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The  Effect of R e s e r p i n e  and C h l o r i m i p r a m i n e  on G l y c o g e n  Content  in Different  Bra in  
S t r u c t u r e s  of Rat  

There is a large body  of evidence t h a t  adenos ine-3 '5 ' -  
m o n o p h o s p h a t e  (cyclic AMP) has an i m p o r t a n t  role in 
bra in  funct ion  L 2. I t  is also known t h a t  psycho t rop ic  
drugs  affected cyclic AMP con ten t  in b ra in ;  chlorpro-  
mazine,  haloper idol  and o ther  neurolept ie  drugs blocked 
norep inephr ine - induced  increase of cyclic AMP a, 4. Neu- 
rolept ic  drugs are able to  antagonize,  the  rise of cyclic 
AMP caused by  p s y c h o t o m i m e t i c  drugs 5. There  is sug- 
gest ive evidence in the  l i te ra ture  t h a t  changes  in cyclic 
AMP in nervous  sys t em could be ref lected on maniac-de-  
press ive s tates .  ABnULA and  HAMAnAI~ ~ have  suggested 
t h a t  in t racel lular  def ic iency of cyclic AMP migh t  be 
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Fig. 1. The influence of reserpine (1.0 mg/kg) on the glycogen content 
in various brain structures of rat. Concentration of gIycogen (in 
mg/100 mg of fresh tissue) is expressed as a difference of mean values 
between untreated (control) and treated animals. White, shadow and 
black columns represent the results obtained 24, 26 and 28 h after 
reserpine injection. 
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Fig. 2. The influence of ehlorimipramine (25.0 mg/kg) on glycogen 
content in various brain structures of rat. Concentration of glycogen 
(in rag/100 mg of fresh tissue) is expressed as a difference of mean 
value between untreated (control) and treated animals. White, 
shadow and black columnes represent the results obtained 2, 4 and 
6 h after chlorimipramine treatment. 

re la ted to  a depress ive  s ta te  and  marked  increase leads to 
mania .  I t  was found t h a t  depressed pa t i en t s  excre ted  less 
cyclic A M P  in the  urine t h o ran  nmaI  subjec ts ;  while, on 
the  cont rary ,  marked  increase of cyclic AMP appeared  in 
urine of manic  or hypoman ie  pa t i en t s  L 

The aim of th is  paper  was to inves t iga te  the  act ion of re- 
serpine and the  an t idepress ive  drug  ch lor imipramine  on 
glycogen co n t en t  in ra t  brain,  on the  a s sumpt ion  t h a t  
glycogen concen t ra t ion  in bra in  could be t aken  as an 
indi rec t  p a r a m e t e r  for cyclic AMP ac t iv i ty  in nervous  
tissue. The control  of glycogen concen t ra t ion  in the  bra in  
of expe r imen ta l  animals  is a sui table  model  for the  bioche- 
mical act ion and ac t iv i ty  of cyclic AMP, since it is known 
t h a t  cyclic AMP exer ted  control  over  act ivi t ies  of both ,  
the  phosphory lase  and glycogen syn the t a se  sys tems  s. 

M a t e r i a l s  a~d  methods .  Male albino ra ts  (230 to 280 g 
body  weight)  were d iv ided in groups wi th  15 ra ts  in each. 
1. Sa l ine- t rea ted  group (controls). Animals  were in jec ted  
wi th  isotonic solut ion of NaC1 and  glycogen con ten t  was 
e s t ima ted  af ter  24, 26 and  28 h, respect ively.  2. 1Reser- 
p ine - t r ea t ed  group. These ra t s  were t r ea ted  wi th  1.0 rag/ 
kg of reserpine  and glycogen con ten t  was measured  af ter  
24, 26 and  28 h, respect ively.  3. Chlor imJpramine- t rea ted  
group. Chtor imipramine  in dose of 25.0 mg/kg  i.p. was 
given to these  animals  and glycogen co n t en t  was de te rmin-  
ed af ter  2, 4 and 6 h, respect ively.  4. Reserpine-chlor imi-  
p ramine  combined  t r ea t ed  group. Animals  were t r ea ted  
by  reserpine (1.0 mg/kg,  s.c.) and 22 h la ter  t hey  were 
in jec ted  wi th  ch lo r imipramine  (25.0 mg/kg,  i.p.) and 
glycogen was de t e rmined  af ter  2, 6 and  6 h, respect ively.  

F r o m  the  frozen bra in  t issue glycogen was ex t rac ted9  
and  e s t ima ted  % 

Resu l t s  and  d i scuss ion .  Reserpine  marked ly  increased 
glycogen con ten t  in all b ra in  s t ruc tures  (cerebral cortex,  
caudate ,  t h a l amu s  and caudal  b ra in  stem) of t r ea t ed  
animals  (Figure 1). All values were s ta t is t ical ly  s ignif icant  
in compar i son  wi th  controls  (p (0.05 and  0.001). The m o s t  
p ronounced  effects  of reserpine  was found to be af ter  26 
and 28 h. Cont ra ry  to  reserpine,  chlorirr i ipramine exer ted  
biphasic  ac t ion  on glycogen concen t ra t ion  in ra t  bra in  
(Figure 2). Ini t ial ly,  i.e. 2 h af ter  ch lor imipramine  
admin is t ra t ion ,  glycogen con ten t  was s ignif icant ly  de- 
creased in all t e s t ed  s t ruc tures  of b ra in  (p <0.05). In  con- 
t r a ry  to  this,  6 h af ter  admin i s t ra t ion ,  glycogen co n t en t  
was mark ed l y  increased over  control  values in all s t ruc tu-  
res (p(0.05), excep t  in tha lamus .  Chlor imipramine  de- 
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Fig. 3. Effect of chlorimipramine (25.0 mg/kg) on increased amount of 
glycogen in various brain structures of reserpinized animals (1,0 rag/ 
kg). Concentration of glycogen (in rag/100 mg of fresh tissue) is 
expressed as a difference of mean values between untreated (control) 
and treated animals. White columns represent the results obtained in 
reserpine-treated group, and shadow columns those obtained in 
reserpine + chlorimipramine group. 
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creased glycogen c o n c e n t r a t i o n  in r e se rp ine - t r ea t ed  ani-  
mals  (Figure  3), b u t  on ly  if i t  was  m e a s u r e d  2 h a f t e r  
c h l o r i m i p r a m i n e  in j ec t ion  (or 24 h a f t e r  reserpine) .  6 h 
a f t e r  c h l o r i m i p r a m i n e  (or 28 h a f t e r  reserpine)  g lycogen 
c o n t e n t  has  found  to  be increased.  I n  th i s  t ime,  glycogen 
c o n c e n t r a t i o n  was nea r ly  doub led  c o m p a r e d  w i t h  t he  sum 
of g lycogen c o n t e n t s  m e a s u r e d  in t he  same t i m e  a f te r  
t r e a t m e n t  b y  reserp ine  or ch lo r imip ramine .  Actual ly ,  t h i s  
could no t  be  ru led  ou t  for  t h a l a m u s  since g lycogen con- 
t e n t  was  more  t h a n  twice  as h igh  as t he  s imple  sum of 
effects, b o t h  of reserp ine  or ch lo r imip ramine ,  w h e n  were 
g iven  alone. 

M a n y  a u t h o r s  h a v e  shown  t h a t  changes  in cyclic A M P  
level  can  inf luence  g lycogen m e t a b o l i s m  in r a t  bra in .  
BRECKENRIDCE 11 found  t h a t  increased  level  of cyclic A M P  
is fol lowed b y  g rea te r  convers ion  of phospho ry l a se  b to  
p h o s p h o r y l a s e  a and  vice versa ;  p h e n o b a r b i t a l  t r e a t m e n t  
leads to  a lower ing  of t he  level of cyclic A M P  and  to a 
decreased  conve r s ion  of phospho ry l a se  b to  p h o s p h o r y -  
lase a. The  glycogen c o n c e n t r a t i o n  was decreased ~ a t  the  
t i m e  w h e n  t he  a c t i v i t y  of phospho ry l a se  a and  cyclic A M P  
levels were m a r k e d l y  increased  la, 14. So i t  seems t h a t  
glycogen c o n c e n t r a t i o n  could be  t a k e n  as ind i rec t  evi- 
dence for cyclic A M P  ac t iv i ty .  

On t he  o the r  h a n d ,  changes  in m e t a b o l i s m  of ca techol-  
amines  in t he  CNS m a y  be  followed b y  changes  in  cen t ra l  
g lycogen m e t a b o l i s m  ~, and  m a n y  cen t r a l l y  ac t ing ,  wh ich  
are able  to  m o d u l a t e  synthes is ,  release or b r e a k d o w n  of 
cerebra l  ca techo lamines ,  m a y  also affect  ce rebra l  glyco- 
gen con ten t .  Resu l t s  of our  e x p e r i m e n t s  h a v e  conf i rmed  
t he  f i nd ing  of these  a u t h o r s  t h a t  reserp ine  in j ec t ion  
s ign i f i can t ly  increased  glycogen c o n t e n t  in  CNS of rats .  
Our  p rev ious  resu l t s  showed t h a t  r epea t ed  in jec t ions  of 
reserpine,  in  the  course of 3 days,  d id  no t  af fec t  t he  
glycogen c o n c e n t r a t i o n  in r a t  b r a i n  15. I n  c o n t r a s t  to  
reserpine ,  c h l o r i m i p r a m i n e  pe r  se p roduced  decrease  of 
g lycogen  con ten t ,  w h e n  i t  was m e a s u r e d  2 h a f t e r  d rug  
t r e a t m e n t .  This  could be exp la ined  b y  a b lock ing  ac t ion  
of c h l o r i m i p r a m i n e  on  u p t a k e  of n o r a d r e n a l i n e  in pre-  
s y n a p t i c  neu rons  a n d  a c o n s e q u e n t l y  i nduced  increase  of 
cyclic A M P  response  to  no rad rena l ine .  Such  a hypo thes i s ,  
however ,  could  no t  be  t a k e n  as a n  e x p l a n a t i o n  of in- 
creased glycogen levels wh ich  appea red  4 a n d  6 h a f t e r  
c h l o r i m i p r a m i n e  t r e a t m e n t .  

I m i p r a m i n e  has  no effect  on  glycogen c o n t e n t  in  the  
b r a i n  of t he  mouse  22. I t  also fai led to  show a n y  effect  on  
cyclic A M P  c o n t e n t  pe r  se, b u t  is able  to  c o u n t e r a c t  
n o r a d r e n a l i n e  induced  increase  of c -AMP in v i t ro  condi-  
t ions  in r a t s  a. The  d ivergence  be tween  our  resu l t s  and  those  
above  inen t ioned  suggested  d i f fe ren t  modes  of ch lor imi-  
p r a m i n e  and  i m i p r a m i n e  act ion.  I t  also can  be  exp la ined  b y  
t he  differences  in  species or d i f fe ren t  e x p e r i m e n t a l  condi-  
t ions.  Combined  t r e a t m e n t  of r a t s  b y  reserp ine  and  chlor-  
i m i p r a m i n e  sugges ted  an  a n t a g o n i s t i c  ac t ion  of t he  l a t t e r  
drug. This  a n t a g o n i s m  was ev iden t  on ly  2 h a f te r  chlor-  
im ip ramine ,  i.e. 24 11 a f t e r  reserpine.  Af te r  t h a t  t ime,  an-  
t a g o n i s m  d i sappea red  and  glycogen c o n t e n t  was  nea r ly  
doub led  in all  b r a i n  s t r u c t u r e s  of t r e a t e d  animals .  I t  is 
there fore  v e r y  d i f f icul t  to  conclude  e i the r  a b o u t  an tago-  
nis t ic  ac t ion  of c h l o r i m i p r a m i n e  on  reserp ine  increased  
glycogen con ten t ,  or a b o u t  a d d a t i v e  ac t ion  of these  two  
drugs. P e r h a p s  i t  is b e t t e r  to  conclude  a d o m i n a n t  ac t ion  
of c h l o r i m i p r a m i n e  in th i s  p a r t i c u l a r  e x p e r i m e n t a l  set  up.  

Rdsumd. La r6zerpine  (1 mg /kg ) , p rovoque  une  a u g m e n -  
t a t i o n  s igni f ica t ive  du  t a u x  de glycog~ne dans  le ce rveau  
du  ra t ,  s u r t o u t  26 et  28 h aprSs le t r a i t e m e n t .  Cont ra i re -  
m e n t  ~t la r6zerpine,  la c h l o r i m i p r a m i n e  (25 mg/kg)  a une  
ac t iv i t6  de base :  2 h apr~s le t r a i t e m e n t ,  le con t enu  du  
glycog~ne se r6du i t  s ens ib lement ,  mats ,  6 h plus  t a rd ,  il 
a u g l n e n t e  fo r t emen t ,  en c o m p a r a i s o n  avec  les va leurs  de 
contrTle.  La  c h l o r i m i p r a m i n e  a l e  m~me effet  dans  le 
cerveau  des a n i m a u x  qui  6 ta i en t  24 h p r 6 a l a b l e m e n t  t ra i t6s  

la r6zerpine.  
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Effect of B u r i m a m i d e  and Met iamide  on Pentagas tr in-St irnulated  Gastric  Acid Secret ion 
and Gastr ic  Mucosa l  Blood F low in Cats 

A l t h o u g h  coming  f rom t h e  same  chemica l  s t ra in ,  t he  
two h i s t amine -H2- recep to r - an t agon i s t s ,  b u r i m a m i d e  a n d  
me t i amide ,  seem to  be  u n e q u a l  b r o t h e r s  in  some aspec t s :  
b u r i m a m i d e  is genera l ly  r ega rded  as i nac t i ve  a f t e r  oral  
a d m i n i s t r a t i o n ,  m e t i a m i d e  is well  ab so rbed  f rom the  
g a s t r o i n t e s t i n a l  t r a c t  1. B u r i m a m i d e  re leases  ca techol-  
amines  ~,3, m e t i a m i d e  does n o t  3. B u r i m a m i d e  i nh ib i t s  
gas t r ic  mucosa l  h i s t a m i n e  m e t h y l t r a n s f e r a s e ;  m e t i a m i d e  
s t i m u l a t e s  t he  e n z y m e  a t  low c o n c e n t r a t i o n s  a n d  i nh ib i t s  
i t  a t  h igh  c o n c e n t r a t i o n s  ~. The  p r e s en t  p a p e r  descr ibes  
t h e  di f ference be tw een  b u r i m a m i d e  a n d  m e t i a m i d e  w i t h  
r ega rd  to  t h e i r  i n h i b i t o r y  effects  on  p e n t a g a s t r i n -  
s t i m u l a t e d  gas t r ic  acid secre t ion  a n d  gas t r ic  mucosa l  b lood 
flow. 

Methods. T h e  e x p e r i m e n t s  were done  on  ca ts  (1.5-4.5 
kg) of e i t he r  sex u n d e r  t h i o p e n t a l  (60 m g / k g  i.p.) and  
chloralose  (30 m g / k g  i.v.) anaes thes ia .  Af te r  a s t a r v a t i o n  
per iod  of 24 h, w i t h  free access to  d r i n k i n g  water ,  t he  

an ima l s  were p r o v i d e d  w i t h  a n  acu te  gas t r ic  f i s tu la  f rom 
wh ich  t he  gas t r ic  juice was d ra ined  b y  g r a v i t y  and  
col lected in 15-rain periods.  Ac id i ty  of t h e  gas t r ic  juice, 
t he  vo lume  of wh ich  was r ead  to the  nea r e s t  0.1 ml, was 
d e t e r m i n e d  b y  e n d p o i n t  t i t r a t i o n  to p H  7.0 w i t h  0.1 N 
sod ium h y d r o x i d e  ( A u t o b u r e t t e  Rad iome te r ,  Copen- 
hagen) .  Chlor ide c o n c e n t r a t i o n  was d e t e r m i n e d  a rgen to -  
me t r i ca l l y  (chloride t i t r a t o r  CMT 10 Rad iome te r ,  
Copenhagen) .  Af te r  a p o s t o p e r a t i v e  r ecove ry  per iod  of 
30 rain, basa l  gas t r ic  secre t ion  was col lected for  1 h, a f t e r  
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