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The study of changes observed in the tissues of normal animals is used for screening and investigation 
of the affinity of antitumor compounds and their combinations. If the necessary dosetime conditions are 
satisfied, we know that deoxycytidine (dC, 2'-deoxycytidine hydrochloride, from Reanal, Hungary) specifically 
weakens the various manifestations of activity of eytosar (araC, from Upjohn, USA) in systems both in vitro 
and in vivo [1-5]. However, the present writers have found that the number of lymphocytes in the bone marrow 
falls equally toward the end of a lethal course of araC both in mice dying from toxicosis and treated with 
araC alone and in outwardly healthy mice protected by dC [I]. Experiments conducted on the basis of these 
observations showed that dC, while protecting the animals against death, does not affect the depression by 
araC of antibody production in response to immunization by sheep's erythrocytes [3] and creates the conditions 
for manifestation of a powerf~l antiktmor effect on developed lymphoblastic L 1210 leukemia [2]. In connection 
with the p romis ing  p r o s p e c t s  of  this combinat ion for  cl inical  use  as  an an t i tumor  and immunoregu l a to ry  agent,  
a m o r e  penet ra t ing  study was r equ i r ed  of  the changes in hematopo ies i s  that  develop in r e s p o n s e  to i ts  ad-  
min i s t r a t ion ,  and the invest igat ion desc r ibed  below was under taken for  that  purpose .  

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

F e m a l e  C57BL/6j  (B6) m i c e  weighing 20-25 g, f r o m  the Stolbovaya n u r s e r y ,  Academy of Medical  Sc i -  
ences  of  the USSR, were  used .  The p r e p a r a t i o n s  were  d isso lved  in s t e r i l e  physiologica l  sal ine and injected 
s imul taneous ly  in doses  of  0.2 ml  pe r  mouse  in t r ape r i t enea l ly  and by mouth,  r e spec t i ve ly .  The  m i c e  of  group 
1 r ece ived  dC + a r a C ,  those  of  group 2 r ece ived  araC only, and the an imals  of group 3 were  intact .  Since 
accord ing  to data in the l i t e r a tu r e  and our  own observa t ions ,  admin is t ra t ion  of dC alone has no effect  on the 
s ta te  of hematopoies i s ,  t h e r e  was no co r respond ing  control  group of an imals .  On definite days s ix  m i c e  of 
each group were  killed so that  the cel l  compos i t ion  of the ma in  hematopoie t ic  o rgans  could be studied. To 
de t e rmine  the total  n u m b e r  of  nucleated bone m a r r o w  ce l l s  one f e m u r  was f r agmen ted  in 5% acet ic  acid and 
bone m a r r o w  was e x p r e s s e d  f rom the o ther  f emur  into a drop of bovine s e r u m ,  and f i lms  were  p repa red .  
The  spleen and thymus  were  weighed and cut into two pa r t s ;  squash p r epa ra t i ons  were  obtained f r o m  one pa r t  
at  di f ferent  levels ,  the o ther  pa r t  was weighed, cut into smal l  p ieces  in 5% acet ic  acid, and the total  n u mb e r  
of nucleated ce l l s  in these  o rgans  was counted in a G o r y a e v ' s  chambe r .  The number  of nucleated ce l l s  in 1 
~1 p e r i p h e r a l  blood also was de te rmined  and the cel l  compos i t ion  was studied in f i lms .  F i l m s  and squash 
p r epa ra t i ons ,  fixed in methanol ,  we re  s ta ined by the R o m a n o v s k y - G i e m s a  method .  In each blood f i lm 200 
ce l l s ,  in each bone m a r r o w  fi lm 500 ce l l s ,  and in each squash p r e p a r a t i o n  f rom the spleen 1000 ce l l s  we re  
identified.  On the  bas i s  of  the r e s u l t s  the  n u m b e r  of  the co r respond ing  types  of  ce l l s  contained in 1 #1 blood, 
in the f e m o r a l  m a r r o w ,  and in the thymus  and spleen was ca lcu la ted .  In a spec ia l  expe r imen t  se t  up in a c -  
co rdance  with a s i m i l a r  s chem e  on (CBA x B6)F l m i c e  weighing 20 g (from the Stolbovaya n u r s e r y  the n u m b e r  
of  polypotent  hematopoie t ic  s t em ce l l s  in the  bone m a r r o w  and spleen was de te rmined  by the method  of exo-  
colony product ion in the spleen (CFUs) of  le thal ly  i r r ad i a t ed  (1200 R) m i c e .  The  a n i m a l s '  g ene ra l  condition 
was mon i to red  by per iod ic  inspect ion and weighing. Mor ta l i ty  was de te rmined  on spec ia l ly  i so la ted  groups  
of m i c e .  The r e su l t s  we re  subjected to s t a t i s t i ca l  ana lys i s ,  with ca lcula t ion of mean  values  and the 95% conf i -  
dence in te rva l .  Di f fe rences  between the means  w e r e  taken to be s ignif icant  at P < 0.05. 
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Fig. 1. Effect of the combination araC +dC on hematopoiesis.  Abscissa,  days of 
observation; ordinate, in A, number of surviving animals (%), six mice in each group. 
In other figures: ordinate, absolute number of corresponding types of cells; B) thymus 
lymphoeytes, C) femoral bone marrow lymphocytes, D) lymphocytes in 1 pl blood, E) 
splenic lymphocytes; F) postmitotic bone marrow granulocytes, G) granulocytes in 1 
pl blood, H) postmitotic splenic granulocytes; I) erythroid cells  in femoral marrow; 
J) erythroid cel ls  in spleen. Broken line - mice receiving araC only (20 mg/kg 3 
times a day for 4 days); continuous line - individuals receiving araC (20 mg/kg 3 times 
a day for 4 days) in combination with dC (40 mg/kg 3 times a day for 4 days); shaded 
region represents 95% confidence interval in control. Arrows indicate days of ad- 
ministration of compounds. 

Fig. 2. Effect of pattern of administration of araC + dC combination on hematopoiesis.  
Abscissa,  dose of araC per course (240 = 20 mg/kg 3 times a day for 4 days and 480-- 
40 mg/kg 4 times a day for 3 days) in combination with dC (480=40 Izg/kg 3 times a 
day for 4 days and 1440=120 mg/kg 4 times a day for 3 days); ordinate, relative 
number (in %5 of different types of cells in bone marrow (A, B, C, D) and in periph- 
eral blood (E, F, G). Broken line represents araC, continuous line araC +dC. A and 
D - lyraphocytes;  B) mitotic granulocytes; C and F) postmitotic granuloeytes; G) 
monocytes; H) erythroid cei ls .  

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

Injection of dC into mice in doses 2 or 3 times greater than those of araC administered simultaneously 
prevented the development of toxic effects in most  cases  (Fig. 1A). However, protection of the hematopoietic 
t issue was more effective when araC was given in a dose of 20 mg/kg 3 t imes a day for 4 days (program 15 
than under more intensive dosage conditions: 40 mg/kg 4 times a day for 3 days (program 25 (Fig. 2). Ad- 
ministration of dC prevented the development of lethal toxicosis  even when araC was given by program 2 in 
3 courses with intervals of 4 days. After the end of the last course regeneration of hematopoiesis began and 
was excessive in character. For instance, 1 week later the mean weight of the spleen had increased from 
120 to 260 rag, the number of mature granulocytes in the bone marrow had increased by 1.5 t imes,  and the 
number of cells  of the erythroid series  was 1.9 times greater than in the control. The particular features 
of the changes in hematopoiesis during protection by dC against toxicosis  induced by araC were manifested 
more clearly when program I was used. C ells of the granulocytie and erythroid hemat0poietic series  were 
sufficiently protected against the harmful effect of araC by means of dC: after an initial fall in the number of 
cel ls ,  toward the end of the course their level was quickly restored to normal after only 3 days (Fig. 1F, G, 
H, I, J).  The pattern of change of these cei ls  was identical in type in the bone marrow, spleen, and blood. 
Changes in the lymphocyte level in the protected mice  were qualitatively and quantitatively different in dif- 
ferent organs. In the blood and spleen these changes were similar to those observed in cells  of the granulo- 
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TABLE 1. Pro tec t ion  by dC of Polypotent  
Hematopoiet ic  Stem Cells  against the Toxic  
A orion of araC 

Bone marrow Spleen 
Group CFUs/IOS 

cells 

Intact 
control 

araC 
dC + araC 

CFU s/] 0 s CFUs/ 
ceils fern~r 

20___4 7051 
28•  2576 
34__+5 15 706 

5• 
23___3 
24• 

Note. Each group consis ted of six donor mice  
and 14 recipients .  No endooolonies were  found 
in the lethal ly i r r ad ia ted  rec ip ien ts .  The donors 
r ece ived  in t raper i toneal  injections of araC in 
a dose of 20 mg/l~g 3 t imes  a day for  4 days, 
and dC simultaneously with the araC,  also in t ra -  
per i toneal ly  in a dose of 40 mg/kg  3 t imes  a 
day for  4 days. The donors were  killed on the 
day af ter  the end of the course  and rec ip ien ts  
on the 9th day af te r  t ransplanta t ion of donors '  
cel ls .  

cytic and e ry thro id  s e r i e s  (Fig. 1D, E ). Meanwhile, in the thymus and bone m a r r o w  inhibition of lymphoeyto-  
poies is  was identical in mice  p ro tec ted  and unprotected against toxioosis .  Under these  c i r cums tances  lympho- 
cytes  d isappeared vi r tual ly  complete ly  f rom the thymus,  and not until 1-2 weeks a f te r  the end of the course  
was the i r  incomplete r e cove ry  observed  in this organ.  A t e m p o r a r y  reduct ion in the number  of lymphoeytes  
in the bone m a r r o w  by half  was observed  3 days a f te r  the end of the cou r se  (Fig. 1B, C). The number  of poly-  
potent  hematopoiet ie  s tem cel ls ,  es t imated  f rom the number  of CFUs,  was reduced  in the unpro tec ted  mice ,  
Adminis t ra t ion  of  dC gave complete  pro tec t ion  to these  ce l l s .  In the spleen the r e l a t ive  number  of  CFU s was 
inc reased  fivefold both in mice  receiving araC alone and in those rece iv ing  a combination of  araC with dC. 
Since the total  nunxber of cel ls  in the spleen of the unprotec ted  mice  was only half  of that in the intact control ,  
Whereas in the pro tec ted  mice  i t  var ied  f rom a l i t t le  below to twice as high as the control  level ,  it can be 
concluded that the absolute number  of CFU also was higher  in this organ (Table 1). 

The exper iments  thus showed that  dC does not influence the  cyfotoxic effect  of araC on lymphocytes  of 
thymus and bone mar row;  inhibition of  lymphocytes  by araC was m o r e  marked  in the thymus than in the bone 
m a r r o w .  This m ay  be connected both with the special  sensi t ivi ty  of definite lymphocyte populations to araC 
and also with the disseminat ion of ce l ls  to the per iphery ,  o r  to the action of both fac tors  toge ther .  The special  
sensi t ivi ty to araC can be explained by the abili ty of ce r t a in  lyrnphocytes to ass imi la te  exogenous dC. It has 
also been shown for  some clones of malignant  mouse  lymphocytes  that the i r  sensi t ivi ty to araC is inverse ly  
propor t ional  to the in t race l lu la r  dC level [5]. 

Simultaneous injection of deoxycytidine into B6 female  m ice  in doses twice o r  t h ree  t imes  g r e a t e r  than 
those of  araC (20 mg /kg  3 t imes  a day for  4 days) prevents  the development of lethal toxicosis  due to cy tosar ,  
p ro tec t s  the polypotent hematopoiet ic  s tem cells  of the bone m a r r o w  and spleen and myeloid  and e ry th ro id  
cel ls  of the bone mar row,  spleen, and blood, and also lymphoeytes  of the spleen and blood against  the toxic 
action of  ey tosa r  and does not p ro tec t  lyrnphocytes of the thymus and bone m ar ro w .  
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