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Experiments on dogs with isolated Par lor  and Heidenhain gastric pouches showed that in- 
travenous injection of glycomacropeptide leads to the almost complete inhibition of the 
second phase of gastric secretion evoked by feeding with meat. Glycomacropeptide strongly 
inhibits secretion evoked by the analog of gastrin, which is reduced under these circum- 
stances by two-thirds or more.  By contrast,  the f i rs t  phase of gastric secretion and also 
the secretion induced by insulin hypoglycemia were reduced, although their intensity still 
remained quite high. After  administration of the glycomacropeptide certain changes took 
place in the composition of the juice. It is concluded from the resul ts  that glyeomacropep- 
tide can delay the action of gastrin on the fundal glands of the stomach. 

Recent investigations have shown that casein is the source of substances with an active influence on 
digestive functions [5, 7]. Experiments were accordingly carr ied  out to determine the possible effect of 
certain components of casein. The resul ts  of these experiments, showing that glycomacropeptide (GMP), 
a cleavage product of kappacasein, can delay the action of gastrin on the fundal glands of the stomach, are 
de scribed below. 

E X P E R I M E N T A L  M E T H O D  

Pavlov and Heidenhain isolated gastric pouches were formed in dogs. To reproduce the action of 
gastrin, its synthetic analog (the amide of the C-terminal tetrapeptide of gastrin), which has qualitatively 
the same action as gastrin itself [10, 12], was used. The gastrin analog was injected subcutaneously into 
the fasting dogs in a dose of 200 t~g in 1 ml physiological saline. In other experiments food stimuli and 
injections of insulin were given. The total acidity and the free hydrochloric acid were determined in the 
gastric juice by the usual methods, and pepsin content was estimated by a modified spectrophotometric 
method [1], using dried bovine serum proteins as the substrate [2]. 

GMP was f i rs t  isolated from the casein of cows' milk by the action of renin [8]; investigations have 
shown that it is l iberated as the result  of the partial hydrolysis of kappacasein [16]. In the present inves- 
tigation, the GMP was obtained by the method of Chernikov and Nikol'skaya, based on the hydrolysis of 
kappacasein by pepsin. The kappaeasein was briefly (2.5 mill) hydrolyzed by pepsin at pH 5.5 and at 37~ 
with the enzyme and substrate in the ratio of 1 : 200. To reduce the absorption of GMP, calcium chloride 
was added to the residue of para-kappacasein in the concentration of 0.8%. The para-kappacasein was 
precipitated by TCA in a final concentration of 12%. Before lyophilization the GMP solution was dialyzed 
against distilled water.  

According to the l i terature GMP is heterogeneous and has a molecular weight of 6,000-8,000; it 
contains about 30% of carbohydrate, including 15.2% galactose, 4.3% galactosamine, and 8% N-actylneur- 
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Fig. 1. Secret ion of gas t r i c  juice in dog with isola ted Pavlov gas t r i c  pouch: 
1) control  expe r imen t  (adminis t ra t ion  of 100 g meat) ;  2) p r e l i m i n a r y  pa ren -  
t e r a l  injection of 50 mg GMP and feeding with 100 g meat ;  a lmos t  complete  
inhibition of the second phase  of gas t r i c  sec re t ion  is obse rved .  

Fig. 2. Effect  of GMP on sec re t ion  of gas t r i c  juice and i ts  composi t ion af ter  
injection of insulin into a dog with an isola ted Pavlov gas t r i c  pouch: A) se-  
c re t ion  of juice; ]3) acidity:  shaded pa r t  of column r e p r e s e n t s  total, unshaded 
par t ,  f ree ;  C) peps in  content in juice in control  expe r imen t  without GMP (1) 
and a f te r  inject ion of GMP (2). 

aminic  acid,  as well  as  0.4% phosphorus  [14]. GMP contains no argInine,  hist idine,  cysteine,  or  a r o -  
mat ic  amino-ac id  r e s i dues  [11]. GMP has  been shown to par t i c ipa te  in the coagulation of casein ,  by In- 
c r ea s ing  the degree  of d i spe r s ion  of the curds  of this pro te in  [4]. 

The lyophil ical ly dr ied spec imen  of GMP was injected in t ravenously  into the dogs in a dose of 50 mg 
in 10 ml  physiological  sal ine.  

EXPERIMENTAL RESULTS 

Injection of GMP into the experimental dogs 15 min before administration of the food stimulus evoked 
sharp changes in the secretion of gastric juice. In control experiments on the same animals, the food 
stimuli were given without GMP. 

After injection of GMP into the dogs with an isolated Parlor gastric pouch, the secretion of juice was 
reduced during the first 1-1.5 h after administration of i00 g meat, but it still remained at a very high 
level. The volume of juice was reduced by not more than half the control value. Later the secretion fell 
almost to zero (P < 0.001). The acidity of the juice during the first hour of secretion showed a tendency to 
diminish, but the pepsin content remained high. Good reproducibility of the results was obtained. The re- 
sults of one of the experiments are illustrated in Fig. i. 

The experiments showed that under the influence of GMP the first (reflex) phase of secretion re- 
mained largely intact but the second phase was completely or almost completely inhibited. Experiments 
on dogs with a Heidenhain gastric pouch gave similar results. Absence of the first phase of secretion is 
a characteristic feature of such a pouch; its secretory response is due entirely to the mechanisms of the 
second phase. Injection of GMP into such dogs before feeding them with meat led to the total cessation of 
juice secretion (disregarding the secretion of gastric mucus) throughout the secretory period. 

For example, in the control experiment when the dog was given i00 g meat the volume of juice se- 
creted in 5 h was 10.6 ml, while in a similar experiment but with the preliminary injection of GMP the 
volume of juice was zero. 

Preliminary experiments showed that GMP must be injected 15-20 rain before application of the 
stimulus. If injected at the same time as the stimulus was given the effect was reduced, while if given 
after it, no effect whatever could be detected. These experiments also showed that GMP can be injected 
only twice into the same animals. After subsequent injections its action becomes weaker and disappears 
completely, evidently because of fixation of the GMP by antibodies as a result of the development of an 
immunological response of the animal to this substance. 
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Fig. 3. Effect of GMP 

on secretion of gastric 

juice evoked by subcu-  
taneous  injection of 
gas t r i n  analog into dog 
with i so la ted  Heidenhain 
ga s t r i c  pouch: 1) s e c r e -  
t ion without GMP; 2) s e -  
c re t ion  a f te r  injection 
of GMP. 

The second phase  of gas t r i c  sec re t ion  is  due mainly  to gas t r in .  It could 
t he re fo re  be  postula ted that GMP acts  by prevent ing the action of gas t r in .  

To t e s t  this  hypothesis ,  in the next expe r imen t s  the "nervous"  sec re t ion  
and the "gas t r in"  sec re t ion  were  reproduced  separa te ly .  Nervous secre t ion  
was  r ep roduced  by injecting insulin subcutaneously into the dogs in a dose of 
0.6-0.7 unit/kg. The hypoglycemia  induced by insulin leads  to exci tat ion of the 
cen t e r s  in the l a t e ra l  hypothalamus ,  and these  evoke gas t r i c  sec re t ion  via  the 
vagus  ne rves .  Division of the vagus ne rves  abol ishes  this effect  on the gas t r i c  
glands.  

The r e s u l t s  given in Fig. 2 show that  in the control  expe r imen t  a l a rge  
volume of juice was  sec re t ed  by the dogs with the isola ted P a r l o r  pouch under  
the influence of insulin hypoglycemia .  The juice exhibited high acidity and a 
v e r y  high pepsin  content, a fea ture  of ne rvous  secre t ion .  Injection of GMP 15 
min  before  the beginning of sec re t ion  (30 rain a f t e r  inject ion of insulin) reduced  
the volume of secre t ion ,  just  as during the f i r s t  phase  of sec re t ion  in r e sponse  
to meat ;  the volume of juice was  reduced  to approx imate ly  50% of the control  
value.  However ,  the intensi ty of sec re t ion  stil l  r ema ined  f a i r ly  cons iderable  
and the pepsin  content of the juice was high. 

In the expe r imen t s  with insulin, the acidity of the juice showed c h a r a c t e r -  
is t ic  changes.  Under the influence of GMP the total  acidity was  grea t ly  reduced,  
while the f r ee  hydroch lor ic  acid fel l  even m o r e  (by 2-4 t imes) .  The mechan i sm 
of these  changes in acidity is not yet  c l ea r .  

To reproduce  the "gas t r in"  secre t ion ,  the synthetic  analog of gas t r in ,  the amide of the C:- terminal  
te t rapept ide  with the composi t ion  bu ty lhydroxyca rbony l -Try -Met -Asp-Phe -NH2,  was used. Injection of 
this  analog causes  a m a r k e d  s e c r e t o r y  r e s ponse  in dogs with both Pavlov and Heidenhain gas t r i c  pouches,  
which continues for  1.5-2 h [3, 6]. GMP was injected 15 rain before  admin is t ra t ion  of the gas t r in  analog. 

The expe r imen t s  showed that GMP sharply  inhibits the action of the gas t r in  analog. The volume of 
juice sec re t ed  a f te r  its admin i s t r a t ion  to dogs with Pavlov and Heidenhain gas t r i c  pouches was reduced  by 
two- th i rds  or  more  under  the influence of GMP (P < 0.01). The acidity of the juice was  slightly reduced.  
The r e s u l t s  of expe r imen t s  on different  dogs were  reasonab ly  consis tent .  The r e s u l t s  of one of the ex- 
p e r i m e n t s  a re  i l lus t ra ted  in Fig. 3. 

Although GMP st rongly inhibited the act ion of the gas t r in  analog, it neve r the l e s s  did not suppres s  it 
comple te ly  as the second phase  of gas t r i c  sec re t ion  in r e sponse  to feeding the animal  with meat .  This  may  
be because  GMP more  effect ively  inhibits  the action of gas t r in  (which has  a much l a r g e r  molecule) than 
that  of i ts  analog. However ,  it may  be that  the exper imen ta l  conditions under  which the effect  of GMP on 
the act ion of the gas t r in  analog would be max imal  have not yet  been d iscovered .  

It mus t  also be r e m e m b e r e d  that in some dogs the r epea ted  admin is t ra t ion  of GMP was  followed by 
an a f te re f fec t  in the f o r m  of slight contaminat ion of the gas t r i c  juice with blood and a reduced  food intake 
by the an imals .  This was pa r t i cu la r ly  not iceable  when GMP was  combined with insulin hypoglycemia .  The 
r e s u l t s  desc r ibed  above were  obtained only when two inject ions of GMP were  given to each expe r imen-  
tal  dog. 

The expe r imen t s  thus showed that  GMP comple te ly  or  a lmos t  comple te ly  inhibits the second phase  
of gas t r i c  sec re t ion  to a food s t imulus  (meat) and, in addition, that  it sharp ly  inhibits the s e c r e t o r y  r e -  
sponse of the gas t r i c  glands to injection of the analog of gas t r in .  This  sugges ts  that GMP has  an ant igas-  
t r in  action, poss ib ly  by blocking the effect  of gas t r in  on the fundal glands of the s tomach.  

The m a r k e d  d e c r e a s e  produced by GMP in the secre t ion  in r e sponse  to s t imulat ion of the vagus 
n e r v e s  may  be due to weakening of the potentiat ing effect  of gas t r in .  Not only do the vagus  ne rve s  poten- 
t ia te  the effect  of gas t r i n  [9, 14, 15], but converse ly ,  gas t r in  s t rongly potent ia tes  the vagal  effect .  Block-  
ing of gas t r in  by g lycomacropept ide  thus pe rhaps  weakens  this effect,  and thereby  r educes  the s e c r e t o r y  
r e s p o n s e  to the influence of the vagus ne rve s .  
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A p r e c i s e  explanation of the m e c h a n i s m  of act ion of GMP is a m a t t e r  for  future invest igation.  All 
that  can be said at p r e s e n t  is that  it can inhibit the effect  of gas t r in ;  o ther  a spec t s  of the action of GMP 
a r e  poss ib ly  connected with this  abil i ty.  
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