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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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which  gastr ic  acid secret ion was s t imula ted  by  0.2 ~g. kg -z" 
min  -1 pen t agas t r i n  s i.v. for 41/ah. Gastr ic  mucosal  blood 
flow was  de t e rmined  by  t h e  aminopyr ine  clearance 
t echn ique  ~, where  t he  load was s t a r t ed  30 mill before 
gastr ic  acid secret ion was s t imula ted .  Blood samples  
were t aken  f rom the  r igh t  femoral  a r t e ry  in 30 min 
intervals .  Bur imamide  v (4 mg/kg) and  me t i amide  v 
(2.9 mg/kg) were in jec ted  i.v. 60 or 90 min  af ter  t he  
s t a r t  of infusion.  

Results.  The secre tory  response  to  pen tagas t r in  
(N = 5) (Figure 1) was charac te r ized  by  a rapid  rise w i th  
subsequen t  fading where  t he  vo lume reached  a m a x i m u m  
of I1 ml/30 min  and  levelled ou t  to  a b o u t  5 Iill/30 min  
af ter  2 h. Acid secret ion and  gastr ic  mucosal  blood flow 
wen t  roughly  parallel  w i th  vo lume secretion.  H+ con- 
cen t ra t ion  had  the  t e n d e n c y  to  drop  f rom abou t  145 
mEq/1 to  abou t  110 mEq/1. CI- concen t ra t ion  remained  
r a the r  s table  a t  abou t  170 mEq/1. In  none  of these  
pa rame te r s  did bu r imamide  (N = 3) p roduce  a measurable  
inhib i t ion  (Figure 2). Met iamide  (N = 3) caused a 
p ronounced  inhib i t ion  of gastr ic  secret ion including H+ 
concen t ra t ion  and  gastr ic  mucosal  blood flow (Figure 3). 
CI- concen t ra t ion  remained  a lmos t  unaffec ted .  

Discussion.  The failure of bu r imamide  to  reduce 
pen tagas t r i n - s t imu la t ed  gastr ic  acid secret ion and  gastr ic  
mucosal  blood flow cont ras t s  w i th  o ther  inves t iga t ions  on 
anaes the t i zed  c a t s ' ,  ~, a l though  the  dose we used was  
s l ight ly  larger t h a n  t h a t  used by  BLACK et al. s. RE~D,S ~ 
p repa ra t ion  is no t  comparab le  w i th  ours, since in his 
expe r imen t s  2 mg/kg  b u r i m a m i d e  were infused over  
10 min  close ar ter ia l ly  to  the  s tomach ,  so t h a t  the  local 
concen t ra t ion  of bu r imamide  m i g h t  have  been  well 
above  ours. The s table  ra t io  R (gastric mucosal  blood 

5 Kindly supplied by Dr. WE~I~T, Fa. Merck, Darmstadt. 
E. I). JACO~SON, R. H. LISFORD and M. I. GgOSSmA~, J. elin. 
Invest. d5, 1 (1966). 
Kindly supplied by Prof. J. W. BLACK and Dr. W. A. M. DuncAN, 
Smith Kline & French Laboratories Ltd., Welwyu Garden City. 
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Fig. 1. Gastric secretion of anaesthetized gastric fistula cats in 
response to 0.2 ~g. kg -1. min -1 pentagastrin i.v. Top : acid output and 
H + and CI- concentration, bottom: secretory volume and gastric 
mucosaI blood flow (B). N = 5; verticaI bars = SEM. 
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Fig. 2. Effect of 4 mg/kg burimamide on pentagastrin-stimu- 
lated gastric secretion and mucosal blood flow in anaesthetized 
gastric fistula cats. Top : acid output and H + and C1- concentration, 
bottom: secretory volume and gastric mucosal blood flow ([J). 
N = 3; vertical bars ~ SEM. 
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Fig. 3. ~Effect of 2.9 mg/kg metiamide (MET) on pentagastrin- 
stimulated gastric secretion and mueosal blood flow in anaesthetized 
gastric fistula cats. Top: acid output and H + and CI- concentration, 
bottom: secretory volume and gastric mucosal blood flow (~). 
Differences between the last value before and those after metiamide 
are marked by x when significant at the 5% level, by xx when 
significant at the 1% level. N = 3; vertical bars = SEM. 

flow [ml/min] /secre t ion ra te  [ml/min]) in our  expe r imen t s  
reflects  the  unchanged  secret ion ra te  and  gastr ic  mucosal  
blood flow. 

In  con t ras t  to  bur imamide ,  me t i amide  produces  a 
sus ta ined  inhib i t ion  of pen t agas t r i n - s t imu la t ed  secret ion 
and gastr ic  mucosal  blood flow even in a dose lower t h a n  
t h a t  of bur imamide .  The inh ib i to ry  effect  of me t i amide  can 
be expla ined  by  the  hypo thes i s  which  was p u t  forward  by  
GROSSMAN and  KONTUREKZ~ t h a t  the  par ie ta l  cell 
conta ins  one receptor  si te for h i s tamine ,  ano the r  one for 
gastr in-l ike pep t ides  and  a th i rd  one for cholinergic 
s t imulan ts .  Blockade of one of these  receptors  modif ies  the  
proper t ies  of the  o the r  two so t h a t  t h e y  reac t  w i th  
reduced  sens i t iv i ty  on the  specific s t imulant .  The con- 
c o m i t a n t  reduc t ion  of the  pen t agas t r i n - enhanced  gastr ic  
mucosal  blood flow by  a h i s t amine-H2- recep to r -an tagon i s t  
touches  the  p rob lem of the  re la t ionship  be tween  gas t r in  
and h i s t amine  in the  par ie ta l  cell area. Al though  pen ta -  
gas t r in  in submax ima l  doses does no t  reduce gastr ic  
mucosal  h i s t amine  in ra t s  ~1, the  local t u r n o v e r  ra te  of 
h i s t amine  is increased under  the  inf luence of pen ta -  
gas t r in  ~2. Such a compar i son  can be made  only wi th  
reserva t ions  since h i s t amine  me tabo l i sm and localization 
in cats  differ cons iderably  f rom t h a t  in rats.  However ,  
pen tagas t r in  s ignif icant ly  e levates  h i s t amine  concent ra-  
t ion  in t he  feline gastr ic  mucosa  ~3. F r o m  tha t ,  one is 
t e m p t e d  to specula te  t h a t  h i s t amine  dur ing  pen ta -  
gas t r in - s t imula ted  gastr ic  secret ion m a y  p lay  a role in 
regula t ing  gastr ic  mucosal  microcirculat ion.  The increased 
ra t io  af ter  me t i amide  (Figure 4) d e m o n s t r a t e s  t h a t  gastr ic  
secret ion is inh ib i ted  to a grea te r  ex t en t  t h a n  gastr ic  
mucosal  blood flow, ind ica t ing  t h a t  dur ing  pen tagas t r in -  
s t imula t ion  gastr ic  acid secret ion reacts  more  sensi t ively  
to a b lockade of h i s tamine-H2-recep tors  t h a n  gastr ic  
mucosal  blood flow does. 

Zusammen]assung. Bei narko t i s ie r ten  K a t zen  m i t  einer  
Magenfistel  werden  die pen tagas t r in - s t imul i e r t e  Magen-  
sekret ion und  3 / Iagenschle imhautdurchblu tung d u t c h  den 
t l i s t amin -H2-Rezep to r -An tagon i s t en  Metiamid,  n ich t  je- 
doch durch  Bur imamid  gehemmt .  Die H e m m u n g  wird  
durch  das 3-Rezeptoren-Model l  von  GROSSMAN und  
KONTUREK 10 erkl~rt.  H i s t a m i n  mag  bei der  S t imul ie rung 
der  Magensekre t ion  durch  Pen t agas t r i n  eine regul ierende 
Fu n k t i o n  auf die Mikrozirkula t ion der  Magensch le imhau t  
austiben. 
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Fig. 4. Ratio (gastric mucosal blood flow [ml/min]/secretion rate [ml/ 
mini) after treatment with 4 mg/kg burimamide (A) and 2.9 mg/kg 
metiamide ([3). Difference between the last value before and those 
after metiamide is marked by x when significant at the 5% level. 


