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The  rhy thm of injection of 1 ,2-dimethylhydrazine (DMH), in the same total  dose, affects  the ul-  
t imate  carcinogenic  effect .  The  most  widespread development of intestinal tumors  is observed 
if DMH is given once a week in a dose of 21 m g / k g  body weight. Daily injection in a dose of 3 
m g / k g  leads to less  marked  tumor  development,  l imited to the large intestine.  However,  under 
these  conditions pronounced degenerat ive  and necrobiot ic ,  and in a few cases  neoplastic changes 
develop in the l iver .  The  f requent  adminis t ra t ion of small  doses  of the carcinogen leads to a 
marked  d e c r e a s e  in the cytochrome Paso content in the mic rosomes  of the l iver;  this evidently 
delays the metabol i sm of DMH, its convers ion into its end product ,  and binding of the la t ter  with 
macromolecu les  of the en te rocytes .  

KEY WORDS: metabol i sm of 1,2-dimethylhydrazine;  intestinal tumors;  rhythm of adminis t ra t ion 
of carcinogen; cy tochromes  P450 and b 5. 

The  carcinogenic  effect  is known to depend [5] on the total  dose of the substance given and on the lifespan 
of the exper imenta l  animals .  However,  var ious modifying fac tors  a re  also very  important  in this r e spec t .  One 
such factor  is the rhy thm of carcinogenic  action. In other regions of pathology the ro le  of the rhythm of action 
of pathogenic fac tors  on the development of the pathological  p ro ce s s  has been c lear ly  demonstra ted [4]. A 
change in the f requency of development  of  intestinal tumors  and in thei r  location has been found following int ra-  
r e c t a l  injection of the highly reac t ive  carcinogen N-methy ln i t rosourea  into mice  under different  conditions [7]. 

The  object  of this investigation was to study the carcinogenic effect  of 1,2-dimethylhydrazine (DMH), 
which has  a r e so rp t ive  method of action, depending on the rhythm of its adminis t ra t ion to ra t s  rece iv ing  the 
same total  dose. In addition, changes in DMH metabol i sm associa ted with d i f ferences  in the cha rac te r  of its 
action and capable of shedding light on d i f ferences  in the carcinogenic  effect  under these  conditions also were  
investigated.  Attention was concentra ted on interact ion between the carcinogen and the nucleic acids and p ro -  
teins of var ious  organs,  for  a leading ro le  is asc r ibed  to this effect  in carc inogenesis  [2]. Considering that 
cy tochromes  P450 and b 5 a re  key enzymes  in the metabol i sm of carcinogens [6], their  content in the mic rosomes  
of the l iver  also was studied. 

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

Exper iments  were  ca r r i ed  out on 90 noninbred male albino r a t s  f rom the Rappolovo nurse ry ,  Academy of 
Medical Sciences of the USSR, weighing 200-250 g, on 60 of which chronic  exper iments  were  pe r fo rmed  for the 
induction of intestinal tumors .  The re  were  th ree  s e r i e s  of exper iments  (20 ra t s  in each ser ies) .  DMH was 
injected subcutaneously in accordance  with the following schemes:  1) daily in a dose of 3 m g / k g  body weight; 
2) weekly in a dose of 21 mg /kg ,  and 3) once every  2 weeks in a dose of 42 mg/kg;  in all cases  the total  dose 
was the same.  The animals were  killed at the same t imes  af ter  the beginning of DMH adminis t ra t ion and under-  
went macroscopic  and microscopic  investigation. The remaining 30 r a t s  were  divided into th ree  equal groups: 
animals  of group 1 rece ived  DMH in a dose of 3 m g / k g  daily, those of group 2 rece ived  21 m g / k g  weekly. In 
these  two groups the carcinogen was adminis tered  for 2 weeks and the total dose was the same,  namely 42 m g /  
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Fig.  1. Morphological  changes in l i ve r  a f -  
t e r  injection of DMH in a dose of 3 m g / k g  
daily: a) m a c r o s c o p i c  appearance ;  nodular  
l ive r  as  in c i r r h o s i s  (2• b) ex tens ive  
a r e a s  of nec ro s i s  and loss  of n o r m a l  s t r u c -  
tu re  of hepat ic  t r abecu lae  (hematoxyl in-  
eosin, 80 x).  

kg.  The  an imals  of the th i rd  (control) group r e c e i v e d  no spec ia l  p r e l i m i n a r y  t r ea tmen t .  On the 15th day a f t e r  
the beginning of the expe r imen t s  half  of the an imals  of all  groups  r ece ived  a subcutaneous injection of DMH-UH . 
(specific act ivi ty  12 m C i / g )  in a dose  of 21 m g / k g .  The r a t s  were  kil led 9 h a f te r  injection of the labeled c a r -  
cinogen, i.e.,  at the peak  of methyla t ion  of the m a c r o m o l e c u l e s  [1, 2]. The  methods of injection of the ca r c ino -  
gen and of isolat ion and de te rmina t ion  of rad ioac t iv i ty  of the nucleic acids  and p ro te ins  w e r e  desc r ibed  p r e -  
viously [1, 2]. 

The  content o f  cy toch romes  P450 and b 5 was de te rmined  by the method of Omura  and Sate [8] in the r e -  
maining an imals  of all th ree  groups.  

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

The  expe r imen t s  in which DMH was given in d i f ferent  ses s iona l  doses  but the s a m e  total  dose showed 
that  the carc inogenic  effect  in these  ca se s  depends on the rhy thm of entry  of the carc inogen  into the a n i m a l ' s  
body (Table 1)~ 

As Tab le  1 shows, in the an ima l s  rece iv ing  DMH in a dose of 21 m g / k g  weekly mult iple  t u m o r s  usual ly  
developed s imul taneous ly  in s e v e r a l  segments  of the intest ine.  Meanwhile, a f te r  daily injection of sma l l  doses  
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of the carcinogen tumors  developed only in the Large intestine and the lesions were  less  severe .  However,  in 
near ly  all r a t s  of this group marked  degenerat ive and necrobiot ic  changes were  found in the l iver  (Fig. 1). 
Against this background tumors  of the l iver  developed in two cases:  a small  (0.5 mm in diameter)  hepatoma 
in one case  and a hepatoma with wel l -developed f ibrosis ,  grea t ly  resembl ing  a cholangiocarcinoma, in the 
other case. 

In animals receiving DIVIH in a dose of 42 mg/kg once every 2 weeks tumors appeared in the same parts 
of the intestine as with the dose of 21 mg/kg, but the intensity was rather less. 

In the experiments to study the binding of metabolites of DMH with the nmeromolecules of the entero- 
cytes, the radioactivity of nearly all fractions tested in rats of groups 1 and 2 was lower than that of the cor- 
responding samples from the control animals (Fig. 2). Only the level of radioactive label in DNA of the liver 
and kidneys of the animals of group 2 did not differ significantly from the control~ In the acid-soluble fraction 
radioactJ.vity in the rats of group i in all parts of the intestine, and also in the liver and kidneys, was signifi- 
cantly lower than in the rats of group 3, namely 24-47% of its level. Meanwhile its radioactivity in group 2 
was much higher than in group i, and reached 66-89% of the control value. Similar changes in radioactivity 
were observed in protein and DNA (Fig. 2). The radioactivity of protein in the descending colon and of DNA 
in the duodenum were exceptions. In these cases the specific radioactivity after daily injection of the carcino- 
gen was higher than af ter  weekly injection, although it remained  below the control  level.  

The  pat tern  was different  in the RNA fract ion (Fig. 2): in all organs studied the radioact ivi ty  was lowest  
in the r a t s  of group 2 (8-22% compared with the control  group), whereas  in r a t s  rece iv ing  DMtI daily it was 
much higher  although did not r each  the control  level.  Meanwhile in t h e r a t s  of group 2 the RNA content pe r  
mi l l ig ram wet weight of t i ssue  in the var ious pa r t s  of the intestine at the t ime of injection of the labeled ca r -  
cinogen was 50-75% lower than in the ra t s  of group 1. The d ec r ea se  in the specif ic  radioact ivi ty  of RNA in the 
case  of weekly injections of the carc inogen can thus be at t r ibuted to "dilution of the label ."  

The  resu l t s  of investigation of the cy tochrome P450 content in the l iver  mic rosomes  of the r a t  showed 
that af ter  injection of the carcinogen weekly (group 2) i ts concentrat ion was vir tual ly  the same as in the con- 
t ro l  (5.1~ 0.589 and 5.32 • 0.156 m m o l e s / m g  mic rosomal  pro te in  respect ive ly ;  P > 0.05). Meanwhile, daily 
injection of DMH (group 1) led to a significant (P < 0.001) dec rease  in the content of this enzyme compared 
with the control  (3rd) group (2.48 =~ 0.318 m m o l e s / m g  mic rosomal  protein) .  The cy tochrome b 5 content did 
not depend on the rhy thm of injection of the carcinogen.  

The  dec rease  in the cytochrome P450 content following daily adminis t ra t ion  of DMH thus evidently r e -  
duced the r a t e  of metabol ism of the carcinogen.  The d ec r ea se  in the degree  of binding of the DMH metabolite 
with DNA and prote in  following daily injection of DMH can accordingly be at t r ibuted to the delay of its con- 
vers ion  into the proximal  metaboli te,  and this is evidently the cause of  the reduced carcinogenic effect  in the 
intest ine.  After  weekly injection of DMtt the content of the cy tochromes  remained  vir tual ly unchanged, and as 
a r e su l t  the radioact iv i ty  of DNA and pro te in  in these  animals  was high and did not differ  significantly f r om the 
control  (Fig. 2); in turn,  this  evidently led to intensive format ion  of neoplasms in the intestine. It is in teres t ing  
to note that injection of DMH (21 mg/kg)  into the animals  2 h before decapitat ion did not affect the content of 
cy tochromes  Pas0 and b 5. Meanwhile, according to the data of Smuckler  et al.  [9], 2 h af ter  injection of di- 
methyln i t rosamine  the content of  cy tochrome P~0 is sharply reduced,  which the authors  cited at tr ibute to the 
d i r ec t  action of n i t rosamine  on the mic rosomal  enzyme.  Comparison of these  facts  suggests that  daily injec-  
t ion of DMH leads to inhibition of cy tochrome P450 synthesis .  

The  wr i t e r s  showed previous ly  [3] that mos t  of the radioact ivi ty  in r a t s  rece iv ing  DMH-3H is excre ted  
in the ur ine  in the course  of 24 h. Daily injection of DMH leads to a 50% fall in the excre t ion  of radioact ivi ty  
in the ur ine  during the f i r s t  9 h, poss ible  evidence of inhibition of oxidation of the carcinogen.  The  toxic changes 
in the l iver  following daffy injection of the carcinogen can be explained by the p r e sen ce  of incompletely oxidized 
products  of DMI4 metabol ism in the body. 

Differences  in the carcinogenic effect  of DMH associa ted with dif ferent  rhy thms  of its adminis t ra t ion  a re  
thus connected with changes in its metabol ism.  
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SELECTIVE THERAPY OF 

OF D - E O X Y C Y T I D I N E  AND 
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Pe ro r a l  administration of deoxycytidine (dC) to mice with leukemia L1210 simultaneously with 
intraperitoneal injections of toxic doses of cytosine arabinoside (araC) reduces the severity of 
toxicosis and prevents the death of the animals by poisoning. A marked antitumor effect is ob- 
served in these animals. The mean life span of such mice is much longer than that of untreated 
mice and also of mice receiving dC or araC alone. With the optimal scheme of treatment ~bout 
23% of mice live longer than 60 days. Protect ion with dC weakens the antileukemic effect of 
araC when the latter is given in nontoxic doses. This combination is not effective ~gainst t rans :  
plantable myeloid leukemia of mice. 

KEY WORDS: leukemia L1210; cytosine arabinoside; 2'-deoxycytidine hydrochloride; selective 
therapy. 

Deoxycytidine (dC) is an antagonist of cytosine arabinoside (araC) and reduces both the severity of its 
various toxic manifestations and its antitumor effect [1-8]. The wri ters '  observations show that dC, given by 
mouth to normal mice simultaneously with intraperitoneal injections of araC, weakens the manifestations of 
the toxicosis and prevents the lethal effect. Analysis of the action of a combination of dC plus araC on the 
different branches of medullary hematopotesis shows that the lymphocyte count in the "protected" animals 
is the same as that observed in mice receiving the antimetabolite elone. This observation suggested that the 
use of a combination of dC plus araC could lead to selective inhibition or disappearance of lymphoid tumors 
and leukemias. The investigation described below was carr ied out to study this problem. 

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

Leukemia L1210 was maintained in the ascites form by daily intraperitoneal passage in male DBA/2 
mice. In the chemotherapeutic experiments adult female DBA/2 and male BDF 1 hybrids with a body weight 
of 22-28 g were used as recipients of leukemia L1210. A transplantable strain of myeloid leukemia, obtained 
in the wri ters '  laboratory from virus-induced Graffi 's leukemia was maintained by weekly intravenous passage 
in C57BL/6j mice. Experiments were carr ied out on mice of the same strain. All the mice were obtained 
from the Stolbovaya nursery, Academy of Medical Sciences of the USSR. Cytosar (from Up john, USA) and de- 
oxycytidine hydrochloride (from Reanal, Hungary) were used. The compounds were dissolved in physiological 
saline. In all the experiments t reatment began not before the 5th day after inoculation of the mice with tumor 
cells.  The doses, days, and mode of administration of the compounds are indicated in the tables. All com- 
pounds were given in a volume of 0.2 ml. dC was given peroral ly  through a curved metal tube. The antitumor 
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