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The r e su l t s  of pa thomorphologica l  invest igat ions of the kidneys of r a t s  infected in t ravenous-  
ly with Escher i ch ia  coli 24 h a f t e r  l igation of the lef t  u r e t e r  a r e  descr ibed .  The r a t s  were  
sac r i f i ced  24 and 48-72 h and 7 and 24 days a f t e r  infection. The ord inary  his tological  meth-  
ods were  used. Suppurative in f lammat ion  was found in the kidney in the f o r m  of diffuse in- 
f i l t ra t ion of the s t r o m a  and a b s c e s s e s ,  followed by cont rac t ions .  The initial  phases  and the 
subsequent  p redominant  deve lopment  of this condition were  obse rved  in the in te rs t i t i a l  t i s -  
sues  of the medul la ,  in the ca lyces ,  and in the collect ing tubules of the kidneys.  

Exper imen ta l  pyelonephr i t i s  induced by injection of Escher i ch ia  coli into the blood s t r e a m  a f t e r  t em-  
p o r a r y  l igat ion of the u r e t e r  is widely used in expe r imen ta l  r e s e a r c h  [2]. Exper imen t s  have shown [7, 8, 
13] that in the s tages  of i t s  cou r se ,  the combinat ion of s y m p t o m s ,  and the morphologica l  picture  the expe r i -  
mental  les ion is s i m i l a r  to that  obse rved  in man.  However ,  the c h a r a c t e r  of the morphologica l  changes in 
expe r imen ta l  pyelonephr i t i s  and the i r  dynamics  have been inadequately studied. Some inves t iga tors  c l a im 
that  the d i sease  produced by E. coli is c h a r a c t e r i z e d  by morphologica l  changes in the in te r s t i t i a l  t i ssue  
around the collect ing tubules and the pelvis  of the kidney [1], by con t ra s t  to s taphylococcal  infection when 
the les ions  a r e  mainly  in the cor tex  of the kidney [4]. However ,  the evidence in suppor t  of this view is not 
conclusive .  Most w o r k e r s  cons ider  that  in hematogenous E~ coli infection, by con t ra s t  with the ascending 
u r ina ry  infection, the condition sp reads  f rom the per iphery  to the cen te r  of the kidneys [3, 10, 11]. The 
marked  s imi l a r i t y  of the pa thomorphologica l  changes in both types of infection has been r epor t ed  [5], The 
hematogenous  or  lymphogenous s p r e a d  of infection has been shown to play an impor tan t ,  o r  even dec is ive ,  
ro le  in expe r imen ta l  ascending pyelonephr i t i s  [5, 12]. On the o ther  hand, the ro le  of urinogenous mechan-  
i s m s  in the development  of the d i sease  cannot be ru led  out even a f t e r  introduction of the pathogenic agent  
into the blood s t r e a m .  

This paper  de sc r ibe s  the r e su l t s  of pa thomorphologica l  invest igat ions of expe r imen ta l  pyelonephri t i s  
produced in albino ra t s  a f te r  intravenous inject ion of a cul ture  of E. coli 675. 

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

Exper imen t s  were  c a r r i e d  out on 32 ra t s  of both sexes  weighing 150-200 g. Pyelonephr i t i s  was p r o -  
duced by the method desc r ibed  in [6, 9]. Under genera l  e ther  anes thes ia  the left  u r e t e r  was l igated.  The 
an ima l s  were  infected 24 h a f t e r  l igat ion by inject ion of an 18-h culture of E. coli 675 into the caudal vein in 
a dose of 3 • 108 bac t e r i a l  ce l ls .  The s t r a in  had undergone nine previous passages  through r a t  kidneys.  
The l iga ture  was r em oved  f r o m  the u r e t e r  1 h a f te r  infection. The pa thomorphologica l  invest igat ions were  
c a r r i e d  out 24 and 48-72 h and 7 and 24 days  a f t e r  infection. P ieces  of kidney were  fixed in 10% formal in  
and embedded in celloidin. His to logica l  sec t ions  were  s ta ined with hematoxyl in  and eosin  and with p i c r o -  
fuchsin by Van Gieson ' s  method.  Eight expe r imen ta l  an imals  were  used a t  each t ime.  
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Fig. 1. Changes in kidney t issue in co l ibac i l la ry  pyelonephri -  
tis in r a t s :  a) purulent  exudate in lumen of rena l  calyx. Sup-  
purat ive and lymphocyt ic  inf i l t ra t ion of epi thel ium and subepi-  
thelial  l aye r .  Autopsy a f t e r  72 h. Hematoxyl in -eos in ,  600 • ; b) 
diffuse suppura t ive  inf lammat ion  in in te rs t i t i a l  t i s sues  of r e -  
nal cor tex .  C lus te r s  of leukocytes  in lumen of tubules.  Autop-  
sy a f t e r  7 days,  hematoxyl in -eos in ,  100 x; c) ab sce s s  f o r m a -  
tion in rena l  medulla .  Many tubules filled with purulent  exu- 
date.  Autopsy a f te r  7 days.  Hematoxyl in -eos in ,  100 • d) 
m a r k e d  des t ruc t ion  and s c l e r o s i s  of rena l  p a r e n e h y m a  supe r -  
posed on diffuse suppurat ive  inf i l t rat ion of all  l aye r s .  Atrophy 
of g lomeru l i  and tubules.  Autopsy a f t e r  24 days Hematoxy-  
l in -eos in ,  100 • 

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

Under the mic roscope  the left  kidney of the r a t s  24 h af ter  infection was slightly enlarged and con- 
gested,  and s o m e t i m e s  so l i t a ry  subcapsu la r  a b s c e s s e s  had developed. The number  of a b s c e s s e s  in the kid- 
ney of the r a t s  was i n c r e a s e d  a f t e r  48-72 h. Some of the a b s c e s s e s  joined to fo rm l a rge r ,  i r r e g u l a r l y  
shaped a r e a s  of suppurat ion.  By the 7th day the pathological  changes were  more  marked :  mult iple l a rge  
a b s c e s s e s  with i l l -def ined outl ines had developed and the lumen of the ca lyces  of the kidney was filled with 
purulent  ur ine .  By the end of the expe r imen t  multiple a b s c e s s e s  s ca t t e r ed  over  the whole sur face  of the 
kidney, frequently with a r ea s  of nec ros i s ,  were  found. 

His to logical  invest igat ion of the ra t  kidneys in the ea r ly  stage showed sl ight mic rofoca l  inf i l t rat ion of 
the s t r o m a  with lymphocytes  in some an imals ,  mainly in the medulla ,  together  with congest ion of the g l o -  
meru l i  with swelling of the cap i l l a ry  endothelial  ce l ls  and cloudy swelling of the epi thel ium of the f i r s t -  
o r d e r  tubules.  Soli tary po lymorphs  and smal l  foci of lymphocyt ic  inf i l t rat ion could be seen  in the epi thel ium 
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of the calyces. Similar foci were also found in the subepithelial layer. Besides these changes, more 
marked features of hemostasis could be seen in other animals of this group, especially in the renal capil- 
laries and veins, together with focal infiltration of the epithelium and subepithelial layer with polymorphs. 
In some rats solitary small abscesses with the initial phase of organization of the pyogeilie membrane 
were visible in the medulla and beneath the capsule of the kidneys. In the center of the abscesses, as a 
rule, large colonies of bacteria and advanced necrobiotic and necrotic changes in the kidney cells were 
found. 

After 48-72 h of the experiment, diffuse infiltration with lymphocytes and polymorphs, together with 
numerous colonies of bacteria of different sizes were observed in the interstitial tissues of the kidneys, 
especially in the medulla, both in the stroma and in the lumen of the collecting tubules. Large abscesses 
with a wide band of young granulation tissue were formed around individual colonies. Clearly outlined foei 
of leukocytie infiltration were formed in the epithelium of the calyces. Diffuse infiltration with polymorphs 
was also observed in the subepithelial layer (Fig. la). The lumen of many calyces was filled with purulent 
masses containing numerous, frequently calcified, colonies of bacteria. Congestion was well-marked in the 
glomerular capillaries and the renal arterioles and veins of different caliber, while marked degenerative 
changes were seen in the epithelium of the tubules. 

Seven days after infection marked infiltration of the interstitial tissue with purulent exudate was ob- 
served in the kidney, where it was superposed on congestion in the blood vessels and edema of the inter- 
stitial tissue (Fig. ib), and also in the epithelium and subepithelial zone of the calyces and individual glo- 
meruli, with the formation of numerous abscesses in different stages of ripeness, located in both the cortex 
and the medulla. Some abscesses had a ripe pyogenie membrane, while in others it was only just beginning 
to be formed. Here and there in the renal parenchyma, outside the abscesses, proliferation of granulation 
tissue with marked destruction of the renal tissue could be seen. Groups and sometimes large qollections 
of polymorphs filled the lumen of many renal tubules. These clusters were particularly frequent in the 
collecting tubules (Fig. Ic). 

The structure of the kidneys of the experimental animals killed 24 days after infection was sometimes 
so changed as to be unrecognizable on account of the marked diffuse sclerosis of the parenchyma and thin- 
ning of all the layers. In many areas there was atrophy of the glomeruli (Fig. id). Side by side with marked 
proliferation of fibrous tissue and suppurative infiltration, groups of hypoplastic glomeruli and degenerated 
tubules could be seen, the lumen of which as a rule was filled with polymorphs. The very numerous and 
large abscesses located both in the subcapsular zone and in the depth of the kidney were surrounded by well- 
developed layers of connective tissue and a zone of fibroblasts. The centers of the abscesses were necrot- 
ic, and they contained numerous loci and deposits of calcium salts. Th e epithelium of the calyces also 
showed severe degeneration as the result of the diffuse suppurative inflammation, and in many places it was 
necrotic with the formation of erosions and ulcers. In the lumen of the calyces a purulent exudate mixed 
with erythrocytes and calcified colonies of bacteria could be seen. 

The pathomorphological changes in the kidney after intravenous infection of rats with E. coli and tem- 
porary ligation of the left ureter thus exhibit the character of suppurative inflammation, becoming more 
severe with longer periods of observation, and also becoming uniform in type in all the animals of each sep- 
arate group. In many animals, at various stages of the experiment more severe inflammatory changes 
were observed in the pelvis, the collecting tubules, and the interstitial tissues of the renal medulla, a char- 
acteristic feature of ascending pyelonephritis. With an increase in the duration of the experiment the sup- 
puration spread throughout the parenchyma, leading to destruction, fibrosis, and contraction of the organ. 
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