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Disorganiza t ion  of the motochondr ia ,  myof ib r i l s ,  and s a r c o l e m m a ,  i n t r a - and  in t e rce l lu l a r  edema ,  
swelling and pycnotic changes in the endothel ium, occlusion of the cap i l l a r i e s  by blood cel ls ,  and 
thickening and condensat ion of the basemen t  m e m b r a n e s  were  obse rved  in the myoca rd ium of 
r a t s  with nephrotoxic  g lomeru lonephr i t i s  induced by Masug i ' s  method.  The changes reached  a 
m a x i m u m  on the 10th-20th day a f t e r  the beginning of product ion of g lomeru lonephr i t i s .  Af ter  
the 20th day in t r ace l lu l a r  r egene ra t ive  p r o c e s s e s  became  intensif ied.  Corre la t ion  was found 
between the subce l lu!ar ,  h is tological ,  and clinical  mani fes ta t ions  of g lomerulonephr i t i s~  
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Cardiac  fa i lure  is  a se r ious  complicat ion of acute g lomerulonephr i t i s  [1-3,7,8]. However ,  a con t rad ic to ry  
a s s e s s m e n t  of the c h a r a c t e r  and s eve r i t y  of the myoca rd ia l  les ion in this d i sease  is to be found in published 
r epo r t s  of morphologica l  studies of the hear t .  The overwhelming  ma jo r i t y  of invest igat ions have been c a r r i e d  
out on autopsy m a t e r i a l  by the use  of l ight -opt ica l  methods [4,5,9,10]. 

With these cons idera t ions  in mind it  was decided to study subcel lu lar  changes in the myoca rd ium in ex-  
pe r imen ta l  g lomeru tonephr i t i s .  

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

Nephrotoxic g lomeru lonephr i t i s  was produced in r a t s  by Masug i ' s  method by injection of antikidney se rum.  
The source  of the he tero logous  nephrotoxic  s e r u m  was rabbi t s  immunized  with a homogenate  of r a t  renal  cor tex.  
The s e r u m  ( t i ter  1:1200) was injected p a r e n t e r a l l y  into the r a t s  in a dose of 0.8-1 m l / 1 0 0  g body weight on 
f r o m  1 to 5 consecut ive  days.  

For  e l e c t r o n - m i c r o s c o p i c  invest igat ion of the an imals  decapi ta ted 1-75 days a f t e r  injection of the s e r u m ,  
the m y o c a r d i u m  was taken f r o m  the subedocardia l  por t ion of the left  ven t r ic le ,  fixed in glutaraldehyde,  pos t -  
f ixed in o smium te t roxide ,  and, a f t e r  dehydrat ion in alcohols of inc reas ing  concentra t ion,  embedded in a m i x -  
tu re  of Araldi te  and Epon. Sections s ta ined with lead and uranyl  ace ta te  were  examined in the JEM-7A m i c r o -  

scope.  

Exper imen t s  were  c a r r i e d  out on 46 r a t s ,  in 36 of which g lomerulonephr i t i s  was produced,  four an imals  
r ece ived  an inject ion of native rabbi t  s e r u m ,  two rece ived  dist i l led water ,  and four  r a t s  were  left intact .  

EXPERIMENTAL RESULTS 

The development of glomerulonephritis in the rats was characterized by worsening of their general 
state, loss of appetite, apathy, edema of the subcutaneous cellular tissue, marked albuminuria (up to 30%) and, 
frequently, diarrhea. In some animals the blood nonprotein nitorgen level was increased and hypo-and dys- 
proteinemia were observed. On the ECG changes were observed in the R and T waves and the S-T interval, 

as well as other changes indicating myocardial damage. 

Histologically changes characteristic of membrano-proliferative glomerulonephritis were found in the 
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Fig. i Fig. 2 

Fig. i. Destructive changes in myocardium of rat 5 days after production of glomerulonephritis. Frag- 
mentation of plasmalemma (FP) and vacuolation (VM) and elimination (EM) of mitoehondria of cardio- 
myocytes, pycnotic changes in endothelium with formation of myelin-like bodies (PE), and loosening of 
basement membrane (LB); 15,000 • 

Fig. 2. Myocardium of rat 22 days after production of glomerulonephritis. Intracellular edema (IE). 
Stretching and rupture of sarcomeres (SM)o Occlusion of capillary lumen by platelets (OC). Connective- 
tissue cell in interstitial tissue (CTC); 15,000 x. 

Fig. 3. Thickening of basement membranes in 
sarcolemma (TBMS) and T-system (TT) in myo- 
cardium of rat 36 days after production of glo- 
merulonephritis; 30,000 • 

kidneys of the rats at all times of the investigation. Examination of the heart with the light microscope revealed 
congestion of the capillaries and venules, perivascular edema, focal lympho-histiocytic infiltration of the inter- 
stitial tissue, and degeneration of individual muscle fibers in the subendothelial zones of the myocardiumo The 
histological changes in the kidneys and heart were most marked on the 10th-20th day [4]. 

Comparison of electron micrographs of the experimental and control animals showed the presence of 
substantial changes in the cardiomyocytes, capillaries, and interstitial tissues in the myocardium of the rats 
with nephrotoxic glomerulonephritis. A definite dynamics of these changes could be traced depending on the 
duration of glomerulonephritis. In the early stages, from i to i0 days after the beginning of injection of the 
nephrotoxie serum (12 rats), when symptoms of glomerulonephritis were starting to appear but no regular 
changes were found on the E CG, the changes in the myocardium affected mainly the mitochondriat which in 
the overwhelming majority of myocardial cells were swollen, vaeuolated, and deformed. Their cristae were 
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appreciably  reduced in number  and their  mat r ix  was t ranslucent .  Meanwhile, however,  signs of hyperplasia  
and hypert rophy of the mitochondria  also w e r e  observed.  The remaining organel les  had no destruct ive changes~ 
Sings of in t race l lu lar  edema were observed  in many cardiomyocytes .  The myocardia l  capi l lar ies  of most  
animals at this t ime had a normal  u l t ras t ruc ture .  However,  in four ra ts  with the most  marked  changes in the 
myocard ia l  cel ls ,  the capi l lar ies  were profoundly al tered.  Swelling or  condensation of the endothelial cells 
and loosening and thickening of the basement  membranes  were observed in the i r  walls and an accumulation of 
e lec t ron-dense  mater ia l ,  leukocytes,  and e ry throcytes  in their  lumen (Fig. 1). 

On the l l t h -20 th  day af ter  injection of nephrotoxic se rum (15 rats) the clinical features of glomerulo-  
nephri t is  were at their  maximum. On the ECG of 80% of the rats  the hear t  rate was slowed, the R wave was 
depressed,  the voltage of the other  waves was reduced, changes were observed in the te rminal  par t  of the ven- 
t r icu la r  complex (the T wave and S--T interval),  and the systol ic  index was increased.  During this per iod 
in t racel lu lar ,  in tercel lu lar ,  and per icap i l la ry  edema were conspicuous features of the myocard ium of near ly  
all the anumals,  coupled with severe  edema of the subcutaneous cel lular  t issue of the rats .  Large  vacuoles 
with s t ruc tu re less  or  f ine-grained contents,  formed at the site of groups of destroyed mitochondria,  were 
found in the cardiomyocyteso The tubules of the sa rcop lasmic  ret iculum were dilated. Focal injury to the myo-  
f ibri ls  was observed,  in the form of fragmentat ion,  lys is ,  and overs t re tching  of individual s a r comere s .  In ad- 
dition, marked disorganizat ion of the sa rco lemma was observed in many myocardia l  cells.  In some par ts  its 
p lasma layer  was broken into f ragments ,  diffuse in s t ruc ture  or  absent al together,  but the basal layer  was con- 
densed and thickened. Appreciable condensation and thickening of the basement  membranes  also were observed 
in tubules of the T - s y s t e m  exposed as a resul t  of in t racel lu lar  edema. At the same time, it must  be pointed 
out that the nuclei of the myocard ia l  cells as a rule p r e s e r v e d  their  normal  u l t ras t ruc ture ,  and often showed 
signs of inc reased  functional activity (twisted outlines, large nucleoli,  numerous pores  in the karyolemma).  
Large  c lusters  of mitochondria  were frequently observed around the nuclei. The capi l lary walls in most  cases 
consis ted of swollen and pycnotic endothelial cel ls ,  frequently containing myelin- l ike s t ruc tures .  Separation 
of the endotheliocytes with disturbance of in terce l lu lar  contacts was observed.  The basement  membranes  of 
the blood capi l lar ies  were near ly  always thickened and condensed and were frequently in line with the sa rco-  
l emma of the adjacent cardiomyocytes~ More often than previously ,  accumulation and stasis  of ery-throcytes, 
leukocytes,  fibrinoid m a s s e s ,  and groups of platelets were discovered in the lumen of the mic rovesse l s ,  some-  
t imes  completely blocking the lumen of the capi l lary.  Leukocytes,  e ry throcy tes ,  f ibrocytes ,  p lasma cells,  and 
mas t  cel ls ,  as well as mitochondria  of damaged myocytes  were observed in the in terce l lu lar  and per ivascu la r  
spaces (Fig. 2). 

In the la ter  s tages (up to 75 days), when the manifestat ions of glomerulonephri t is  were diminishing or  
had c leared up, slight changes in the R wave and in the terminal  par t  of the ventr icular  complex were observed 
on the ECG of only 50% of the ra ts .  Examination of the myocardium of nine rats  showed that most  of the ul t ra-  
Structural  changes descr ibed above were less commonly found~ However, disorganizat ion of the basement  
membranes  in the myocytes  and capil laries continued to p rog re s s  (Fig. 3). Meanwhile muscle  and endothelial 
cel ls ,  l a rge r  than previously  and with organel les  of normal  s t ruc ture ,  were detected. In addition, in t racel lu lar  
regenerat ive  p rocesses  were intensified in the myocardia l  cel ls :  activation of nuclei and nucleoli, accumula-  
tion of r ibosomes and polysomes  in the sa rcop lasm,  new myofibri l  formation,  and division and hypert rophy of 

mitochondria.  

In the rats  studied on the 15th and 22nd days after  injection of native rabbit serum or of distilled water,  
subcel lular  changes in the myocard ium were manifested only as swelling of some mitochondria  and moderate  
in t racel lu lar  edema of individual myocytes ,  and also by the presence  of single platelets and c lusters  of e ry -  

throcytes  in some capi l lar ies .  

Destruct ive and reparat ive  subcel lular  changes in the myocard ium of rats  thus appeared after  the f i rs t  
days of development of nephrotoxic glomerulonephri t is  and affected both its muscle  f ibers  and its capi l lary 
system~ Definite corre la t ion  was observed between the dynamics of the morphological  and clinical manifesta-  

tions of glomerulonephri t is .  
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T H E  E F F E C T  O F  G R O W T H  H O R M O N E  

T H E  DNA C O N T E N T  IN L Y M P H O C Y T E  N U C L E I  

H Y P O P H Y S E C T O M I Z E D  R A T S  

Vo P .  F e d o t o v ,  V .  P .  F i n n i k ,  UDC 612.42.014.1:547o963.32/-06:612.433'65 
a n d  L .  V.  A l e s h i n a  

The ef fec t  of growth hormone  on the DNA content in lymphocyte  nuclei in the thymus,  spleen,  
and lymph nodes was inves t igated cytophotometr ica l ly .  In hypophysectomized ra t s  growth 
hormone  was shown to i nc r ea s e  the DNA content in nuclei of medium lymphocytes  of these  
organs  but did not change i ts  content in smal l  lymphocytes .  Lymphocytes  of the thymus were  
mos t  sens i t ive  to the action of growth hormone.  The DNA content in the nuclei of these  cel ls  
i nc rea sed  as ea r ly  as 1 h a f t e r  injection of the hormone  and reached  its  m a x i m u m  af te r  4 h. 
Other  hormones  with anabolic action (insulin, thyroxine,  tes tos terone)  caused no inc rease  in 
DNA in the thymocyte  nuclei during this period~ It  is concluded that growth hormone  has high 
affinity for  cel ls  of the lymphoid organs  and, in pa r t i cu la r ,  for  thymocytes  (medium Iympho-  
cytes  of the thymus).  

KEY WORDS: growth hormone;  nuclei of lymphocytes ;  thymocytes ;  hypophysectomyo 

Invest igat ions in the w r i t e r s '  l abo ra to ry  have shown that  a few months a f te r  hypophysectomy in ra t s  only 
growth hormone and, to a f a r  l e s s e r  degree ,  thyro t rop ic  hormone  can inc rease  the weight of the thymus s igni-  
f icant ly when admin i s t e r ed  daily for  10 days [2,3]. No other  hormones  had this p rope r ty .  The specia l  role  of 
growth hormone  in re la t ion to lymphoid t i s sue  is re l fee ted  in the s t imulat ion of incorpora t ion  of labeIed p r e -  
c u r s o r s  into pro te ins  and nucleic acids of lymphocytes  [8] and also the i nc r ea se  in the mitot ic  act ivi ty of lym-  
phocytes  [9]. It has recent ly  been shown that  thymocytes  speci f ica l ly  bind growth hormone [4]. 

In this invest igat ion a compara t ive  cy tophotometr ic  analys is  was made  of the specif ic i ty  of the ea r ly  
effect  of growth hormone  on DNA synthes is  in different  types of cel ls  in s eve ra l  lymphoid organs .  

EXPERIMENTAL METHOD 

Fema le  Wis ta r  r a t s  weighing 65-70 g were  hypophysectomized by the t r a n s a u r i c u l a r  route [1]. The ani-  
ma l s  were  used in the exper imen t s  14 days a f t e r  the operat ion.  In the exper imen t s  of s e r i e s  I the r a t s  were  
divided into four groups with 10 animals  in each group. Group 1 se rved  as the control ,  the an imals  of groups 
2 and 3 r ece ived  a single in t raper i tonea l  injection of growth hormone in a dose of 200 pg, d issolved in 0.25 ml  
physiological  saline and were  ki l led 4 and 6 h la ter ,  r e spec t ive ly ,  and the ra ts  of group 4 were  intact  an imals  of 
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