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A combinat ion of an immunologic  study of r a t s  f r o m  the f i r s t  days a f te r  r ece iv ing  injection of 
nephrotoxic s e r u m  until the development  of chronic r ena l  fa i lure  and de termina t ion  of the 
functional and morphologica l  c h a r a c t e r i s t i c s  of the d i sease  conf i rmed the view that  the 
nephri t is  develops in s tages  and that  hypersens i t iv i ty  reac t ions  of immedia te  and delayed types 
play dif ferent  pathogenetic ro les  in the changing cour se  of the d isease .  In the ea r ly  per iods  the 
p redominant  fea tu res  a r e  those of hypersens i t iv i ty  of immedia te  type, evidence of which is 
given by the l ibera t ion of med ia to r s  of  the pa thochemical  phase  and changes in kidney function. 
The dominant  fac tor  in the fo rmat ion  of chronic  nephri t i s  is the development  of hype r sens i -  
t ivity reac t ions  of  delayed type. 

KEY WORDS: nephr i t i s ;  hypersens i t iv i ty  of immedia te  type; hypersens i t iv i ty  of delayed type. 

The c h a r a c t e r  and pathogenet ic  s ignif icance of immunologic  changes during nephr i t i s  have rece ived  
insuff icient  study. Aside f r o m  papers  in which the ro le  of humora t  and ce l lu lar  r e s p o n s e s  in the pathogenesis  
of  this d i sease  a r e  com pa red  [9, 10, 12, 13], the r e su l t s  of a few invest igat ions have yielded evidence of dif-  
f e r ences  in the intensi ty  of hypersens i t iv i ty  of immedia te  (HIT) and delayed (HDT) types in the cour se  of 
nephri t i s  [3, 5, 6]. 

The object  of the p r e s e n t  invest igat ion was to t e s t  the hypothesis  put forward  p rev ious ly  [7] accord ing  to 
which reac t ions  of HIT and HDT have dif ferent  r e l a t i ve  ro les  in the pathogenesis  of nephri t is  and to c o r r e l a t e  
them with changes in r ena l  act iv i ty  and the s eve r i t y  of the cou r se  of the pathological  p r o c e s s  in this d isease .  

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

The intensi ty  of the HIT and HDT reac t ions  was de termined on the 5th, 10th, 15th, 25th, 45th, and 60th 
days a f t e r  the development  of Masugi ' s  nephri t i s  in male  Wis ta r  r a t s  kept in metabol ic  cages .  To judge the 
intensi ty of the individual phases  of  HIT, the t i t e r  of antikidney antibodies in the complemen t  fixation tes t  (CFT) 
and the p l a s m a - c e l l  r e s p o n s e  of the bone m a r r o w ,  lymph nodes, and spleen,  re f lec t ing  the immune phase ,  were  
studied, the serotonin  concentra t ion  in the kidneys and blood was de te rmined  by a biological  method [11], and 
the number  and functional s tate  of the p la te le ts  and m a s t  cel ls  in the kidneys and m e s e n t e r y  (ref lect ing the 
development  of the pa thochemica l  phase  of these  reac t ions)  were  invest igated.  The HDT reac t ions  were  judged 
f rom the p r e s e n c e  of lymphocyto lys is ,  by i n t r a d e r m a l  labial  t e s t s ,  and f r o m  the abi l i ty of the lymphocytes  to 
produce  a fac tor  inhibiting migra t ion  of macrophages  f r o m  f ragments  of the spleen in vi t ro  in the p r e sen ce  of 
kidney antigen [15]. Data obtained with myoca rd ia l  and hepatic antigens and a lso  the r e su l t s  of t es t s  on intact  
ra t s  s e rved  as the contro l  for  a l l  the exper iments .  The pathophysiological  phase  was studied with r e s p e c t  to 
the fo rmat ion  of the bas ic  syndromes  of nephr i t i s .  Daily for  45 days a f t e r  injection of the nephrotoxic s e r u m  
and in the contro l  group for 6-8 days the quantity of water  drunk in the 24-h per iod,  together  with the d iu res i s  
and excre t ion  of pro te in ,  c rea t in ine ,  sodium, and potass ium,  were  de te rmined .  At the end of the exper imen t s  the 
an imals  were  killed, the blood levels  of c rea t in ine ,  nonprotein ni t rogen and u rea ,  sodium and po tass ium,  and 
pro te in  and pro te in  f rac t ions  were  studied; e ry th rocy t e s ,  leukocytes ,  and p la te le t  counts were  under taken,  the 
hemoglobin m e a s u r e d  and the m y e l o g r a m  studied. The volume of the ex t race l lu l a r  space  was invest igated by 
the sodium thiocyanate dilution method; the mean  a r t e r i a l  blood p r e s s u r e  was measu red  manomet r i ca l ly  in the 
aor ta .  Morphological  changes in the kidneys were  studied in his tological  p repa ra t ions  stained with hema-  
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Fig. 1. Indices of HIT (a, b) and HDT (c) react ions  in the course  of Masugi nephrit is .  
Absc issa ,  days of d isease ;  ordinate:  a) antibody t i te r  in CFT (I) and re la t ive  p e r :  
centage of plasma cel ls  (I1) ; b) serotonin concentrat ion,  in gg/g  t i ssue  (I) and in/~g/ 
ml blood (II); c) intensity of inhibition of macrophage migrat ion.  1) Reaction with 
kidney antigen (a, c); kidneys (b); 2) reac t ion  with l iver  antigen; 3) reac t ion  with 
myocard ia l  antigen (a, c) ; myocard ium (b) ; 4) blood. Unshaded columns r e p r e s e n t  
plasma cei ls  in lymph nodes. 

t o x y l i n - e o s i n  and by the J o n e s - M o w r y  and MacManus methods. The numer ica l  data were  subjected to s ta-  
t i s t ica l  analysis  by p a r a m e t r i c  methods and the resu l t s  of the serologic  investigations were analyzed by the 
method descr ibed  in [8]. 

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

Since nephri t is  is charac te r i zed  by a combination of u r inary ,  edematous,  and hyper tensive syndromes 
and also by blood changes,  the development and intensity of these changes were  studied in the exper imenta l  
animals a t  different  periods of the disease:  before  the 15th day (the period of acute nephrit is) ,  on the 25th- 
30th day (the period of subacute nephri t is ,  changing to chronic  nephri t is) ,  and on the 45th-60th days (chronic 
nephri t is ,  development  of chronic rena l  fa i lure  - CRF). 

As the nephri t is  p rog res sed  the hypercrea t in inemia  of the rats  increased;  re tent ion  u remia  was aggra -  
vated by the production var ie ty ,  and hypo- and dysprote inemia ,  hypochromic anemia,  leukocytosis ,  and th rom-  
bocytopenia developed against  the background of definite dis turbances of medul lary  hematopoiesis .  

The dynamics of the changes in some indices of rena l  act ivi ty is i l lus t ra ted in Table 1. Slight changes of 
d iures is  and sodium excre t ion  before  the 25th day of the d isease  developed as a r e su l t  of a dec rease  of both 
f i l t rat ion and (mainly) reabsorp t ion  in the functioning nephrons.  In the stage of chronic nephrit is  the changes 
observed p rog re s sed ,  in ag reement  with the resu l t s  of cl inical  observat ions.  
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The gradual  i nc rea se  in the total  ex t r ace l lu l a r  space  indicated the fo rmat ion  of a synd rome  of edema;  by 
the 45th day of  nephri t i s  the r a t s  had developed a hyper tens ive  syndrome.  

Throughout  the per iod of obse rva t ion  the an imals  showed signs of development  of both HIT and HDT, but 
the i r  in tensi ty  di f fered in the d i f ferent  per iods  of  nephr i t i s .  Af ter  the f i r s t  few days of  the d i sease  the t i t e r  of 
antikidney antibodies in the blood r o s e  and the number  of p l a s m a  cel ls  in the immunocompeten t  o rgans  in- 
c r e a s e d  (Fig. la) .  That  this ac t iva t ion  of HIT was connected with the developing d is turbances  of r ena l  act ivi ty  
was shown by pos i t ive  co r r e l a t i on  between the blood c rea t in ine  level ,  on the one hand, and the t i t e r  of antikidney 
ant ibodies  (r = + 0.343, P < 0.02) and the p l a s m a - c e l l  r eac t ion  of the bone m a r r o w  (r = + 0.366, P < 0.01) on the 
other  hand. This co r r e l a t i on  a lso  was conf i rmed by the p r o g r e s s i v e  r i s e  in the t i t e r  of antikidney ant ibodies ,  
whereas  the t i t e r s  of  an t imyoca rd ia l  and an t i l iver  antibodies showed no signif icant  change. 

Since the m e c h a n i s m  of the third,  pathophysiological  s tage of HIT reac t ions  involves both antibodies 
d i rec t ly  and a lso  biological ly ac t ive  subs tances  l ibera ted  in the pa thochemica l  phase  of the reac t ions  t h e m -  
se lves ,  the par t ic ipa t ion  of humora l  reac t ions  in a pathogenetic r01e was indicated by an i nc r ea se  in the con-  
cen t ra t ion  of  the med i a t o r  of these reac t ions  (serotonin) in the kidneys and blood (Fig. lb).  S imi la r  r e su l t s  
have been obtained during an invest igat ion of the concentra t ions  of both sero tonin  and of another  b ioamine ,  
namely  h is tamine ,  in the kidneys and blood during the cour se  of nephri t is  [4]. The absence  of co r r e l a t i on  
between the i n c r e a s e  in the serotonin concentra t ion  in the kidneys and blood (r--+ 0.08) and a lso  the absence  of 
s ignif icant  changes in the serotonin concent ra t ion  in the m y o c a r d i u m  and l iver  were  evidence of the rena l  o r i -  
gin of the se ro ton in  detected,  poss ib ly  as a r e s u l t  of inc reased  local  l ibera t ion  of serotonin  f r o m  its depots in 
the p la te le ts  and m a s t  cel ls .  This is a fact  of cons iderab le  in te res t ,  for  b ioamines  par t ic ipa t ing  in the r eg u l a -  
tion of ac t iv i ty  of  many  organs  including the kidneys [1, 14] could be the connecting link between d is turbances  
of g l o m e r u l a r  ac t iv i ty  (antibodies in t e rac t  with antigens of the t a rge t  organ in the glomerul i )  and the changes in 
tubular  ac t iv i ty  appear ing  ea r ly  during acute nephr i t i s ,  and a lso  with d is turbances  of energy  format ion  in the 
kidney [2]. Pos i t ive  co r re l a t ion  in acute  nephri t i s  between the serotonin  concentra t ion  in the kidneys and the 
blood nonprote in  ni t rogen level (r =+ 0.448, P < 0.05) conf i rms  the pathological  r o l e  of the pa thochemica l  phase  
of the HIT reac t ions  in this per iod of  the d i sease .  

Although the t i t e r  of antikidney antibodies s t i l l  r ema ined  re l a t ive ly  high a f t e r  the 15th day of the d i sease  
(until the end of observa t ion) ,  the dec r ea s e  in p l a sma t i za t ion  of the immunocompeten t  organs  with some  
d e c r e a s e  in the se ro ton in  concentra t ion  in the kidneys and blood suggested a diminution of the pathogenetic  
ro l e  of HIT reac t ions  in p r o g r e s s i o n  of the nephr i t i s .  

The intensi ty of the HDT reac t ions ,  like that  of  the HIT,  was phas ic  in c h a r a c t e r  in the c o u r s e  of e x p e r i -  
menta l  nephri t i s .  Spontaneous lymphocytolys is  in the control  expe r imen t s  (incubation with 0.9% sodium 
chlor ide  solution) did not exceed 10%; the s ame  r e su l t s  were  obtained when blood was incubated with kidney, 
myocard ia l ,  and l iver  antigens f rom intact  an imals  and, with the las t  two a lso ,  in the cou r se  of nephri t is .  An 
i nc r ea se  in the intensi ty of lymphocytolys is  was obse rved  a f t e r  the 25th day of the d i sease ;  on the 45th and 
60th days of nephri t i s  the pe rcen tage  of damaged lymphocytes  differed s ignif icant ly f r o m  the ini t ial  value 
(P < 0.001). The r e s u l t s  of the labial  t es t s  and of invest igat ion of the abi l i ty of the spleen cel ls  to produce  
macrophage  migra t ion  inhibition fac tor  in the p r e s e n c e  of kidney antigen were  s im i l a r  (Fig. lc) ; in all  ca ses  
the macrophage  migra t ion  inhibition index was the s a m e  when myoca rd ia l  and hepatic antigens were  used as in 

intact  r a t s .  

Consequently~ the study of the s ta te  of HDT revea led  definite ac t ivat ion of this type of hypersens i t iv i ty  
during the per iod of t rans i t ion  to the chronic  s tage  of nephri t is  ; a t  this s a m e  t ime  (25th-45th day) definite c o r -  
re la t ion  was found between the macrophage  migra t ion  inhibition index and the blood crea t in ine  level  (r = 
--0.858, P <0.001), the deve lopment  of inf i l t ra t ion of the kidneys with lymphocytes  and mac rophages ,  and the 
p r o g r e s s i v e  d e c r e a s e  in the m a s s  of  ac t ive  nephrons ,  c h a r a c t e r i s t i c  of chronic  nephri t is .  The r e su l t s  indi-  
cating act ivat ion of HDT during the per iod of development  of chronic  nephri t i s  ag ree  with the r e su l t s  of cl inical  
invest igat ions [6]. Meanwhile the fo rmat ion  of CRF (60th day of the disease} was accompanied  by some  
d e c r e a s e  in the act ivi ty  of the ce l lu la r  r eac t ions .  

The combined study of the immunologic  s ta te  of r a t s  during the f i r s t  few days a f t e r  inject ion of nephro-  
toxic s e r u m  into the an ima l s  and until  the development  of  CRF together  with the functional and morphologica l  
c h a r a c t e r i s t i c s  of the d i sease  thus conf i rmed  the view that  the d i sease  develops in s tages  and that HIT and 
HDT reac t ions  play dif ferent  pathogenetic ro les  in the dynamics  of nephri t is .  In the initial  per iods  of the 
d i sease  the p redominan t  f ea tu res  a r e  those of HIT reac t ions ,  evidence of which is given by the l iberat ion of 
med ia to r s  of the pa thochemica l  phase  and changes in r ena l  act ivi ty.  Development  of HDT reac t ions  is the p r e -  
dominant  fea ture  of the pathogenesis  of development  of chronic  nephr i t i s .  
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