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we h a v e  m e a s u r e d  t he  da i ly  exc re t ion  of one of t he  u r i n a r y  
m e t a b o l i t e s  of ca techo lamines ,  n a m e l y  VMA. As can  be  
seen in F igure  3, e - M p T - m e t h y l  es ter  d id  no t  reduce  t h e  
exc re t ion  of VM A  bu t ,  on  t h e  con t r a ry ,  m a r k e d l y  
increased  t he  l a t t e r .  

Discussion. A d m i n i s t r a t i o n  of ~-MpT to guinea-pigs  2 or 
r a t s  * has  b e e n  s h o w n  to  r e su l t  in  a s h a r p  decrease  of t he  
hea r t ,  sp leen a n d  b r a i n  N E  levels.  F r o m  these  expe r imen t s ,  
i t  was  p o s t u l a t e d  t h a t  th i s  decrease  was a consequence  of 
N E  syn thes i s  i nh ib i t i on .  On t h e  o t h e r  h a n d ,  t h e  meta 
i somer  of ~-MpT, ~-MmT, a p o t e n t  i n h i b i t o r  of dopa-  
deca rboxy la se  12, ha s  b e e n  r epo r t ed  to  increase  t he  
release of c a t echo l amines  13. I n  t h e  same  condi t ions ,  our  
e x p e r i m e n t s  show t h a t  a d m i n i s t r a t i o n  of e i the r  e -MpT 
or cr is fol lowed b y  a d ras t i c  rise in  t h e  u r i n a r y  
exc re t ion  of E a n d  NE.  I t  seems, there fore ,  t h a t  t h e  
effects  of these  d rugs  descr ibed  a b o v e  are no t  on ly  r e l a t ed  
to t he i r  i n h i b i t o r y  ac t ion  on  c a t e c h o l a m i n e  b iosyn thes i s ,  
b u t  m a y  also be  t h e  consequence  of a m o d i f i c a t i o n  of 
t h e i r  release,  t h e i r  ox ida t ion ,  as well  as on  t he i r  up take .  

S~XCTOR et  al. 9_ h a v e  t e s t e d  the  poss ib i l i ty  t h a t  a -MpT 
m a y  increase  t h e  t i s su la r  release of NE.  As ~-MpT is 
m e t h y l a t e d  in  v ivo  a n d  t r a n s f o r m e d  in to  e - m e t h y l a t e d  
amines  wh ich  are k n o w n  to  induce  t he  re lease  of NE,  
these  a u t h o r s  h a v e  assayed  m e t h y l  t y r a m i n e  a n d  ~- 
m e t h y l  n o r s y n e p h r i n e  in  b o t h  h e a r t  a n d  b r a i n  of guinea-  
pig  a f te r  t he  a d m i n i s t r a t i o n  of e-MpT.  Since these  assays  
were unsuccessful ,  SPECTOR et  al. conc luded  t h a t  t h e  N E  
t i s su la r  decrease  i nduced  b y  ~-MpT was u n r e l a t e d  to an  
effect  on  c a t e c h o l a m i n e  release,  a n d  was on ly  t he  conse-  
quence  of t y r o s i n e - h y d r o x y l a s e  inh ib i t ion .  

A n o t h e r  m e c h a n i s m  w h i c h  could  exp la in  t h e  increase  of 
u r i n a r y  excre t ion  of e a t echo l am i nes  is a n  i n h i b i t o r y  
effect  of e -MpT on  t h e  c a t a b o l i s m  of ca techo lamiues .  As 
shown  b y  t he  increase  of t he  u r i n a r y  exc re t ion  of VMA, 
i t  can  be  a s sumed  t h a t  ~-MpT does no t  i n h i b i t  t h e  oxida-  
t ion  of ca techo lamines .  

The  effects of e -MpT or e - M m T  on t he  exc re t ion  of E 
a n d  N E  could also be  a t t r i b u t e d  to a n  in t e r f e rence  of 
these  c o m p o u n d s  w i t h  t h e  m e c h a n i s m  invo lved  in t h e  
ca t echo l amine  up take .  As a m a t t e r  of fact ,  H E s s  et  al. 12 
h a v e  shown t h a t  ~ -MmT decreases  t h e  ab i l i ty  of t i ssues  
to  t a k e  up  a n d  b i n d  exogenous  NE.  The  same  effects were  
o b t a i n e d  w i t h  e -MpT b y  BRALET et  al. 5, who  conc luded  
t h a t  a decrease  in t h e  r e - u p t a k e  of N E  enhances  t h e  

release of N E  for a few hours .  Our  p r e s e n t  d a t a  showing  
t h a t  0r and  a - M m T  also increase  t he  exc re t ion  of 
e a t echo l amines  the re fo re  s u p p o r t  t h i s  f inding.  

F r o m  our  resul ts ,  i t  is n o t  possible  to  d e t e r m i n e  
precise ly  t h e  m e c h a n i s m  b y  wh ich  cr enhances  t h e  
u r i n a r y  exc re t ion  of ca techo lamines .  However ,  we can  
pos tu la t e ,  l ike ENNA et  al. ~,  t h a t  t he  i n h i b i t i o n  of ty ro -  
s ine -hydroxy lase  is n o t  t he  only  ac t ion  of c~-MpT. W e  can  
f u r t h e r m o r e  conc lude  t h a t  t h i s  d rug  s t imu la t e s  t h e  t i s su ta r  
re lease of E a n d  N E  in to  t h e  blood, t h e  p a r t  t a k e n  b y  
ad rena l  medu l l a  in  th i s  release be ing  negl igible  15. 

Rdsumd. U n e  in jec t ion  X des r a t s  d'~-m6thyl-para- 
t y ro s ine  (~-MpT), d 'c~-MpT-m6thyl  es ter  ou d ' a - m 6 t h y l -  
mdta-tyrosine (~-MmT), a u x  doses de 200 mg/kg ,  p r o d u i t  
une  a u g m e n t a t i o n  rap ide  et  i m p o r t a n t e  de l ' exc rd t ion  
u r ina i r e  de l ' ad r6na l ine  et  de Ia noradr6na l ine ,  a ins i  que  
de l ' a c i d e  vany l -mand61ique .  L a  su r r6na lec tomie  ne  
modi f ie  pas  1 ' a u g m e n t a t i o n  de l ' excr6 t ion  u r ina i r e  de 
n o r a d r 6 n a l i n e  p r o d u i t e  apr~s in j ec t ion  d 'c~-MpT-m6thyl  
ester.  L '6 ]6va t ion  des t a u x  des ca t6cho lamines  u r ina i res  
r6sul te  v r a i s e m b l a b l e m e n t  de leur  l ib6 ra t ion  t issulaire ,  
sous Fac t ion  de I '~-MpT ou de I '~-MmT.  
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Amphetamine-Induced Changes in Body Temperature and Glycogen Content of the 
Encephalon in the Chicken 1 

T h i r t y  ra in  a f t e r  a n  i.p. i n j ec t ion  of D - a m p h e t a m i n e ,  
5 mg/kg ,  t he  c o n c e n t r a t i o n  of g lycogen in t he  mouse  b r a i n  
decreased  b y  3 0 % ;  th i s  dep le t ion  was closely associa ted  
w i t h  a n  increase  in p h o s p h o r y l a s e  a, a n d  t he  s u b s e q u e n t  
m a r k e d  r e syn thes i s  of t he  po lysaccha r ide  seemed ach ieved  
b y  t he  convers ion  of glycogen s y n t h e t a s e  D to  I2,8. I n  
these  condi t ions ,  t he  dep le t ion  of g lycogen m a y  occur  in 
glial cells in  response  to  t h e  release of c a t echo l amines  ~, ~. 
On t he  o the r  h a n d ,  in j ec t ion  of a m p h e t a m i n e  in t h e  ra t ,  
t h e  N M R I - s t r a i n  mouse  a n d  t h e  r a b b i t  p roduced  a n  
increase  in  b o d y  t e m p e r a t u r e ,  t h o u g h  in t he  C3H-s t r a in  
mouse  no  change  a p p e a r e d  s-s. The  possible  role of 
d o p a m i n e  in t he  a m p h e t a m i n e - i n d u c e d  h y p e r t h e r m i a  was 
suggested  T, 9,1~ W e  m a y  expec t  t h a t  some c o n n e c t i o n  
exis ts  b e t w e e n  ce rebra l  g lycogenolysis  a n d  b o d y  hype r -  
t he rmia ,  wh ich  is m e d i a t e d  b y  t he  level  of biogenic  amines  
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Fig. 1. Effect of D-amphetamine sulphate, 5 mg/kg, injected i.p., 
on the glycogen content of cerebral hemispheres (A--A), optic 
lobes (�9169 and cerebellum (O 0) of the 30-day-old chicken. 
Each point is the mean of 3 to 21 experiments J= S.E.M. The differ- 
ences between control and experimental animals were assessed by 
t-test. * P < 0.05. 
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Fig. 2. Effect of n-amphetamine sulphate, 7.5 mg/kg, injected i.p., 
on the glycogen content of cerebral hemispheres (A--A), optic lobes 
(�9169 and cerebellum (O--O) of the 30-day-old chicken. Each 
point is the mean of 3 to 21 experiments ~= S.E.M. * P < 0.05. 

41.75 

41.50 

~ 41.0C 

40.7~ 
o 

' 3 ;  4' ; ' ' 40.50 15 5 6 75 90 min 

Time 

Fig. 3. Mean cloacal temperatures of 30-dayoold chickens injected i.p. 
with D-amphetamine sulphate, 2.5 mg/kg (O--O), 5 mg/kg (A--&), 
7.5 mg/kg (A--A) and 10 mg/kg (O--�9 and with saline (~--D). 
Each point is the mean of 2 to 6 experiments. * P < 0.05; ** P < 
0.01. 
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in the central nervous system. Since the effect of amphet- 
amine on the metabolism of glycogen in the avian brain 
was never investigated, we have performed a study on the 
glycogen content in the encephalon, and correlatively on 
the body temperature, of the adult chicken submitted to 
the drug. 

Materials and methods. 30-day-old male and female 
chickens  (Gallus domesticus) f rom a P l y m o u t h  X R h o d e  
I s l and  Red  cross, we igh ing  a b o u t  500 g, were used. The  
b i rds  were al lowed free access to  food a n d  w a t e r  a n d  were 
k e p t  in  g roups  in b r eed ing  cages, a t  an  e n v i r o n m e n t a l  
t e m p e r a t u r e  of 21 4- I~  a n d  u n d e r  d iu rna l  l i g h t - d a r k  
cycle, u n t i l  t h e  s t a r t  of t he  expe r imen t s .  B o d y  t e m p e r a t u r e  
was recorded,  t he  ch icken  be ing  p laced  in a r e s t r a in ing  
a p p a r a t u s  a t  a n  e n v i r o n m e n t a l  t e m p e r a t u r e  of 21 ~k 1 ~ 
in a Gi lson p o l y g r a p h  equ ipped  w i t h  a S.E. 21 t y p e  
modu lus  a n d  a A-4062 t y p e  br idge  b y  m e a n s  of a t h e r m i s t o r  
(Yellow Spr ings  I n s t r u m e n t s  Co., Yellow Springs,  Ohio) 
inse r ted  5 cm in to  t he  c loacal  cav i ty .  D - a m p h e t a m i n e  
su lpha te ,  d issolved in i sotonic  sod ium chloride,  was 
in j ec t ed  i.p. in  a v o l u m e  of 1.0 ni l ;  con t ro l  an ima l s  
rece ived  1.0 ml  i so tonic  sod ium chloride.  Fo r  t he  experi-  
m e n t s  on  t he  e s t i m a t i o n  of b r a i n  glycogen,  t he  birds,  
wh ich  were k e p t  in  i n d i v i d u a l  cages a t  a n  e n v i r o n m e n t a l  
t e m p e r a t u r e  of 21 • 1~ were sacrif iced a t  r egu la r  t i m e  
i n t e r v a l s  be tween  15 a n d  90 ra in  a f t e r  t he  in jec t ion .  All  
t he  e x p e r i m e n t s  were m a d e  in t he  morn ing ,  be tween  
09.00 and  11.00 h ;  th i s  period,  in  t he  c i rcad ian  r h y t h m ,  
cor responds  to  a re la t ive ly  s tab le  c o n c e n t r a t i o n  of glyco- 
gen in t he  n o r m a l  adu l t  mouse  2 a n d  y o u n g  ch icken  b r a i n  11. 
The  b i rds  were d e c a p i t a t e d  a n d  t h e i r  h e a d  was i n s t an -  
t a n e o u s l y  i m m e r s e d  in l iqu id  n i t r ogen ;  a f t e rwards ,  i t  was 
kep t  a t  - -30 ~ a n d  t h e  cerebra l  hemispheres ,  opt ic  lobes 
and  ce rebe l lum were dissected ou t  and  weighed  whi ls t  in 
t he  f rozen s ta te .  Glycogen  was i so la ted  f rom each  of t he  
3 eneepahl ic  t i ssues  b y  a mod i f i ca t ion  of t he  m e t h o d  of 
Le BARON12, t he  e s t i m a t i o n  of glucose be ing  m a d e  b y  a 
glucose ox idase-perox idase  s p e c t r o p h o t o m e t r i c  m e t h o d  1,. 
The  c o n c e n t r a t i o n  of glycogen was expressed  in  txmoles of 
a n h y d r o g l u c o s y l  un i t s  pe r  g we t  we igh t  of t issue.  

Results. The  c o n c e n t r a t i o n  of g lycogen in t h e  cerebra l  
hemispheres ,  opt ic  lobes and  ce rebe l lum of t h e  30-day-old 
_~ntact ch icken  is r e spec t ive ly  1.35 zt= 0.10, 1.47 • 0.03 
and  2.44 =L 0.08 [zmoles pe r  g. 30 m i n  a f t e r  an  in jec t ion  of 
2.5 m g / k g  D-amphe t amine ,  an  increase  occurs  in  t he  
c o n c e n t r a t i o n  of g lycogen in t he  3 encepha l ic  t issues,  the  
p e r c e n t a g e  of wh ich  is 37, 12 a n d  9 r e spec t ive ly  in t he  
ce rebra l  hemispheres ,  opt ic  lobes a n d  cerebel lum,  a n d  a t  
45 m i n  t he  va lues  are  t he  same as those  e v a l u a t e d  in t he  
con t ro l  an imals .  F igure  1 i l lus t ra tes  t h e  evo lu t ion  of t he  
c o n c e n t r a t i o n  of b r a i n  glycogen,  a f t e r  an  i.p. i n j ec t ion  of 
n - a m p h e t a m i n e ,  5 mg/kg.  I n  t h e  ce rebra l  hemispheres ,  
a f t e r  a n  in i t ia l  increase  of 18% a t  15 min,  t he  glycogen 
c o n t e n t  decreases  b y  73% a t  30 m i n  a n d  f ina l ly  i t  increases  
b y  36% a t  75 min.  I n  t he  opt ic  lobes, t he  c o n c e n t r a t i o n  
of t h e  po lysaccha r ide  r ema ins  p rac t i ca l ly  c o n s t a n t  du r ing  
t he  f i rs t  30 min ,  t h e n  i t  increases  b y  19% a t  70 min.  In  
t he  cerebel lum,  t he  c o n c e n t r a t i o n  of g lycogen decreases  
regu la r ly  b y  28% a t  30 rain,  t h e n  i t  g r adua l l y  rises to  t he  
va lue  e s t i m a t e d  in t he  con t ro l  chickens.  A n o t h e r  series 
of e x p e r i m e n t s  was  m a d e  w i t h  7.5 m g / k g  D - a m p h e t a m i n e  
(Figure  2). I n  t he  3 encepha l ic  t i ssues  ana lyzed ,  a r ap id  
fall  occurs  in  t h e  c o n c e n t r a t i o n  of g lycogen a t  15 min  
a f t e r  t he  i n j ec t i on  of t he  drug,  r each ing  42% in t he  
ce rebra l  hemi sphe re s  a n d  ce rebe l lum and  36 % in t he  opt ic  
lobes. I n  t he  cerebra l  hemispheres ,  t h i s  dep le t ion  in the  
c o n c e n t r a t i o n  of g lycogen is fol lowed b y  i ts  e n h a n c e d  
resynthes is ,  s ince a t  60 ra in  t h e  c o n c e n t r a t i o n  of t he  
po ly saccha r ide  increases  b y  20%.  Af te r  t r e a t m e n t  w i t h  
10 m g / k g  D - a m p h e t a m i n e ,  t h e  fall  in  t h e  c o n c e n t r a t i o n  of 
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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), 


