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Exper imen t s  on noninbred r a t s  (aged 4 weeks and 4 months,  respec t ive ly) ,  with induced nephro -  
toxic g lomeru lonephr i t i s  showed that  the cou r se  of  the d i sease  in younger  r a t s  differed f r o m  
that  in the older  an imals  by its l e s s  marked  pro te inur ia ,  which was  se lec t ive  in c h a r a c t e r ,  and 
by the s m a l l e r  d e c r e a s e  in the concentra t ion  index of endogenous c rea t in ine  and of d iu res i s .  
Acid and a m m o n i a  fo rmat ion  in the young and adult  r a t s  w e r e  d e p r e s s e d  equally. The m o r -  
phological  changes in the kidneys of the young ra t s  we re  l e s s  s e v e r e  than in the adult r a t s  and 
w e r e  local ized chief ly  a t t h e  convoluted tubules.  The level  of DNA-synthesiz ing act ivi ty  in 
the epithelial  nuclei of the g lomeru l i  was h igher  than the cor responding  index fo r  the epi thel ium 
of the convoluted tubules.  The r e l a t i v e  weight of the k idneys in  young r a t s  with nephr i t i s  showed 
a s m a l l e r  i nc r ea s e  than in the adult  r a t s .  The blood f l- l ipoprotein level  in the young ra t s  was 
inc reased  eightfold. Res tora t ion  of the n o r m a l  indices for  the ur ine  and blood o c c u r r e d  m o r e  
rap id ly  in the young r a t s  than in the adult  an imals .  

KEY WORDS: nephrotoxic  nephr i t i s  in young ra t s ;  kidney function; se lec t iv i ty  of pro te inur ia .  

Despi te  an extens ive  l i t e r a tu r e  on the sub jec t  of g lomeru lonephr i t i s  in chi ldren  [2-5, 9] and nephrotoxic  
nephr i t i s  in sexual ly  i m m a t u r e  an imals  [1, 8, 10-12,  14], the spec ia l  f ea tu res  of the pathogenesis  of this d i s ease  
a t  d i f ferent  ages  and, in pa r t i cu la r ,  the deg ree  of involvement  of d i f ferent  pa r t s  of the renal  nephron in the 
pathological  p r o c e s s  have been inadequately studied. 

The objec t  of this invest igat ion was to c o m p a r e  the cou r se  of nephrotoxic  g lomeru lonephr i t i s  in young 
and adult r a t s  with d i f ferent ia l  ana lys i s  of the d i s tu rbance  of function and morphologica l  changes  in d i f ferent  
p a r t s  of the renal  nephron.  

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

Exper iments  w e r e  c a r r i e d  out on 120 noninbred male  r a t s  of two age groups:  1) 55 r a t s  aged 4 weeks 
weighing ini t ial ly 40-50 g; 2) 65 sexual ly  m a t u r e  r a t s  aged 4 months and weighing ini t ial ly 170-200 g. In 40 
young r a t s  of group 1 and in 45 sexual ly  m a t u r e  r a t s  of  group 2 nephrotoxic  g lomeru lonephr i t i s  was  produced 
by  MasugyTs method [13]. 

The he tero logous  nephrotoxic  s e r u m  used was obtained f r o m  rabbi t s  immunized  with a homogenate  of 
r a t  kidney cor tex .  The  nephrotoxic  s e r u m  ( t i ter  1 : 1000 to 1 : 1200) was injected p a r e n t e r a l l y  into the r a t s  on 
3-5 succes s ive  days  in a dose  of 0~ ml /100 g body weight  daily.  Intact  r a t s  s e rved  as the contro l  to each age 
group. P a r a l l e l  obse rva t ions  were  made on the exper imenta l  and control  animals~ 

In r a t s  with exper imenta l  nephr i t i s ,  bes ides  the genera l  condition and degree  of edema,  quant i ta t ive  in-  
dices  of the p ro te inur i a  and i ts  se lec t iv i ty  also w e r e  studied (the index of se lec t iv i ty  was calculated).  The 
endogenous c rea t in ine  concentra t ion  index was  de te rmined .  To a s s e s s  the functional s ta te  of the tubula r  s y s -  
t e m  of the nephrons ,  acid product ion ( t i t ra table  acids and pH of the ur ine)and  ammonia  product ion w e r e  
studied. The quantity of t i t r a t ab le  acids and ammonia  was exp re s sed  p e r  g r a m  weight of the kidneys .  Diures is  

�9 a lso  was de termined;  the r e s idue  of the ur ine  was examined under  the mic roscope .  Since the invest igat ion was 
c a r r i e d  out on an imals  of two di f ferent  age groups,  differing in body weight,  d iu res i s  was calcula ted pe r  unit 
of body weight and p e r  unit of body su r face ,  calcula ted by the equation V = 0~ 3r 
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As an additional p a r a m e t e r  of the functional s ta te  of d i f fe ren t  pa r t s  of the  nephron the number  of  DNA- 
synthesiz ing nuclei was  counted in the epithelial  ce l l s  of the g lomerul i  and convoluted tubules (in the co r t ex  
and medul la  of the kidneys),  by means  of Merku lov ' s  h is toautoradiographic  method [6]. [3H]-Thymidine was 
used  as  the rad ioac t ive  label .  

The b iochemica l  indices de te rmined  included total  protein and its f rac t ions  in the blood and urine,  and 
v-globulin,  nonprote in  ni t rogen,  c rea t in ine ,  and f l- l ipoproteins in the blood s e r u m .  The kidneys of some  an imals  
w e r e  inves t igated morphologica l ly .  Af ter  f ixation in 10% formal in  and embedding in paraf f in  wax, sect ions 
w e r e  stained with hematoxy l in -eos in  and with p icrofuschin  by Van Gieson ' s  method.  

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

The following d i f fe rences  w e r e  found in the cou r se  of nephrotoxic nephri t i s  in the young and adult r a t s .  
The p ro te inu r i a  in the young r a t s  was  s igni f icant ly  l e s s  than in the adults.  On the 10th day of the d i sease  the 
pro te in  concentra t ion in the ur ine  of the young r a t s  was 4.68 * 1.30 ~ and in the adult r a t s  23.86 �9 4.5 ~ 
By the 30th day it had fa l len in the young r a t s  to 10% of the level  on the 10th day (at the height  of the d i sease ) ,  
and in the adult r a t s  to 25%, i .e . ,  the p ro te inu r i a  fel l  m o r e  rapidly  in the cour se  of the d i s ea se  in the young 
r a t s .  

G l o m e r u l a r  f i l t ra t ion  of pro te ins  in the acute per iod of nephr i t i s  was  se lec t ive  in type in all  the ra t s .  
Af ter  m o r e  than 30 days the se lec t iv i ty  of g l o m e r u l a r  p ro te in  f i l t ra t ion  was dis turbed in s o m e  of the e x p e r i -  
menta l  adult r a t s .  The endogenous c rea t in ine  concentra t ion index in the young r a t s  was reduced by a l e s s e r  
deg ree  than in the adult an imals .  The r e su l t s  a r e  evidence of a l e s s  s e v e r e  d i s tu rbance  of g l o m e r u l a r  func-  
tion in the young r a t s  than in the adults.  

Tubula r  functions - acid and a m m o n i a  product ion - w e r e  dep re s sed  equally in the young and adult r a t s  
with nephri t i s ,  Acid product ion was d is turbed f i r s t  and to a g r e a t e r  degree:  Acid product ion was reduced to 
47% below normal  in the young r a t s  and 54% in the adult r a t s ;  ammonia  product ion was reduced to 30 and 36%, 
r e spec t ive ly ,  below normal ;  the i n c r e a s e  in the ammonia  coeff icient  conf i rmed  the above p ic tu re  (Table 1). 
As r ega rds -nephr i t i c  edema,  m o s t  r a t s  developed abdominal  a sc i t e s ,  although edema on the hind and fo re l imbs  
and snout, c h a r a c t e r i s t i c  of the adult  r a t s ,  was  l e s s  common.  The re la t ive  weight  of the kidneys in the young 
r a t s  with nephr i t i s  was  inc reased  by a l e s s e r  deg ree  than that  of the adult r a t s .  

Of the b iochemica l  indices of the blood, by the 10th day of the d i s e a s e  the s e r u m  fl- l ipoprotein concen-  
t ra t ion  was inc reased  l e s s  sha rp ly  in the young r a t s  than in the adults ,  to 853 �9 127 mg %, an eightfold i n c r e a s e  
above the normal .  Changes in the nonprote in  ni t rogen and total  pro te in  of the blood were  s i m i l a r  in type in 
the young and adult  r a t s  and w e r e  about equally s e v e r e  (Table 2). The indices of the ur ine  and blood re turned 
to n o r m a l  m o r e  rap id ly  in the young exper imenta l  r a t s  than in the adult r a t s .  

The morphologica l  invest igat ions  showed that  changes in the g lomeru l i  and tubules c h a r a c t e r i s t i c  of 
m e m b r a n o u s - p r o l i f e r a t i v e  g lomeru lonephr i t i s  w e r e  l e s s  ma rked  in the Mdneys of the young r a t s  than of the 
adults.  In the young r a t s  the epi thel ium-of  the convoluted tubules was p redominant ly  affected.  These  o b s e r -  
vat ions ag ree  with the r e su l t s  of E r d m a n ' s  morphologica l  invest igat ions [11] on young rabbi t s  with exp e r i -  
menta l  nephrotoxic  nephr i t i s .  

I nc reased  DNA-synthes iz ing  act ivi ty  of the nuclei  of the epithelial  ce l ls  both of the g lomeru l i  and of the 
convoluted tubules of the kidneys was d i scove red  au torad iographica l ly  in the an imals  with g lomeru lonephr i t i s ,  
but the i n c r e a s e  was l e s s  marked  in the young than in the adult r a t s .  The  i nc r ea se  in the DNA-synthesiz ing 
ac t iv i ty  of the epithel ial  cell  nuclei ,  m o r e o v e r ,  was m o r e  marked  in the g iomerul i ,  whe reas  in the adult r a t s  
i t  was  m o r e  marke d  in the convoluted tubules of the kidneys (Table 3). 

The c o m p a r a t i v e  invest igat ion of the cou r se  of nephrotoxic  g lomeru lonephr i t i s  in adult and young r a t s  
thus showed that,  despi te  the common  pathogenesis  of the d i sease ,  a dist inguishing f ea tu re  in the young ra t s  
w a s  that changes in the function and morphology of the kidneys were  mos t  marked  in the tubular  s y s t e m  and 
l e s s  marked  in the g lomerul i .  

Some of the f ea tu res  dist inguishing the cou r se  of nephrotoxic g lomeru lonephr i t i s  in the young ra t s  can 
be explained f r o m  the standpoint  of the r e su l t s  of kidney function t e s t s  in heal thy an imals  (control group). The 
kidneys of heal thy ra t s ,  despi te  t he i r  s m a l l e r  s ize ,  have a g r e a t e r  r e l a t ive  weight; the younger  the ra t ,  m o r e -  
over ,  the g r e a t e r  the re la t ive  weight of its kidneys.  These  observa t ions  sugges t  that  during the exper imenta l  
product ion of nephrotoxie  nephr i t i s  by injection of specif ic  antiMdney s e r u m  in a dose  calcula ted in t e r m s  of 
body weight,  a s m a l l e r  quanti ty of antikidney antibodies p e r  unit weight  will ac t  on the young r a t s ,  with the i r  
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relatively la rger  kidneys, than on the adult rats.  Another factor of decisive importance is the different func- 
tional and morphological relationships of the kidneys in sexually immature animals. It was noted that in 
healthy young rats the original urine analyses never revealed protein, whereas in adult rats traces of pro-  
tein were frequently observed, and sometimes its concentration reached 0.1~ The values obtained for acid 
and ammonia production, calculated per unit weight of kidneys, were similar in the adult and young rats (Table 
1). This could indicate a relatively high physiological level of function of the system of convoluted tubules in 
the young rats.  Fur thermore ,  i r respect ive  of age, elimination of hydrogen ions in rats under physiological 
conditions evidently takes place chiefly through association with anions of weak acids, fo r  acid production in 
young rats amounts to 90% and in adult rats  to 87%. The ammonia coefficients in rats is 10-13% irrespect ive 
of age (compared with 50-70% in man). These figures a re  in harmony with statements in the l i terature to the 
effect that in rats,  unlike in man, acid production in the kidneys is not a function mainly of the distal portions 
of the convoluted tubules, but takes place throughout the length of the tubular system [7]. 

The physiological features distinguishing the tubular system of the kidneys in young rats may account 
for  the greater  severi ty of the damage to that system in them than in adult rats in experimental nephrotoxic 
nephritis. The fact that DNA-synthesizing activity and, consequently, repair  processes  are predominantly in- 
creased in the cells of the renal glomeruli in nephritis in young rats may be the reason for the more rapid 
recovery  of function of the nephron as a whole and the correspondingly more rapid restoration of normal bio- 
chemical indices of the urine and blood in young animals compared with the adults. Besides the differences in 
reactivity of the vascular  and nervous systems in sexually immature animals, there are  thus also str ict ly 
renal factors that determine the milder course of nephritis in young than in adult rats.  

The results of the present  investigation,inwhich parallel observations were made on young and adult 
rats ,  go some way toward explaining the contradictions in the l i terature as regards the course of nephritis 
before the age of puberty [1, 8]. The results of a study of age differences in the course of experimental 
nephritis could serve as the basis for  the development of rational methods of treatment of this disease that 
depend on age. 
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