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The effect  of combined immunosuppress ive  t r ea tmen t  (Imuran, prednisolone,  local  x - r a y  
i rradiat ion)  on the dog kidney for  5 months was studied by the e lec t ron  m i c r o s c o p e .  Ad-  
min is t ra t ion  of immunosuppress ive  agents had a cytotoxic action and produced m o d e r a t e l y  
seve re  les ions  in all pa r t s  of the nephron.  On the bas i s  of the r e su l t s  it is r e commended  
that combined immunosuppress ive  m e a s u r e s  be used with m o r e  ca re  and that o ther  methods 
of t r ea tmen t  not producing se r ious  morphologica l  changes in the kidneys be sought. 

Few morphologica l  s tudies of the act ion of imm unosuppress ive  agents  on the kidney t i s sues  have 
been made,  and they have ma in ly  used histological  methods .  Shefl et  a l .  [23] injected azathiopr ine  and 
azase r ine  into dogs and found no histological  changes in autograf ts  of the kidneys.  Vr i e sman  et ato [25] 
studied var ious  enzymes  in autograf ts  of the kidneys of dogs r ece iv ing  azathiopr ine  and act inomycin C~ 
They concluded that this t r ea tmen t  for  70 days caused no morphologica l  changes in the kidneys~ Other 
w o r k e r s  emphas ize  that dur ing immunosuppres s ive  the rapy  m o r e  seve re  les ions  a r e  found in the blood 
v e s s e l s  of a l lograf ted  kidneys [1, 17, 21, 22], while in the late s tages  of the exper imen t  and a f t e r  clinical 
opera t ions  sc le ro t ic  changes develop in the blood v e s s e l s  and s t r o m a  [2, 8, 13, 18]. However,  it is d i f -  
ficult to different ia te  these changes f rom those resu l t ing  from immunological  conflict .  

The object of the p resen t  invest igat ion was to study the effect  of combined immunosuppress ive  therapy  
on the u l t r a s t ruc tu re  of the res idual  kidney a f t e r  uni la teral  nephrectomyo No such invest igat ions could be 
found in the l i t e r a tu re .  

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

The m a t e r i a l  studied compr i sed  21 incision b iopsy spec imens  of the kidneys f rom 8 dogs.  Com-  
bined t r ea tmen t  was given to 3 exper imenta l  an imals  f rom which one kidney and the spleen were  r emoved .  
The kidneys of 3 healthy dogs fo rmed  the f i r s t  control ,  and biopsy ma te r i a l  f rom the kidneys of 2 untreated 
dogs f rom which the con t ra l a t e ra l  kidney was f i r s t  r emoved  fo rmed  the second control .  During the 3 days 
before  the opera t ion the exper imenta l  an imals  r ece ived  Imuran  (azathioprine) in a dose of 3 m g / k g ,  the 
same  dose was given for  3 days a f te r  the operat ion,  and f rom the 4th day the dose was reduced to 2 m g / k g  
daily until the end of the exper iment .  On the day of the operat ion and until the end of the expe r imen t  
prednisolone was given in a daily dose of 2-5 mg /kg .  During the f i r s t  2 weeks local x - r a y  i r rad ia t ion  of 
the kidney was c a r r i e d  out in a dose of 100-150 R on a l t e rna te  days .  The usual ana lyses  of the blood and 
urine se rved  to check the s tate  of the kidney function. At the momen t  of uni la tera l  nephrec tomy and 7 and 
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Fig. 1o Changes in u l t ras t ruc ture  of the kidney during immuno-  
suppress ive  t rea tment :  a) proximal tubule~ Swelling of mi to -  
chondria (M) with simplified s t ructure  of c r i s tae .  CS) cytosome, 
18,000 x; b) cytoplasm of epithelium of proximal tubule con-  
tains many lysosomes  (LS) and a wel l -marked  Golgi apparatus 
(GA), 12,000 x; c) myelination figures are  visible in cytoplasm 
of epithelium of proximal tubule (indicated by arrows) ,  20,000 x; 
d) f ibrin f ibers (F) in interst i t ial  tissue~ PT) proximal tubule, 
12,000 x; e) thickening of basement  membrane  (BM) of proximal 
tubule and deposition of calcium salts (CS), 30,000 x; f) con- 
glomeration of f ragmented mitochondria  in lure en of efferent  
capi l lary.  ER) ery throcyte ,  6000 x.  

21 days and l r  t months after  the beginning of t reatment  incision biopsy specimens were taken; the dogs 
were sacr i f iced after  ~ and 5 months.  Tissue from the renal cortex was fixed by Caulfield's method and 
embedded in n~ethacrylates and Araldite.  Sections were examined in the U~MV-100B electron mic roscope .  

EXPERIMENTAL RESULTS 

The e lec t ron-microscop ic  study of kidney t issue taken at operation after  3 days of t reatment  with 
Imuran showed that the s t ructure  of most nephrons was indistinguishable f rom that of the nephrons of the 
f i rs t  control group of animals~ However, there were some proximal convoluted tubules in which the villi 
of the brush border  were detached, thinner than normal ,  and showing signs of lys is .  The mitochondria in 
these tubules var ied in sbape and size.  Some of them contained vacuoles and in others the cr is tae  were 
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fewer in number and less complex in s t ructure  (Fig. la) .  The cytoplasm contained ra ther  more  cytosomes 
than in the f i rs t  control.  C~ses are descr ibed in the l i terature in which degenerative changes were found in 
the epithelium of the renal  tubules af ter  administrat ion of Imuran alone [16]. 

Seven days after  the operation and t rea tment  loci of splitting of the pedieles of the per icytes  on the 
capil lary membranes  were found. In the proximal and distal tubules, besides the changes in the epithelium 
descr ibed above there was a well-defined focal thickening and loosening of the s t ructure  of the basement 
membranes  with inclusion of e lec t ron-dense  m a s s e s  (calcium salts).  Besides the modera te ly  severe  de-  
generative changes descr ibed above; intraeel lular  hyperplasia  was apparent.  A marked  increase  in the 
number  of mitochondria  (3-4 t imes more  numerous than in the f i rs t  control) and of the membranes  and 
vacuoles of the Golgi apparatus and free and fixed r ibosomes,  widening of the c i s te rns  of the rough and 
agranular  ret iculum, and some increase in density and an even distribution of the chromatin granules in 
the nuclei were observed in the epithelium of the proximal and distal tubules and the collecting ducts. 
Many lysosomes  of different s izes and differing in the density of their contents were found in the cytoplasm 
of the epithelium mainly  of the proximal tubules (Fig. lb)o The number of r ibosomes  was also sharply in-  
c reased  in the endothelium of the interst i t ial  capillaries~ In the kidneys of the second control group of 
animals at these t imes no degenerative changes were found, the int racel lular  hyperplast ie  changes were 
not so pronounced, and the number of lysosomes  was much smal le r .  

Development of hyperplasia  was demonstrated e lec t ron-microscop ica l ly  by Anderson [15] as ear ly  as 
96 h after  unilateral  nephrectomy, while Zufarov and Gontmakher [7] observed s imi lar  changes 15 days 
after  the operation. Threlfall  et al. [24] found an increase  in the size of the residual  kidney and an increase 
in its RNA content by 35-40%, and an increase  in its DNA content by 25%, 14 days after  unilateral  nephrec-  
foray. It must be emphasized that in the present  experiments  hyperplasia  of the intraeel lular  s t ruc tures  in 
the residual  kidney was probably due not only to natural compensation, but also to some extent to repa i r  
in response to the harmful action of the imm~nosuppressive t reatment .  

The outer membranes  of sonde mitochondria in the epithelium of the proximal and distal tubules 
became dense and were converted into myelin-l ike f igures 21 days and l~-months af ter  the operation (Fig. 
lc) .  Many cytosomes in which fragments  of disintegrated mitochondria  or myel in- l ike  s t ruc tures ,  f r a g -  
ments of membranes ,  and lipids were visible, were discovered.  The basement  membranes  of the tubules 
were often thickened, and extensive a reas  imbibed with fibrin were found in the interst i t ial  t issues (Fig. 
ld).  Meanwhile hyperplasia  in the epithelial cells of the nephron was c lear ly  defined. However, the 
number  of free r ibosomes  and, in par t icular ,  of lysosomes  was reduced 1~ months af ter  t reatment  and was 
almost  indistinguishable f rom their  number in the second control group of animals.  Relative stabilization 
of metabolism with an increase  in the number of r ibosomes  and lysosomes  to the "normal"  level was 
evidently associa ted with the discontinuing of x - r a y  i r radiat ion at this period. 

By 3~, and 5 months af ter  the operation the u l t ras t ruc ture  of most  neurons was still relat ively intact. 
Meanwhile--in the epithelial cells of the tubules degenerative changes were found in the mitochondria  and 
brush border .  Thickening of the basement  membranes  of the tubules was more  common and was now mixed 
focal and diffuse in charac ter ,  often with inclusions of e lect ron-dense m a s s e s  (Fig. le) .  Fragrrents  of 
membranes  and conglomerat ions of mitochondria were found in the lumen of the efferent  capi l lar ies  (Fig~ 
lf).  In the interst i t ial  t i ssues  along the course of the basement  membranes  of the tubules there was an in- 
c rease  in the number  of collagen f ibers compared with the f i rs t  control group of animals,  but no difference 
could be found in the degree of collagen formation compared with the second control group of animals .  

This e l ec t ron-mic roscop ic  study thus showed that local x - r a y  irradiat ion of the kidney and the 
immunodepress ive measures  taken exerted a cytotoxic action and caused damage to all par ts  of the nephron. 
The lesions were focal in charac ter ,  so that the kidney as a whole remained rela t ively intact. This con- 
clusion is confirmed by the resul ts  of function tests  (blood nonprotein nitrogen and creatinine,  24-hourly 
diuresis) ,  which were normal  at all s tages of the experiment.  

The most  distinct lesions were observed in the proximal convoluted tubules, presumably  because of 
the morphological  and functional charac te r i s t i cs  of this par t  of the nephron [3]~ The frequently observed 
fact that in whole-body i rradiat ion as well as after local i rradiat ion of the kidney region the proximal 
tubules of the kidney are affected f irst ,  and this is followed by the development of nephrosc leros is  [2, 4, 
9, 11,  20], mus t  also be remembered .  Sclerosis  m a y  also be stimulated by prednisolone, whose f ib ro -  
plast ic qualities are well known [10, 12]. However, no differences could be found in the degree of collagen 
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fo rmat ion  in the in te rs t i t ia l  t i s sues  in the exper imen ta l  and control  groups of an imals .  This p r o c e s s  mus t  
evidently be r ega rded  as an adaptive r e sponse  a imed at s t rengthening the connective t i s sue  skeleton of the 
res idual  kidney. 

During the exper imen t  the s t ruc tu ra l  and functional s tate of the nephron apparent ly  pas sed  through 
two s tages ,  as r e f l ec ted  demons t ra t ive ly  by the pa t te rn  of changes in the r i b o s o m e s  and l y s o s o m e s .  Before 
1~ months there  was an inc rease  in the number  of r i b o s o m e s  and l y s o s o m e s ,  e spec ia l ly  in the f i r s t  week 
a f te r  immunodepres s ive  t rea tment~  The number  of r i b o s o m e s  and l y s o s o m e s  then fell .  The m a r k e d  ac t iva -  
tion of synthesis  in the f i r s t  s tage,  when its intensi ty  was higher than in the second control  group of an imals ,  
was cer ta in ly  due to the action of the immunosuppre s s ive  agents and, in pa r t i cu la r ,  to x - r a y  i r rad ia t ion .  
After  discontinuation of the x - r a y  i r rad ia t ion ,  re la t ive  s tabi l izat ion of metabo l i sm was obse rved .  By the 
end of the exper imen t  the degenera t ive  changes in the epithel ium and, in pa r t i cu la r ,  in the basemen t  m e m -  
b r a n e s  of the tubules were  sl ightly i nc reased  in intensity,  an unfavorable sign indicat ing depress ion  of the 
synthetic  power  of the cel ls  and the predominance  of degnerat ive  changes over  r epa i r .  There  a re  many  
examples  in the l i t e r a tu re  to show that the course  of pathological  p r o c e s s e s  in r e sponse  to a wide va r i e ty  
of f ac to r s  takes  place in a s e r i e s  of phases  [5, 14, 19]o The eytotoxic effects  of the immunosuppres s ive  
agents  used obtained in these expe r imen t s  lead to the conclusion that more  ca re  m u s t  be e x e r c i s e d  with 
the i r  combined admin i s t r a t ion  and that other  methods of t r ea tmen t  f ree  from the r i s k  of se r ious  m o r p h o -  
logical  changes in the kidneys mus t  be sought. 
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