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D I G E S T I O N  O F  M I L K  P R O T E I N S  AND L Y S O S O M A L  

P R O T E I N A S E S  OF T H E  I L E A L  M U C O S A  O F  Y O U N G  R A T S  

V.  R .  N i k o l a e v s k a y a  a n d  M. P .  C h e r n i k o v  UDC 612.664.7 : 612.398.3 

To study whether  lysosomal  pro te inases  of the ileal mucosa  can par t ic ipate  in intraluminal 
digestion, the proteolyt ic  activity of lysosomal  and pancreat ic  pro te inases  was determined 
both in the chyme and in a homogenate of ileal and jejunal t i ssues  f rom ra ts  aged 12 and 30 
days.  In the period of milk feeding the proteolyt ic  activity of acid (lysosomal) pro te inases  
was shown to be th ree  t imes  higher  in the ileum than in the jejunum, and this was shown to 
be t rue both for  the mucosa  and for  the contents of these par t s  of the small  intestine.  In 
ra t s  which had changed over  to a definitive diet, acid prote iuase  activity in the jejunum and 
ileum was a lmost  unchanged both in the mueosa  and in the contents.  The resu l t s  a re  evidence 
that pancrea t ic  pro te inases  adsorbed f rom the ehyme of the small intest ine can par t ic ipate  in 
contact digestion. 

KEY WORDS: ear ly  postnatal  period; lysosomes;  acid prote iuases ;  milk prote ins;  pancrea t ic  
p ro te inases .  

Data have recent ly  been published to show that giant lysosomes  a re  located in the brush bo rde r  of the 
enteroeytes  in the distal port ion of the small  intestine in the ear ly  postnatal period of development in ra ts .  
The change f rom milk  to definitive feeding is accompanied by disappearance of these lysosomes .  It has been 
suggested that lysosomal  enzymes par t ic ipa te  in in t race l lu la r  digestion during the period of milk feeding [6, 7]. 

The problem of the mechanisms lying at the basis of the high eff iciency of uti l ization of milk proteins  at 
an ear ly  age has not yet  been solved. It is c laimed that some milk proteins  during this period can be absorbed 
in the unhydrolyzed state  [9]. There  is also evidence of the a l imentary  specif ici ty  of milk prote ins ,  which 
de termines  the high eff iciency of the i r  uti l ization [ 1]. Some workers  have noticed that  the digestive sys tem 
in the period of mi lk  feeding is immature  [7, 8], although the opposite views have also been expressed ,  namely 
that at an ear ly  age the level of development of the proteolyt ic  sys tem of digestion is re la t ive ly  high [~0]. 
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Fig. 1. Specific p re teo ly t ic  act ivi ty in chyme (A) and 
homogenate of jejunal and i leal  t i s sues  of r a t s  (B) at 
dif ferent  pH values.  1, 2) pH 7.8; 3, 4) pH 5.0; 5, 6) 
pH 6.4. 1, 3, 5) r a t s  aged 30 days; 2, 4, 6) ra t s  aged 
12 days.  

The wr i t e r s  p rev ious ly  obtained evidence to show that in the per iod of mi lk  feeding activi ty of pancrea t ic  
p ro t ea se s  is high and that  intensive digestion of mi lk  prote ins  can take place .  The change f rom mi lk  to defini-  
t ive feeding and the assoc ia ted  intensif icat ion of the ga s t r i c  phase  of digestion are  accompanied by a shift  of 
intra luminal  digest ion of mi lk  pro te ins  f rom the dis ta l  to the p rox imal  port ion of the smal l  intestine.  

To study the pa r t i cu l a r  fea tures  of digestion of mi lk  pro te ins  in the per iod of mi lk  feeding and whether  
lysosomal  p r o t e a s e s  in the m ueos a  of the i leum can par t ic ipa te  in in t ra luminal  digest ion of mi lk  p ro teases , ,  
the proteolyt ic  act ivi ty of lysosomal  and pancrea t i c  p r o t e a s e s  was studied both in the chyme and in a homo-  
genate of jejunal and i leal  t i s sues  f rom ra t s .  

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

Exper imen t s  were  c a r r i e d  out on Wis ta r  r a t s  aged 12 and 30 days .  The animals  aged 12 days were  de-  
pr ived of food for  3 h, then re turned to the i r  mo the r s  for  natural  mi lk  feeding fo r  1 h. The r a t s  aged 30 days,  
on a definitive diet, were  deprived of food for  6 h and then placed with a lactat ing femal  for  mi lk  feeding for  
1 h. The animals  were  killed and the contents of the jejunum and i leum obtained by per fus ion  with physiologi-  
cal sal ine.  

The proteolyt ic  act ivi ty of the p r o t e a s e s  (cathepsins) was judged f rom hydrolys is  of hemoglobin [2, 5]. 

P ro te in  concentra t ions  were  de te rmined  by Lowry ' s  method [11]. 

EXPERIMENTAL RESULTS 

As a result of determination of proteolytic activity in the chyme from the jejunum and ileum of rats 
aged 12 and 30 days it was shown that activity of pancreatic proteases in the chyrne of these parts of the in- 
testine of animals aged 30 days was almost twice as high as in the rats aged 12 days (Fig. 1A). The proteo- 
lyric activity of these proteases in the mucesa of the jejunum and ileum also was more than twice as high in 
rats aged 30 days than in animals aged 12 days (Fig. IB). 

The results are in agreement with earlier determinations of the activity of trypsin and chymotrypsin in 
the thyme from the jejunum and ileum of rats aged 3, 12, 20, and 30 days, and also with data in [4]. It follows 
f rom these  resu l t s  that  pancrea t i c  p ro te inase  act ivi ty was m o r e  than twice  as high in the i leum than in the 
jejunum, as was also demonst ra ted  for  both the mucosa  and the content of the smal l  intest ine of animals  aged 
12 days (Fig. 1A, B). 
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Fig. 2. Specific pro teoly t ic  act ivi ty  of homogenates  of 
jejunal (8) and i leal  (I) t i s sues  of r a t s  aged 12 days (a) 
and 30 days (b) pH. Abse issa ,  pH; ordinate,  specif ie  
act ivi ty (AU/h/mg protein) .  

The observa t ions  showing that  the proteoly t ic  act ivi ty of the pancrea t i c  p ro te inases  was p r e sen t  not only 
in the chyme but a lso  in the m u c o s a  of the smal l  intestine a re  evidence that pancrea t i c  p ro t e inases  absorbed 
f r o m  the chyme par t ic ipa te  in contact digest ion [3]. 

Compar i son  of the proteoly t ic  act ivi ty of a homogenate  of the jejunal and i leal  t i s sues  at different  pH 
values showed that in ra t s  aged 12 days with a change in pH f rom 5.0 to 7.8 a peak of pro teoly t ic  act ivi ty  was 
observed  at pH 6.4 in the i leum (Fig. 2a). In animals  aged 30 days the highest  pro teoly t ic  act ivi ty in the wall 
of the ileum was observed  at pH 7.8 (Fig. 2b). Activity in the wall of the jejunum, on the other hand, inc reased  
a l i t t le with a change in pH f rom 5.0 to 7.8 in r a t s  aged 12 days (see Fig. 2a) and it fell  ve ry  slightly in the 
an imals  aged 30 days (Fig. 2b). 

Curves  descr ib ing  the dependence of pancrea t i c  p ro t ea se  act ivi ty  of pH are  be l l - shaped  with an opt imum 
at pH 7.8 [12]. Compared  with pancrea t i c  p r o t e a s e s ,  the opt imum of cathepsin act ivi ty  is shifted into the acid 
pH zone [13]. Cathepsin  act ivi ty  at pH 8.0 has been shown to be much lower  than at the pH opt imum. 

The r e su l t s  a re  evidence that during the per iod of mi lk  feeding act ivi ty  of IysosomaI  p r o t e a s e s  in the 
distal  por t ion of the smal l  intest ine is re la t ive ly  high in an imals  aged 12 days,  and a p rox imo-d i s t a l  gradient  
of l y sosomal  act ivi ty is observed .  In an imals  on a definitive diet (rats aged 30 days) no p rox imo-d i s t a l  in- 
c r e a s e  in acid p ro te inase  act ivi ty  was observed (Fig. 1: A3, B3). 

Determina t ion  of acid pro te inase  act ivi ty in ra t  jejunal and i leal  t i s sue  homogenates  showed that  the 
act ivi ty  of these  p ro t e ina se s  is equal in an imals  aged 30 days .  Acid p ro te inase  act ivi ty  in r a t s  aged 30 days 
was unchanged in the content of the jejunum and i leum (Fig. 1: A3). 

In the p e r i o d  of mi lk  feeding, proteolyt ie  ac t iv i ty  of acid p ro te inases  was th ree  t imes  higher  in ra ts  aged 
12 days in t he  i leum than in the jejunum, and this was t rue  both for  the m u c o s a  and for  the contents of the 
jejunum and ileum (Fig. 1: A4, B4). These  r e su l t s  show that in the ea r ly  postnat~/1 period of development  there  
is a p rox imo-d i s t a l  gradient  of l y sosomal  p ro te inase  act ivi ty both in the m u c o s a  (Fig. 1: B4) and in the contents 
of the smal l  intest ine (Fig. 1: A4); whereas  in an imals  aged 30 days,  on a definitive diet, no such p rox imo -  
distal  i nc rease  in acid p ro te inase  act ivi ty  could be observed  e i the r  in the ehyme or in the mucosa  of the smal l  
intestine.  

These  findings conf i rm e a r l i e r  r esu l t s  [6] showing that  in the postnatal  per iod of development  f rom the 
f i r s t  day to the end of the second week there is an inc rease  in the number  of giant l y sosomes  in the en te rocy tes  
of the ileal mucosa .  The change to definitive feeding is accompanied by the appearance  of a new epithelial  
population with no accumulat ion of l y s o s o m e s  in the i leal  mucosa .  It can thus be tenta t ively  suggested that 
during the per iod of desquamat ion of the epithel ium of the i leal  mucosa  ly sosomes  pass  into the chyme,  where  
the p ro te inases  evidently take pa r t  in in t ra luminal  digest ion of mi lk  pro te ins .  

The w r i t e r s  showed prev ious ly  that  the per iod of mi lk  feeding is cha rac t e r i zed  by fa i r ly  intensive d iges-  
t ion of mi lk  p ro te ins ,  which has shifted toward the dis ta l  port ion of the smal l  intestine;  the pH of the ehyme of 
the jejunum in the postnata l  per iod of development  of r a t s  is 6.4, whereas  the pH of the i leal  chyme is 6.5-6.7, 
i .e. ,  the pH of the contents of the smal l  intestine is shifted a l i t t le into the acid zone compared  with that  in 
an imals  aged 30 days,  in which the pH of the chyme in both the jejunum and the i leum is 7.0. The shift  of pH 
of the chyme of the smal l  intest ine toward the acid side ensures  max ima l  eff iciency of uti l ization of the mi lk  
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prote ins ,  which is also the respons ib i l i ty  of lysosomal  p ro te inases  which par t i c ipa te  in in t ra luminaI  digestion 
in the distal  port ion of the smal l  intestine.  

It can be concluded f rom the r e su l t s  that in the per iod of mi lk  feeding the re  is a p rox imo-d i s t a l  gradient  
of act ivi ty of lysosomal  p ro [eases  both in the mucosa  and in the contents of the smal l  intestine.  The change 
f rom mi lk  to definitive feeding is accompanied  by d i sappearance  of the p rox imo-d i s t a l  gradient  of lysosomaI  
p ro t ea se  act ivi ty.  It can be tenta t ively  suggested that  lysosomal  p r o t e a s e s  of en te rocy tes  in the distal  port ion 
of the smal l  intest ine par t ic ipa te  in in t ra luminal  digest ion at an ea r ly  age. 
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E F F E C T  OF f l - P H E N Y L E T H Y L A M I N E  ON E V O K E D  

P O T E N T I A L S  IN T H E  R A T  N E O S T R I A T U M  

A.  D.  Z h a r i k o v a  a n d  O. V .  G o d u k h i n  UDC 612.826.1.014.46 : 547.55 

The effect of in t raper i toneal  (70 mg/kg)  and local (39pg) injections of B-phenylethylamine 
(flPEA) on evoked potent ia ls  (EP) in the caudate nucleus during s t imulat ion of the compact  
zone of the substant ia  nigra in the f rontal  cor tex  was invest igated in r a t s .  Fo r  local appli-  
cation of flPEA, g lu tamate ,  and haloperidol  a push-pul l  cannula sy s t em with s imul taneous  r e -  
cording of EP  was used. Definite specif ic i ty  in the action of the drugs on EP of cor t ica l  and 
nigral  or igin was found. In t raper i tonea l  injection of flPEA caused a f a s t e r  and s t ronge r  de- 
c r e a s e  in ampli tude of the N2-P 2 component  in the response  to s t imulat ion of the substant ia  
nigra  than local applicat ion,  but had ve ry  li t t le effect  on the ampli tude of EP in r e sponse  to 
s t imulat ion of the frontal  cor tex .  It was shown by the use  of haloperidol  that  the N2-P 2 com-  
ponent of EP  in r e sponse  to s t imulat ion of substant ia  nigra  is dopaminerg ic  in nature .  It is 
suggested that endogenous flPEA m a y  be a regu la to r  of the function of dopaminerg ic  neurons 
in the n ig ro -neos t r i a t a l  s y s t em  of the r a t  bra in .  

KEY WORDS: f l-phenylethylamine;  dopamine; evoked potential;  caudate nucleus;  subs tant ia  
nigra;  f rontal  c e r e b r a l  cor tex .  

It can be postulated on the bas is  of exper imenta l  data [2, 3, 11, 13] that f l -phenylethylamine (flPEA) is an 
endogenous regu la to r  of synapt ic  t r a n s m i s s i o n  effected by ca techolamiues ,  it is cons idered  that  flPEA acts  
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