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The s ta te  of the tubular  appara tus  of the kidney was s tudied in 360 albino mice  rece iv ing  f requent  
subcutaneous inject ions of po ta s s ium b i e r o m a t e  at in te rva l s  of 1 day, 1 week, or  1 month. More 
frequent  admin i s t r a t i on  of the toxic agent was shown to give r i s e  to a lower  mor t a l i t y  among the 
an imals  and to have a m i l d e r  toxic action on the tubular  appara tus .  

KEY WORDS: rhythm of action; mor ta l i ty ;  r ena l  parenehyma;  po ta s s ium b ich romate .  

Carbon t e t r a c h l o r i d e  and fur fura l  have been shown to have a weaker  toxic act ion onthe  l i v e r  in an imals  
and to cause  the i r  death l e s s  f requent ly  if a d m i n i s t e r e d  at  s h o r t e r  i n t e rva l s  [4, 5]. Every  chemica l  subs tance  
can evident ly  influence the adaptive s y s t e m s  of the body which to some degree  o r  o ther  become tuned to i ts 
rhythm of action. Chromium and its compounds can en te r  the human and animal  body by var ious  ways.  They 
a re  removed  mainly  through the kidney,  which may the reby  suffer  a va r i ed  degree  of damage [1-3, 6]. 

The object of this investigation was to study the relationship between the rhythm of the reparative re- 
sponse of kidney tissue and the mortality of the animals and the frequency of administration of potassium bi- 
chromate. 

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

Exper iments  were  c a r r i e d  out on 360 noninbred albino mice  (males and females)  weighing 20-25 g. The 
an imals  were  divided into t h ree  s e r i e s :  s e r i e s  D 70 mice  which  r ece ived  10 inject ions of po t a s s ium b i ch ro -  
mate  at  in te rva l s  of 1 day between in ject ions;  s e r i e s  II) 70 mice  which r e c e i v e d  10 inject ions at  i n t e rva l s  of 
1 week; and s e r i e s  III) 50 mice  which r ece ived  10 inject ions at in te rva l s  of 1 month. The po ta s s ium b i ch ro -  
mate  was in jec ted  subcutaneously  in a dose  of 30 mg/kg.  The course  of the des t ruc t ive  and r e p a r a t i v e  p r o -  
c e s s e s  in the r ena l  pa r enchyma  in the course  of the expe r imen t  was moni tored  by studying the kidneys in s e r -  
ies  I on the second day and in s e r i e s  II on the second, fourth,  and seventh days a f te r  a rout ine inject ion.  Two 
mice were  used at  each t ime of the invest igat ion.  The kidneys of the animals  were  examined 1 and 3 days,  1 
and 2 weeks,  and 1 and 2 months a f te r  the l a s t  dose  of b i eh romate  had been given. Changes in the rena l  ep i -  
the l ium a f t e r  a s ingle in ject ion of b i ch roma te  were  s tudied in 25 mice;  five mice  kept under the s ame  conditions 
as the expe r imen ta l  an ima l s  ac ted  as  the control .  During the expe r imen t  and for  2 months a f t e r  the l a s t  in jec -  
tion of po t a s s ium b i c roma te ,  the number  of an imals  dying was r eco rded  in al l  s e r i e s  and the kidneys of the dy-  
ing animals  were  inves t iga ted  h i s to log ica l ly .  M a t e r i a l  was fixed in 10% neut ra l  f o rma l in  and embedded in 
paraf f in  wax. Sections 4-6 ~ in th ickness  were  s ta ined  with h e m a t o x y l i n - e o s i n ,  by Van Gieson ' s  method, and, 
when n e c e s s a r y ,  by K o s s a ' s  r eac t i on  for  l ime.  The expe r imen t s  of s e r i e s  I and II we re  r epea ted  twice.  

EXPERIMENTAL RESULTS 

A single injection of potassium bichromate led to death of 7.1% of the animals on the fourth, fifth, and 
seventh days. Extensive areas of necrotic tubules, mainly in the outer two-thirds of the cortex, were observed 
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Fig. 1. Mortali ty among mice af ter  injections of potass ium bichromate,  a) 
se r ies  I; b) ser ies  II; c) se r i e s  HI; d) single injection of bichromate.  Ab- 
sc issa ,  t imes of exper iment  (in days); ordinate, number  of mice dying. Ar -  
rows indicate injection of poison. Scale in se r i e s  I and II, 1 day = 5 ram; in 
ser ies  HI, 1 day = 2 mm. 

in the mice which died. In animals killed 24 h af ter  injection of potassium biehromate ,  vacuolar  degeneration 
of the proximal tubules lying beneath the kidney capsule was observed,  and in animals killed af ter  3 days the 
lumen of many tubules in the cor tex was dilated, the epithelium was vacuolated, and the lumen of the tubules 
contained hyaline casts .  The changes descr ibed were located chiefly in the outer  two-thirds of the renal co r -  
tex. The s t ruc ture  of the renal  tubules was back to normal  7 days af ter  a single injection of bichromate and it 
still remained normal  2 weeks and 1 and 2 months later. 

In the a~imals of se r i e s  I death occur red  af ter  not less than three or  four injections of bichromate (Fig. 
1). The overa l l  mor ta l i ty  in this se r i e s  was 15.2%. Although none of the mice died af ter  two injeetions, max-  
imal destruct ' ion of the epithelium of the proximal  tubules was observed after the second injection of b ichro-  
mate, and lager (third, fourth, fifth, and sixth injections) the external appearance of the renal  epithelium dif- 
fered  only slightly f rom the control.  After  seven, eight, and nine injections the s t ruc ture  of the renal tubules 
of some animals showed changes. Some of the tubules became i r regu la r ly  dilated and the epithelium lining 
them was flat. In other mice no such hydronephrosis  was observed at these t imes and the predominant  change 
was vacuolar  degenerat ion of the epithelium, chiefly of the proximal  tubules. The epithelium of the tubules ly-  
ing beneath the capsule of the kidney 1-3 days af ter  the tenth injection of b ichromate  consis ted of vacuolated 
cells,  the proximal  and distal portions of the convoluted tubules were difficult to distinguish, and the lumen of 
many tubules was dilated. One week af ter  the tenth injection of b ichromate  prol i fera t ion of the epithelium of 
the proximal  tubules was observed and the number  of mitoses was increased.  No destruct ion in the renal  
epithelium of the experimental  animals could be found 2 weeks and 1 and 2 months af ter  the tenth injection. 
Features  of edema of the s t roma  predominated in mice dying after  seven, eight, and nine injections of b ichro-  
mate, accompanied by prol i fera t ion of the epithelium in near ly  all par ts  of the nephron. 

In the mace of se r ies  II the highest  mor ta l i ty  was observed af ter  one and two injections of potass ium bi-  
chromate  (Fig. 1). Later  the mortal i ty  fell appreciably  although individual animals still contined to die in the 
course  of the experiment.  The over -a l l  mor ta l i ty  in this se r i e s  was 27.5%. Wel l -marked  manifestations of 
vacuolar  degeneration, amounting in some cases  to necros i s ,  together  with pe r ivascu la r  edema were seen 2 
days af ter  the second injection of b i ch roma te  in the epithelium of the proximal  and of some distal tubules. By 
the seventh day of observat ion the number  of binuclear  cells in the epitheiium of the convoluted tubules was in- 
c reased  and papi l lary outgrowths of epithelium appeared in the lumen of the tubules. Similar  changes were 
observed in animals receiving three injections of potass ium bichromate.  Infrequent deposits of potass ium 
sal ts  at  the site of dying cells of the proximal  tubules and focal hydronephrosis  of the kidney cor tex  also were 
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observed in these animals. Changes of this so r t  also were present  af ter  four,  five, six, seven, and eight injec-  
tions. F rom 1 to 3 days after  the tenth injection of bichromate,  against  the background of moderate ly  severe  
hydronephrosis ,  in the renal  epithelium of the animals of se r ies  II, islands consis t ing of s eve ra lp rox ima l  
tubules lined with cubical epithelium were  seen. Foci  of infiltration with his t iocytes  lay among the tubules in 
the outer par t  of the cortex.  Prol i fera t ion of epithelium in some tubules led to the appearance of papi l lary 
outgrowths and in others to the format ion of syncytial  s t ructures ,  c ross ing  the lumen of the tubule, and in a 
third group, to complete occlusion of the lumen. Seven days af ter  the tenth injection the manifestations of hy-  
dronephrosis  were less severe ,  numerous ~cell ghosts ~ could be seen in the lumen of the tubules, and de- 
posits of calcium were present .  The hydronephrosis  was still  present  af ter  2 weeks and 1 and 2 months, the 
foci of histiocytic infiltration had the appearance of bands in the cortex, and deposits of calcium were present.  
In the animals of this se r i e s  which died after  one, two, three,  four, and five injections extensive areas  of ne-  
cros is  were found in the epithelium of the proximal  and distal tubules, together  with edema and congestion of 
the kidney and the presence  of numerous cel lular  and hyaline casts .  In the animals which died after  nine and 
ten injections of b ichromate  the predominant  changes were edema and a syncytial  appearance of the tubular 
epithelium. 

The animals of ser ies  HI, which received potassium bichromate  at intervals of 1 month, died 5, 8, 17, 
24, and 25 days after  its injection. The overal l  mor ta l i ty  in this se r ies  was 30~o Histological changes in the 
kidneys were s imi la r  to those observed in the mice of se r ies  IL 

The fact  observed in the experiments  with furfural  [5, etc.], namely that the more  frequent action of a 
pathogenic fac tor  gives r i se  to a lower mortal i ty  among animals and produces relat ively less severe  des t ruc-  
tion of the renal  parenchyma,  was confirmed by the present  experiments.  The organism tuned itself to the 
rhythm of action of the potass ium h ich romate  and the course  of the destruct ive and reparat ive  p rocesses  in the 
renal  epithelium corresponded to that rhythm; the animals died at different t imes in the different ser ies .  The 
appearance of mass ive  zones of infiltration with lymphocytes and hist iocytes in the renal t issue of the mice in 
ser ies  H and III suggests  that in the case  of the more  infrequent action of a pathogenic factor  immune mecha-  
nisms part icipate in the response of the organ. 
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