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ATTEMPTS TO EXERT AN INFLUENCE ON 
EXPERIMENTAL GLOMERULONEPHRITIS*

E d i t  B e r e g i

(R eceived Decem ber 14, 1960)

M ost research  w orkers agree in re g a rd in g  g lom eru lonephritis  as a fo rm  
o f allerg ic disease. S c h i c k  w ho w as the f ir s t  to  recognize th is allergic c h a ra c te r , 
a sse rted  th a t  g lom eru lonephritis  su b seq u en t to  scarle t fever m a n ife s ts  itse lf  
a f te r  a ce rta in  period of la te n c y . W hereas th e  evidence b o th  from  h u m a n s  an d  
from  te s t  an im als seems to  su p p o rt his s ta te m e n t, opinions a b o u t th e  course 
o f dev e lo p m en t from  a specific  in fection  to  g lom eru lonephritis  are a t  v a ria n c e . 
S t r e h l e r , for in stance , suggests th a t  in  response to  a s tre p to c o c c a l in ­
fection  th e  organism  produces an tib o d ies  belonging  to  th e  g lobu lin  g roup . 
In  th e  a n tig en -an tib o d y  reac tio n  these g lobu lin s suffer considerab le  changes 
as a re su lt o f w hich th e y  will be no m ore accep ted  as “ self” . H e n c e fo rth  th is  
a n tib o d y  ac ts  as an tigen , to  release a se c o n d a ry  course of defensive  re a c tio n , 
fo llow ed b y  a secondary  process of a n tib o d y  fo rm atio n  an d  a se c o n d a ry  an ti-  
g en -an tib o d y  reac tio n , u n til  g lo m eru lo n ep h ritis  develops. A cco rd in g  to  
K u r t z k e  in strep tococcal in fec tion  the s trep to co cc i en te r in to  a re a c tio n  w ith  
th e  k id n ey  p ro te in s  to  p roduce  an an tig e n  w hich assum es foreign  a lb u m in  
c h a ra c te r  and  provokes a n tib o d y  fo rm a tio n . In  one or tw o weeks th e  a n tib o d y  
t i t r e  a t ta in s  its  peak, th e  a n tib o d y  reac ts  w ith  the  k id n ey  p ro te in s  a n d  gives 
rise' to  acu te  g lom eru lonephritis . M e l l o r s  el al. d iscovered gam m a g lobu lins 
in  th e  g lom eruli and th u s  p ro v id ed  im m uno-m orpho log ica l p roof o f  th e  a n t i ­
g en -an tib o d y  reaction  occu rrin g  w ith in  th e  k idneys.

T he sign ifican t p a r t  p lay ed  by th e  re ticu lo en d o th e lia l sy stem  in in d u c in g  
allerg ic reac tio n s and  in p ro d u c in g  im m u n e  su b stan ces has long b een  e s ta b ­
lished . In  th e  s tu d y  to  be re p o rte d  our aim  has been to  e s tab lish  w h e th e r  a n d  by  
w h a t m eans th e  d eve lopm en t of e x p e rim e n ta l g lo m eru lonephritis  cou ld  be 
c o n tro lled  by  influences ex e rte d  on th e  re ticu lo en d o th e lia l sy stem .

In  a prev ious series o f ex p erim en ts  we have  sensitized  ra b b its  w ith  horse 
se ru m , th e re a f te r  tre a te d  th em  w ith  p ilo ca rp in e  and  im m ersion in to  cold  wra te r , 
w ith  th e  re su lt th a t  som e o f th e  an im als d ied  ex h ib iting  a n a p h y la c to id  sy m p ­
to m s, th e  re s t show ed th e  clin ical an d  a n a to m ic a l changes c h a ra c te r is tic  of

* From  a paper given at the First International Nephrological Congress (G ent E vian,
1960).
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a c u te  or su b acu te  g lo m eru lo n ep h ritis . T he a im  o f th e  p resen t stud ies w as to  
d isco v er w hether th e  m e th o d  described gives rise  to  an  im m unological re a c tio n . 
T h e  crucial po in t th e re fo re  w as to  estab lish  th e  e ffec t o f the  re ticu lo en d o th e lia l 
sy s te m  on th e  e n tire  p rocess. The e x p e rim e n ts  w ere carried  ou t in sev e ra l 
g ro u p s  as follows.

(i) In  th e  f i r s t  g ro u p , 10 rab b its , w eigh ing  2500 to  3500 g each, w ere sen ­
s itiz e d  on tw o c o n se c u tiv e  days w ith 2 m l o f  h o rse  serum  and  one w eek  la te r  
th e ir  spleens were re m o v e d . T hey  were su b je c te d  to  p ilocarp ine  a d m in is tra tio n  
a n d  cold wra te r b a th  tw o  w eeks after th e  o p e ra tio n . N one of th e  an im als su c ­
c u m b ed  to  a n a p h y la c to id  shock . One ra b b it  b ecam e  som nolen t a f te r  th e  s ix th  
t r e a tm e n t  and show ed  th e  histological fe a tu re s  of acu te  g lo m eru lo n ep h ritis  
w ith  a lbum inuria , h a e m a tu r ia  and a N P N  o f 90 m g p er cen t. The re m a in in g  
9 an im als were k illed  b y  a ir  em bolism  a f te r  th e  1 8 th  tre a tm e n t (see T ab le  I).

Table I

Rabbit
No.

E x p e r i ­
m e n t  a l  

p e r i o d ,  d a y s

Urinanalysis NPN mg
p e r  1 0 0  m l Histology

A l b . Sedim.

l. 6 + + RBC, casts 9 0 Proliferative gin.
2 . 1 8 + + + RBC, casts 6 2 Chronic gin.

3 . 1 8 + + RBC, casts 5 8 E xudative gin.

4 . 1 8 + + + 0 3 4 Nephrosis
5 . 1 8 + + + 0 3 8 Nephrosis

6 . 1 8 + + 0 3 4 Nephrosis
7 . 1 8 + + + 0 3 6 Nephrosis

8 . 1 8 0 0 3 6 Normal

9 . 1 8 0 0 3 8 Normal
10. 1 8 0 0 3 6 Normal

T w o ou t of the  n in e  sh o w ed  a lbum inuria , h a e m a tu r ia  and  cy lin d ru ria  w ith  
a N P N  of 58 mg a n d  62 m g per cent, re sp e c tiv e ly . In  one an im al h is to lo g y  
re v e a le d  g lo m eru lo n ep h ritis  w ith  m arked  e x u d a tiv e  changes. A n o th er an im al 
d isp lay ed  h y p e rtro p h ic  g lom eru li, m any  of th e m  w ith  hyaline  d eg en e ra tio n  
(F ig . 1), w ith  signs o f in c ip ie n t chronic g lo m eru lo n ep h ritis , th e  like of w h ich  
h a d  n o t occurred in  p re v io u s  experim ents. In  fo u r  of th e  9 rab b its  th e re  w as 
m ere  a lbum inuria , n o rm a l N P N  level and  th ic k e n in g  of the  basa l m em b ran e . 
T h re e  rabb its  show ed n o th in g  abnorm al.

Sum m ing up th e  re su lts  in  this g roup , a n a p h y la c to id  shock never fo l­
lo w ed  sp lenectom y, b u t  g lom eru lonephritis  a n d  n ep h ro s is  som etim es p re sen ted  
th em selv es . The q u e s tio n  suggests itself w h a t d ifference  w ould i t  m ake i f  th e  
a n im a ls  were sensitized  n o t  before bu t a f te r  th e  sp leen  h ad  been rem oved .
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F i g .  I .  Numerous contracted glomeruli, some of them wilh hyaline changes (Haematoxylin-
eosin)

F i g .  2 . Swollen and cellabundant glomeruli, the loops adhering in some places to the wall of 
Bowman’s capsule (Ilaematoxylin-eosin)

P i g .  3 . The glomerular basal membrane is thick with widened basal membrane of Bowman’s
capsule (Heidenhein’s azan stain)
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(ii) To s tu d y  th e  e ffe c t u n d e r such co n d itio n s , 10 ra b b its  w ere sensitized  
tw o  w eeks after sp le n e c to m y  an d  sub jec ted  th re e  weeks la te r  to  p ilo ca rp in e  
t r e a tm e n t  and cold w a te r  b a th .  N either a n a p h y la c to id  shock  n o r g lom eru lo ­
n e p h r i t is  was observed  in  a n y  o f  them .

(iii) The p u rpose  o f  th e  th ird  series o f  ex p e rim en ts  w as to  in h ib it th e  
re tic u lo e n d o th e lia l fu n c tio n  n o t of the  sp leen  alone b u t  p o ssib ly  of th e  en tire  
o rg a n ism . B locking o f th e  re ticu lo en d o th e lia l sy s tem  w as a t te m p te d  on th e  
b a s is  o f j a n c s o ’s o b se rv a tio n  th a t  a 0.06 p e r  cen t e lec troco llo idal copper 
so lu tio n  in jec ted  in tra v e n o u s ly  in ra ts  and m ice p ara ly zed  th e  re ticu lo en d o ­
th e l ia l  function  for 24 to  48 h o u rs . I t  tu rn e d  o u t, how ever, th a t  collo idal copper 
a t  su c h  a co n cen tra tio n  k illed  th e  rab b its  w ith in  a few hours, so a w eaker con­
c e n tra t io n  had  to  be a p p lie d . T en rab b its , w eigh ing  2500 to  3500 g each , w ere 
th e re fo re  sensitized w ith  h o rse  serum  and  a f te r  th re e  w eeks each  an im al w as 
g iv e n  10 ml of a 0.02 p e r  c e n t colloidal co p p e r so lu tion  in tra v e n o u s ly . Two 
h o u rs  la te r  p ilocarp ine  a n d  a cold b a th  w ere ad m in is te red . T hese tre a tm e n ts  
w e re  rep ea ted  on ev e ry  o th e r  d ay  several tim es . T he an im als suffered  th e m  
b a d ly ,  th ough  sy m p to m s o f shock  did no t a p p e a r . T hree  an im als d ied  a fte r  th e  
se c o n d  tre a tm e n t, 3 a f te r  th e  th ird , 2 a fte r  th e  fo u rth  an d  2 a f te r  th e  f if th  
t r e a tm e n t .  In  6 ra b b its  a lb u m in u ria  was o b se rv ed , com bined  in  4 w ith  haem a- 
t u r i a  an d  cy lind ru ria . F o u r  ra b b its  show ed no changes in  th e  u rin e . In  3 the  
N P N  level was e lev a ted  (87, 95 and  76 m g p e r cen t). T he f in d in g s are  g iven  
in  T a b le  I I . N ecropsy o f  th e  c lin ically  affec ted  ra b b its  revealed  sw ollen k id n ey s, 
g re y ish  yellow in co lo u r, w ith  superficial p in -h e a d  h aem o rrh ag es ; th e  cu t 
su rfa c e  showed a c o n flu e n t m arg in  betw een  c o rte x  and  m ed u lla . In  th e  ren a l 
g lo m e ru li of those a n im a ls  w hich  su rv ived  o n ly  tw o tr e a tm e n ts  th e re  w as 
in te rc a p illa ry  oedem a an d  p ro te in  in B o w m an ’s capsu le . In  th e  an im als  w hich 
h a d  d ied  on the  fo u r th  a n d  f if th  days p ro life ra tiv e  g lo m eru lo n ep h ritis  w as

Table II

Rabbit
No.

Experi­
mental 

period, days

Urine NPN mg
Histology

Alb. Sedim. per 100 ml

l . 2 0 0 34 0

2. 2 0 0 38 0

3. 2 0 0 36 0

4. 3 0 0 38 0

5. 3 + + + 0 38 Nephrosis
6. 3 + + + + 0 36 Nephrosis
7. 4 + + RBC, casts 36 Proliferative gin.
8. 4 + + + RBC, casts 87 Proliferative gin.
9. 5 + + + RBC, casts 95 Proliferative gin.

10. 5 RBC, casts 76 Proliferative gin.
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o b serv ed  (F ig. 2), w ith  g rave  regressive chan g es in  th e  tu b n li a n d  sp o ra d ic  
necrosis o f th e  ep ithe lium . In  tw o  ra b b its  th is  w as associa ted  w ith  ca lc if ic a tio n  
in  th e  necro tic  cells. Tw o ra b b its  w ith  n e p h ro tic  changes were co n sp icu o u s for 
th ic k e n in g  of th e  g lom eru la r b asem en t m e m b ra n e  (Fig. 3).

T he resu lts  seem ed to  in d ica te  t h a t  in  response to  th e  u su a l t r e a tm e n t  
co m b in ed  w ith  th e  a d m in is tra tio n  o f th e  specified  co n cen tra tio n  o f co llo idal 
co p p er th e  ra b b its  developed  severe a c u te  g lom eru lo n ep h ritis . I t  re m a in e d  to  
d iscover w h e th e r or no t the  dose of co p p er u sed  sufficed to  p a ra lize  r e tic u lo ­
en d o th e lia l fun c tio n , fu rth e rm o re  w h a t ren a l changes th e  a d m in is tra t io n  of 
co llo idal copper alone is ab le  to  induce.

(iv) To te s t re ticu lo en d o th e lia l a c t iv i ty  accord ing  to  J a n c so ’s m e th o d , 
5 ra b b its  w ere given a 0.02 p er cen t so lu tio n  of colloidal copper a n d  2 h o u rs  
la te r  a so lu tion  of colloidal gold. A fter a second  period  of 2 h o u rs  th e  an im als  
w ere k illed . T he presence o f gold in th e  K u p ffe r  cells in d ica ted  th a t  th e  ap p lied  
a m o u n t o f copper was u n ab le  to  in h ib it re ticu lo en d o th e lia l fu n c tio n . W ith  th e  
u se  o f 0.06 p er cen t colloidal copper th e re  w as no sto rage  of gold in  th e  K u p ffe r  
cells h u t  th is  c o n cen tra tio n  w as no t long  to le ra te d  b y  th e  ra b b its .

(v) As a con tro l, 10 ra b b its  w ere tr e a te d  w ith  0.02 p er c e n t co llo idal 
co p p e r every  o th e r d ay  for 18 days. N o sign  o f g lom eru lonephritis  a p p e a re d ; 
reg ressive  changes w ith  necrosis and  ca lc ifica tio n  w ere only n o ticeab le  in theП о  J

t uhu les.
(vi) In  an  earlier series of ex p e rim en ts  a d ifference has been  o b se rv e d  in 

th e  p a th o lo g ica l course of p ilocarp ine  n e p h r it is  b e tw een  old ra b b its  a n d  m iddle- 
aged ones w eighing 3000 to  3500 g. T h e  d ifference has been a t t r ib u te d  to  the  
senile  m odifica tion  of im m unolog ica l b e h a v io u r .

T he n e x t group of 10 y oung  ra b b its , 1200 to 1500 g in  w e ig h t, w as s u b ­
je c te d  th ree  weeks a fte r  sen sitiza tio n  to  th e  u su a l t re a tm e n t w ith  p ilo ca rp in e  
co m b in ed  w ith  cold h a th . N one su ccu m b ed  to  a n a p h y la c to id  sh ock . F ro m  th e  
fo u r th  d ay  onw ards p ro te in  ap p eared  in  th e  u rin e  of 4 an im als. In  2 o f  th e se  e ry ­
th ro c y te s  an d  casts w ere also p re sen t. O ne o f th e  la t te r  an im als d ie d  on th e  
1 0 th  d ay , show ing an N P N  level of 98 m g p e r cen t; th e  rem a in in g  9 ra b b its  
w ere  k illed  by  air em bolism  a fte r  th e  1 8 th  t r e a tm e n t. These h ad  a n o rm a l N P N  
level, on ly  one show ed a slig h tly  e le v a te d  va lu e  (58 m g p er c e n t) . T he 2 
r a b b its  w ith  e levated  N PN  d isp lay ed  a c u te  g lom eru lonephritis  b u t  th e  g lom e­
ru la r  changes, s im ilarly  to  tho se  in th e  aged  an im als, w ere p re d o m in a n tly  of 
e x u d a tiv e  ch a rac te r, w ith  l i t t le  p ro life ra tio n . T he 4 ra b b its  w ith  a lb u m in u ria  
e x h ib ite d  a th ick en in g  oi the  b asa l m e m b ra n e , w ith  p ro te in  in  B o w m a n ’s 
cap su le  an d  th e  tu b u les . F o u r ra b b its  w ere free from  p a th o lo g ica l changes.

T he fina l conclusion seem s to  be t h a t  it  is possible to  c o n tro l th e  renal 
p rocess th ro u g h  th e  re ticu lo en d o th e lia l sy s tem . D evelopm en t of th e  n ep h ritis  
w as in h ib ite d  if the  ra b b its  w'ere sen sitized  a f te r  th e ir  spleen h ad  b een  rem o v ed . 
C olloidal copper a t a co n c e n tra tio n  su ffic ien t to  paralize  re tic u lo e n d o th e lia l
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fu n c tio n  killed th e  a n im a ls . Lower c o n c e n tra tio n s  w ere to le ra te d  b u t  fa iled  to  
in h ib it  re tic u lo e n d o th e lia l a c tiv ity  and so to  p re v e n t  d ev e lopm en t of th e  a c u te  
g lom eru lo n ep h ritis . I n  y o u n g  rabb its  no a n a p h y la c to id  sym ptom s a p p e a re d  
a n d  th e  renal changes w ere  m uch slighter th a n  in  a d u lts . This seem s to  confirm  
E r d m a n n ’s s ta te m e n t th a t  to  develop g lo m eru lo n ep h ritis , young  ra b b its  
n e e d  a m uch h ig h er d o sag e  of nephro tox ic  se ru m  th a n  a d u lt ra b b its  a n d  t h a t  
th e  h istology of ju v e n ile  g lom eru lonephritis  is d iffe ren t from  th e  m a in ly  
p ro life ra tiv e  g lo m e ru lo n e p h ritis  of a d u lt a n im a ls .

Sum m ary

An attempt has been made to determine the effect of the reticuloendothelial system 
on the course of experimental glomerulonephritis. Pilocarpine nephritis has been prevented if 
the animal was sensitized after splenectomy. If the spleen had been removed before sensitiza­
tion, glomerulonephritis developed. Colloidal copper at a concentration high enough to paralyze 
reticuloendothelial functions was found to kill the animals. Power concentrations were tole­
rated but failed to inhibit reticuloendothelial activity and thus the development of acute glome­
rulonephritis.
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UNTERSUCHUNGEN ÜBER DIE BEEINFLUSSBARKEIT DER EXPERIMENTELLEN
GLOMERULONEPHRITIS

EDIT BEREGI

Es wurde versucht, den Einfluß des RES auf den Verlauf der — nach einer früher be­
schriebenen Methode herbeigeführten — experimentellen Glomerulonephritis klarzustellen. 
Wie die Untersuchungen ergaben, kommt die Hemmung der Nephritis mit Pilocarpin in dem 
Falle zustande, wenn vor Sensibilisierung der Kaninchen die Splenektomie ausgeführt wird. 
Bei Anwendung kolloidaler Kupferlösung war festzustellen, daß die Kaninchen von der die 
RES-Funktion lähmenden Dosis rasch getötet wurden. Die von den Tieren besser tolerierte 
niedrigere Dosis brachte keine Aktivitätshemmung in den RES-Zellen zuwege, so daß akute 
Glomerulonephritis auftrat. Bei jungen Kaninchen entwickelten sich erheblich leichtere 
Nierenveränderungen als bei ausgewachsenen Tieren.

ИССЛЕДОВАНИЯ ПО ВОЗДЕЙСТВИЮ НА ЭКСПЕРИМЕНТАЛЬНЫЙ ГЛОМЕ-
РУЛОНЕФРИТ

Е. БЕРЕГИ

Автор старается выяснить роль РЭС в протекании экспериментального гломеру- 
лонефрита, вызванного описанным км раньше методом. В ходе своих исследований он 
выявил, что торможение нефрита пилокарпином имеет место в том случае, если до сенси­
билизации кроликов проводится спленэктсмкя. При применении коллоидного раствора 
меди было установлено, что парализующая функцию РЭС деза — ввиду большой ток­
сичности раствора — вызывает быструю гибель животных. Меньшая деза, которую ж и­
вотные лучше переносят, не вызывает торможения активности в клетках РЭС, и в таких 
случаях развивается острый гломерулонефрит. У молодых кроликов изменения разви­
вающиеся в почке были гораздо меньшей степени чем у взрослых кроликов.

D r. E d it  B e r e g i : P e s t M egyei T anács Sem m elw eis K ó rh á z a ,
B udapest V I I I .  G y u la i P á lu .2 .  H u n g a ry
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