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Inject ion of cy tos ine -a rab inos ide  in a lethal  dose into f ema le  C57BL/6j mice  immunized with 
sheep ' s  red blood cel ls ,  under  p ro tec t ion  of deoxycytidine, leads  to a d e c r e a s e  in the s e r u m  
hemagglut inin level  on the 5th day without the development  of toxicosis .  Simultaneous in jec-  
tions of the metabol i t e  and ant imetabol i te  is opt imal .  
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The absence  of se lec t iv i ty  of the therapeut ic  effect  is one of the m o s t  impor tant  d isadvantages  of drugs 
with a cytos ta t ic  m e c h a n i s m  of action, such as a re  widely used for  t u m o r  chemotherapy ,  suppress ion  of the 
immunologic  reac t ion  during organ al lograf t ing,  and the t r ea tmen t  of autoimmune p r o c e s s e s .  This  disadvantage 
leads to the development  of se r ious  compl ica t ions  which in te r fe re  with planned t r ea tmen t .  The development  of 
methods  of se lec t ive  cytosta t ic  the rapy  is thus ex t r eme ly  important .  The wr i t e r s  recent ly  found that  injection 
of le thal  doses  of cytosine a rabinos ide  (araC) into mice  under  pro tec t ion  of deoxycytidine (dC) leads to se lec t ive  
inhibition of medu l l a ry  lymphopoies is  without the development  of toxicosis  [1]. By means  of this combinat ion 
of ant imetabol i te  with metabol i te ,  a powerful  and se lec t ive  therapeut ic  effect  was found to be obtained against  
L1210 lymphat ic  leukemia ,  but not aga ins t  myeloid  leukemia  of mice  [2]. 

The poss ib i l i ty  of se lec t ive  depress ion  of the p r i m a r y  humoral  r e sponse  by means  of this combinat ion 
in m i c e  immunized  with sheep ' s  red ce l l s  was studied in the invest igat ion descr ibed  below. 

EXPER[MENTAL METHOD 

Female C57BL/6j mice weighing from 20 to 30 g, obtained from the "Stolbovaya" nursery, Academy of 
Medical Sciences of the USSR, were used. The compounds - 2'-deoxycytidine hydrochloride (from Reanal, 
Hungary) and cytosine arabinoside (Cytosar, from Upjohn, USA) - were dissolved in physiological saline and 
diluted with it to the necessary concentration, and injected in a dose of 0.2 ml per mouse. Peroral administra- 
tion was carried out with a curved metal tube. The mice were immunized (intraperitoneally) with sheep's red 
cells in a dose of 0.2 ml of a 10% suspension per mouse (day 0), and the compounds were administered from 
the Ist to the 4th day inclusive; the daily dose was given at three injections at intervals of 2 h. Blood for 
determination of the serum antibody level was taken from the retro-orbital plexus from each animal separately. 
The hemagglutinin titer was determined by means of a mierotitrator of the Takachi system and expressed in 
log 2 units. The development of toxicosis was deduced from three parameters: mortality, changes in body 
weight, and leukocyte count in ] #I of peripheral blood. A fall in the leukocyte count below 5000/1 #I blood 
was taken as leukopenia. Since injection of dC alone, according to our own observations and data in the lit- 
erature, is not accompanied by development of a toxic or immunodepressive effect, in most experiments whose 
results are given below no control group of mice receiving the metabolite alone was used. The results were 
analyzed by the methods of least squares and by Student's t-test. 

EXPERIMENTAL RESULTS 

Optimal dose--time relationships were first established for dC and araC to depress hemagglutinin pro- 
duction without the development of toxicosis. This problem was solved by mathematical planning methods. A 
three-level plan of nine experiments, whereby the effects of each factor could be assessed independently and 

Oncologic Scientific Center, Academy of Medical Sciences of the USSR, Moscow. (Presented by Aca- 
demician of the Academy of Medical Sciences of the USSR L. M. Shabad.) Translated by Byulleten' l~ksperi- 
mental' no[ Biologii i Meditsiny, Vol. 87, No. 6, pp. 569-571, June, 1979. Original article submitted July 3, 

]978. 

598 0007-4888/79/8706-0598507.50 �9 Plenum Publishing Corporation 



equations connecting the i r  values with the values of the output indices could be obtained, was chosen as the 
exper imenta l  plan.  The conditions and resu l t s  of the exper iments  a re  given in Table 1. F r o m  the resu l t s  of 
the expe r imen t s  coeff icients  of influence of the var ious  f a c t o r s  on the output indices were  es t imated  by the 
method of l ea s t  squa res :  

Y~=2,58; 
Y 2 = 3,7017-- O, 2705 X 1 -]- O. 1773X ~--0.2492X ~ + 0,9639X 3--0,4464X ~; 

Y~=59,42-}- 17,505X,+--118,44X3+59,22X~; 

Y~=34.82--10:97X 1-}-25,57X ~--98,82X~ +49,41X~; 

Y~=41,17--17.32X 1+25,57X 2-- 81.12X3+40.56X~; 

Y~=--2,15--0.97X I-}-O,77X~--O.7X ~ @3.86Xs--1.93X~. 

The s ignif icance of the coeff icients  was tes ted by using the exper imenta l  e r r o r ,  calculated f rom the r e -  
sults of duplicated exper imen t s :  

= sey I~ I .7 ;  SW2=0.03; S2Y3=S2y~= $2Y~=168; S~Ye=0.2. 

Test ing models  by appl icat ion of the F - c r i t e r i o n  showed that they adquately desc r ibe  the exper imenta l  r esu l t s .  
Analysis  of the equations showed the following, t) The antibody t i t e r  is independent of the doses  of the two 
compounds and the in terval  between t h e m .  2) The toxic effect  is min ima l  with s imul taneous adminis t ra t ion  
of the compounds and r i s e s  as a l inear  function with an i nc r ea se  in the dose of a raC and falls with an inc rease  
in the dose of dC. 3) Selectivity of the tmmunodepres s ive  effect  without the development  of toxicosis  within 
the chosen ranges  of a raC doses can be achieved by s imul taneous adminis t ra t ion  of a raC in a dose of 30-120 
m g / k g ' d a y  and dC in a dose of 120 m g / k g  .day .  Ver t t f i ca tory  exper imen t s  (Table 2) conf i rmed this conclusion: 
Adminis t ra t ion  of dC in a dose of 120 m g / k g  �9 day p reven t s  the development  of lethal  toxicos is  while retaining 
the [mmunodepres s ive  effect.  

However,  at l a t e r  t imes  of blood sampl ing (7th day) the se lec t ive  effect  remained only when a lethal dose 
of araC (120 m g / k g "  day) was given. The tmmunodepres s ive  effect  of a s m a l l e r  dose of a raC (30 m g / k g "  day) 
was weakened. The exper imen t s  thus conf i rm the view that  se lec t ive  depress ion  of antibody format ion  by in- 
ject ion of lethal  doses  of a raC is poss ib le  if accompanied by s imul taneous protec t ion  with dC. Adminis t ra t ion  
of dC 1 h before  or  1 h a f te r  a raC is much less  effect ive.  It is in teres t ing to note that  adminis t ra t ion  of a raC 
alone in lower,  nontoxic doses (10 m g / k g  p e r  injection, 3 t imes  a day, f rom the 1st through the 4th day) also 
leads to dep res s ion  to antibody format ion ,  as shown by the vir tual  absence  of hemaggluttntns in the s e r u m  on 
the 5th day a f te r  immuniza t ion  of the mice  with sheep ' s  red cel ls .  These  r e su l t s  agree  with those in the l i t e r -  
a ture .  It can be postulated on the bas i s  of analysis  of medul la ry  hematopotes t s  [1] and of the data in t h t s p a p e r  
that the re  is a subpopulation of lymphocytes  which is vulnerable  to a raC even if opt imal  doses  of dC are  ad-  
min i s t e r ed .  If s m a l l e r  doses  a re  used, the increased  sensi t iv i ty  of these  cel ls  to the dep res san t  action of 
a raC may  be connected with the inability of dC synthesized in vtvo to p ro tec t  them.  

1. 
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T A B L E  1. D e t e r m i n a t i o n  of O p t i m a l  P r o p o r t i o n s  of dC and a r a C  To 
Give  a S e l e c t i v e  I m m u n o d e p r e s s i v e  Ef fec t  (condi t ions ,  p lann ing  m a -  
t r i x ,  and r e s u l t s  of e x p e r i m e n t ;  da t a  f o r  u n t r e a t e d  c o n t r o l  g iven  in  
T a b l e  2, e x p e r i m e n t  1, g roup  1) 

Factors 

variation ~ .~ , ~.~ ~ o~ 
g ~  o" ~ ,~ .~ .  

- &~'~ 

Indices 
Y~,mean 

YI, mean leukocyte 
anObody count m 
titer in 1 gl bloc< 
group, in group, 
log 2 log 

Ys, frac- Y4. frac- 
tion of tion of 
animals animals 
with a with 
toxic leuko- 
effect* penia* 

Ys, frac- 
tion of 
animals 
with 
lethal 
~uteome * 

"lr 6 ,  

change 
in body 
weight, 
g 

0 30 30 --  1 
t 60 60 0 
2 [ 120. 120 +1 

i 

X~ Yr t" Y~ Y* Y4 Y5 Y8 Expt. No. X1 X~ 
I 

50,77 26 b57 

9 o 
90 0 

5%677 50677 
26,57 

3 3,7669 
2,6 3,9378 
1,8 3,3127 
3,2 4,0930 
2,6 3,6318 
2,7 3,0127 

3,9148 
Y 3,6530 
2,8 3,9543 

26,57 
2 69657 

0 
509})77 

0 
39 b23 

0 0 0 
0 1 1 
0 2 2 
1 0 1 
1 1 2 
1 2 0 
2 O 2 
2 1 0 
2 2 1 

--2 
--0,6 
--4 
--I 
--2,4 
--3,8 
--0,8 
--2,22 
-r1,2 

* T r a n s f o r m e d  p e r c e n t a g e s  of a n i m a l s  ob ta ined  a f t e r  n o r m a l i z i n g  
t r a n s f o r m a t i o n s  Y = a r c  s in  ~ g i v e n  in th i s  t a b l e .  
~Time  of a d m i n i s t r a t i o n  of a r a C  t a k e n  as  0. 

T A B L E  2. L e v e l  of  S e r u m  H e m a g g l u t i n i n s  and D e g r e e  of  T o x i c o s i s  
in Mice  R e c e i v i n g  Le tha l  D o s e s  of a r a C  u n d e r  P r o t e c t i o n  of dC 
(M =~m) 

Exp[. 
No. 

1 

dC [ ara C 

mg/kg day 

o ~ 30 
o ~ 80 

120 

,2 i 33 30 
120 120 

3g 
120 30 

120 60 
180 6~ 
120 
180 0 

t/n 

0/8 
1/5 
1/5 
5/5 

Change in [Leukocytes, 
g~ weight,llog/#i 

+1,0+0,2 
--0,8+_0,4 
--1,8+-0,2 
--2,8+-0,6 

4,32+_0,02 
4,13___0,04 
3,86-+0,10 
3,28~0,13 

4,20_+0,02 
4,15+__0,02 
4,20___0,01 
4,23_____0,02 

Serum hemagglutinin 
titer, log z 

5,9+-0,2* 
2,4+-0,4 
3,4___0,4 
2,2_+0,9 

0/30 
0/30 
2/30 
0/3o 

0/10 
0/1o 
0/1o 

--0,1+-0,2 
+0,3___0,2 

0• 
--0,1+_.0,2 

+0,4--+0,3 
--0,1+-0,2 
+0,4~0,3 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

3,9+-0,6" 
1 , 2 + 0 , 2  
1 ,6  0 ,5  

0/15 
15/15 
0/10 
0/10 
0/lO 
OllO 

ND 
ND 
ND 
ND 
ND 
ND 

5,6__+0,6" 
! ,8+-0 ,3  
1 ,6+_0,3  
1,9-+0,3 
3,4+-0,6" 
4 , 5 + 0 , 6 *  

ND 
ND 
ND 
ND 

4,4-I-0,2" 
3,8+-0,1" 
1,5__+0,3 
2,4+0,4 

HO 
HO 
HO 

5,5_0,5* 
- - ' t  

2,6• 
1,8• 
4,2-+1,4" 
5,3+--0,6" 

1) In e x p e r i m e n t s  1, 2, and 3, dC was  i n j e c t e d  i n t r a p e r i -  
t o n e a l l y ,  in e x p e r i m e n t  4 i t  was  g i v e n  by  the p e r o r a l  rou te ;  a r a C  
was  i n j ec t ed  i n t r a p e r i t o n e a l l y .  2) ND: not d e t e r m i n e d ;  / ) n u m b e r  
of m i c e  dying;  n) t o t a l  n u m b e r  of m i c e .  3) (*):  D i f f e r e n c e  s i g n i f -  
i c an t  (P< 0 .05-0 .001)  c o m p a r e d  wi th  m e a n  fo r  g r o u p  of m i c e  r e -  
c e iv ing  a r a C  a lone ;  (r a l l  m i c e  d ied .  
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