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glycogen in the 3 encephalic parts reaches a value which is 
very close to that  estimated with 7,5 mg/kg amphetamine ; 
however, the subsequent resynthesis of glycogen is 
always faster. 

The time course of the variation of body temperature of 
the chicken after administration of amphetamine is 
represented in Figure 3. D-amphetamine, 2.5 mg/kg, 
induces a slight hypothermia at 15 mira But by increasing 
the dose of the drug from 5 mg to 10 mg/kg, there occurs a 
gradually increasing hypothermia, the mean value of 
which does not exceed 1 ~ at 45 min after the injection of 
amphetamine. 

Discussion. In the 30-day-old chicken, the concentra- 
tion of glycogen estimated in the cerebellum is about 81% 
greater than that  estimated in the cerebral hemispheres 
or the optic lobes. Although the rate of depletion of the 
polysaccharide, after the administration of 5 mg/kg 
D-amphetamine is approximately the same in the cerebral 
hemispheres and the cerebellum, it does not significantly 
produce any change in the level of glycogen in the optic 
lobes. Since the depletion of glycogen induced by amphet- 
amine in the mammalian brain would be mediated by the 
release of central catecholamines 5,1~, it may be of interest 
to note that  the highest amount of noradrenaline in the 
chicken encephalon was found in the optic lobes 15. The 
relative stability of the store of glycogen in the optic lobes 
could be explained either by the low sensitivity of their 
catecholaminergic nerve endings towards amphetamine, 
or by the slow rate of uptake of released catecholamine 
transmitter  by gliM cells, thus affecting glycogenolysis in 
these cells 8. But presumably, a s  was shown recently in the 
rat brain 18, the localization of amphetamine, and possibly 
its metabolites, in the various parts of the chicken ence- 
phalon differs. Consequently, if a threshold appears for 
the cerebral glycogenolytic effect of amphetamine, this 
threshold may reflect the heterogeneous distribution of 
the drug in the brain. 

Amphetamine induces a hypothermic effect in the 
chicken organism. Such a hypothermic effect was also 
previously obtained in the male Swiss albino mouse after 
an i.p. injection of 1 to 5 mg/kg D-amphetamine, ad- 
ministration of a larger dose, as 10 mg/kg, resulted in a 

hyperthermia followed by a hypothermia 1~. At a low dose, 
amphetamine may induce a hypothermia by a direct 
action on the thermoregulatory structures in the anterior 
hypothalamus, whereas the hyperthermia recorded at a 
high dose of the drug could be possibly correlated with 
some peripheral events 17-1~. If in the male albino mouse, 
some relation seemed to exist between cerebral glyco- 
genolysis and body hyperthermia, after an i.p. injection of 
5 mg/kg D-amphetamine ~, we have demonstrated that  in 
male and female chickens the drug administered at the 
same dose induced a cerebral glycolysis which was 
associated with body hypothermia. Our results are in 
accordance with the previous observations proving that  
the effect of amphetamine on body temperature is 
dependent not only on the species but  also on the strains 
of the animals used in the experiments 20. 

Rdsumd. L'injection i.p. de sulfate de D-amph6tamine, 
la dose de 2,5 5~ 10 mg/kg, chez le poulet 5g6 de 30 jours, 

est suivie d'une diminution de la concentration en glyco- 
g~ne dans l'enc6phale; cette diminution est particul~re- 
ment importante dans les h6misphgres c6r6braux et le 
cervelet, mais elle l 'est net tement  moins dans les lobes 
optiques. La drogue provoque une hypothermie corporelle 
qui n'exc~de pas 1 ~ 
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Effect of D r u g - I n d u c e d  I n c r e a s e  of Bra in  G A B A  Leve l s  on Penic i l l in  F o c u s  

The role of 7-amillobutyric acid (GABA) in epilepsy is 
still not clear 1. One way to elucidate this problem is by 
closely correlating neurochemical analyses with electro- 
physiological studies. I t  was previously reported that  
GABA concentrations decreased significantly in the 
spiking penicillin focus during the inter-ictal stage s. 
However, no further decrease in GABA was observed with 
the transition from inter-ictal spiking to seizures. The 
purpose of this work was to study the inhibitory effect of 
GABA on penicillin-induced seizures. This was tested by 
elevating the endogenous concentrations of GABA in 
the brain by amillo-oxyacetic acid (AOAA) and di-n- 
propylacetate (DPA), known to inhibit the enzyme 
~-keto-glutarate-GABA transaminasem 4. 

Methods. Cats of either sex weighing from 2.5 to 3.5 kg 
and Charles River rats were used. Technical details were 
described previously 2. Cerveau isol6 sections in cats or 
exposure of the cortex in rats were done under ether 
anaesthesia, but  after infiltration of the pain areas with 
Novocain, ether was no longer administered. The animals 
were paralyzed with gallamine triethiodide and received 
artificial respiration. Before taking brain samples for 

analysis, dry ice was applied directly on the cortex and 
frozen samples were cut and homogenized in ice-cold 80% 
ethanol. GABA was determined after separation by paper 
chromatography and staining with ninhydrin. 

Results and discussion. Effect of AOAA on penicillin 
focus. In the first series of experiments, an epileptic focus 
was produced by applying on the cerebral cortex a lcme 
cotton pledger imbibed in a solution containing 500,000 IU 
of Na-penicillin/ml. Electrocorticogram recordings were 
taken continuously from the vicinity of the penicillin area. 
30 min after the appearance of the first penicillin spikes, 
the animals were administered i.p., through an implanted 
cannula, with 20 mg/kg of AOAA in saline. Seizures 
lasting a few seconds to 10 sec appeared 1 h later. Brain 
cortex samples from the focal area were taken for GA]3A 
determination at that  time. The t reatment  with 20 mg/kg 

1 2.  ROBERTS and K. I~URIYAMA, Bra in  Res. 8, 1 (1968). 
2 Z. GOTTESFELD and Z. ELAZAR, Nature ,  Lond. 2gO, 478 (1972). 
a D. P. WALLACH, Biocheln.  Pharmac .  5, 323 (1961). 
4 y .  GODIN, L. HEINER, J. MARK and P. MANDEL, J.  Neurochem. 76, 
869 (1969), 



15.6. 1975 Specialia 677 

Table I. Effect of AOAA on GABA concentrations in penicillin focus of cat cerebral cortex 

Treatment Duration of treatment (h) GABA ([zmoles/g) 

Penicillin AOAA (mg/kg) 

pb pe 

- -  - -  - -  1 . 4 3  ~=  0 . 0 7  ( 8 )  a 

- -  20 1 2.02 =L 0.20 (5) < 0.001 
+ 20 1 1.12 • 0.10 (3) < 0.01 < 0.001 
- -  30 6 4.25 ~ 0.38 (6) < 0.001 
+ 30 6 3.40 ~- 0.10 (5) < 0.001 < 0.01 

"Mean • SEM; number of animals in parentheses, bSignificant difference compared to untreated controls; Student t-test. ~ 
difference compared to AOAA-treated animals. 

of AOAA resul ted  in e levated  GABA concen t ra t ion  in 
cat  cerebral  cor tex  by  41% compared  to control ,  whereas  
in the  focus GABA was decreased (Table I). I t  appears  
t h a t  tile decrease of GABA in the  spiking focus 2 canno t  be 
p r e v e n t e d  by  the  t r e a t m e n t  of AOAA. 

A second series of expe r imen t s  was designed to  t e s t  
whe the r  a g rea t ly  increased GABA level, caused by  
30 mg/kg  of AOAA, would inh ib i t  the  appearance  of 
seizures in the  focus. Penicil l in was appl ied 5 h af ter  AOAA 
inject ion and  in ter - ic ta l  spikes appeared ,  as usual, 
minu tes  later,  followed by  seizure ac t iv i ty  30 min  
the rea f t e r  (Figure 1). Thus,  tile increased GABA (Table I) 
did no t  p r even t  the  d e v e l o p m e n t  of seizure in the  focusS. 

Doub t s  abou t  re la t ionship  be tween  the  increased GABA 
level p roduced  by  AOAA and its an t i convu l san t  effect  
were expressed  by  o ther  workers  1,6. }~OBERTS and 
JC2URIYAMA 1 po in ted  out  t h a t  AOAA m a y  have  effects on 
o the r  nenroac t ive  subs tances  w i th  convuls ive  act ion.  
Ammonia ,  which  has  convu lsan t  proper t ies  s, 9, is increased 
af ter  AOAA t r e a t m e n t L  L v x  et  al. 9 found t h a t  i.v. 
admin i s t r a t i on  of a m m o n i u m  salts  in dosages comparab le  
to  concen t ra t ions  of a m m o n i a  found  in the  bra in  in 
convuls ive  s tates ,  p roduce  considerable  reduc t ion  of 
hyperpo la r iz ing  potent ia ls .  I t  was shown t h a t  AOAA in 
large dosages was convu lsan t  7,1~ and  we also observed 
ep i lep t i form p a t t e r n s  in the  P E G  af ter  AOAA (Figure 1A). 
These uncer ta in t ies  p r o m p t e d  us to  t r y  the  effect  of 
ano the r  drug, d i -n -p ropy lace ta te  (DPA), also k n o w n  to 
increase GABA con t en t  in the  brain.  

Ef fec t  of D P A  on penici l l in focus. D P A  produces  
s ignif icant  increases in GABA con t en t  of ti le cerebral  

cor tex in ra t s  (Table I I  and  also ref. 4 and  n). Penicil l in 
was appl ied first  on tile cor tex  and  when  seizures apea-  
red, a dose of 200 mg/kg  D P A  was in jec ted  i.p. (5 rats).  
The focus ac t iv i ty  did no t  change for 2 h thereaf te r .  On 
the  o the r  hand,  a dose of 400 mg/kg  of D P A  had  a 
weak an t i convu l san t  effect.  

Seizures ac t iv i ty  before (Figure 2, upper  trace) and 
60 rain af ter  (Figure 2, lower trace) D P A  admin i s t r a t i on  
remained  essent ial ly  unchanged  and  con t inued  to be 
long-last ing.  However ,  the  a m o u n t  of to ta l  seizure af ter  
D P A  t r e a t m e n t  was decreased.  The to ta l  seizure ac t iv i ty  
is def ined as the  sum of h igh f requency  discharges las t ing 
more  t h a n  5 sec, counted  dur ing  30 min.  Indeed ,  30 mill 
before D P A  admin is t ra t ion ,  to ta l  seizure ac t iv i ty  (TSA) 
a m o u n t e d  to 750 sec, whereas  af ter  the  t r e a t m e n t  TSA it 
was 490 sec dur ing the  f irs t  30 min  and  475 af ter  the  
following 30 min.  
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Fig. 1. EEG recording from a 
single cat. a) 3 h after injection of 
20 mg/kg of AOAA. b) Appearance 
of inter-ictal spikes 51[~ h after 
AOAA and 30 mirl after penicillin 
application, c) Seizure activity 6 h 
after AOAA and 1 h after penicillin. 
Calibration: Vertical-500 ~V; 
horizontal - 1 sec. 
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Table II. Effect of DPA on GABA concentrations in rat cerebral cortex 

DPA (mg/kg) Duration of treatment (rain) GABA (~moles/g) pb 

- -  - -  1 . 9 7  =E 0 . 1 2  ( 8 )  ~ 

200 40 2.53 ~- 0.09 (8) < 0.001 
400 60 3.06 -4- 0.22 (8) % 0.001 

Mean :E SEM; number of animals in parentheses, b Significant difference compared to untreated controls; Student's t-test. 

. ' �9 J 1 ~ 

I 

Fig. 2. EEG recording from the 
penicillin focus of a rat. Upper 
trace: Seizure, before DPA ad- 
ministration. Lower trace: Sei- 
zure, 60 rain after the injection of 
DPA. Calibration: Vertical - 500 
~V; horizontal - 1 see. 

I t  was  found  in r a t s  t h a t  200 m g / k g  of D P A  p r o v i d e d  
effect ive p r o t e c t i o n  aga ins t  convu l s ions  i nduced  b y  
e lec t roshock  a n d  p e n t y l e n e t e t r a z o l e  1~,1s and  aga ins t  
aud iogenic  se izures lL I n  cats ,  D P A  was effect ive  aga ins t  
coba l t - i nduced  focal seizures b u t  was  w i t h o u t  effect  aga ins t  
a l u m i n a  gel focal  seizures 14. I n  h u m a n ,  D P A  was found  
to  be  a n  ef fec t ive  a n t i c o n v u l s a n t  d rug  in severa l  forms of 
epi lepsy 15,16, b u t  lack of effect  was  no t i ced  in cases w i t h  
focal  s h a r p  waves  17. 

I t  appea r s  t h a t  increased  GAI3A a f t e r  A O A A  or D P A  
has  no, or a v e r y  weak,  an t i ep i l ep t i c  effect  on  a penic i l l in  
sp ik ing  focus. However ,  i t  was  r epo r t ed  t h a t  A O A A  
increased  i n h i b i t o r y  responses  to  i on topho re t i e a l l y  appl ied  
G A B A  a n d  to  s y n a p t i c  i n h i b i t o r y  s t i m u l a t i o n  5. I n  t he  
p r e sen t  work,  w h e n  a so lu t ion  c o n t a i n i n g  1% of GAI3A 
was appl ied  d i rec t ly  on to  t h e  focus, i t  abo l i shed  seizure 
a c t i v i t y  for some t ime,  whereas  d rug - induced  increase  of 
endogenous  G A B A  was  n o t  c lear ly  effective.  T he  possi-  
b i l i ty  exis ts  t h a t  G A B A  i n h i b i t o r y  m e c h a n i s m  is u n a b l e  
to  ove rcome  the  excessive e x c i t a t o r y  processes loca ted  in 
t h e  focus u n d e r  these  condi t ions .  Similar ly ,  a s t rong  
e x c i t a t o r y  process  could be  found  in  foci of ce r t a in  
p a t i e n t s  in  w h i c h  D P A  w a s  ineffect ive .  I t  was r epo r t ed  
t h a t  in  penic i l l in  foci 18, a n d  also in cerebra l  t i s sue  in- 
vo lved  in  e lec t r ica l ly  p roduced  a f te r -d i scharge  10, neu rons  
b e c a m e  less sens i t ive  to  i on tophore t i ca l ly  appl ied  G A B A .  
Moreover ,  d u r i n g  e lectr ical  a f t e r -d i scharges  m a n y  neu rons  
r e sponded  to app l ied  G A B A  b y  a n  increase  in d i scharge  10. 
Since neu rons  in  t he  penic i l l in  focus are s t rong ly  depo- 
la r ized  18, a ce r t a in  a m o u n t  of h y p e r p o l a r i z a t i o n  p roduced  
b y  G A B A  could n o t  be  suff ic ient  to  i n h i b i t  d ischarges .  
I t  is also possible  t h a t  a c e r t a i n  a m o u n t  of hype rpo la r i za -  
t i on  could  b r ing  t he  neu r ons  to a level  be low depolar iza-  
t i on  b lock  b u t  st i l l  be  h.yperexci table .  T he  ef fec t iveness  of 
G A B A  e leva t ion  b y  drugs  depends  on  t he  i n t e n s i t y  of t he  
e x c i t a t o r y  processes in  a n  ep i lep t ic  focus. Poss ibly ,  for an  
in tense  focus l ike t he  penic i l l in  focus, m u c h  h igher  increase  
of G A B A  level  is needed  in  order  to  get  an t i ep i l ep t i c  

effects, b u t  b o t h  A O A A  a n d  D P A  are  toxic  a t  h igher  doses. 
The  coba l t  focus is p r o b a b l y  less in t ense  since D P A  was 
effect ive  14. S imi la r ly  in  h u m a n  pa t i en t s ,  t hose  fo rms  of 
ep i lepsy  in w h i c h  D P A  was  found  to  be  effect ive,  are  
p r o b a b l y  p r o d u c e d  b y  less i n t ense  or more  diffuse 
e x c i t a t o r y  processes.  

Rdsumd. L 'ac ide  a m i n o - o x y a c 6 t i q u e  ou le d i -n-propyl -  
ac6 ta t e  e n t r a t n e n t  une  616rat ion du  t a u x  de G A B A  d a n s  
le ce rveau  chez le r a t  e t  le cha t .  Nous  a v o n s  6 tudi6  
l ' in f luenee  de ces subs t ances  sur  les d6charges  6pi lept iques  
indu i t e s  p a r  la  p6nici l l ine.  E n  d6pi t  de l '616vation du  
t a u x  de GABA,  a u c u n e  p r o t e c t i o n  i m p o r t a n t e  n ' a  pu  8tre  
mise  en  6vidence.  
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