 5 and 1 mg kg -~, respectively, be- 
fore the Ist extinction session; Groups 4 and 5 were injected 
with plcrotoxin 0 5 and 1 nag kg -~, respectively, before the 
2nd extinction session; Groups 6 and 7 were injected with 
picrotoxln 0 5 and 1 mg kg -~, respectively, before the 3rd 
extinction session 

RESULTS 

I Novelty-mduced Inhsbttlon 

(a) Water drinking m famdtar vs non-famthar box As 
compared to rats placed in a familiar situation, control rats 
placed in a non-famlhar situation (first experience with a 
wire-mesh box) exhibited a staastically (p<0.01) significant 
lessened drinking time either over 5 (t=4.299) or 10 rain 
(t =2.946) (Fig. 1). Picrotoxm reduced in a dose-related man- 
ner the dnnking time (over 10 ram) of rats placed in a non- 
familiar situation (linear regression" F(1,27)=9.024, p < 0  01) 
but did not exhibit such an effect on the dnnking time over 
the first 5 rain (linear regression F(1,27)=3 806, NS). Plc- 
rotoxm had no significant effect on dnnking time of rats 
placed m a famdiar situation (Fig. 1) 

(b) Drinking time of  famthar vs. non-famthar drink As 
compared to rats faced with a familiar drink (water), or to 
rats faced with milk for the second time, control rats faced 
with milk for the first time showed a statistically (p<0 01) 
significant lessened drinking time (t=3 605 and t=4  807, re- 
spectwely) (Fig. 2). Plcrotoxin had no significant effect in 
rats faced with milk for the first time but reduced in a dose- 
related manner (linear regression F(1,24)=9 908, p < 0  01) 
the milk drinking time of rats at their second tnal 

(c) Food retake of  famthar vs non-famdtar food As com- 
pared to rats faced with a familiar food, control rats faced 
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FIG 3 Effects of plcrotoxm on responding of rats under 3 different 
conflict conditions The columns refer to the number of pellets 
(mean _+ SEM) obtained by different groups of rats over a 15 mm 
non-confltctual or confl~ctual session Responding was rewarded ac- 
cording to a continuously reinforced schedule and (confhctual ses° 
slons) pumshed at each 25th, 10th or 5th presses by an electric shock 
(0 35 mA) Basehne refers to the number of pellets (mean _+ SEM) 

obtained by the rats dunng the last training sessions 
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with chocolate for the first time exhibited a highly reduced 
food mtake (Fig 2) The amount of  chocolate ingested in- 
creased over each successwe trml to reach 5.46 _+ 0 67 g at 
the 6th trial with chocolate lhcrotoxm had no slgmficant 
effect on chocolate intake during the 1st trial with chocolate 
and decreased m a dose related manner (linear regression. 
F(1,21)=6 332, p<0.02) chocolate intake dunng the 3rd trial 
with chocolate (Fig 2) Plcrotoxln 1 mg kg -t admlmstered 
before the 6th trial had no slgmficant effect on chocolate 
r e t a k e ( 5 0 9 _  0 5 9 v s 5 4 6 _  0 6 7 g )  

A control expenment  was carried out m order to study the 
effects of two other convulsants (bemegnde and strychnine 
gwen IP 30 mm before testmg) on drinking time m a familiar 
vs non-famdmr box Bemegnde slgmficantly (p<0 02) re- 
duced the dnnkmg time (over 10 mln) of  rats placed m a 
non-famdmr box (4 mg kg -t 77%, 8 mg kg -1 71% of control 
values). This drug slgmficantly reduced (p <0.02) the drink- 
mg time of rats placed m a famdlar situabon (4 mg kg -~ 77%, 
8 mg kg t 77% of control values) Strychnine at 1 5 mg kg -~ 
sigmficantly reduced the drinking time of rats placed m a 
non-famlhar box (77% of control values, p < 0  01) and the 
drinking time of  rats placed m a famdmr sltuat,on (89% of 
control values, p <0 05) 

In a pdot experiment, p~crotoxm was found to raise in a 
dose-related manner the aversive value of water adulterated 
with plcnc acid (3%) (time spent drinking over  5 mm con- 
t ro l s= l l5  - 7 sec, plcrotoxln 0 5 mg kg-~=94 --- 9 sec, plc- 
rotoxm 1 mg kg-~=88 _+ 7 sec, linear regression 
F(1,24)=6 323, p < 0  02). 

II Pumshment-mduced Inhibition 

In controls, the number of lever presses made dunng 15 
mln was found to be directly related to the ratio of punished 
responses (Fig. 3) Responding was not statistically reduced 
when the electric shocks were dehvered at each 25th press, 
statisUcally reduced (t=2 447, p < 0  05) when the electric 
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FIG 4 Effects of picrotoxm on the depressmn of rewards induced 
by shift from CRF to FR 4 schedule and on recovery of baseline 
under success,ve daffy FR 4 sessions Results refer to the number of 
pellets (mean --- SEM) obtmned by different groups of rats over a 15 
mln FR 4 session Baseline refers to the number of pellets 
(mean ___ SEM) obtained dunng the last CRF tralmng sessions For 
each FR 4 session, separate groups of plcrotoxm treated rats were 

used 

shocks were delivered at each 10th press and almost sup- 
pressed (t=6 390, p<0.01) when the shocks were dehvered 
at each 5th press Plcrotoxm 0 5 and 1 mg kg -~ was found to 
reduce m a dose-related manner responding of  rats subjected 
to the FR 25 or to the FR 10 punished schedule (hnear re- 
gression F(1,27)=8.260, p < 0  01, F(1,27)=6 476, p < 0  02 re- 
spectively) lhrcotoxm 1 mg kg -1 did not statistically modify 
the depressed responding of rats subjected to the FR 5 
punished schedule Plcrotoxm 1 mg kg -~ failed to slgmfi- 
cantly reduce ( t= l  313) the number of pellets obtained by 
non-pumshed rats (Fig 3) 

In a pilot study, picrotoxm 1 mg kg ~ was found to rinse 
the suppressive effect of a 3 mln presentation of a light 
stimulus previously associated with non-contingent electric 
shocks (number of  lever presses dunng these 3 min con- 
t ro ls=152 + l 5, plcrotoxm 1 mg k g - ' = l l 7 - +  07,  t=  
2 203, p <0 05) 

IH Non-reward-reduced Inhibition 

(a) Shift from continuous reinforcement to FR 4 schedule 
During the first FR 4 session, despite an increased rate of  
lever pressing, control rats obtained a statistically (t =4 235, 
p < 0  01) significant lessened number of reinforcements as 
compared to that obtained dunng the previous continuously 
reinforced sessions (Fig. 4) The number of  pellets obtmned 
increased over successive FR 4 sessions to reach 138 _+ 8 at 
the 7th FR 4 session (t = 1 827, not statistically different from 
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FIG 5. Effects of picrotoxm on respondmg of rats under 3 succes- 
sive dmly extraction sessions Results refer to a 5 mm cumulated 
number of lever presses (mean _+ SEM) dunng a 15 mm session 
Baseline (dotted area) refers to the 15 mln number of lever presses 
(mean -+ SEM) performed dunng the last continuously rewarded 
sessions For each extraction sessmn, separate groups of 

p~crotoxm-treated rats were used 

baseline). Plcrotoxm, over  the 4 FR 4 sessions, induced a 
dose-related decrease of the number of  presses ermtted dur- 
ing 15 min periods (hnear regression: F(1,127)=4821, 
p<0.05)  although this effect was not equally marked for each 
session (Fig. 4). Picrotoxin gwen before the 7th FR 4 session 
did not significantly reduce responding during tlus session 
(138 --- 8 vs. 132 --- 6 reinforcements) 

(b) Extincnon of food reinforced responses. In control 
rats,  failure to reinforce responses induced no decrease in 
responding during the 1st 15 min extinction session but In- 
duced markedly reduced responding as compared to baseline 
(t=3.841, p<0.01)  during the 2nd 15 mln extinction session 
and an almost suppressed responding during the 3rd 15 mIn 
extinction session (Fig 5)• PicrotoxIn 0.5 or 1 mg kg -1, when 
given before either the 1st or the 2nd extinction session re- 
duced responding during these sessions in a statistically sig- 
nificant dose-related manner (hnear regression for the 
number of  presses during 15 rain first session 
F(1,27)=6 178, p < 0 0 2 ;  second session F(1,33)=7.552, 
p<0.01) This drug given before the 3rd extinction session 
failed to significantly modify responding dunng tlus session 
(Fig 5). 

DISCUSSION 

In the present experiment,  vanous forms of  behavioral 
inhibition were elicited in rats,  either by novelty,  punishment 
or frustrative non-reward. These three major factors are 
known to exert  a suppressive effect on positively reinforced 
responding [8, 9, 14, 29]. Such a suppressive effect was de- 
fined by comparing the level of responding of  rats subjected 
to averslve situations to that of rats either slightly or not 
subjected to the inhibitory events. 

As expected,  the magnitude of the behavioral suppression 
could be directly related to the strength of  the inhibitory 
factors "neophoblc"  responses decreased over time as 

famlhanzataon was increased; punishment-reduced suppres- 
sion was enhanced as shock density was augmented, non- 
reward induced suppression increased over  time as reward 
expectance was decreased• 

The effects of  plcrotoxin on forms of  behavioral inhibition 
dlffenng m their inducing factors and (for a given factor) in 
their Intensity were therefore investigated 

Picrotoxin at mfra-convulsant doses was found to mag- 
nify the response suppression induced by either novelty, 
punishment, non-reward or  bitter taste. Inhibition of water 
drinking induced by the introduction of  the animals into un- 
familiar surroundings was more marked during the first 5 min 
than dunng the last 5 min of  the test This fact may be ex- 
plained both by an attenuation of the "neophobia"  of  naive 
animals over the 10 mln of  the test,  and by the development 
of satiety mechanisms which limit drinking in habituated 
animals Thus, the interaction of  these two factors did not 
allow us to clearly specify the magnitude of  the effects of 
p lc ro tox ln  on  the inhibition of water  dnnklng Nevertheless,  
the foregoing results suggest that plcrotoxin enhances the 
suppressive value of  aversive events. 

For  this proposal to be valid, it was necessary to demon- 
strate that picrotoxin exerts a specific effect on behavioral 
suppression, i e ,  enhances inhibition induced by novelty,  
punishment or non-reward, without affecting behavior under 
non-aversive conditions Picrotoxin (l) reduced punished re- 
sponding but had no effect on non-punished responding in a 
conflict situation, (n) depressed food or water intake in naive 
rats but failed to exhibit such an effect in experienced am- 
mals, (hi) reduced lever pressing for food durmg the first 
sessions following the shaft from CRF to FR 4 but left un- 
changed responding in animals well adapted to the FR 4 
schedule In agreement with previous reports [4,31], these 
data suggest that picrotoxin at the doses used acted prefer- 
entIally on behavior suppressed by aversive events, and only 
when doses were increased (2 mg kg -~) did pIcrotoxin also 
alter responding under non-averswe condmons.  These same 
data argue against the hypothesis that the intensifying effect 
of plcrotoxin on the inhibition of  food- (or drink-) related 
responses studied resulted from a decreased motivation The 
effect of picrotoxln m our conflict procedure may result from 
enhanced pain induced by electnc shock. This may be re- 
lated to the GABA-antagonistic activity of  picrotoxin [6, 15, 
36] since GABA processes have been implicated in pain con- 
trol [3,7]. 

However ,  the preferential action of  picrotoxin on behav- 
ior under aversive conditions could result from a greater 
drug sensitivity to the responses studied under averswe 
conditions as compared to those studied under control con- 
ditlons. 

Accordingly, under our expenmental  condmons,  one can 
suggest that picrotoxln affected suppressed behavior only in 
that suppressed behavior consists of  not fully acquired re- 
sponses which are known to exhibit a greater drug sensitivity 
as compared to already established responses However ,  no 
data strongly support the fact that picrotoxm exhibits a con- 
slstent effect reversely correlated with the level of  training of  
the animals p~crotoxln (i) decreased water intake in nmve 
rats but not chocolate or milk intake although it depressed 
chocolate or milk Intake during the subsequent sessions, (n) 
failed to markedly depress responding during the first FR 4 
session while a pronounced depressant effect was found dur- 
Ing the 4th FR 4 session and (ni) may improve timing behav- 
ior in rats well adapted to a DRL schedule [30]. Conversely,  
the effects of  picrotoxin on extinction and on taste aversion 
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could suggest that this drug may improve some learning abil- 
ities, as found after pretrial administration of various convul- 
sants [22]. Finally, it is generally assumed that FR respond- 
ing is more sensitive to drugs than CRF responding Such a 
differential sensitivity could not explmn why the depressant 
effect of picrotoxin on FR 4 responding was restricted to the 
FR 4 sessions that follow the shift from CRF to FR 4 
schedule 

The data presented here suggest that at low dosage levels 
plcrotoxin could specifically affect behavior controlled by 
aversive events Although it has been found that picrotoxm 
interacts with other neuronal systems [11, 15, 19, 20, 27, 35], 
this drug has been shown to reduce GABA functioning [6,15] 
probably by impmrlng GABA-associated chloride conduc- 
tance changes [36] Unlike picrotoxin, bemegrlde and, as 
already presented [31], although contradictory results have 
been reported [21], strychnine did not seem to preferentially 
affect behavior under aversive conditions All these data 
indicate that a pre-convulsive state per se is not sufficient to 
enhance the inhibitory effects of averslve events and may be 
suggestive of a GABAergic control of behavioral inhibition 
Accordingly, brain structures which have been implicated in 
the processes associated with response suppression, espe- 
cially the amygdaloid complex, septal nuclei and hippocam- 
pus, showed high GABA levels and/or exhibited high 
L-glutamate decarboxylase activity [1, 2, 10] Furthermore, 
benzodiazepines, drugs assumed to exert a facihtatory role 
on GABAergic processes [6, 11, 15, 16, 17], are known to 
release behavior from inhibitory influences [9]. Although 
contradictory reports [21] have been presented, such an ef- 
fect was found m some experimental situations antagonized 
by picrotoxm [4,31] Taken together, these data provide 
strong support for the possibility of a GABAerglc control of 
behavioral inhibition 

As indicated by our results, picrotoxm generally failed to 
enhance strong inhibition This suggests, in agreement with 
recent biochemical data [13], that GABA seems critical only 
in maintaining responding under mildly aversive conditions 
and/or in the adaptation of the animals to aversive events 

After peripheral admlmstration, picrotoxm (at doses very 
nears to ours), has been shown to alter various parameters 
related to the activity of GABAergic systems [4,15] How- 
ever, from our data, it is not possible to ascertain whether or 
not the intensifying effects of picrotoxin on behavioral m- 
hlbmon derive only from its blockade of GABA transmis- 
sion However, GABA mlmetics such as ammooxyacetlc 
acid [5], a blocker of GABA transamlnase, or muscimol [32] 
a direct G A B A  agonlst, failed in most averswe situations to 
exert a benzodiazepine-hke activity or to exert opposite ef- 

fects to those obtained with picrotoxln. This may suggest, as 
stated by Haefely [16] that "while benzodiazeplnes require 
the activity of GABAergic neurones in order to produce their 
effects, GABA mlmetlcs will stimulate GABA receptors ir- 
respective of the activity of GABA neurones and even recep- 
tors on target cells that are normally not activated by 
endogenous GABA".  These same data may indicate a crm- 
cal interaction of picrotoxin with non-GABAerglc systems 
Indeed, plcrotoxm has been reported to interfere with var- 
ious neuronal systems [11, 15, 19, 20, 27, 35], many of which 
are implicated m the control of behavioral inhibition 
chohnerglc systems [18, 23, 25], 5-hydroxytryptamlne sys- 
tems [26, 31, 34] and noradrenerglc systems [14, 24, 33] 
Nevertheless, except in a few reports [27,35], the acUvlty of 
picrotoxin upon such neuronal systems had been reported to 
be secondary to its effects on GABA processes linked with 
these neuronal systems [11, 15, 19, 20] Since the foregoing 
reports preferentially implicate 5-hydroxytryptamme 
neurons in punishment-mduced inhibition and norepmeph- 
rine neurons in non-reward-inhibition (processes involved 
in responses to novelty have not been yet clearly identified), 
one can suggest that the activity of these neurons, as indi- 
cated by our results, may be indirectly regulated or mhiblted 
by GABA-containing neurons In particular, dunng punish- 
ment, the relationship between GABA and 5-hydroxy- 
tryptamme-contamlng raphe cells that are probably involved 
m response suppression [34] can be tentatively discussed by 
considenng recent electrophysiologqcal data demonstrating a 
GABA control of these raphe cells [11] Picrotoxm alone was 
unable to alter the activity of the raphe cells while, when 
GABA control was activated, plcrotoxm markedly affected 
their activity. Accordingly, the selective effects of pmrotoxm 
we observed on punished responding as compared to non- 
punished responding, may be explained by speculating that 
GABA control of 5-hydroxytryptamme cells, not present 
under non-punished conditions, could be triggered by 
punishment 

Although further experiments are required before con- 
cluding that picrotoxin selectwely affects response suppres- 
sion through a GABAerglc mechanism, our data suggest that 
GABAerglc processes may be involved in the release of be- 
havior from mild inhibitory influences. 

ACKNOWLEDGEMENTS 

The authors wish to thank A Jobert for her excellent techmcal 
assistance This work was supported by a grant of I N S E R M 
( A T P  39 76 71) 

REFERENCES 

1 Balcom, G J ,  R H Lenox and J L Meyerhoff Regional 
y-ammobutync acid levels in rat brain determined after micro- 
wave fixation J Neurochem 24: 609-613, 1975 

2 Ben-An, Y,  I Kanazawa and R E Zlgmond Regional distri- 
bution of glutamate decarboxylase and GABA within the amyg- 
dalold complex and stria termmahs system of the rat J 
Neurochem 26: 127%1283, 1976 

3 Bigglo, G ,  D Della Bella, V Fngem and A Gmdottl Potentia- 
tion of morphine analgesia by musclmol Neuropharrnacology 
16: 149-150, 1977 

4 Bllhngsley, M L and A K Kubena Effects of naloxone and 
plcrotoxm on the sedative and ant~conflict effects of ben- 
zodlazepmes L:fe Scl 22: 897-906, 1978 

5 Cook, L and J Sepmwall Behavioral analysis of the effects 
and mechanisms of action of benzodlazepmes In Mechamsm 
of  Action of  Benzodtazeptnes. edited by E Costa and P 
Greengard New York Raven Press, 1975, pp 1-28 

6 Costa, E ,  A GuldOttl, C C Mao and A Suria New concepts 
on the mechanisms of action of benzodtazepmes Life Scl 17: 
167-186, 1975 

7 Cutting, D A and C C Jordan Alternative approaches to 
analgesia baclofen as a model compound Br J Pharmac $4: 
171-179, 1975 

8 Dantzer, R Effects of dlazepam on behavior suppressed by 
extinction in pigs Pharma~ Biochem Behav 6: 157-161, 1977 



P I C R O T O X I N  A N D  B E H A V I O R A L  I N H I B I T I O N  469 

9 Dantzer, R Behavioral effects of benzodmzeplnes a review 
Blobehav Rev 1: 71-86, 1977 

10 Fonnum, F ,  I Walaas and E Iversen Localization of 
GABAerglc, cholmerglc and ammerglc structures in the 
mesohmblc system. J Neurochem 29: 221-230, 1977 

11 GaUager, D W Benzodmzepmes potentiation of a GABA in- 
hibitory response m the dorsal raphe nucleus Eur J Pharmac. 
49: 133-143, 1978 

12 Glowa, J R and J E Barrett Effects of alcohol on pumshed 
and unpumshed responding of sqmrrei monkey Pharmac 
Blochem Behav 4: 169-173, 1976 

13 Gottesfeld, Z ,  R Kvetnansky, I J Kopm and D M 
Jacobowltz Effects of repeated lmmobdlzatlon stress on gluta- 
mate decarboxylase and chohne acetyltransferase m d~screte 
brain regions Brain Res 152: 374-378, 1978 

14 Gray, J A Drugs effects on fear and frustration possible hmblc 
site of action of minor tranqulhzers In Handbook o f  
Psychopharmacology, edited by L L Iversen et al New York 
Plenum Press, 1977, pp 433-527 

15 Gmdotti, A ,  K Gale, J Hong and G Toffano Models to study 
drug effects on the integrated function of GABAerglc, pep- 
tlderg~c (substance P) and dopamlnergac neurons In Interac- 
tions Between Putative Nearotransmitters tn the Bratn, edited 
by S Garattlm et al New York Raven Press, 1978, pp 217- 
229 

16 Haefely, W Behavioral and neuropharmacologlcal aspects of 
drugs used in anxiety and related states In Psychopharmacol- 
ogy A Generanon o f  Progress, edited by M A Lipton, A 
DiMasclo and K F Kfllman New York Raven Press, 1978, 
pp 1359-1374 

17 Haefely, W ,  A Kul~sar, H Mohler, L lhen,  P Polc and R 
Schaffner Possible involvement o fGABA m the central actions 
of benzodlazepmes In Mechanism o f  Acnon o f  Ben- 
zodiazepines, edited by E Costa and P Greengard New York 
Raven Press, 1975, pp 131-151 

18 Hmgten, J N , J  E Smlth, P A Shea, M H A p n s o n a n d T  
M Gaff Chohnerglc changes dunng conditioned suppression in 
rats Science 193: 332-334, 1976 

19 Javoy, F ,  C Euvrard, A Herbet and J Glowmskl Involve- 
ment of dopamme mgrostnatal system in the picrotoxm effect 
on stnatal acetylchohne levels Bram Res 126: 382-386, 1977 

20 Ladmsky, H., S Consolo, S Bronchi and A Jon Increase m 
stnatal acetylchohne by p~crotoxm m the rat evidence for a 
GABAerglc-dopamlnergtc-chohnergac link Brain Res 108: 
351-361, 1976 

21 Ltppa, A S , E  N Greenb la t t andR W Pelham The use of 
animal models for delineating the mechamsms of action of an- 
xlolytlc agents In Animals Models m Psychiatry and Neurol- 
ogy, edited by I Hamn and E Usdm New York Pergamon 
Press, 1977, pp 279-292 

22 McGaugh, J L Drug facdltatlon of memory and learning In 
Psychopharmacology A Review o f  Progress, edited by E Ef- 
ron, J O Cole, J Levme and J R Wlttenborn Waslungton, 
DC Government Pnntlng Office, 1968, pp 891-904 

23 Margules, D L and L Stem Neuroleptlcs vs tranqmhzers. 
evidence from ammal behavior studies of mode and site of ac- 
tion In Neuropharmacology, edited by H Bnll Amsterdam 
Excerpta Medlca, 1967, 5:108-120 

24 Mason, S T and S D Iversen Effects of selective forebram 
noradrenahne loss on behavioral mlubltlon in the rat J comp 
phystol Psychol 91: 165-173, 1977 

25 Ross, J F ,  L J McDermott and S P Grossman Dlsmbabltory 
effect of mtrahlppocampal or lntrahypothalamlc rejections of 
anttcholmerglc compounds m the rat Pharmac Blochem Be- 
hay 3: 631-639, 1975 

26 Schoenfeld, R I Lysergtc acid dlethylamlde- and mescaline- 
induced attenuation of the effect of punishment m the rat Sci- 
ence 192: 801-803, 1976 

27 Segal, M 5-HT antagonists m rat hlppocampus Bram Res 103: 
161-166, 1976 

28 Shapiro, S S and M B Wdk An analysis of variance test for 
normahty (complete samples) Btometnka 52: 591-611, 1965 

29 Soubn6, P ,  L De Angehs, P Simon and J R Bolssler Effet 
des anxtolytiques sur la prise de bolsson en situation nouvelle et 
famth6re Psychopharmacologla 50: 41-45, 1976 

30 Soubn6., P ,  M H Thl6bot and A Jobert Ihcrotoxm-dlazepam 
interaction in a behavioural schedule of differential reinforce- 
ment of low rates Experlentta 34: 1621-1622, 1978 

31 Stein, L ,  J D BeUuzi and D Wise Benzodmzepmes behav- 
ioral and neurochemical mechanisms Am J Psyehzatry 134: 
665-669, 1977 

32 Thl6bot, M H ,  A Jobert et P Soubn6 Effets compar6s du 
muscimol et du dlaz6pam sur les inhibitions du comportement 
mdmtes chez le rat par la nouveaut6, la pumtion et le non- 
renforcement Psychopharmacology, 1979, m press 

33 Tflson, H A ,  R H Rech and S B Sparber Release of ~4C- 
norepmephnne into the lateral cerebroventncle of rats by expo- 
sure to a conditioned aversive stimulus Pharmac Biochem 
Behav 3: 385-392, 1975 

34 Tye, N C ,  B J Eventt  and S D Iversen 5-Hydroxy- 
tryptamlne and punishment Nature 268: 741-743, 1977 

35 Yessalan, N H ,  A H Demirjtan and B V Tozalakmn Effect 
of GABA, ptcrotoxm and bicucunme on loss of noradrenahne 
and serotonm from rat brain mesodlencephahc region in vitro J 
Neurochem 28: 1151-1153, 1977 

36 Young, A B ,  S J Enna, S R Zukm and S H Snyder 
Synaptlc GABA receptor m mammahan CNS In GABA m 
Nervous System Funcnon, edited by E Roberts, T N Chase 
and D B Tower New York Raven Press, 1976, pp 305-317 


