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The toxici ty of the alkylat ing an t i tumor  compound N,N-di- [2-chloroethyl ]ani l ine  can be consid-  
e r ab ly  reduced by p r e l i m i n a r y  adminis t ra t ion  of benz(a)anthracene,  an inducer  of mul t ipur -  
pose  oxidases ,  to ra ts .  In this way an imals  with tumors  can to lera te  l a r g e r  doses  of the com-  
pound with a correspondingly  enhanced therapeut ic  effect.  

The high toxicity of existing antitumor preparations is a handicap to their use in the chemotherapy of 
malignant neoplasms. This accounts for the great interest in the study of cell systems whose activation 

would enable the tolerance of normal tissues to the toxic action of these compounds to be increased. 

Research into the mechanism of resistance of tumor cells to the action of chemical carcinogens has 
shown that in the cells of most tumors the system of inducing enzymes, known as multipurpose oxidases, 
is disturbed [i, 3, 4, 7]. The enzymes of this system play an important role in the detoxication of foreign 
compounds entering the cell [2, 8]. In the cells of normal tissues activity of the multipurpose oxidases 
can be increased severalfold by treatment with various inducers, of which the most active are polycyclic 
hydrocarbons and barbiturates [6, 8, 9]. In the cells of most tumors so far studied this enzyme system is 
virtually uninducible [6, 8]. 

Advantage can be taken of these facts in order to obtain a selective increase in the resistance of nor- 
real tissues against the toxic action of antitumor compounds metabolized by this enzyme system. 

The object of the investigation described below was to discover whether the tolerance of rats to the 
toxic action of one of the ehloroethylamines can be increased by means of an inducer of the multipurpose 
oxidase system and to study how this is reflected in the antitumor activity of the compound. 

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred male rats. Benz (a) anthracene [9] was chosen as the com- 
pound increasing the activity of the multipurpose oxidases, and N,N-di-[2-chloroethyl]aniline, known in 
the Soviet literature as 'Tlymphochin" [5], was chosen as the toxic and antitumor compound. Multipurpose 
oxidases metabolize a wide variety of compounds which have only one common property, solubility in lipids 
[7, 8]. Evidently lymphochin itself, with a high affinity of lipids, is metabolized by this enzyme system, 
and benz(a)anthracene (BA) must stimulate its metabolic inactivation. 

In the experiments of group 1 the effect of BA on the toxic action of lymphochin was investigated. BA 
in a dose of 20 mg in 2.5 ml sunflower oil was injected into the stomach, and this was followed after 48 h by 
a further single injection of various doses of oily solution of lymphochin in a concentration of 30 mg/ml, 
also into the stomach. Instead of BA the control animals received the corresponding volume of sunflower 
oil. The animals were kept under observation for at least 30 days after administration of lymphochin. 
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TABLE 1. Toxicity of Lympho-  
chin for  Rats Receiving and Not 
Receiving Benz(a) anthracene 
" - - - ' T  

100 
150 
200 
250 
300 

Ratio bet. no. of 
dying rats and no. 

m exper. 

0/14 -- I 9/ll 3~ 
12/13 5/5 0~5 
14/15 9/12 1/241 

- -  - -  1 3 / 1 6  I 

TABLE 2. Action of L y m -  
phochin on Sarcoma M-1 in 
Rats Receiving and Not 
Receiving Benz (a) anthracene 

O 

< 0,05 100 
< 0,05 200 

- -  100 
2OO 

Number of rats 

o 

16 
12 

0 
0 
3 
1 
0 

12 

Legend: (+} compound given; 
( - )  compound not given. 

In the exper iments  of group 2 the effect of BA on the ant i tumor  activity of lymphochin was studied. 
In these experiments  a s a r coma  M-1 was grafted subcutaneously on the left side of the an imal ' s  trunk. Ani-  
mals with a tumor measur ing not less than 3 cm 2 were taken for the experiment  12-14 days af ter  graft ing,  
BA and lymphochin were  given just as in the exper iments  of group 1. The dynamics  of growth and r e g r e s -  
sion of the tumors  was studied by determining their volume f rom three measurements  every  6-8 days 
throughout the experiment.  The tumor  was regarded as cured if it did not r ecu r  during 20-40 days f rom 
the time of its complete disappearance.  Statistical analysis  of the resul ts  was car r ied  out by the chi-  
square method. 

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

Pre l iminary  t reatment  of the ra t s  with BA sharp lyreduees  the toxic action of lymphochin on these 
animals. As Table 1 shows, ra ts  receiving no additional t reatment  tolerated a single dose of 100 mg/kg 
lymphochin given into the stomach, and most  animals died after  a dose of 150 mg/kg. P re l imina ry  adminis-  
tration of sunflower oil had no significant effect on the toxic action of lymphochin. 

Treatment  of the animals with BA 48 h before administrat ion of lymphochin made it possible for  the 
dose of the compound to be increased  by 2.5 times, up to 250 mg/kg,  without harm. Death of the animals 
receiving BA occur red  af ter  administrat ion of lymphochin in a dose of about 300 mg/kg. 

The lymphochin had a s t ronger  toxic action on animals with s a r c o m a  M-1 than on normal  animals,  
but in the la t ter  BA considerably reduced the toxicity of the compound (Table 2). This meant that the dose 
of lymphochin available for  experimental  t reatment  could be increased  to something of the o rde r  of 200 
mg/kg. Under those conditions, with minimal toxic action a marked anti tumor effect was obtained, and one 
which could not have been achieved by the use of equitoxic doses of lymphochin without the inducer (Table 
2; Fig. 1). It will b e c l e a r  f rom Table 2 that administrat ion of lymphochin to rats  in a dose of 100 mg/kg  
without induction resulted in cure of three of 22 animals;  meanwhile a dose of 200 mg/kg,  which is lethal 
under ordinary  conditions, when combined with BA resul ted in complete absorption of the tumors  in 12 of 
23 animals (difference significant: P < 0.01), with the same level of toxicity. 

In ra ts  receiving pre l iminary  BA treatment  lymphochin in a dose of 100 mg/kg  exhibited neither 
toxic nor anti tumor effect. These animals differed very  little in appearance and behavior  f rom the con- 
t rols ,  and tumors  grew in them just as effectively (Fig. 1). Adminis t rat ion of BA without lymphochin to the 
ra ts  had no effect on the rate of growth of the tumors.  

The resul ts  thus showed that p re l iminary  t reatment  of ra ts  with the polycylic  hydrocarbon BA signif- 
icantly i n c r e a s e s  their  tolerance to the toxic action of lymphochin. As an anti tumor agent lymphochin 
pos se s se s  low selectivity relat ive to s a r coma  M-1. Even if toxic doses of the compound (100 mg/kg) a re  
used its anti tumor effect is minimal. It can be increased  by increas ing the dose, but at the same time the 
toxicity is increased.  A vicious c i rc le  a r i ses ,  such as is charac te r i s t i c  of chemotherapeutic  compounds 
with a low margin of therapeutic safety. 
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Fig. 1. Dynamics  of death of r a t s  during 
t r ea tment  of s a r c o m a  M-1 with lympho-  
chin. Ordinate,  number  of r a t s  surviving 
(in pe rcen t  of init ial  number) ;  absc i s sa ,  
t ime f r o m  graf t ing s a r c o m a  (in days). 
1) Control;  2) lymphochin (100 mg/kg) ; 
3) BA plus lymphochin (200 mg/kg) ;  4) BA 
plus lymphoching (100 mg/kg) .  Ar row de-  
notes injection of lymphochin. 

Deficiency of mul t ipurpose  oxidases  in tumor  cells ,  
as  e x p r e s s e d  by a low level  of inducibility, can be uti l ized 
in the sea rch  for  a way out of this situation. By means  of 
an inducer  (in this case  BA) the metabol ic  inact ivat ion of 
the chemotherapeut ic  compound in no rma l  ce l l s  can be in-  
c r ea sed ,  and t he i r  to l e rance  to the compound can the reby  
be ra i sed .  The detoxicat ing power  of t umor  ce l l s  under  
these  c i r c u m s t a n c e s  undergoes  l i t t le  change or  r e m a i n s  
at i ts  p rev ious  level ,  and for  this  r e a son  the m a r g i n  be -  
tween the dose  toxic to the animal  and the dose toxic to 
the t u m o r  is widened. 

The essen t i a l  fac tor  is that the l ive r  cel ls ,  which a re  
exposed to the action of the inducer,  must  metabol ize  the 
compound more  act ively  and reduce i ts  concentrat ion in the 
body as a whole. As a resul t ,  as  Fig. 1 and Table 2 show, 
with ord inary  doses  of lymphochin (100 mg/kg) i ts  body level  
in r a t s  t r ea ted  with BA fal ls  below the therapeut ic  level. 

By the use of maximal ly  high doses  of lymphochin 
(200 mg/kg) it was  poss ib le  to obtain a higher concen t ra -  

tion of the compound in rats receiving BA which did not cause death of the animals but which was suffi- 
cient to suppress growth of the tumors in 50% of them. 
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