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Ult ras t ruc tu ra l  analysis  showed d i f fe rences  in the r e sponse  of the epi thel ium of the p rox imal  and 
dis ta l  port ions of the nephron during p o s t m o r t e m  survival  of the kidney and its expe r imen ta l  i s -  
chemia  in noninbred albino r a t s ,  Dur ing autolysis  of the organ in the cadaver  in t race l lu la r  ed-  
ema  develops in the tubular epi thel ium and cha rac t e r i s t i c  changes appear  in the u l t r a s t ruc tu re  
of the mi tochondr ia .  Under the conditions of expe r imen ta l  i schemia ,  marked  changes in the ly-  
sosomal  s y s t e m  of the ce l l s ,  swelling of the mi tochondr ia ,  and cons iderable  dilatat ion of the c i s -  
terns  of the endoplasmic  re t i eu lum and the Golgi l ame l l a r  complex take place against  the back-  
ground of in t race l lu la r  edema.  

Key words:  autolysis ;  p o s t m o r t e m  surv iva l  of o rgans ;  i schemia ;  edema.  

A leading place in medical and biological research into the problem of organ and tissue transplanta- 
tion is occupied by the study of cell viability [2]. This problem has become particularly acute in connec- 
tion with the use of cadaveric organs for transplantation, and this is especially true of the kidney, one of 
the organs most frequently transplanted [1, 3]. An important condition for normal functioning of an organ 
after transplantation is a short stay in the cadaver after death. The effect of this "survival" on the struc- 
ture and function of the transplanted organ has frequently been studied by the use of experimental ischemia 
in the living organism as the model [6, 7, 9, 11, 15], whereas the donor's kidney is taken as a rule a short 
time after death of the organism. On the other hand, the study of the biochemical and morphological char- 
acteristics of ceils during autolysis as a rule is carried out on isolated organs under artificial conditions 
[4, 5, 8-101. 

The object  of this invest igat ion was to study u l t r a s t ruc tu ra l  changes in the cel ls  of the p rox imal  and 
distal  port ions of the nephron of noninbred albino ra t s  during exper imenta l  i schemia  of the kidney and dur-  
ing p o s t m o r t e m  surv iva l  of the organ in the cadaver .  

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

Exper iments  were ca r r i ed  out on male  r a t s  divided into two groups with 20 animals  in each group. 
Under pentobarbi ta l  anes thes ia  a s i lk l igature  was passed  around the left  rena l  a r t e r y  of the an imals  of 
group I and tied for 15, 30, 60, and 120 min,  a f ter  which ma te r i a l  was taken f rom the i s chemia  kidney. The 
effect  of i schemia  for each of these per iods on the u t t r a s t rue tu re  of the rena l  epi thel ium was studied in 
five an imals .  

The animals  of group 2 were  decapi tated.  Mater ia l  was taken f r o m  the left  kidney 15, 30, 60, and 120 
min af ter  death of the animal .  In this case  also five r a t s  were  studied at each t ime.  The ma te r i a l  was 
t reated by the usual methods for e lec t ron  mic roscopy .  Specimens were  examined in the Hitachi IIE e lec t ron  
mic roscope .  
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Medical Inst i tute.  (Presented by Academician of the Academy of Medical Sciences of the USSR Yu. M. Lo-  
pukhin.) Trans la ted  f rom Byulleten '  Lkspe r imen ta l ' no i  Biologii i Meditsiny, Vol. 79, No. 3, pp. 118-121, 
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Fig. 1. Ul t ras t ructure  of ceil of proximal portion of nephron dur -  
ing pos tmor tem survival of the kidney in the cadaver for 15 min 
(9600• H) e lec t ron-dense  hyaloplasm, L) lysosome,  M) mitochon- 
drion, MV) microvi l l i  of brush border .  

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

During pos tmor tem survival  of the kidney in the cadaver the most  charac te r i s t i c  s ign  of injury of 
the tubular epithelium was in t racel lu lar  edema accompanied by reorganizat ion of the shape of the epithelial 
cells and by u l t ras t ruc tura l  changes in them. The configuration of the epithelial cell surface in the proxi-  
mal portion of the nephron 15 min after death of the animals was appreciably al tered as a resu l t  of widen- 
ing of the basal folds and a reduction in their depth  and also through thickening and shortening of the mi-  
crovil l i  of the brush  border .  The cytoplasmic mat r ix  of some cells was "watery" and pale. In some cells 
a reas  of hyaloplasm of high electron density were found. The microvi l l i  in these a r e a s  appeared swollen 
and confluent. The appearance of mitochondria with an e lec t ron-dense  matr ix  and a shor ter  distance be- 
tween the cr is tae  in the cells of the proximal portion was par t icular ly  noticeable (Fig. 1). 

The changes described above were joined 60 min after  the animal ' s  death by responses  of the lamel-  
lar complex of Golgi, in which the c is terns  were widened and fragmented.  With a further  increase  in the 
period of Pos tmor tem survival  of the kidney the intensity of these u l t ras t rue tura l  changes in the epithelium 
of the proximal  portion of the nephron increased.  

The u l t ramicroscopic  responses  of cells in the distal portion of the nephron of the "surviving" kidney 
were s imi lar  to those descr ibed above in the epithelium of the proximal portion. However, the cha rac t e r i s -  
tic response  of the epithelium in the distal par t  of the nephron was a change in its biosynthetic s t ruc tures ,  
in the form of sharp dilatation of the c is terns  of the endoplasmic ret iculum and fragmentat ion and dilata-  
tion of the c is terns  of the Golgi lamel lar  complex, appearing 15 min after  the animal ' s  death. The degree 
of these changes grows sharply at later  periods of pos tmor tem survival .  

It can thus be concluded f rom these observat ions that during autolysis the tubular epithelium loses 
the specific differentiation of the apical and basal cell surfaces  and is charac ter ized  by morphological  
changes in the energy-produc ing  and biosynthetic sys tems .  These lesions are evidently based on s t ructura l  
and functional dis turbances  of permeabi l i ty  of the cell membranes .  

The morphological  picture of the damage under ischemic conditions was ra ther  different. 

The most  cha rac t e r i s t i c  features of i schemia  associated with int racel lular  edema were changes in the 
lysosomal  apparatus of the cel ls ,  especial ly marked in the epithelium of the proximal  portion, and also 
swelling of the mitochondria and sharp dilatation of the c i s te rns  of the endoplasmic re t iculum and Golgi 
lamel lar  complex, especia l ly  in cells of the distal portion of the nephron. 

After i scbemia  for 15 min an increase  in the number  of lysosomes  and phagosomes and an increase  
in their po lymorphism were observed in the cells of the proximal portion. The charac te r i s t i c  picture after 
short  periods of ischemia (up to 60 rain) was the fusion of two lysosomes  and also close contact between ly-  

341 



Fig.  2. U l t r a s t ruc tu re  of a cell  of the p rox imal  pa r t  of the nephron 
af ter  expe r imen ta l  i s chemia  last ing 15-30 min (27,000x): a) genera l  
view of sect ion;  b) place of contact  of lysosome with mitochondrion.  
Legend as in Fig.  1, 11,200• 

so somes  and mi tochondr ia  (Fig. 2). In the zone of contact  the outer  m e m b r a n e s  of the mi tochondr ia  were  
damaged (Fig. 2). An inc rease  in the number  of swol len 'mi tochondr ia ,  as shown by  t r ans lucency  of their  
ma t r i x  and disorganiza t ion  of their  c r i s t ae ,  a lso  was observed .  

After i schemia  for 60-120 min the ly sosomal  appara tus  of the cel ls  of the p rox imal  por t ion  became  
morphologica l ly  less  active.  The po lymorph i sm of the ly sosomes  was less  marked ,  the number  of contacts  
of Iy sosomes  with each other  and with the remain ing  cell o rganel les  was reduced.  After i s chemia  for 2 h, 
against  the background of marked  in t race l lu la r  edema of the endothelium of the p rox imal  port ion,  seques -  
t ra t ion of individual a r e a s  of endothelial  ce l ls  was found. After this period of i s chemia  the mi tochondr ia  
appeared  swollen and f ragmented .  Most of the l y s o s o m e s  were  c i r cu la r ,  of ave rage  s i ze ,  and with homo-  
geneous contents .  Phagosomes  were  r a r e .  C is te rns  of the Golgi l a m e l l a r  complex were  sharp ly  dilated 
and f ragmented .  

In the dis ta l  port ion of the nephron i schemia  for 15 rain induced marked  vacuolation of the cy top lasm 
of the endothelium and swelling of the mi toehondr ia .  However,  the sharp  changes in the lysosomal  a p p a r a -  
tus occur r ing  in the endothelium of the p rox imal  pa r t  Of the nephron were  not found in cel ls  of the distal  
port ion.  With an i nc rea se  in the duration of i schemia ,  the rapid development  of i n ~ a c e l l u l a r  edema was 
cha rac t e r i s t i c  of cel ls  of the dis ta l  port ion.  Most epithelial  cel ls  of the dis ta l  port ion 120 min af ter  appl i -  
cation of the l igature  had a smooth  su r face ,  for the depth of the basa l  folds was cons iderably  reduced and, 
in s o m e  par t s  of the cell ,  they had d isappeared  complete ly .  The cy top lasm of the cel ls  was of low e lec t ron  
density and r ich  in vacuoles  of different  s izes .  The mitochondr ia  were  mos t ly  swollen, with so l i ta ry  c r i s -  
tae.  The Golgi l a m e l l a r  complex,  composed of  separa te  ves ic les  and vacuoles ,  was sca t t e r ed  throughout 
the cy toplasm.  

It can be concluded f rom the analys is  of these observa t ions  that i n t r ace l lu l a r  edema took place during 
p o s t m o r t e m  surv iva l  of the kidney and i schemia ,  as a r e su l t  of d i s tu rbances  of the mic roc i rcu la t ion  in the 
organ.  However ,  pos t i schemic  changes in the u l t r a s t ruc tu re  of the lysosomal ,  energy-produc ing ,  and p ro -  
rein-synthet ic  s y s t e m s  of the epithelial  cei ls  a re  difficult to dist inguish f rom changes in the cel ls  during 
p o s t m o r t e m  survival  of the organ.  In addition, the dynamics  of development  of in t race l lu la r  edema differs  
in these two conditions, on the one hand, and in each  pa r t  of the nephron of the kidney under the conditions 
of autolysis  and i schemia ,  on the other  hand. Consequently,  there  is a marked  dif ference in the cel lular  
me tabo l i sm of the epi thel ium of the nephron during i schemia  and p o s t m o r t e m  surv iva l .  The use of a model 
of expe r imen ta l  i s chemia  to study the viabil i ty of a t ransplanted  organ thus cannot give a complete  picture  
of the s tate  of the working cel ls  of the organ a f te r  i ts  su rv iva l  in the cadaver .  
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