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Despi te  g rea t  advances  made in recen t  y e a r s  in the study of the m e c h a n i s m s  of absorp t ion  of Ca ++ in 
the intest ine,  many  s t ruc tu r a l  and b iochemica l  a spec t s  of th is  p roce s s  st i l l  r e m a i n  unexplained [2, 16]. In 
pa r t i cu la r ,  the prob lem of concre te  pathways for  the t r a n s f e r  of Ca ++ through the l ayer  of intest inal  epithel ium 
st i l l  r e m a i n s  unsolved. 

The mos t  widely held hypotheses  are  those  based  on the assumpt ion  that  Ca ++ ions pass  through the 
apical  m e m b r a n e  into the cy tosol  of the en te rocyte ,  and are  then expelled f rom it by the Ca pump on the basa l  
side of the cel l  [2, 7, 16]. A few e l e c t r o n - m i c r o s c o p i c  invest igat ions have yielded evidence that Ca ++ is c a r -  
r ied through the en te rocy te  in a seques te red  s ta te ,  in "packe t s , "  evidently not mixed with the cytosol  [15]. 
Accord ing  to o ther  data,  Ca ++ is c a r r i e d  ac ro s s  a t ight junction and then along the l a t e ra l  m e m b r a n e ,  along an 
in te rce l lu la r  canal  [3]. 

A definite defect  of the above invest igat ions is that  the methods used did not enable the absorbed Ca++ 
ions to be d i f ferent ia ted  f r o m  the endogenous cation which is constant ly  p resen t  in the cel l  and its s t ruc tu res .  
This  difficulty can be ove rcom e  by using e l ec t ron  m i c r o s c o p y  in conjunction with e lec t ron  autoradiography,  
and by the use of rad ioac t ive  45Ca ++ as the absorbed  ion. The e s sence  of the method is to identify the absorbed 
radio isotope  by means  of hal ides  of heavy me ta l s ,  reduct ion of which by f~-radiation at the si te of local izat ion 
of the isotope leads to deposi t ion of an e l ec t ron -dense  deposi t  of the reduced me ta l  in these  a r e a s  [12]. 

This  method was used in the p resen t  invest igat ion to study the local izat ion of 45Ca++ during its a b so rp -  
t ion in the sma l l  intest ine of young, growing r a t s .  

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

Under e the r  anes thes ia ,  0.5 ml  of 0.25 mM 45CaCI2 (2 mCi /mmole )  in 0.9% NaC1 was injected into a 5 -cm 
segment  of the p rox ima l  port ion of the sma l l  intest ine of a young (80-100 g) ma le  Wis ta r  ra t ,  isolated in situ 
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Fig. 1. Local izat ion of radioact ive isotope 45Ca ++ in an entero-  
cyte: a) label on mierovi l l i  (MV) and in t r anspor t  vesic les  (TV) 
formed at base of MV; b) label on membranes  of basa l - l a t e r a l  villa 
(BV) of an enterocyte and in TV which have merged with the villi. 

by l igatures .  The isolated segment of intestine was excised after  10 or  30 rain and fixed in 4% pa ra fo rmal -  
dehyde in Hanks '  buffer, postfixed with 1% OsO4, dehydrated by a rapid method [4], and embedded in a mixture 
of the epoxide res ins  Epon and Araldi te .  Ultrathin sections 80-100 nm thick were mounted on platinum nr 
molybdenum grids.  The incubation solution of AuC13, in a final concentrat ion of 0.000001%, was made up in 
boiled bidistil led water  by repeated dilution. The gr ids  were placed on a drop of incubation solution for  1 rain 
at 20~ and in ord inary  illumination. They were then sprinkled success ive ly  with 3 drops of bidistilled water  
for  1 rain. Before i r radia t ion in the e lec t ron  microscope  the sections were not stained. 

EXPERIMENTAL RESULTS 

Crystals of gold (subsequently the label), formed in sites of localization of the radioactive isotope 4~Ca++, 
were  found in the intestinal t i ssue of animals killed as ear ly  as 10 rain after  injection of the isotope into the 
lumen of the bowel. The larges t  number of tags was located on membranes  of the microvi l l i  of the apical su r -  
face of the en terocytes ,  evidently in the layer  of the glycocalyx.  Admittedly,  without additional staining, this 
layer  was almost  invisible on the microvi l l i .  The label was found intraeel lular ly  in vesic les  (on the inner su r -  
face of the membranes)  formed f rom the hollows between the mierovi l l i  (Fig. la) .  
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Fig.  2. Diagram showing t ranspor t  of Ca++ ions through cyto- 
plasm of enterocyte  (arrow). 

In animals killed 30 min after  injection of the isotope into the intestinal lumen the label was found not 
only in the places descr ibed above, but also in ves ic les  located near the la teral  membrane  of the enteroeyte.  
In addition, 4~Ca++ was found in vesic les  located near the la tera l  surface of the basal  part of the cells and on 
the surface of large villi, which were formed in large numbers in this part of the cells  (Fig. lb). 

The distr ibution of label on the microvi l l i  of the apical surface,  in the intracel lular  vesicles ,  and on villi 
of the l a te ra l -basa l  surface of the enterocytes  demons t ra tes  the path along which Ca ++ is absorbed in the intes- 
tine. 

No 45Ca++ was found in the eytosol of the enterocyte  in a free form,  not bound with membranous  vesicles .  
These observat ions  indicate that in the p rocess  of absorpt ion Ca ++ ions do not mix with the cytosol  of the 
enterocyte ,  but are  ca r r i ed  in sequestered form within the membranous  vesic les .  Vesicles  t ranspor t ing  Ca ++ 
are pinched off at the base o f  the microvil l i ,  retaining the Ca ++ bound with them, and they c a r r y  the calcium 
through the enterocyte,  to open up on the la tera l  membrane ,  where they l iberate the Ca ++ ions into the inter-  
cel lular  space.  This is the same path as has already been descr ibed for absorption of lipids, proteins,  and 
var ious  other  substances (Fig. 2) [13]. 

The resul ts  of these e l ec t ron -mic roscop ic  and autoradiographic investigations are in good agreement 
with data on Ca ++ t r anspor t  through the enterocyte  in an immobilized state obtained with the aid of less refined 
methods of investigation [11, 15], and also with the resul ts  of recent  studies [9], f rom which it was concluded 
that lysosome- l ike  s t ruc tu res  of the enterocyte  part icipate in Ca ++ t ranspor t .  

The in t race l lu lar  Ca ++ concentra t ion is known to be maintained at a very low level, of the o rder  of 1" 
10 -6 M, and any increase  in it adversely  affects many biochemical  p rocesses  [8, 14]. Vesicular  Ca++t ranspe r t  
is an important  mechanism which prevents  any increase  in the Ca ++ concentrat ion in the cytosol  during ab- 
sorption. 

The eoneept of ves icular  t r anspor t  of Ca ++ through the enterocyte differs f rom the hypothesis of its 
ex t race l lu la r  t r anspor t ,  suggested by Bauman et al. [3]. In the i r  investigationS, just as in our  own, Ca ++ was 
shown to be localized on the la tera l  membrane  of the enterocyte  in the region of the intercel lular  spaces.  
However, whereas  our observat ions  showed that Ca++ ions appeared on the la tera l  membrane  as the resul t  of 
opening up of t r anspor t  ves ic les ,  pinched off the base of the microvil l i ,  on them, according to the hypothesis 
of Bauman et al. [3]~ this "cat ion as it were flows around the cell, penetrating through the tight junction and 
moving along the la tera l  membranes ,  along the intercel lular  canal." This hypothesis is based on e lec t ron-  
his toehemical  detect ion of Ca ++ in the region of the tight junction. However, as was shown above, the method 
of isolation of Ca ++ b y m e a n s o f  pyriantimoniate,  used in the investigations cited, does not allow differentiation 
between the absorbed and endogenous Ca ++ , which is always present  in the region of the tight junction as an 
important  s t ruc tura l  component, increas ing the s trength of this format ion [5]. 

F u r t h e r m o r e ,  in the investigations of Bauman et al. [3], large quantities of Ca ++ were injected into the 
intestinal lumen, c rea t ing  an unphysiologically high concentrat ion of the element of the o rder  of 12-25 mM, 5 
to 10 t imes  higher than the Ca ++ concentrat ion in the blood. Under these conditions Ca ++ passed throtrgh the 
intestinal wall mainly on account of diffusion p rocesses ,  in which a definite role may be attributed also to the 
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Fig. 3. Transverse  section at level of terminal  network of 
linear junction between two enterocytes.  

entry of Ca++through tight junctions and intercellular spaces. In the present experiments the initial Ca ++ 
concentration in the lumen (0.25 raM) was only one-tenth of its concentration in blood plasma (2.5 raM), so that 
the picture observed was entirely due to mechanisms of active Ca ++ transport .  In our opinion, under physio- 
logical conditions Ca ++ t ransport  through tight junctions can hardly take place at all, for by contrast with 
desmosomes, which connect the cells of the gastric mucosa in mosaic fashion, the tight junction between the 
enterocytes is linear in character .  As our investigations showed (Fig. 35 a linear tight junction forms a c i r -  
cular connection of the enteroeyte with all neighboring cells of the intestinal epithelium. This firm and stable 
connection does not separate not only under physiological conditions, but even during homogenization [10]. 

When studying the subcellular localization of 45Ca++ during its absorption, no evidence of entry of the 
label into mitochondria of the enterocyte was found. These findings, together with similar  observations by 
other workers [3, 15], are evidence against any direct  participation of mitnehondria in the t ransport  or  
sequestration of Ca ++ absorbed by the enteroeyte.  This fact, of course, does not dispute the important role of 
mitochondria in the provision of energy for the process of Ca ++ absorption by the mechanism of active t rans-  
port against the concentration gradient [1]. 

The question of the mechanism of the coupling of vesicular Ca ++ t ransport  with the expenditure of 
metabolic energy, which gives the character  of active transport ,  is a subject for special study [6]. 
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