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Development of a tumor (transplanted Pl i ss  lymphosarcoma of rats) is accompanied by a 
decrease  in the content of adrenalin and noradrenal in  in the circulating blood. Leukoephdin and 
and quercetin (which possess  vitamin P and anti tumor proper t i es  under experimental  con- 
ditions) increase  the content of the hormones by 2-5.5 t imes and evidently stimulate the 
change f rom glycolysis  to oxygen respi ra t ion by the t issues affected. A combination of 
leukoephdin, quercetin, and adrenalin gives a slight but s tat is t ical ly significant increase  (up 
to 20%) in their  anti tumor action without any marked decrease  in the gain in body weight of 
the animals.  Ascorb ic  acid (as an adrenalin stabilizer) has no anti tumor action and does not 
potentiate the effect of the other substances mentioned above. Adrenalin and noradrenal in 
themselves  have weak anti tumor activity. 

The presence  of an orthodihydroxybenzene group in the molecules  of certa]n phenols obtained f rom 
plants gives them a s t ruc tura l  resemblance to polyphenols and, in par t icular ,  to catecholamines of animal 
origin. The ability of flavonoids to slow the oxidation of adrenalin provided a bas is  [11, 12] for  the hypoth- 
es is  that the action of phenols is mediated through adrenalin. 

The object of the present  investigation was to study the effect of the vitamin P prepara t ion  leukoephdin 
and quereetin on the concentrat ions of adrenalin and noradrenal in in rat  blood and on cytochrome oxidase 
activity in experiments  in vivo. The anti tumor proper t ies  of the catecholamines and their  combined action 
with leukoephdin and quercet in  also were  investigated. 

EXPERIMENTAL METHOD 

Leukoephdin is a condensation product of leukopeiargonidine and leukodelphinidine [7, 8] which possess 
vitamin P [7, 8] and antitumor [2, 4, 5] activity under experimental conditions. 

TABLE 1. Effect of Leukoephdin and 
Quercetin on Blood Adrenalin and Nor -  
adrenalin Concentrations in Rats 

Number Group of animals of rats 
I Noradren- Adrenalin alin 

in pg/g 

Intact . . . .... 
Rats with Pliss 
lymphosarcoma: 

control 
leukoephdin 
quercetin 

40 0,20--0,03 

40 0,14--0,04 
40 0,42~0,06 
25 0,78--0,02 

0,59-+0,05 

0,28--0,03 
0,56-+-0,04 
0,55+0,013 

The anti tumor action of the prepara t ions  was tested 
on 318 noninbred albino rats  and 377 mice with transplanted 
tumors:  Pl iss  lymphosarcoma,  s a r coma  45, s a r coma  180 
(Crocker),  and Ehr l ich ' s  solid tumor. Treatment  began f rom 
the day of appearance of a probable tumor and continued for 
10 days, when the animals were  sacrif iced.  The prepara t ions  
were  injected intraperi toneal ly o r  given by mouth, as aqueous 
solutions (quercetin as a suspension) in the maximal to ler -  
ated and smal le r  doses. 

The adrenalin and noradrenal in concentrat ions in the 
blood were determined in 40 intact ra ts  and 105 rats  with 
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TABLE 2. Effect of P r e p a r a t i o n s  on Growth of T ransp lan ted  Rat 
and Mouse Tumors  

Preparations 

A d r e n a l i n  . . . . . . . .  

Noradrenalin . . . . . .  

Leukoephdin . . . . . .  

Leukoephdin + 
adrenalin . . . . . . .  

Quercetin 

Qucrcetin + adrenalin 

Ascorbic acid 
Leukoephdin + ascorbic 

acid . . . . . . . . . .  

Sessional , 
dOSek(~ mg/ 

Inhibition of tumor growth (in percent) 
Total - -  pl iss  sarcoma Ehrlich's dose (in sarcoma 

kg) [ 45 lympho- 180 solid 
sarcoma (Croekel tumor 

0 
12,4 
6,8 

59,6 
62,1 

7,0 

0 

0,5 
1,0 
1,0 
70 
70 

1,0 
150 
300 
150 
1,0 
50 
70 
50 

I0,6 
26,2 
18,3 
85,5 
88,2 

50,8 
20,6 
57,7 

14,4 
87,6 

5,0 
1o,0 
1y0 
700 

10,0 
1 500 
3 000 
I 5OO 
I0,0 
5O0 
70O 
5OO 

16,3 
33,5 
20,4 
60,0 
79,9 

53,2 
28,6 
68,2 

8,6 
68,8 

9,7 
17,5 
9,2 

79,8 
84,6 

51,3 
16,3 
55,8 

15,4 

Notes:  1) mean r e s u l t s  of two s e r i e s  of e x p e r i m e n t s  a r e  shown in 
the Table;  2) a l l  p r e p a r a t i o n s  we re  in jec ted  in t r ape r i tonea l ly ,  ex -  
cept querce t in ,  in a total  dose of 3000 mg/kg.  

t r ansp lan ted  P l i s s  l y m p h o s a r c o m a  by Men ' sh ikov ' s  method [6] with a modif ied EF3N f luo romete r .  In view 
of the s m a l l  quantity of blood ava i lab le  in r a t s ,  blood f rom s e v e r a l  a n i m a l s  was  taken for  each ana lys i s .  

Cytomchrome oxidase  ac t iv i ty  was  de te rmined  by the method of Coopers te in  and L a s a r o v  [10] in the 
tumor,  l i ve r , and  spleen of 25 in tac t  r a t s  and r a t s  with a t r ansp lan ted  P l i s s l y m p h o s a r c o m a  (25 an ima l s  in 
each group: t r e a t ed  with leukoephdin and control) .  

These  va lues  we re  de t e rmined  in the group of r a t s  with P l i s s  l y m p h o s a r c o m a  t r ea t ed  with leukoephdin 
and querce t in  on the 2rid day a f t e r  the l a s t  admin i s t r a t ion  of the p r e p a r a t i o n s .  P l i s s  l y m p h o s a r c o m a  was  
chosen as  the tumor  most  sens i t ive  to leukoanthocyanidins  and, in p a r t i c u l a r  to leukoephdin [2, 4, 5]. 

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

The r e su l t s  a r e  given in Table 1. The blood l eve l s  of ad rena l in  and no rad rena l in  during tumor  d e -  
ve lopment  were  s igni f icant ly  reduced (P < 0.05). T rea tmen t  of the r a t s  with P l i s s  l y m p h o s a r c o m a  by 
leukoephdin and querce t in  led to an i n c r e a s e  in the adrena l in  level  by 3 and 5.5 t imes  r e s p e c t i v e l y  and a 
twofold i n c r e a s e  in the noradrena l in  leve l  (P < 0.001). The adrena l in  concent ra t ion  was  s ignif icant ly  h igher  
than in intact  r a t s  (P < 0.01), while  the noradrena l in  concentra t ion  b e c a m e  equal to that in the an ima l s  of 
the control  group (Table 1). 

During development  of the tumors  a tendency was  obse rved  for  the cy tochrome oxidase  ac t iv i ty  to de -  
c r e a s e  in the l i v e r  and spleen t i s sues ,  but admin i s t r a t i on  of leukoephdin caused  it to i n c r e a s e  s l ight ly  
(although not to a s t a t i s t i c a l l y  s ignif icant  degree)  in the spleen and tumor  t i s sues .  

The i n c r e a s e  in the blood ca techolamine  level  in the r a t s  t r ea t ed  with leukoephdin and querce t in  was  
accompanied  by an inh ib i to ry  effect  (to 85 and 50% respec t ive ly)  on growth of the P l i s s  l y m p h o s a r c o m a  
(Table 2). Adrena l in  i t se l f ,  in the m a x i m a l  t o l e r a t ed  dose  (1 m g / k g ,  10 i n t r a pe r i t one a l  inject ions)  inhibited 
growth of the s a r c o m a  180 and P l i s s  l y m p h o s a r c o m a  by 26-33 % (P < 0.05) and n o r a d r e n a l i n  produced s i m i -  
l a r  inhibit ion by not m o r e  than 20 % (P > 0.05); both p r e p a r a t i o n s  were  inac t ive  agains t  E h r l i c h ' s  sol id tumor  
and s a r c o m a  45, for  they inhibi ted growth by only 6-17% (P > 0.1). 

To examine the ro le  of adrena l in  in the ant i tumor  action of leukoephdin and querce t in  the combined 
act ion of these agents  was  inves t iga ted  (Table 2) and a v e r y  s l ight  but s t a t i s t i c a l l y  s ignif icant  (P < 0.05) in-  
c r e a s e  in this act ion of the p r e p a r a t i o n s  was  obse rved  in the e x p e r i m e n t s  with s a r c o m a  180 (up to 20%), 
without any marked  d e c r e a s e  in the gain in weight of the an imals .  No potent ia t ion  of the effect  was  ob-  
s e rved  in the e x p e r i m e n t s  with o ther  tumor  s t ra ins .  

Bear ing  in mind the s tab i l iz ing  action of polyphenols  on a s c o r b i c  acid  [9] and the ro le  of the l a t t e r  
as  a s t a b i l i z e r  of ad rena l in  [3], the effect of v i tamin  C combined with leukoephdin was s tudied on P l i s s  lymph-  
o s a r e o m a  and on s a r c o m a  180. The r e s u l t s  of these e x p e r i m e n t s  (Table 2) showed that a s c o r b i c  acid 
has no an t i tumor  act ion and does not s ignif icant ly  potent ia te  the effect of leukoephdin. 
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The re su l t s  can be s u m m a r i z e d  in the s ta tement  that growth of the tumor  (as exempli f ied by t r a n s -  
planted P l i s s  lymphosarcoma)  is accompanied  by a dec r ea se  in the concentra t ions  of adrenal in  and no rad re -  
nalin in the c i rcula t ing blood. Leukoephdin and querce t in  (prepara t ions  with an t i tumor  and v i tamin  P p r o p -  
er t ies)  i nc rea se  the concentra t ions  of these ho rmones  and apparent ly  s t imulate  the change f rom glycolys is  
to oxygen r e sp i r a t ion  in the affected t i ssues .  

Considering the close s imi la r i ty  between the biological  e f fec ts  of phenols  and ca techolamines  [1] it 
can be considered that act ivat ion of the s y m p a t h i c o - a d r e n a l  sys tem,  which p r o m o t e s  the accumulat ion of 
adrenalin,  blocks the methoxylat ion of the ca techolamines ,  and s tab i l izes  adrenal in  enter ing the blood 
s t r e a m ,  and thus exe r t s  an adrena l in- l ike  action, p lays  an impor tan t  role  in the an t i tumor  action of leu-  
koephdin and quercet in .  
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