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BRANDAO, M L . G DI SCALA, M J BOUCHET AND P SCHMITT Escape behavtorproduced by the blockade of 
glutamtc acid decarboxylase (GAD) m mesen¢ephahc central gray or rnedtal hypothalamus PHARMACOL BIOCHEM 
BEHAV 24(3) 497-501, 1986 --Mlcromjectlons into the mesencephahc central gray (CG) orthe medial hypothalamus (MH) 
of three drugs (L-allylglyone, Semicarbazide or 4,5 dlhydroxy-isophtahc acid) known to block glutamlc actd decarboxylase 
(GAD) produced a dose-dependent behavioral activation accompamed by jumps These effects are qualltaUvely similar to 
those produced by mlcromjecttons of SR 95103 (a GABA-A receptor antagonist) at the same sites These findings suggest 
that, at both the level of the CG and the MH, y-amlnobutync ac,d (GABA) tomcally inhibits a neuronal substrate revolved 
m the generation of flight reactions 

Permqueductal gray Medml hypothalamus Mlcroinjectlons Fhght Escape GABA 
GAD mhlbltors Rat 

PREVIOUS studies [6,20] have shown that GABA receptor 
antagonists such as blcuculhne methlodlde [5] or SR 95103 
[3] produce a behaworal activation together with jumps 
when injected m the medial hypothalamus (MH) or the dor- 
sal part of the central gray (CG) However,  the precise na- 
ture of such behavioral reactions thus induced dtffer, de- 
pending on whether the rejection ~s placed m the MH or m 
the CG M~cromjecttons m the MH were found to produce an 
increase of  locomotor actwity and of rearmgs, and such 
ammals exhibited well-coordinated jumps also When placed 
in the CG, slmdar m~cromject,ons produced an increase of 
locomotor activity, but no increase m the number of rear- 
rags, and jumps were poorly coordinated and more explo- 
sive In addmon, these rats showed an asymmetry m their 
reactions to tactile st~muh These data led to the suggestion 
that, at the level of both neural structures, GABA tonically 
inhibits the neuronal substrate revolved m the generation of 
flight reactions and perhaps m the generatton of an underly- 
ing aversive state However,  b~cuculllne seems to act on 
both synaptlc and non-synaptlc s,tes [10] as, for example, 
blcucculhne-sensltlVe s~tes have to be found to be located 
along axonal trunks [2] Thus, demonstrations that mlcroln- 
jectlons of blcuculllne produce flight reactions do not neces- 

sanly mean that these behavioral reactions result from a 
blockade of the release of GABA 

The a,m of the present study was to complement the find- 
mgs w~th GABA receptor antagonists by examining whether 
mlcromjectlons into the CG or the MH of drugs known to 
block the synthesis of GABA were efficient in ellcltlng be- 
havioral reactions slmdar to those found after m~crolnjec- 
tlons of GABA receptor blockers We studied the effects of 
three drugs known to block glutamlc acid decarboxylase 
(GAD), the enzyme responsible for the GABA synthesis 
The three drugs employed, namely L-allylglycme [1, 13, 18], 
semlcarbazlde [15] and 4,5-dlhydroxy-,sophtahc acid [8] dif- 
fered either in terms of their potencies and/or in the mech- 
anism by which they produced a blockade of GAD 

METHOD 

Amrnals and SurgeD' 

The experiments were performed on male Wlstar rats 
(300-400 g) kept on a hght dark cycle (12 12) and housed in 
individual cages with ad hb food and water 

Each ammal was anesthetized with pentobarbltal (40 
mg/kg IP) and fixed into a stereotaxlc apparatus One stare- 
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FIG 1 Mean total incidence (_SEM) of each of the three recorded behaworal responses 
following microinjectlon of phosphate buffer (control), 80 ng of SR 95103 or two different 
doses of either 4,5 dihydroxy-~sophtallc acid, L-allylglycme or semlcarbazlde into the medial 
hypothalamus (left) or the central gray (nght) 

less steel gulde-cannula (0 4 mm o d , 0 3 mm i d ) was im- 
planted into ei ther the M H  or  the CG at the fol lowing coordi-  
nates,  using the lambda point as the reference  for each  plane 

PA ML DV 

MH 4 5 r a m  0 3 t o 0 5  75 
CG 0 4 t o 0 8  12 45 

(with a medlo lateral 
angle of 10 °) 

The gulde-cannula was anchored  to the skull by means  o f  
an autopolymer iz ing  resin and three stainless-steel screws 
At  the end of  the surgery,  the gulde-carmula was sealed with 
a stainless steel wire 

Drugs 

SR 95103 was used at the dose o f  80 ng (0 26 nmol) [20] 
Two  behavioral ly  act ive doses  for each o f  the three G A D  
inhlbltors used were determined in pdot exper iments  
L-al lylglycine (Sigma) was injected at the dose of  5 g.g (43 5 
nmol) or  9 p.g (78 nmol) at M H  sites, and 3 p.g (26 nmol) or  5 
lzg at CG sites, semicarbazlde (Sigma) was injected at the 
dose o f  9 #g  (80 nmol) or  12 tzg (1 l0 nmol) at MH sites, and 8 
/zg (71 nmol) or  10 /~g (89 nmol) at CG sites 4,5- 
dlhydroxy-isophtal lc  acid was injected at the dose o f  1 p.g (5 
nmol) or  2/zg (10 nmol) at M H  sites, and 0 7/zg (3 5 nmol) or  
1 /zg at CG sites L-al lylglyclne (ALLY)  was dissolved in 
s tenle  0 02 M Phosphate  buffer, Semicarbazlde  (SCB) and 
4,5-dlhydroxy-isophtahc acid (DHIP)  were dissolved ill 
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FIG 2 Time course of the behavtoral effects (counts per minute) produced by m]cromjectlons into the medml hypothalamus (MH) 
of either SR 95103, or the higher dose of either 4,5 dlhydroxy-tsophtahc actd, L-allylglycme or semIcarbazlde 

sterile dlstdled water The pH was adjusted to 7 0 by adding 
NaOH All the drugs were injected in a volume of 0 2 g.1 at a 
rate of 0 2/~1/20 seconds 

Expertmental Procedure 

Following a postoperatwe delay of 1 week, each rat was 
placed for at least two hours in a orcular  enclosure (60 cm m 
diameter and 30 cm high with a floor dwlded into 12 sections) 
and allowed to explore the area The next day, each ammal 
was returned to the enclosure Half an hour later, the steel 
wire was replaced by a stainless steel lnjectlon-cannula (0 28 
mm o d , 0 18 mm i d ) which protruded 1 0 mm beyond the 
hp of the gulde-cannula and which was linked to a 1 /zl 
Hamilton synnge by means of polyethylene tubing Each rat 
was then returned to the middle of the area and injected with 
SR 95103 The reJection cannula was gently removed 1 min- 
ute following the end of the reJection. The following behav- 
ioral responses were recorded every minute number of 
crossings (l e ,  number of floor sections traversed), number 
of reanngs either against the wall or in the middle of the 
cage, number of jumps and, in some cases, rotations The rat 
was considered to jump either when it performed vertical 
jumps reaching the height of the enclosure's wall or when it 
actually jumped onto the top of the enclosure's wall In the 
latter case, it was gently taken back to the center of the 
enclosure Only those rats m which injection of SR 95103 
produced at least one jump were subsequently injected with 
drugs to block GAD 

These rats were assigned to three groups depending on 
the compound injected Half of the rats m each group re- 
cewed a MH rejection, the other halfa CG mjecUon The two 
doses of a gwen drug were injected randomly at a given site 
with a delay of at least two days separating the two reJec- 
tions Ten MH and ten CG sites were submitted to a control- 
mjecuon of 0 2/.d Phosphate buffer 

For statistical comparisons, analyses of vanance were 
used after a transformation to equahze the variances [7,23] 
These analyses were followed when appropnate by Bonfer- 

ronl tests [7] In some instances, non-parametric tests were 
used [21] 

Htstology 

On completion of the experiments, the animals were 
killed with an overdose of pentobarbltal and mtracardmlly 
perfused with saline followed by 10% formahn Serial 20 p.m 
brain sections were stained with cresyl violet m order to 
Iocahze the reJection s~tes 

R E S U L T S  

At forty-eight sites, 24 for each structure, the mlcromjec- 
tlon of 0 26 nMole of the GABA-A receptor blocker SR 
95103 produced a behavioral activation together with jumps 
(Fig 1) in agreement with previous findings [20] As de- 
scnbed previously [6,20], these sttes were found to be lo- 
cated e~ther in the dorsal and dorsolateral part of the CG or 
in the dorsomedml and posterior hypothalamus The data 
obtained for each of the three recorded behavioral responses 
(crossings, rearmgs, jumps) were subjected to a two way 
analysis of vanance (structure × group) No significant 
differences could be detected between groups There was a 
slgmficant structure effect but only for reanngs, 
F(1,42=45 92, p <0 001, the number of reanngs being higher 
after MH than after CG injections Although there was no 
difference in the number of jumps, they were well- 
coordinated after MH Injections whereas jumps were poorly 
coordinated and more exploswe after CG injections 

When injected either into the MH or into the CG, ALLY, 
SCB and DHIP each produced a behavioral actwatlon to- 
gether w~th jumps For the two structures stud~ed, an 
analysis of variance was performed on the data obtained 
following control injections and injections of the htgher dose 
of each drug tested For the number of crossings, a slgmfi- 
cant drug effect was found both at MH, F(3,33)=49 4, 
p < 0  001, and at CG sites, F(3,33)=40 4, p < 0  001 For the 
number of reanngs, there was a slgmficant drug effect at MH 
sites, F(3,33)=32 5 , p < 0  001, but no drug effect at CG sites, 
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FIG 3 T~me course of the behavioral effects (counts per minute) produced by m,cro]nject,ons Into the central gray (CG) of e~ther 
SR 95103, or the higher dose of e,ther 4,5 dlhydroxy-,sophtahc acid, L-allylglyclne or semlcarbaz,de (Because of their small 
number, the rearmgs were not shown) 

F(3.33)=2 54.p>0 05 Furthermore. for all drugs, the number 
of crossings, of reanngs or of  lumps were significantly higher 
followmg injection of  the high dose (Wtlcoxon T=0.  p = 0  01 
in each case) than the corresponding number of behavioral 
reactions mduced by the low doses, except for the rearlngs 
induced by CG rejections 

To estimate the potency of each drug. an arbitrary value 
was chosen for each behavioral measure and the dose that 
had to be applied in order to reach this arbitrarily fixed value 
was determined graphically using the data reported in Fig 1 
For example, to obtam a total number of crossings which 
amounted to 900. either 5 3 nMoles of DHIP. 54 nMoles of 
ALLY or 110 nMoles of SCB had to be m.lected at MH sites 
Using such crlterm, it was found that DHIP was 5 to 10 times 
more potent than ALLY.  and 17 to 21 times more potent 
than SCB. depending on the behavioral measure and the 
structure considered 

The t~me course of  the effects produced by a micromjec- 
tlon of either SR 95103 or of each GAD inhibitor at the higher 
dose is shown on Ftg 2 for the MH sites, and on Fig 3 for 
the CG sites There was a clear difference in both the delay 
of action of each drug (for crossmgs. F(3.47)=85 0 and 47 4 for 
MH and CG sites, respectively, p < 0  001 in both cases) and 
the duration of the induced effects (for crossings. 
F(3.47)=62 8 and 53 5 for MH and CG sites, respectively. 
p < 0  001 in both cases) Both the delay of  action and the 
duration of the effects of a SR 95103 injection were slgmfi- 
cantly shorter than those of  each of the three other drugs 
(Bonferronl p < 0  05) Both the delay of action and the dura- 
t,on of the effects of ALLY injection were significantly 
longer than those of each of the three other drugs It can be 
added that there was also a difference, but a small one. be- 
tween the effects of  the drugs if one considers the mean 
number of crossings per minute(F(3.47)=3 13 and 3 96 for 
MH and CG sites respectively, p < 0  05 in either case) The 
mean number of crossings per minute Induced by DHIP re- 
jections was significantly higher than that induced by SR 
95103 at MH sites, and significantly higher than those in- 
duced by either SR 95103 or ALLY at CG sites (Bonferrom 
p <0 05) When ln.lected at CG sites each drug produced ro- 
tations contralateral to the stimulation site (data not shown) 

These rotations mamly appeared before and at the end of the 
locomotor activation In addition, the rats showed a neglect 
to tactile stimuli applied ipstlateral to the injection site 
whereas they showed a hyperreacuvlty characterized by 
withdrawal and .lumps when the stimulus was apphed con- 
tralateral to the injection site Also. the jumps were different 
when the reJection was made in the MH or m the CG In the 
case of MH injections, the.lumps were well oriented towards 
the top of the enclosure's wall whereas they were not so 
oriented and rather explosive followmg CG injections 

DISCUSSION 

The present data show that mlcrolnjectlons into perwen- 
tncular structures of either L-allylglycine, semtcarbazlde or 
4,5-dthydroxy-lsophtahc acid produce a dose dependent behav- 
ioral activation accompanied by .lumps These effects were 
quahtatlvely similar to those which follow a microlnjectton 
of SR 95103. a GABA-A receptor antagonist, at the same 
sites [3] Of particular interest is the fact that the clear differ- 
ence which was found whether GABA-A receptor 
antagonists was injected Into the MH or into the CG [6.20] 
was also found when ALLY. SCB or DHIP was injected 
either into the MH or into the CG 

The most important differences between the effects of 
either bicuculllne or SR 95103 injections on the one hand. 
and ALLY.  SCB or DHIP ln.lectlons on the other hand were 
in both the delay of action and the duration of effects Thus. 
some of the effects (e g .  the increase of locomotor activity) 
appeared almost immediately at the end of the m.lectlon of 
SR 95103 or blcuculhne whereas the delay was much longer 
for ALLY. SCB and DHIP The latter drugs have all been 
described to block, although through different mechanisms. 
the activity of GAD. the enzyme responsible for the synthe- 
sis of GABA [ 1 . 8 . 9 .  15. 18] It ,s thus quite reasonable to 
assume that the behavioral activation and the jumps resulted 
from a local blockade of  GABA synthesis at the level of the 
CG or the MH Two sets of data are of particular interest m 
this context 

(1) ALLY was found to have both the longest delay of 
action and the longest duration of effects Numerous studies 
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have  a l ready  no t ed  t ha t  the  mhlb t t lon  of  G A D  by A L L Y  
appea r s  a f te r  an  especia l ly  long delay,  b o t h  in v tvo  [11, 17, 
22] and  in vi t ro  [9] Also  the  bra in  level  of  G A B A  is corre-  
sponding ly  d e c r e a s e d  for  a long t ime fol lowing A L L Y  
[17,19] To exp lam these  f indings ,  it has  b e e n  sugges ted  that  
A L L Y  does  not  act  on  G A D  by i tself  bu t  t h r ough  a m e t abo -  
h te ,  n a m e l y  2-ke to-4-pen tenolc  acid [18] wh ich  ha s  indeed  
been  found  to Inhibi t  G A D  [12,19] and to be more  po ten t  
than  e i the r  L- or  D - A L L Y  [12,14] 

(2) The  th ree  drugs  used in the  p r e s en t  work  s h o w e d  a 
di f ferent  eff ic iency in ehci t lng  the  behav io ra l  ac t iva t ion  fol- 
lowing mlc ro ln jec t lons  Thus ,  w h e n  the to ta l  inc rease  in the  
r eco rded  behav io ra l  p a r a m e t e r s  is cons ide red ,  it appea r s  
tha t  D H I P  as 5 to 10 t imes  more  po ten t  than  A L L Y  and 17 to 
21 tames more  po ten t  t han  SCB In te res t ing ly ,  w h e n  one  
cons ide r s  the  po tency  of  e ach  of  these  c o m p o u n d  to inhibi t  
G A D  in vi tro,  a s imilar  r ank ing  appear s  Thus ,  D H I P  
(K~=0 18× l0 -6 M) [8] is the  mos t  po ten t  one ,  w h e r e a s  SCB 
(K ,=130-+28×10  -6) is the less po ten t ,  the  p o t e n c y  of  
2 -ke to-4-pentenoic  acid ( K I = 2  4× 10 -* M) [19], the be l ieved 
ac t ive  m e t a b o h t e  of  A L L Y  be ing  in b e t w e e n  

T a k e n  toge the r  these  cons ide ra t i ons  s t rongly  suppor t  the  
Idea that ,  at  the level  of  bo th  the  M H  and  the  CG,  a 
G A B A e r g i c  synapt lc  m e c h a n i s m  tomcal ly  inhibi ts  a neura l  
subs t ra t e  revo lved  m the genera t ion  of  flight b e h a v i o r  and  

p e r h a p s  in the  e l abora t ion  of  an  under ly ing  ave r s lve  effect  It  
shou ld  be  added  tha t  behav io ra l  r eac t ions  w h i c h  p r e s e n t  
some  similar i t ies  wi th  those  ob ta ined  fol lowing C G  mtcroln-  
j ec t lons ,  but  no t  with  those  ob ta ined  fol lowing M H  mlcroln-  
j ec t lons ,  have  been  desc r ibed  fol lowing mlc romjec t i ons  into 
the  super io r  co lhculus  of  e i the r  t e t anus  toxin  [16] w h i c h  re- 
duces  the re lease  of  G A B A  [4], or  s emlca rbaz lde  [24] This  
suggests  a funct ional  similari ty for b o t h  the  CG and  the  
super io r  co lhculus ,  at  least  for  some of  the i r  func t ions  

It  is well  k n o w n  tha t  sys temic  in ject ions  of  G A D  m- 
h lb l tors  induce  convu l s ions  of ten p r eceded  by  runn ing  
ep i sodes  The  p re sen t  da ta  and those  desc r ibed  a b o v e  
[16,24] sugges t  tha t  these  runn ing  ep i sodes  might  be due  to 
an  ac t ion  of  these  G A D  b lockers  at the CG or super io r  col- 
hcu lus  level  r a the r  than  at the M H  level  
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