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Casein,  the pr inc ipa l  d ie tary  p ro te in  of newborn m a m m a l s ,  has f ea tu res  of a l imen ta ry  speci f ic i ty ,  e l ab -  
o ra ted  as a r e su l t  of prolonged evolution and e x p r e s s e d  in a su rp r i s ing  adaptibil i ty of the case ins  to d i f fe r -  
ences in the c h a r a c t e r  of function of the gas t ro in tes t ina l  t r a c t  in the neonatal  pe r iod  [8]. Maximal  vu lne rab i l -  
ity of native case in  to a t t ack  by gas t ro in tes t ina l  p ro te inases  [3, 9] and its abili ty to undergo curdling enable the 
newborn an imals  to digest  this  pro te in  with min imal  expendi ture  of energy and ensure  the opt imal  ra te  of en t ry  
of prote in  into the intest ine and absorp t ion  of amino acids [4, 10]. 

The w r i t e r s  have shown that physiological ly  act ive pept ides ,  capable  of affecting the c i rcula t ion [5] and 
of inhibiting ga s t r i c  s ec re t ion  [11] can be f o r m e d  f r o m  the case ins  of cows '  mi lk  as a r e su l t  of the i r  l imi ted  
p ro teo lys i s .  It has a lso  been shown tha t  a peptide inhibiting gas t r i c  s ec re t ion  in the newborn r a t  s tomach  can 
be f o r m e d  in vivo by digest ion of r a t  mi lk  p ro te ins  [6]. 

The object  of this invest igat ion was to study the action of case in  g lycomacropept ide  (an inhibitor of acid 
sec re t ion  by the s tomach  [11]) on mo to r  act ivi ty  of the fundal port ion of the s tomach  and of the duodenum. 

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

x - C a s e i n  was obtained by Zi t t l e ' s  method and subjected to br ie f  (2 rain) action of pepsin  with an e n z y m e -  
subs t r a t e  ra t io  of 1:100 (37~ pH 5.8). P ro t eo ly s i s  was s topped and pro te in  and l a rge  peptides p rec ip i t a ted  
with a 12% solution of TCA (final concentrat ion) .  The p rec ip i t a te  was d iscarded  and the f i l t ra te  dialyzed and 
lyophil ized.  The resul t ing peptide ma te r i a l ,  in a quantity of 400 mg in 10 ml,  was applied to a Sephadex G-25 
column (2.5 x 80 cm),  equi l ibra ted  with 0.5 M NaC1 solution.  The f i l t ra t ion  ra te  was 80 m l / h .  Elution of the 
f rac t ions  f r o m  the column was r eco rded  by means  of an R~PPS-1M r e c o r d e r  on the  bas is  of the change in 
pe rcen tage  abs orpt ion at 260 nm.  The h igh-mole  cular  -weight  f rac t ion,  name ly the gly comae ropept ide ,  eluted 
in the void volume of the column, was desa l ted  and lyophil ized on a Sephadex G-10 column (2.5 x 80 cm).  

Expe r imen t s  were  c a r r i e d  out on two dogs weighing 15 kg with f i s tu las  to the ga s t r i c  fundus and duodenum. 
Motor  act ivi ty was r eco rded  graphica l ly  using a balloon and mechanot ron  e l e c t r o m a n o m e t e r ,  with RPCh-2 
e l ec t romechan ica l  r e c o r d e r .  An ink-wri t ing  x -y  r e c o r d e r  a lso  was used and ga s t r i c  and duodenal mo to r  a c -  
t ivi ty  was e x p r e s s e d  in conventional units as a mo to r  index by means  of an e lec t ron ic  in tegra tor .  The concept 
of " m o t o r  index" was  based  on analys is  of the w o r k  done by the s tomach  and duodenum in the course  of 15-rain 
t ime  in te rva l s .  In control  expe r imen t s  on dogs the background feeding moto r  act ivi ty was recorded .  F o r  this 
purpose  hungry dogs were  fed with a t e s t  meal  (75 g b read  and 75 g meat) ,  a f t e r  which the i r  ga s t r i c  movements  
we re  r eco rded  and the mo to r  index calculated fo r  a per iod  of 3-5 h. Glycomacropept ide  was injected i n t r a -  
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TABLE 1. Effect  of Glycomacropept ide  on Gas t r i c  and Duodenal Movements  in Dogs (ex-  
p r e s s e d  as 15-rain mo to r  index: 1 impulse  equivalent to 6.6 g / m i n )  

DogNo. 1 Dog No.2 
Time of stomach duodenum stomach duodenum 
experiment , background 1 peptide background [ peptide 

15 rain 

lh 

2h 

3h 

84d:: 13,9 
112• 
133• 
1255=4,04 
119• 10,3 
115• 
ll3• 
102• 
93• 
97• [,4 
97• 
97• 
91• 
88• 
88• 

94:t:4,0 
114• 
117~9,5 
113:L2,5" 
101• 
100• 
92• 
93• 
93• 
99~5,3 
95• 
873=3,5 
85• 
97,5• 
88=~3,8 

background t peptide 

175zk48 223d:35 
231-4-11,3 261• 
267• 206-4-47 
235-+-20 193-+-24" 
218-+-14,3 203• 
225• 13 175• 18 
221• 173• 15 
169-+-39 172• 
115• 164~26 
176• i8 144• 
174• 164• 
209• 27 166• 9 
182• 164• 
192• 181• 16 
170• 15 181• 14 

background ] peptide 

124• 
127• 15 ~20• 
128• 1185=6,1 
110• 119• 
113•  109• 
107d:18 100::k9,4 
98• 135• 

f [2:k 14 68• 17,4 
93• 11 745=7,3 
98• 7 97:t: 19 
965::: 10 94• t9 
87• 10 82• 10 
85• 75:5=6 
74• 86:k 1 
70• 103• 
70• 10 108• 

1163= 17,4 
157• 19,6 
175• 
150• 
1783=16 
147• 
135• 
135• 
122• 
141• 
139• 15 
133• 14 
129• 
1542= 12,5 
142• 

148• 
175• 
176• 
179-4-24 
152• 
169• 
141• 
125• 
I40• t9 
145=5=32,7 
144• 
133• 
150• 
944• 
191~55 

* Injection of peptide.  

3 

3 

F i g .  1. E f f ec t  of g l y c o m a c r o p e p t i d e  on m o v e m e n t s  of 
s t o m a c h  and duodenum in dogs :  a) wi thou t  i n j e c t i o n  
of p e p t i d e ,  b) 1.5 h a f t e r  i n t r a v e n o u s  i n j e c t i o n  of 10 nag 
g l y c o m a c r o p e p t i d e ,  c) c y c l i c  v o m i t i n g  a f t e r  i n j e c t i o n  of 
g l y c o m a c r o p e p t i d e  in to  hung ry  dogs .  i )  G a s t r i c  fundus ,  
2) duodenum,  3) m a r k e r  of i n t e g r a t o r .  

v e n o u s l y  in a dose  of 10 m g  20-40  ra in  a f t e r  f e e d i n g .  F i v e  e x p e r i m e n t s  w e r e  c a r r i e d  out on e a c h  dog.  S ince  
f eed ing  m o t o r  a c t i v i t y  of dogs  h a s  a t e n d e n c y  to  d i m i n i s h  s p o n t a n e o u s l y  60-90  min  a f t e r  f e e d ing  (the s o - c a l l e d  
s e c o n d  p h a s e  of f eed ing  m o t o r  ac t iv i ty ) ,  to  a s s e s s  the ac t i on  of g l y c o m a c r o p e p t i d e  m o r e  o b j e c t i v e l y  the whole  
s e r i e s  of v a l u e s  of the  m o t o r  index  in c o n t r o l  and  b a c k g r o u n d  i n v e s t i g a t i o n s  was  c o m p a r e d .  To a v o i d  the a c t i o n  
of the  n a t u r a l  d e c l i n e  of feed ing  m o v e m e n t s  wi th  t i m e ,  e x p e r i m e n t s  w e r e  c a r r i e d  out in which  the p e p t i d e  was  
i n j e c t e d  into f a s t i n g  a n i m a l s .  

EXPERIMENTAL RESULTS 

The g l y c o m a c r o p e p t i d e  was  i s o l a t e d  f r o m  s h o r t - t e r m  p e p s i n  h y d r o l y s i s  p r o d u c t s  of x - c a s e i n  by g e l -  
c h r o m a t o g r a p h y  on a Sephadex  G - 2 5  co lumn  and d e s a l t i n g  on a S e p h a d e x  G - 1 0  c o l u m n .  A f t e r  i n t r a v e n o u s  i n -  
j e c t i o n  into  dogs  in a dose  of 10 mg p e r  a n i m a l  the g l y c o m a c r o p e p t i d e  c a u s e d  s t a t i s t i c a l l y  s i g n i f i c a n t  inh ib i t ion  
of f e ed ing  m o v e m e n t s  of the  g a s t r i c  fundus in both dogs  (Table  1); in dog No. 2, m o r e o v e r ,  t h i s  i nh ib i t i on  c l e a r l y  
began  60 ra in  a f t e r  i n j e c t i o n  of the  pep t i de  and con t inued  f o r  30 -40  m i n .  I t  w i l l  be c l e a r  f r o m  F i g .  1 t ha t  the  
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glycomacropept ide  caused a dec rease  in amplitude of the per i s ta l t i c  contract ions of the gas t r ic  fundus. In- 
hibition of duodenal motor  activity was observed  only in dog No. 1 (Fig. lb,  2). 

The glycomacropept ide ,  when injected into fast ing dogs, induced pe r s i s t en t  cyclic vomiting, repea ted  every  
30-50 rain, in the animals  a f te r  60-90 rain (Fig. lc ) .  The animals lost  the i r  appetite.  At this t ime the per iodic  
contract ions of the s tomach and duodenum were  fom~d to be inhibited. When the peptide was injected into fed 
dogs vomiting developed in 3 of 10 exper iments .  

An important  role in the mechanism of pro te in  hydrolys is  in the s tomach is played by motor  activity of 
the gas t r ic  fundus, which is  responsible  fo r  mixing the chyme with the secre t ion ,  fo r  changing the juxtamural  
l aye r  of chyme and moving i t  f r o m  the central  zone to the juxtamural  zone and, consequently,  fo r  accelera t ing 
prote in  hydrolys is .  The physiological  action of g lycomacropept ide  f rom cows' x - c a s e i n  consists  of inhibiting 
the sec re t ion  of acid by the s tomach and its motor  activity,  and it is thus aimed at depress ing  pro teolys is  of 
pro te in  in the s tomach.  This phenomenon may be exceptionally important  during the per iod  of milk feeding, 
when the chief source  of prote in  is the milk prote ins ,  during the digestion of which in vivo in the neonatal 
s tomach a peptide with s imi l a r  physiological action may be fo rmed  [6]. 

Because of the res i s tance  of the glycomacropept ide  to the action of gas t rointes t inal  p ro te inases  (pepsin, 
t rypsin ,  and chymotryps in  [12]), it  is perhaps p r e s e r v e d  in the smal l  intest ine and, because of the low molec -  
u lar  weight of the active f ragment  of the peptide [7] and the high permeabi l i ty  of the intestinal  mucosa to bio- 
po lymers ,  it may penet ra te  into the blood s t r e a m  in the per iod  of milk feeding, where it exer t s  i ts physiological  
action, inhibiting pro teolys is  of milk prote ins  in the s tomach and thereby facil i tat ing p rese rva t ion  of biologically 
active prote ins  (7-globulins,  l ac tofer r in ,  lysozyme) in r ive  in the neonatal gas t rointes t inal  t r ac t .  This peptide, 
Which is constantly being fo rmed  in the s tomach during digestion of the proteins  of the mo the r ' s  milk, can evi -  
dently p revent  p r e ma tu re  st imulation of gas t r i c  sec re t ion  during s t r e s s  of nonal imentary origin.  Inhibition of 
motor  activity of the gas t r ic  fundus and vomiting are typical  effects  of central  excitat ion of opiate r ecep to r s  
[1]. Endogenous opiates also are  ve ry  powerful inhibitors of gas t r ic  secre t ion  [2, 14]. Meanwhile there  are  
data in the l i t e ra tu re  on opiate-l ike peptides of a l imenta ry  origin, namely exorphins fo rmed  as a resu l t  of 
pro teo lys i s  of f l -case in  [13] and a - c a s e i n  [15]. On the basis of these  resu l t s  and data in the l i t e ra tu re  it can 
be postulated that the glycomacropept ide  has an opiate- l ike action. 
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