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Various opinions have been expressed on mechanisms  whereby the utilization of milk proteins  in ea r ly  
postnata[ development attains such a high efficiency. It has been suggested that the main form of digestion of 
milk prote ins  in infancy is by pinocytosis  and intracelIular  digestion [1]. Data have been obtained to show the 
predominant role of membrane  digestion in the postnatal period of development [2]. The view is also expressed 
in the l i te ra ture  that the proteolytic system of milk protein digestion and on the existence of welt-developed 
intraluminal digestion in ear ly  postnatal ontogeny [3]. 

The aim of this investigation was to study activity of lysosomal  pro te inases  in the small intestine at 
different s tages of postnatal development and also to undertake a morphological  study of epithelial cells  of 
the ra t  small  intestine. 

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on Wistar  ra ts  aged 3-15 days and on adult animals. Milk-fed animals 
were killed after  natural milk feeding for i h. Adult animals also were killed after feeding for  1 h. To pre-  
pare homogenates the small intestine was removed f rom the animals soon after sacrifice,  washed with physio- 
logical saline to remove the contents, and the mucosa  was separated. The mucosa was minced and homogen- 
ized for  2 min in a homogenizer  at a speed of 1000 rpm. The lysosomat  fract ion was isolated f rom mucosal  
homogenates of the ileum and jejunum by differential centrifugation by De Duve' s method. Activity of lyso-  
somal m a r k e r  e n z y m e s -  acid phosphatase (AP) [7] and cathepsins [8] - was determined in the [ysosomal  
fraction. Tissue for e l ec t ron-mic roscop ic  investigation was taken f rom the proximal and distal port ions of 
the small intestine of ra ts  aged 15 days and 1 month, and fixed in 2.5% glutaraldehyde solution in phosphate 
buffer, pH 7.2. After rinsing in buffer the t issue was postfixed in 1% OsO4 solution, dehydrated in alcohols of 
increasing concentration, saturated, and embedded in a mixture of Epon and Araldite. 

EXPERIMENTAL R E S U L T S  

AP activity in the lysosomal  fract ion of the jejunal mucosa  of 3-day-old ra t s  was almost  two-thi rds  
lower than in the  ileal mucosa.  In ra t s  aged 15 days AP activity in the lysosomal  fraction of the ileal mucosa 
also was almost  three t imes  higher than in the jejunal mucosa (Fig. 1A). AP activity in the lysosomal  fraction 
of the jejunum and ileum of adult ra ts  was about equal. 

Activity of cathepsins in the lysosomal  fract ion of the ileal mucosa  of 3-day-old  ra t s  was more  than 2.5 
t imes  higher than in the jejunal mucosa.  The same shift of the maximum of cathepsin activity toward the dis- 
tal par t  of the small intestine was observed in animals aged 15 days. Cathepsin activity of the lysosoma[  f rac -  
tion of the mucosa of the jejunum and ileum of adult ra t s  was equal (Fig. 1B). 

The data descr ibed above, indicating that in animals during postnatal development activity of lysosomal  
pro te inases  in the mucosa of the distal par t  of the small intestine is three t imes  higher than in the mucosa  of 
the proximal part,  are evidence that lysosomes  in the distal portion of the small intestine play a special role 
in the assimilat ion of milk proteins  at an ea r ly  age. To confirm these data an e lec t ron-mic roscop ic  study 
was made of cel ls  of the proximal  and distal port ions of the small intestine of ra t s  during postnatal develop- 
ment (aged 15 days) and in ra t s  aged 1 month, after the transit ion to definitive feeding. Enterocytes  of the 
ileum of ra t s  aged 15 days differed in the location of giant lysosomes  (phagosomes) in them, namely close to 
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Fig. 1. Activity of AP (A) and cathepsins (B)in 
milk-fed animals (1) and aduit ra ts  (2). Shaded 
columns indicate jejunum, unshaded c o l u m n s -  
ileum. Ordinate, activity (in uni ts / rag protein). 

Fig. 2. Phagosomes  (Ph) in apical par t  of entero-  
cytes  in ileum of naturally fed 15-day-old rat.  MV) 
Mierovilli .  15,000 • 

the microvil l i  (Fig. 2). These data agree with the resul ts  of biochemical  investigations, demonstrat ing higher 
(threefold) activity of lysosomal  prote inases  in the mucosa of the ileum compared with the jejunum in animals 
aged 3-15 days. It will be c lear  f rom Fig. 2 that the membrane  of the microvi l l i  is folded to form pinocytotie 
vesicles.  In adult rats,  after  the transi t ion to a definitive diet, phagosomes are no longer present  and ord inary  
iysosomes  are no longer located close to the microvil l i ,  as at an ear ly  age. Many mitochondria are observed 
in the p r e n u d e a r  zone of adult ra t s  (Fig. 3). 

The wr i t e r s  showed previously  that during postnatal development of ra ts  intraluminal digestion of milk 
proteins  takes place to a marked degree, and is completed in the distal par t  of the small intestine - in the ileum. 
In adult animals intraluminal digestion of milk proteins  is completed in the proximal par t  of the small intes- 
tine - in the jejunum [3-6]. Since intraluminal digestion of milk proteins  in milk-fed animals is completed in 
the distal par t  of the small intestine, [ysosomal  pro te inases  in the distal par t  of the small infesting part icipate 
in these concluding stages of protein assimilation.  The p roce s s  of protein a s s i m i l a t i o n -  absorption of proteins  
in accordance with the principle of p i n o c y t o s i s -  also plays a special role at an ea r ly  age. Histological con- 
f irmation of the biochemical  data on the localization of giant ly sosomes  (phagosomes) in en terocytes  of the 
ileum agreed with data obtained previously.  It is also stated in the l i terature  that large p r ima ry  lysosomes  

1005 



Fig. 3. L y s o s o m e s  (L) in p r enuc l ea r  zone of 
en t e rocy te s  in smal l  intest ing of adult r a t  on 
definit ive feeding. N) Nucleus,  M) mitochon-  
dria.  15,000 • 

about 2 # in d i a m e t e r  [12], which is m o r e  than three  t imes  l a rge r  than the smal l  lysosomes ,  a re  obse rved  in 
mos t  ce l l s  in all p a r t s  of the smal l  intestine.  

According to other  w o r k e r s  [2, 7], act ivi ty of lysosomal  p ro t e ina se s  is reduced in the p rox ima l  pa r t  of 
the smal l  intestine,  and this  fac i l i t a tes  absorpt ion of immunoglobul ins  p re sen t  in the ma te rna l  milk  [13]. 

P r ev ious  obse rva t ions  [2, 7-9] are  evidence of a p rox ima l -d i s t a l  gradient  of in t ra luminaI  digest ion of 
milk p ro te ins  in the postnata l  per iod of development.  

On the b a s i s  of the r e su l t s  of these  b iochemica l  and histological  invest igat ions it can be concluded that  
a p r o x i m a l - d i s t a l  gradient  of dis t r ibut ion of lysosomal  p ro t e ina se s  is p r e sen t  in the smal l  intestine and that 
giant l y s o s o m e s  are  located in en te rocy tes  of the i leum of mi lk - fed  animals .  The t rans i t ion f r o m  milk  to 
definitive feeding is accompanied by equalizat ion of the dis t r ibut ion of act ivi ty of lysosomal  p ro t e ina se s  be-  
tween the p rox ima l  and dis tal  por t ions  of the smal l  intestine, with d i sappearance  of giant l y s o s o m e s  in i ts  
distal  portion.  The dis ta l  local izat ion of lysosomal  p r o t e i n a s e s  at an ea r ly  age i n c r e a s e s  the re l iabi l i ty  of 
smal l  intest inal  function and the eff ic iency of prote in  ass imi la t ion .  
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