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Newborn ra t s  aged 3 days,  r emoved  f r o m  thei r  mo the r s  for  3 h, were  given 0.4 ml  of a 
20% aqueous solution of human albumin by mouth. P ieces  of t issue f r o m  the p rox ima l  
je junum and the renal  cor tex  of the an imals  were  invest igated e l e c t r o n - m i c r o s c o p i c a l l y  
by G o m o r i ' s  r eac t ion  for  acid phosphatase .  In ea r l y  postnata l  ontogeny pro te in  is ab-  
sorbed  in the intest ine by pinocytosis ,  a f t e r  which it is t r anspor t ed  into the Golgi c o m -  
plex and d i scharged  into the in t e rce l lu l a r  space,  f r o m  which it en t e r s  the lymphat ic  cap-  
i l l a r i e s .  The accumulat ion of e l ec t ron -dense  pro te in-conta in ing  cy tosomes ,  with high 
acid phosphatase  act ivi ty,  could be seen  in the p rox imal  tubules of the kidneys.  It is 
postula ted that the kidneys have a proteolyt ic  digest ive function in ea r l y  postnatal  ontogeny. 
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In e a r l y  postnata l  ontogeny digest ion in the gas t ro in tes t ina l  t r ac t  is inadequately developed: i n t r a -  
luminal  digest ion is impe r f ec t  because  of the undifferent ia ted nature  of the s e c r e t o r y  ep i the l ium of the 
s tomach  and pa nc rea s  [1, 3, 5]. In newborn animals ,  for  instance,  the absorp t ion  of mi lk  pro te ins  and of 
exogenous p ro te ins  has been  found to take place in an unchanged form,  without p r e l i m i n a r y  hydro lys i s  and 
t r a n s p o r t  into the b loods t r eam [6, 7, 10, 12]. The subsequent  changes taking place in these p ro te ins  and 
the t i s sues  and organs  that b r eak  them down into m o n o m e r s  before  uti l izing them are  not yet  known. Con- 
s ider ing the extent  of this unsolved p rob l em it was decided to commence  i ts  study with objects  whose p r o -  
teolytic function is known in the adult animal .  The g r ea t e s t  at tention has been  paid in this r e spec t  to the 
epi the l ium of the p rox ima l  tubules of the kidneys.  Numerous expe r imen t s  by var ious  w o r k e r s  have been 
descr ibed ,  in which l a rge  quant i t ies  of fore ign pro te in  were  injected pa ren t e r a l l y  and its hydro lys i s  in 
l y s o s o m e s  of the p rox ima l  por t ion  of the kidney nephron was then studied [2, 4, 8, 9, 13]. It is a lso known 
that even in the absence of loading, a ce r t a in  propor t ion  of the p l a s m a  pro te ins  is f i l te red,  r e a b s o r b e d  by 
the p rox ima l  tubules,  and then subjected to p ro t eo lys i s  [11]. 

The object  of this invest igat ion was to study the pathways of in t r ace l lu la r  p ro te in  t r a n s p o r t  in the 
intest ine and the poss ib l i ty  of its hydro lys i s  in the kidney in ea r l y  postnata l  ontogeny. 

EXPERIMENTAL METHOD 

Newborn ra t s  aged 3 days were  r emoved  f r o m  thei r  mo the r s  for  3 h and then given by mouth 0.4 ml 
of 20% aqueous solution of human albumin,  a f t e r  which they were  kil led at in terva ls  of 10, 30 and 60 rain. 
S imi la r  an imals  aged 3 days and taken f r o m  the i r  mo the r s  for  3 h were  used as the control .  P ieces  of 
t i ssue  f r o m  the p rox ima l  je junum and the renal  cor tex  were  fixed in 1% buffered o smium te t roxide solu-  
t ion and taken through alcohol before  being embedded in Epon 812. The u l t r a s t r uc tu r a l  detect ion of acid 
phosphatase ,  as an indica tor  of the l y s o s o m e s ,  was c a r r i e d  out by G o m o r i ' s  method.  
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Fig. I. Enterocytes 30 rain (.4, B) and epithelium of the 
proximal renal tubules (C, D) i h after oral administra- 
tion of protein- N) nucleus; BB) brush border; M) mito- 
ehondria; GC) Golgi complex; IS) intercellular space; L) 
lysosomes; D) detection of acid phosphatase activity. 
Magnification in A and C 7500• in B 10,000x, in D 
15,000• 

EXPERIMENTAL RESULTS 

The electron-microscopic investigation of the intestine revealed changes in the ultrastructure of the 
enteroeytes at all times of the experiments. The character of these changes was uniform, but they were 
more marked 30 rain after oral administration of the protein (Fig. IA, B). The apical part of the cells was 
filled with numerous pinocytotic invaginations and vesicles, among which large vacuoles filled with con- 
tents of average  e l ec t ron  density were distributed (Fig. 1B). Contents of the same density were found in 
the dilated cavi t ies  of the rough endoplasmic re t iculum and the vacuoles of the Golgi complex; numerous 
globules separa ted  f rom one another by an e lec t ron-dense  membrane  also were present  in the Golgi com-  
plex, which covered a wide a rea  and consis ted chiefly of large vacuoles filled with the above-mentioned 
globules. Much smal le r  vacuoles,  containing chiefly only one globule, were concentrated near  the lateral  
p lasma membrane .  The in tercel lu lar  spaces were great ly  widened almost  everywhere  except in the apical 
par t .  They contained fa i r ly  closely packed globules s imi la r  to those descr ibed in the Golgi vacuoles. 

Clus ters  of these globules were also found in the in tercel lu lar  spaces of the tunlca propr ia  of the 
intestinal mucous membrane ,  and in the lumen of the lymphatic capi l lar ies ,  whereas  the blood vessels  con- 
tained no globules.  

In the proximal  renal tubules of the young ra ts  aged 3 days numerous pinocytotic invaginations and 
vesic les  could be seen 1 h af ter  oral  adminis t ra t ion of the protein.  C i rcu la r  e lec t ron-dense  cytoplasmic 
par t ic les  surrounded by a single membrane  were detected in the middle and basal  par t s  of the cells (Fig. 
1C). The cytochemical  react ion for  acid phosphatase showed that the e lec t ron-dense  cy tosomes  contained 
large quantities of the react ion end-product .  These cytosomes  were very s imi la r  to the par t ic les  described 
in'the l i te ra ture  that are  found after  p ro te in  loading (Fig. 1D). 
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Clearly, therefore, in early postnatal ontogeny protein is transported from the intestinal lumen into 
the blood stream. The intracellular transport of protein takes place through pinocytosis and the activity of 
the Golgi complex, with liberation of the contents of its vacuoles into the lateral intercellular space. The 
appearance of food proteins in the blood is followed by their filtration and subsequent reabsorption by the 
epithelium of the proximal tubules. The high activity of hydrolytic enzymes in the cytosomes absorbing 
protein is evidence of its breakdown. The existence of a proteolytic apparatus in the kidney accordingly 
becomes of great physiological significance during this period of the animal's life, for the absence of any 
substantial intraluminal digestive function of the intestine is compensated by the intracellular digestion of 
proteins in the epithelium of the proximal renal tubules. Evidently the decisive role in this process does 
not belong to the kidney alone. The study of intracellular protein digestion in other organs and tissues will 
be the subject of future investigation. 
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