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The  e f fec t  of  d i u r e t i c s  ( a c e t a z o l a m i d e ,  c h l o r m e r o d r i n ,  f r u s e m i d e ,  h y p o t h i a z i d e ,  and a e e t -  
a z o l a m i d e  a l t e r n a t e l y  wi th  c h l o r m e r o d r i n )  on the a n t i t u m o r  a c t i v i t y  of  d i p i n , *  c y c l o p h o s p h -  
a m i d e ,  6 - m e r c a p t o p u r i n e ,  and s e r o t o n i n  a g a i n s t  s a r c o m a  45 of  r a t s  w a s  s tud ied .  In m o s t  
e x p e r i m e n t s  the  d i u r e t i c s  p o t e n t i a t e d  the a n t i t u m o r  ac t ion  of  the  c o m p o u n d s .  A c e t a z o l a m -  
ide was  m o r e  e f f ec t ive  when g iven  s i m u l t a n e o u s l y  wi th  the  c y t o s t a t i c s ,  c h l o r m e r o d r i n  w a s  
m o r e  e f f ec t ive  when g iven  3 -4  h a f t e r  the  a n t i t u m o r  agen t ,  and h y p o t h i a z i d e  if g iven  5-6  
days  b e f o r e  the  b a s i c  t r e a t m e n t .  The t o x i c i t y  of  the c y t o s t a t i c  d r u g s  w a s  v i r t u a l l y  unaf -  
f e c t ed  by  c o m b i n a t i o n  wi th  the d i u r e t i c s .  

* T e t r a e t h y l e n e i m i d o - p i p e r a z i n e - N , N ' - d i p h o s p h o r i c  ac id .  

T A B L E  1. E f fec t  of D i u r e t i c s  on A c t i v i t y  of A n t i t u m o r  A g e n t s  when 
Given  in D i f f e r e n t  O r d e r s  of  P r e c e d e n c e  

Variant of expt. No. of Treatment scheme 
anim.: 

6 
6 

6 

7 
10 
10 

6 

6 
6 
6 

7 
6 
7 

6 
6 
6 

Consecutively 

Simultaneously 

Consecutively 

Sire ultaneously 

Consecutively 

Simultaneously 

Wt.. of 
P tumor(g) 

29,0-+2,1 
21,3-+2,5 <0,051 

7,84-2,9 <0,051 
<0,052 

18,5-+2,6 
I1,2-----1,5 <0,051 
12,0---+2,2 <0,051 

> 0,052 
11,9--+1,2 
6,8-~ 1,1 <0,051 
6,5+0,9 <0,05 x 

> 0,053 
19,2-+1,0 
12,8-+2,1 <0,051 
4,2-+ 1,4 < 0,051 

< 0,05 ~ 
21,4-----1,2 
9,3-+1,3 <0,051 
9,1-+0,8 <0,05 1 

>0,05 2 
19,2-+ 1,0 
12,8-+'2,1 <0,051 
3,6-+1,1 <0,05 t 

<0,05 ~ 

Control 
Phenylalanine mustard 
Hypothiazide +phenyl- 

alanine mustard 

Control 
Phenylalanine mustard 
phenylalanine + hypo- 

thiazide 
Control 
Phenylalanine mustard 
Acetazolamide + 

phenylalanine mustard 
Control 
Phenylalanine mustard 
Phenylalan~ ne + ace- 

tazoiamide 
Control 
Phenylalanine mustard 
Chlormemdrin + hypo- 

thiazide 
Control 
Phenylalaaine mustard 
Phenylalanine mustard 

+ chlormerodrin 

Inhibi~on 
(%) 

73 

39 
35 

43 
46 

34 
78 

58 

81 

1Here and in Tab le  2,  c o m p a r i s o n  wi th  c o n t r o l .  
2Here  and in Tab le  2, c o m p a r i s o n  wi th  g r o u p  of  a n i m a l s  r e c e i v i n g  
a n t i t u m o r  agen t  only .  

L a b o r a t o r y  of C a n c e r  C h e m o t h e r a p y ,  Novokuzne t sk  P h a r m a c e u t i c a l  C h e m i c a l  R e s e a r c h  In s t i t u t e .  
( P r e s e n t e d  by  A c a d e m i c i a n  V. V. Zakusov. )  T r a n s l a t e d  f r o m  B y u l l e t e n '  l ~ k s p e r i m e n t a l ' n o i  B i o l o g i i  i 
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T A B L E  2.  E f f e c t  o f  D i u r e t i c s  o n  A c t i v i t y  of  A n t i t u m o r  A g e n t s  w h e n  

G i v e n  in D i f f e r e n t  O r d e r s  of  P r e c e d e n c e  

No. of Frusemidr Wt. of Inhibition 
Variant of expt. anita, tumor(g) P (%) 

Control 
Phenylalanine mustard 
PhenTlalanine mustard + 

acet a zolamiae 
Phenylalanine mustard + 

acetazolamide 
Acetazolamide + phenyl- 

alanine mustard 
Dipin 
Dipin + chlormerodrin 

Dipin + chlormetodrin 

Chlormerodrin + dipin 

Control 
Dipin 
Dipin + acetazolamide 

Dipin + acetazolamide 

Acetazolamide + Dipin 

Control 
Pphenylalanine mustard 

neny~amnine mustara + 
chlormerodrin 

Phenylalanine mustard + 
ch lormerodr~n 

Chlormerodtin + phenyl- 
alanine mustard 

6 
7 
7. 

7 

7 

Simultaneously 

3-4 h 

3 - 4 h  

Simultaneously 

3 - 4 h  

3 - 4 h  

Sire ultaneously 

3 - 4 h  

3-4 h 

Simultaneously 

3 - 4 h  

3 - 4 h  

43,8-----4,8 
25,8-+4,2 
12,3-----1,4 

18,9__+3,0 

15,7-----2,2 

15,5-+ 1,7 
19,7-+2,7 

10,8"*-0,3 

18,5-+2,7 

15,8-----3,0 
6,5-+ 1,6 
0,4m0,2 

1,1-+0,3 

0,83-----0,1 

16,0-+3,0 
9,2-+2,4 
6,3-+3,7 

4,8-+ 1,1 

7,8-+ 1,9 

< 0,051 
<0,05 1 
< 0,05 ~ 
<0,051 
>0,052 
< 0 , 0 5 1  

<0,05 ~ 
< 0,051 
<0,051 
> 0,052 
<0,05 I 
<0,052 
< 0 , 0 5 1  

> 0,05 2 

< 0,051 
<0,05 x 
<0,052 
<0,051 
< 0,052 
<0,051 
<0,05 ~ 

<0,051 
<0,051 
> 0,052 
<0,05 ~ 
<0,052 
<0,051 
>0,052 

I 

41 
72 

57 

64 

65 
56 

76 

58 

59 
98 

93 

95 

42 
57 

70 

51 

T A B L E  3. 

T r e a t m e n t  f o r  10 D a y s  w i t h  C y t o s t a t i e s  a n d  D i u r e t i c s  

B l o o d  L e u k o c y t e  C o u n t  of  R a t s  w i t h  S a r c o m a  45  a f t e r  

Variant of experiment t n  o. of 
ilia. 

10 
15 
10 

.)0O 

8 
12 
8 

.~00 

1,[ 
1,2 
1,( 

.~00 
1,s 
18 

l0 
15 
10 

:0O 
l0 
18 
10 
5O 

Leukocyte count 

25 350 (2) 
15 700 (2) 
5 150 (2) 

19 000 (2) 
37 360-----4 950 (4) 
12 250-+3 450 (4) 
7 300-+ 1 640 (4) 

14 430-----2 400 (4) 

39 500-----9 900 (4) 
17 840---+3 250 (4) 
12 150• 300 (4) 
17 440-----2 700 (4) 

16 980-----5 700 (4) 

25 640-----6 600 (4) 
3 525-----720 (4) 
t 840-+85 (4) 
3 180-+225 (4) 

3 390*-206 (4) 

3 840-+700 (4) 

Wt. of 
tumor(g) 

30,0-----3,7 (10) 
8,5-*-2,6 (10) 

4,85 + 1,3 (10) 

2,67+0,81 (10) 
14,6-+2,7 (10) 
3,75---+0,9 (10) 
0,75*-0,47 (10) 
1,88+0,47 (lO) 

24,6-+ 1,6 (10) 
13,0-----2,2 (10) 
10,8-+0,83 (10) 
7,0----- 1,9 (10) 

8,3 -+- 1,7 (10) 

8,3 -+ 1,5 (1o) 
0,33-+0,14 (10) 
0,01-+0,005 (10) 
O,Ol--O,O08 (10) 

0,095-+0,08 (10) 

0,086-+0,024 (10) 

Control 
Dipin . . . . . . . .  

. . . .  j . , 

Dipin + acetazolamide 

Control . . . .  
�9 . . 

Cyclophosphamide 

Cyelophosphamide + acetazolamide 

Control 
Phenylalanine mustard 

Phenylalanine mustard + 
aeetazolamide 

Phenvlalanine mustard + 
chlbrmerodrin 

Control 
Di~in 

Dipin + acetazolamide 

Dipin + chlormerodrin 

Dipin + frusemide 

Inhibition 
(%) 

71,5 
84,0 

91,0 

74,5 
95,0 
85,6 

47,1 
56,6 
72,0 

66,2 

L 

96,0 
99,9 
99,9 

98,9 

99,0 

No t e : Number of animals in experiment given in parentheses. 

T h e  g r o w t h  of  e x p e r i m e n t a l  m a l i g n a n t  n e o p l a s m s  i s  o f t e n  a c c o m p a n i e d  b y  r e t e n t i o n  o f  w a t e r  a n d  s a l t s  

in  t h e  b o d y  [2, 3,  5].  E f f e c t i v e  a n t i - t u m o r  t h e r a p y  s o m e t i m e s  r e s t o r e s  t h e  n o r m a l  w a t e r  a n d  s a l t  b a l a n c e  
[1, 4 ,  5].  
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This has led to the suggestion that stimulation of the elimination of water  and salts f rom the body 
will facilitate the t rea tment  of tumors .  To test  this hypothesis cer tain diuret ics  were used in conjunction 
with ant i tumor agents for  the t reatment  of ra t s  with sa rcoma  45. 

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

Experiments  were ca r r i ed  out on 1500 ra t s  with sa rcoma 45. Trea tment  with anti tumor agents began 
on the 7th day after  transplantation of the tumor.  Phenylalanine mustard ,  cyclophosphamide,  and 6 - m e r -  
captopur inewere  injected intraperi toneally in doses of 1, 8, and 25 m g / k g ,  respect ively ,  while dipin and 
serotonin were  injected subcutaneously in a dose of 10 m g / k g  daily for  10 days.  The diuret ics  (acetazol-  
amide, 200 m g / k g ;  ch lormerodr in ,  18 m g / k g ;  f rusemide and hypothiazide, 50 mg/kg)  were given by gas -  
t r ic  tube as a s tarch  suspension in var ious  combinations with the anti tumor agents. During the period of 
the experiments  the animals were kept under constant conditions. 

InvestigatiDns have shown that the isolated administrat ion of diuret ics  by a 10-day course  has no ef- 
fect on the growth of sa rcoma 45 of ra ts .  Only by the alternate administrat ion of acetazolamide with chlor-  
merodr in  (acetazolamide on one day, ch lormerodr in  on the next throughout the course  of treatment) in 
some experiments  led to some degree of inhibition of growth of the tumor  (20-30%). The weight of the 
spleen, the increase  in body weight, and the blood leukocyte count remained vir tual ly  unchanged. The com-  
bined administrat ion of diuret ics  with anti tumor agents in most  cases  increased the anti tumor activity of 
the la t ter  compounds. An important  factor  was the o rder  of administrat ion of the diuret ics  and anti tumor 
agents (Tables 1 and 2). The o rder  of t reatment  was as follows: on the 2nd-3rd day after  transplantation 
of the tumor ,  t reatment  with the diuretic alone began, but f rom the 7th-8th day the diuretic was stopped 
and phenylalanine mustard  was given for  10 days. As Table 1 shows, the p re l iminary  (5-6 days before the 
beginning of cytostat ic treatment) injection of hypothiazide gave a substantial increase  in ant i tumor act iv-  
ity, by contras t  with the simultaneous administrat ion of the two agents. For  acetazolamide and chlor-  
merodr in ,  their  simultaneous administrat ion with phenylalanine mustard  is more  rational.  

F r o m  aeetazolamide and chlormerodr in  other pat terns of administrat ion of the drugs were studied: 
simultaneously with the cytosta t ics  of at intervals of 3-4 h (antitumor agent f i rs t ,  diuretic 3-4 h la ter ,  and 
vice versa) .  As Table 2 shows, acetazolamide had the maximal potentiating effect on the action of phenyl- 
alanine mustard  and dipin was obtained by simultaneous administrat ion with the cytostat ics .  In the case 
of acetazolamide the optimal var iant  of the experiment was that in which the diuretic was given 3-4 h af ter  
dipin or  phenylalanine mustard.  

The resul ts  showed that diuret ics  can potentiate the effect of anti tumor agents (Table 3). It is im-  
portant  to find out how the toxicity of anti tumor agents is effected by their  combination with diuret ics .  The 
experimental  resu l t s  showed that diuret ics  did not change the blood leukocyte count by compar i son  with 
that in animals receiving the anti tumor agents alone. An increase  in the dose of cytostat ic compounds was 
accompanied by a more  marked inhibitory action of these substances on leukopoiesis.  Achievement of the 
same anti tumor effect by giving a smal le r  dose of the cytostat ic in conjunction with diuret ics  did not 
change this index. 

1o 
2. 
3. 
4. 
5. 
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