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A single intravenous injection of cyclophosphamide into rabbits (60 and 80 mg/kg) and dogs (40 mg/kg) 
caused marked inhibition of excretion of ca rd io t r a s t  (diodone) by the kidneys, whereas  diuresis  and glorner-  
ular filtration were  reduced by a l e s se r  degree.  The effect of cyclophosphamide on renal  secret ion was 
also confirmed by experiments with accumulation of ea rd io t r a s t  by slices of renal cortex.  

Changes in renal activi ty under the influence of alkylating compounds are  descr ibed in the l i tera ture  
[1, 3, 5]. They a re  probably not associated with s t ructural  damage to the kidneys [4]. However, in none 
of these investigations was a study made of tubular secretion,  an important  function in the kidneys along 
with filtration and reabsorption.  

In the investigation descr ibed below the effect of cyclophosphamide on tubular secret ion was studied. 

EXPERIMENTAL METHOD 

Experiments were carried out on 6 dogs weighing 10-18 kg with ureters exteriorized by the Pav- 

lov - Tsitovich method and on intact rabbits weighing 2.5-3.5 kg. During the experiments the dogs were 
kept in Parlor frames, while the rabbits were fixed in special hammocks. 
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Fig. 1. Effect of cyclophosphamide (60 
mg/kg) on kidney function in rabbits .  Ab-  
scissa,  day after  injection of compound; 
ordinate:  1) excretion of ca rd io t ras t  in 
percent during first 30 rain after injec- 
tion; 2) diuresis (in ml/min); 3) glomeru- 

far filtration (in ml/min). 

Cyclophosphamide was injected intravensously as single 
doses of 60 and 80 mg/kg into rabbits and 40 mg/kg into dogs. 
Altogether 109 experiments were performed on 33 animals. 

The secretory power of the renal tubules was studied by 
determining the excretion of cardiotrast (diodone) in the urine 
after its intravenous injection in doses of 0.3-0.4 g/kg into dogs 
and 0.9-1.0 g/kg into rabbits. Previous investigations showed 
that these doses ensure maximal saturation of the tubular epi- 
thelium during the first 30 rain after injection, and that within 
2 h practically the whole of the cardiotrast had been excreted. 
Excretion was expressed as a percentage of the quantity in- 
jected. Cardiotrast was determined by the method of White and 

Rolfe as modified by Bak and co-workers [7]. Glomerular fil- 
tration was measured relative to endogenous creatinine. 

In a separate  ser ies  of experiments the effect of cyc lo-  
phosphamide on the accumulation of ca rd io t r a s t  by slices of 
renal  cor tex from rabbits was studied by the method of Cross  
and Taggart  [8]. Two al ternative forms of these experiments 
were  used. In the f i rs t  case  cyclophosphamide was added di-  
rect ly  to the incubation medium. The concentrat ion of the corn- 
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TABLE i. Effect of Cyclophosphamide (80 mg/kg) on Kid- 

ney Function in Rabbits 

Index studied Control After injection 
of compound P 

39,4• 1 , 3 6  16,9+_3,20 <O,OOI Excretion of eardiotrast over 
30 rain 

2h  
Filtration (in ml/min) 
Diuresis (in rot/rain) 

80,8• 3,01 
6,3 + - 0,93 

0,31 • 0,05 

60,4• 5,27 
4,2-+ 0,40 
0,19- 4- 0,02 

<0,01 
> 0,05 
> 0,05 

TABLE 2. E f f e c t  o f  C y c l o p h o s p h a m i d e  (40 m g / k g )  on K i d -  

h e y  F u n c t i o n  in  D o g s  

Day after 
injection 

Excretion of cardiotrast (ing) 

over 30 rain 

34,8--+ 1,36 
32,3-+4,50 

P>O,5 
34,4-+5,t3 

P>0,5 
14,7-+5,63 
P<O,Ol 

over 2 h 

83,9• 2,29 
70,3-+8,41 

P>0,05 
73,7-+ t0,65 

P>0,05 
40,7• ! 1,67 

P<0,01 

Filtration 
(in mlh'nin/ 
m 2) 

36,8--+ 4,44 
36,6• 

P>0,5 
32,4+_5,52 

P> 0,5 
29,5• 7,71 

P>0,05 

Control 
1st 

3rd 

7th 

Diuresis 

(in ml/rain) 

0,58_+0,16 
0,59• 0, t4 

P>0,5 
0,65--+ O, I 9  

P>O,5 
0,34• 0,09 

P>O,05 

pound was chosen in accordance with recommendations for the selection of substances possessing cytotoxic 
action [6]. In these experiments the concentration was 1.5 �9 10 -4 g/ml. In the second group of experiments 
the compound was injected intravenously into rabbits, whichwere sacrificed the next day and sections of the 
renal cortex cut. Kidneys taken from intact rabbits were used as the control. Absorption of oxygen was 
also determined in a Warburg apparatus in the experiments on slices. 

EXPERIMENTAL RESULTS AND DISCUSSION 

A single injection of cyclophosphamide into rabbits in a dose of 60 mg/kg sharply reduced the excre- 
tion of cardiotrast on the average by 46.2% compared with its initial level (Fig. i) within 24 h after injec- 
tion. During the next four days the excretion of cardiotrast increased, and on the 5th day it was approxi- 
mately the same as in the control, although it was still significantly lower.Later still, the secretory function 
diminishedprogressivelydownto very low values. The animals died on the 20th-25th day. Filtration and 
diuresis in these experiments also fell slightly during the first day after administration of the compound, 
and thereafter they remained at about the same level until the 5th day of investigation, when a further con- 
siderable decrease began, accompanied by inhibition of secretory processes. Tubular secretion was dis- 
turbed more than filtration and diuresis, while reabsorption was virtually unaffected. The weight of the 
rabbits began to fall from the first day after administration of the compound, and by the 15th day it was 
78.1• of its initial value. 

With an increase in the dose of cyclophosphamide to 80 mg/kg (Table i), the same changes in kidney 
function were observed as in the previous experiments, although they were more marked. The animals 
died sooner (during the first week). Excretion of cardiotrast in the first 30 min after injection was reduced 
by more than half, and this decrease was not compensated during observation for a period of 2 h. 

The leukocyte count in the circulating blood (estimated in 1 mm 3) was reduced after injection of cy- 
clophosphamide, and the decrease was particularly marked in the experiments when a large dose of the 
compound was given (from 13,000:~1500 in the control to 5200*600 on the 3rd day after injection). 

In the experiments with slices of rabbit kidney cortex, addition of cyclophosphamide to the incubation 
medium had virtually no effect on the ability of the slices to accumulate cardiotrast, or on the oxygen con- 
sumption of the kidney tissue. However, if the compound was injected intravenously into rabbits, the ac- 
cumulation of eardiotrast by slices was substantially reduced (from 5.68• in the control to 3.09• 
in the experiment). Oxygen absorption also was significantly reduced (from 55.7~3.3 2 to 44.8a: 2.04 #liters/ 
I00 mg moist weight/h). 
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Following injection of cyclophosphamide into dogs in a dose of 40 mg/kg, slightly different  r esu l t s  
f rom those in rabbi t s  were  obtained (Table 2). The excre t ion of c a rd io t r a s t  during the f i r s t  few days a f t e r  
injection remained  a l m os t  unchanged, and the dec rea se  began only on the 7th day. The leukocyte count fell 
significantly on the 3rd day a f t e r  admin is t ra t ion  of the compound. The life span of the dogs did not exceed 
two weeks.  In the overa l l  effect  of cyclophosphamide,  d i s turbances  of s e c r e t o r y  p r o c e s s e s  we re  m o r e  
marked  than changes in f i l t ra t ion and d iures i s .  This was pe rhaps  because  tubular  sec re t ion  in an ene rgy-  
dependent p roce s s  [10, 11], and compounds with an alkylat ing action can dis turb the t r ans fo rma t ion  of en-  
ergy in cel ls  [2]. 

The pathogenesis  of the inhibitory phase  in the action of cyclophosphamide on kidney function is more  
complex.  Poss ib ly  d is turbance of synthesis  of cell  pro te ins  and a lso  ex t ra rena l  effects  of cyc lophospham-  
ide may play a definite ro le  in this case .  

The exper imen t s  with s l ices  of kidney cor tex  a re  in teres t ing.  The absence  of changes in accumula -  
tion of c a r d i o t r a s t  by the Slices a f t e r  addition of cyclophosphamide di rec t ly  to the incubation medium con-  
fo rms  to the view that  cyclophosphamide must  be act ivated in the body [6]. It is postulated that  under the 
influence of phosphatases  and phosphamidases ,  the compound is spli t  up and an act ive  der iva t ive  of ch lo ro -  
e thylamine is l ibera ted .  

In fact, kidney s l ices  f r o m  rabbi t s  rece iv ing  the compound e a r l i e r  accumulated c a r d i o t r a s t  wi thabout  
half the intensity of kidney s l ices  f rom intact  an imals .  

The l a te r  d is turbance  of tubular  secre t ion  in dogs is probably a spec ies  c h a r a c t e r i s t i c .  P i e r c e  et al.  
[9] found that the dog, s kidney dif fers  in its sensi t iv i ty  to ce r ta in  ant i tumor  compounds f rom the kidneys of 
other  m a m m a l s .  
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