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The St imulat ing Action of Gastrin Pentapeptide, Histamine and Cyclic Adenosine 3 ' ,5 ' -Monophos-  
phate on Carbonic Anhydrase in Rat Stomach 

E x p e r i m e n t s  r epor ted  previous ly  d e m o n s t r a t e d  t h a t  
gas t r in  p e n t a p e p t i d e  induces  h is t id ine  decarboxylase  in 
ra t  s tomach .  H i s t amine  which  appears  as a resul t  of this  
enzyme induc t ion  enhances  gastr ic  adenyl  cyclase act iv i ty ,  
leading to accumula t ion  1-3 of cyclic adenosine  3', 5 ' -mono-  
p h o s p h a t e  (cyclic AMP). B o t h  gas t r in  p e n t a p e p t i d e  and 
h i s t amine  s t imula te  HC1 secretion,  bu t  only the  gast r in  
p e n t a p e p t i d e  effect  is accompanied  by  1RNA synthes is  and 
is i nh ib i t ed  by  auran t ine  1,2. These da t a  led to  the  as- 
s u m p t i o n  t h a t  h i s t amine  and  cyclic A M P  serve as con- 
secut ive ly  ac t ing  'messengers '  in the  gast r in  p e n t a p e p t i d e  
induc t ive  effect  on gastr ic  acid secret ion.  

There  is a b u n d a n t  evidence t h a t  carbonic  anhydrase  
p lays  an i m p o r t a n t  p a r t  in the  secret ion of HC1, being 
involved in fo rma t ion  of hydrogen  ions and  t r a n s p o r t  of 
hydrogen  and  chloride ions t h rough  gastr ic  cell mem-  
branes  4-7. I t  was t e m p t i n g  to suggest  t h a t  cyclic AMP, 
being obvious ly  a med ia to r  of t he  gas t r in  secretagogue 
effect,  ac t iva tes  carbonic  anhydrase  as it  ac t iva tes  o the r  
enzymes  (glycogen phosphorylase ,  lipase) opera t ing  as a 
' second messenger '  of a n u m b e r  of hormones  (epinephrine,  
glucagon etc.)S,% The presen t  s tudy  was des igned to 
ver i fy  th is  assumpt ion .  

Fas t ed  Wis t a r  ra t s  (150-200 g body  wt.) received s.c. 
gas t r in  p e n t a p e p t i d e  ( t -butoxycarbonyl- f l -Ala-Try-Met-  
Asp -Phe  NH2; ICI 50, 123) twice a t  20 rain in tervals  in a 
dose of 0.4 ~g per  100 g b o d y  wt.  or h i s t amine  i.m. ill a 
dose of 200 tzg per  100 g body  wt.  Cyclic AMP, N~-2'-O - 
d ibu ty ry l  cyclic adenosine  3 ' , 5 ' - m o n o p h o s p h a t e  (di- 
b u t y r y l  cyclic AMP) and  theophy l l ine  were in jec ted  i.p. 
in a dose of 5 mg per  100 g b o d y  wt.  Gastr ic  acid secre t ion 
was e s t ima ted  by  ]~ARRET'S 10 modi f ica t ion  of the  m e t h o d  
of GHOSH and SCHILD 11 as descr ibed earlier 1,2. 

To inves t iga te  t he  effect  of inhib i tors  of R N A  and 
p ro te in  synthesis ,  ac t inomyc in  D or i ts  analogue auran t ine  
were in jec ted  i.p. in a dose of 150 ~g per  100 g b o d y  wt.  
The grea te r  p a r t  of th is  dose (100 vg per  100 g b o d y  wt.) 
was in jec ted  30 min  before gas t r in  pen tapep t ide ,  h is ta-  
mine  or cyclic AMP t r e a t m e n t  and  the  res t  60 min  af ter  

Table I. EJlect o] histamine injection on carbonic anhydrase activity in 
rat gastric mueosa 

Conditions Experiment Carbonic anhydrase 
No. activity in enzyme 

units/mg protein 

Control 10 11.07 -4- 1.06 
Histamine + Actinomycin D 9 24.64 ~: 2.19 
Histamine + Cyclobeximide 5 19.14 4- 2.86 

the  first  in jec t ion  of the  ant iobiot ic .  Cycloheximide  was 
in jec ted  i.p. in a dose of 70 ~g per  100 g body  wt.  30 min  
before secretagogues  were injected.  Control  ra t s  were 
in jec ted  wi th  saline. 60 min  af ter  in ject ions  of s t imulan t s  
of gastr ic  secre t ion the  ra t s  were sacrif iced and  the  
s tomachs  r emoved  and r insed twice in icecold saline. The 
mucosa  was sepa ra ted  and homogen ized  in 100 vol. of 
ice cold twice dist i l led wa te r  12. Mucosal homogena te s  were 
cent r i fuged at  4500 •  for 15 min  at  4~ The ac t iv i ty  of 
carbonic  anhydrase  was e s t ima ted  in s u p e r n a t a n t s  ac- 
cording to  ROUGHTON and BOOTH 13 and  expressed  in 
enzyme uni ts  per  mg of protein .  P ro te in  was e s t ima ted  by  
the  m e t h o d  of LowRY et al. 14. 

Our expe r imen t s  have  shown t h a t  in jec t ions  of cyclic 
AMP s t imula te  HC1 secret ion (Figure 1)la, and  the  same 
doses of cyclic AMP and d ibu ty ry l  cyclic AMP enhance  
the  ac t iv i ty  of carbonic  anhydrase  (Figure 2). Theophy!-  
line as an inhib i tor  of specific phosphod ies te rase  which  
spli ts  cyclic AMP increases the  s t imula t ing  act ion of 
cyclic AMP on HC1 secret ion and  carbonic  anhydrase  
act iv i ty .  Ac t inomyc in  D and  cyc loheximide  do no t  h inder  
the  effect  of cyclic A M P  (F~gure 2). 

We  have  es tab l i shed  earlier t h a t  gastr ic  adenyl  cyclase 
is s t imula ted  by  h i s t amine  a. As seen in Table  I h i s t amine  
t r e a t m e n t  also s t imula tes  carbonic  anhydrase  ac t iv i ty  in 
ra t  s tomach  while ac t inomyc in  D and  cyc loheximide  fail 
to  suppress  its effect.  

In  add i t ion  we have  shown t h a t  gas t r in  p e n t a p e p t i d e  
also s t imula tes  carbonic  anhydrase  ac t iv i ty  bu t  its act ion 
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Table II. Effect of gastrin pentapeptide injection on carbonic anhydrase activity in rat gastric mucosa 

Conditions Experiment Carbonic anhydrase activity in enzyme 
No. units/mg protein 

Control 
Gastrin pentapeptide 
Gastrin pentapeptide + Actinomycin D 
Gastrin pentapeptide + Aurantine 
Gastrin pentapeptide + Cycloheximide 

7 9.81 :t- 0.22 
7 19.96 i 0.51 
6 8.82 -L 0.42 
4 7.91 i 0.80 
4 8.78 i 0.74 
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Fig. 1. The secretion of HC1 by the rat stomach after injection of 
cyclic AMP. Each point on the curve represents the mean 10 min 
acid output for 20 consecutive collection periods for 4 rats. 
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Fig. 2. Effect of cyclic AMP and dibutyryl cyclic AMP injection on 
carbonic anhydrase activity in rat gastric mucosa. Mean values ~: 
standard deviation are presented. Number of experiments in paren- 
theses. I, control; II, cyclic AMP; III, cyclic AMP + theophylline; 
IV, cyclic AMP + actinomycin D; V, cyclic AMP + cycloheximide; 
VI, dibutyryl cyclic AMP; VII, dibutyryl cyclic AMP + theo- 
phy!line. 

m a y  be inh ib i ted  by  ac t ionomycin  D and cycloheximide  
(Table II). 

These resul ts  are compa t ib le  w i th  our earlier f indings 
ind ica t ing  t h a t  the  s t imu la t ing  act ion of h i s t amine  on 
gastr ic  acid secret ion does no t  depend  on DNA-d i r ec t ed  
syn thes i s  of R N A  and  pro te ins  while the  effect  of gast r in  
p e n t a p e p t i d e  is concerned  wi th  induc t ion  of t ranscr ip -  
t ion  ~-~. 

T h e  da t a  ob ta ined  suppor t  the  previous ly  suggested 
scheme of regula t ion of gastr ic  acid secret ion 3, ~6 according 
to which  gas t r in  (or gas t r in  p e n t a p e p t i d e  in exper iments )  
evokes t r ansc r ip t ion  of D N A  regions responsib le  tor  t he  
syn thes i s  of h is t id ine  decarboxylase ,  and  the  enzyme 
provides  a supply  of h i s t amine  in t a rge t  cells of s tomach  
mucosa.  His tamine ,  in turn ,  ac t iva tes  adenyl  cyclase and 
the  cyclic A M P  which  is fo rmed enhances  carbonic  an- 
hydrase  ac t iv i ty ,  

I t  is well known  t h a t  cyclic AMP media tes  the  act ion 
of a n u m b e r  os ho rmones  by  ac t iva t ion  of p ro te in  kinases 
of t a rge t  cells 17, is. The pro te in  kinases, in turn ,  phosphory -  
late def in i te  enzymes  19, 20 or o ther  pro te ins  21, 22 p rov id ing  
physiological  effects  of these  hormones .  I t  is l ikely t h a t  
changes  in carbonic  anhydrase  ac t iv i ty  p roduced  by  
cyclic AMP m a y  also arise as a resul t  of the  enzymic  
p ro te in  phosphory la t ion .  

BBIB0~BI. BBe~eHHe Kpblcam neHTanenTH~a racTpHHa, FHCTa- 
MHHa U 3',5'-AMen ycuJmBamT aKTUBH0CTb Kap6oaorHApaabi B 

C.qH31"ICT0~ ~enynKa KpblC. YCTaHOBJIeH0, tlTO aKTHHOMHI~HH 
H ILHKJIOFeKCHMH~ T0pM03fIT TOJIbN0 flKTHBalll410 Kap60aHrH-  

~pa3b],  BblabIBaeMy~o IIeHTaIleHTH~0M FaCTpHHa~ H He BYIHfIIOT 
Ha 3TOT npouecc, eeJ]H OH 6b]JI CTI/IMVYIHp0BaH FHCTaMHHOM 
H~H 3',5"-AMaP. 
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ZYMONINA. 

Effect of Local  A n a e s t h e t i c s  on the A c c u m u l a t i o n  
Deferent ia  

The p o t e n t i a t i o n  of responses  of per iphera l  t issues to 
noradrena l ine  p roduced  by  cocaine is mos t  general ly  
t h o u g h t  to result  f rom the  inh ib i t ion  by  cocaine of the  
up take  of noradrena l ine  into adrenergic  nerves,  wi th  a 
consequen t  increase in t he  concen t ra t ion  of amine  at  the  
adrenergic  receptors  1, 2. Procaine3,4, l idocaine and prilo- 
caine 5 have  also been  repor ted  to  e i ther  po t en t i a t e  or 
prolong responses  of per iphera l  t issues to  noradrena l ine  
and  re la ted  amines.  In  v iew of these  reports ,  the  effect  of 

of [ S H ] - M e t a r a m i n o l  by  Rabbit  Atr ia  and Vasa  

these  agents  on the  accumula t ion  of [~H]-metaraminol  by  
isolated r abb i t  a t r ia  and vasa  deferen t ia  has  been  exam k 
ined. 

Methods and materials. Pieces of r ab b i t  a t r ia  and vasa  
deferent ia  were p repa red  as descr ibed previous ly  6 and 
p re incuba ted  a t  37~ for 30 rain in a physiological  salt  
solution% [aI l ] -metaraminol  (1 • 10 -s M) was t h e n  added  
to the  media  and the  incuba t ion  con t inued  for a fu r the r  
30 rain. At  the  end of th is  period,  the  to ta l  [3I-I] con ten t  


