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Compar i son  of the u l t r a s t r u c t u r e  of the par ie ta l  cel ls  of the s tomach and cel ls  of the renal  
col lect ing tubule of intact an imals  and a lso  of an imals  in a s tate  of metabol ic  ac idos is  or  
a f t e r  prolonged dry feeding revea led  a s imi l a r i ty  in the s t ruc tu re  and distr ibution of the 
mi tochondr ia  and in the accumula t ion  and l ibera t ion  of smooth-wal led  ves ic les .  During in- 
tensif ied sec re t ion  of hydrogen ions an in t r ace l lu la r  tubule, a c h a r a c t e r i s t i c  s t ruc tu re  of 
the pa r i e ta l  cell  of the s tomach,  appea r s  in the cel ls  of the collect ing tubules.  It is con- 
cluded f r o m  the u l t r a s t r uc t u r a l  analogies  obtained that the dark  cel ls  of the col lect ing tu-  
bules have the function of acidifying the ur ine.  

Invest igat ions  using a mic ropunc tu re  technique have shown that acidif icat ion of the urine takes  place 
in the p rox imal  and distal  por t ions  of the nephron and a lso  in the collecting tubules [1, 4, 7]. 

The p r e s e n c e  of two types of ce l l s  in the collecting tubules - "dark"  and "light" [2, 3] - does not solve 
the p rob lem of which cel ls  s e c r e t e  hydrogen ions. The invest igat ion descr ibed  below was c a r r i e d  out to 
obtain fu r the r  informat ion.  

EXPERIMENTAL METHOD 

Collecting tubules of the kidney of 15 male rats weighing 100-120 g were investigated in the electron 
microscope. The animals were divided into three equal groups: I) control; 2) animals in a state of acute 
metabolic acidosis produced by a single intraperitoneal injection of 1 ml I~ ammonium chloride solution, 
sacrificed 2 h later; 3) animals receiving dry food only for 7 days. As ultrastructural reference model of 
cells secreting H +, the parietal cells of the stomach of the control animals were used. 

The tissue was prepared for electron microscopy in the usual way by fixation with OsO 4 and embed- 
ding in Epon-812. 

E X P E R I M E N T A L  R E S U L T S  

The specif ic  s t ruc tu ra l  f ea tu res  of the par ie ta l  cel ls  of the s tomach include the p r e s e n c e  of many oval 
mi tochondr ia  with an intensively developed s y s t e m  of c r i s t a e  filling near ly  the whole body of the organoid.  
The mi toehondr ia  a r e  uniformly dis t r ibuted in the cy top lasm and have no definite orientat ion.  Another  dis-  
t inguishing fea ture  of these cel ls  i s  the per iodic  filling of the cy top lasm with smal l  ves ic les  (Fig. la) fol-  
lowed by l ibera t ion  of the i r  contents into the in t race l lu la r  tubule. The mos t  specif ic  fea ture  of the par ie ta l  
cell  is this  in t r ace l lu la r  tubule which is c o m p r e s s e d  in the phase  of ves ic le  fo rmat ion  (Fig. lc) and dilated 
in the phase of the i r  expulsion (Fig. le) .  The wall of the in t r ace l lu la r  tubule is covered  with shor t  m i c r o -  
villi of different  shapes ,  the number  of which r i s e s  sharp ly  in the s tate  of max imal  accumula t ion  and l i b e r a -  
tion of the ves ic l e s .  
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Fig. 1. Ul t ras t ructure  of parietal  cells of the s tomach (a, e, e) 
and dark cells of the renal collecting tubule (b, d, f): a,  b) ac-  
cumulation of smooth-walled vesicles  in cells, 20,000 x; c, d) 
in t racel lular  tubules compressed  at the beginning of vesicle for -  
mation, 25,000 x; e, f) in t racel lular  tubules dilated in the period 
of maximal accumulation and l iberation of vesicles,  25,000 x 

The light and dark cells of the collecting tubule have different u l t ras t ruc tura l  features .  The dark 
cells  have a more  e lec t ron-dense  hialoplasm and many more  mitochondria,  with numerous closely packed 
cr is tae .  The mitochondria in the dark cells are  comparat ively uniformly distributed in the cytoplasm and 
are  ra ther  more  numerous in the apical part,  whereas in the light cells  they are  concentrated in the basal 
part .  The mitoehondria of the light cells have a basal -apica l  orientation and are  located between the folds 
of the basal p lasma membrane .  These folds are  absent in the dark cells.  Character is t ica l ly  the cytoplasm 
of the dark cells is filled with smooth-walled vesicles  (Fig. lb) which la te r  move into the apical par t  and 
are  expelled into the lumen of the collecting tubule. Numerous microvil l i  of i r r egu la r  shape are  formed 
on the surface of the cell. Vesicles are  not found in the light cells whose surface is always relatively 
smooth. 

In acute metabolic acidosis and af ter  dry feeding the u l t ras t ruc tura l  changes in the collecting tubules 
were identical. In both cases  dark cells  were more  numerous in the tubules. No marked u l t ras t ruc tura l  
changes were found in the light cells compared with the control, whereas in the dark cells  there was a 
sharp increase  in the number of mitochondria and smooth-walled vesicles .  The dark cells were covered 
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with numerous  i r r e g u l a r l y  shaped vill i .  In addition, an in t r ace l lu l a r  tubule appeared  in some of the dark  
ce l l s  and was c o m p r e s s e d  in the initial s tages  of fo rmat ion  of the smooth-wal led  ves ic les  (Fig. ld) and di- 
la ted during the per iod of the i r  max ima l  accumula t ion  and l ibera t ion  (Fig. lf).  

Even in the control  animals ,  the re fore ,  a s imi la r i ty  was seen  between the u l t r a s t r u c t u r e s  of the p a r i -  
etal  ce l ls  of the s tomach  and the dark  ce l l s  of the renal  col lect ing tubules.  This s imi l a r i ty  was mani fes ted  
in the uni formi ty  of s t ruc tu re  and dis t r ibut ion of the mi tochondr ia  and in the exis tence of analogous p e r i -  
odic accumula t ions  of smooth-wal led  ves ic les .  In exper imenta l ly  induced ac idos is  and dry feeding the s i m -  
i la r i ty  between these two cel ls  was inc reased ,  not only on account of an inc rease  in the number  of mi to -  
chondria  and ves i c l e s  in the dark  ce i l s  of the col lect ing tubule, but a lso  on account of the appearance  of an 
in t r ace l lu la r  tubule, a specif ic  f ea tu re  of the par ie ta l  cel ls  of the s tomach,  in them. 

The sec re t ion  of H + is in t imately  connected with the b icarbonate  s y s t e m  and with the act ivi ty  of c a r -  
bonic anhydrase ;  the act ivi ty  of this enzyme in the par ie ta l  ce l l s  of the s tomach  is  higher  than in any other  
organs  or  t i s sues  [6]. Compara t ive ly  recent ly ,  with improvemen t s  in techniques,  high carbonic anhydrase  
act ivi ty has been  revea led  in the kidney, not only in th e p rox imal  and distal  por t ions  of the nephron, but 
a lso  in the col lect ing tubules [5]. By the local iza t ion of carbonic  anhydrase  in the col lect ing tubules,  a 
c l ea r  dist inction can be drawn between the dark  (with high activity) and light (with no activity) cel ls .  

The u l t r a s t r u c t u r a l  s imi l a r i t y  between the par ie ta l  cel ls  of the s tomach  and the dark  cel ls  of the col-  
lect ing tubule desc r ibed  above is thus supported by a common pa t t e rn  of content of an enzyme int imately  
connected with hydrogen ion sec re t ion .  

The w r i t e r s  cons ider  that this u l t r a s t ruc tu r a l  s imi la r i ty  between the par ie ta l  cel ls  and the dark  cel ls  
of the col lect ing tubule is not accidental  but is linked with a s imi la r i ty  between the i r  functions. Of these  
two types of cel ls  - light and dark - in the collect ing tubule, the act ivi ty of the dark cel ls  is probably con- 
nected with acidif icat ion of the ur ine .  
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