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O F  R A T S  W I T H  3 ~ - R A Y S  F R O M  Co G~ 

Y u .  I .  M o s k a l e v ,  N .  N.  K l e m p a r s k a y a ,  UDC 617-001.28-092.9-085.371:576.852.211 
a n d  I .  K.  P e t r o v i c h  

Experimental  studies of vaccination against tuberculosis  have shown that BCG vaccine not only in- 
c reases  the specific res i s tance  of the organism to tuberculous infection, but also promotes  react ivi ty .  
An increase  in the nonspecific res i s tance  to infection by pyogenic staphylococci [8] and paratyphoid bac-  
t e r i a  [6], and increase  in the intensity of transplantation immunity [5], an increase  in the stabilizing func- 
tion of certain physiological regulating sys tems [3], and stimulation of immunogenesis  in i r radia ted  and 
unirradiated animals [1] have all been repor ted.  

Adminstrat ion of BCG vaccine before i rradiat ion has been found to increase  the rad iores i s tance  of 
the animals [2 ,  4, 51. 

Investigations have demonstrated the favorable effect of BCG vaccination on the development of t r ans -  
plantable tumors  : the morta l i ty  among the animals is reduced, the incidence of metastas izat ion falls, and 
in some cases  r eg re s s ion  and absorption of the tumor takes place [9-13]. 

Bearing in mind these resul ts  indicating the beneficial effect of BCG vaccine on the course  of rad ia-  
tion injuries caused by external i rradiat ion,  it was decided to investigate the influence of this preparat ion 
on the late sequelae of i r radiat ion by ~/-rays from Co G~ manifested by the development of tumors  in va r i -  
ous organs of the experimental  animals.  

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

Experiments  were ca r r i ed  out on 250 female Wistar  albino ra ts  weighing f rom 130-150 g. 

The BCG vaccine was p repared  in the N. F. Gamaleya Institute and injected in t radermal ly  in a dose 
of 4 mg per rate,  the same with all injections, made up in 0.2 ml physiological saline. 
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Fig. 1. Effect of vaccination on life span of control and 
i r radia ted ra t s .  1) Control (untreated); 2)vaccinat ion;  
3) i r radiat ion;  4) i rradiat ion ~ vaccination; 5) vaccination 
+ i r r  adiation. 

Moscow (Presented by Active Member of the Academy of Medical Sciences of the USSR P.  D. 
Gorizontov). Transla ted  from Byulleten' Eksper imental 'noi  Biologii i Meditsiny, Vol. 63, No. 2, pp. 35-37, 
February ,  1967. Original ar t ic le  submitted July 25, 1965. 
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Fig. 2. Effect of vaccination on the time of appear- 

ance of mammary glandtumors in rats. Legend as in Fig. I. 

The rats were irradiated with ~/-rays from a cobalt source (dose rate 236 R/rain) in a single dose 

of 300 R. All the animals were subdivided into 5 groups. The rats of group 1 were irradiated in a dose 

of 300 R. The animals of group 2 were not irradiated and were vaccinated three times with intervals of 

three months between injections of the vaccine. The animals of group 3 were first irradiated and then 

vaccinated twice, three and six months after irradiation. The rats of group 4 were vaccinated two weeks 

before irradiation, and then again twice after irradiation by the same scheme of vaccination as the ani- 

mals of group 2. The rats of group 5 received no treatment whatever and acted as controls. After in- 

jection of the BCG vaccine, slight induration of the skin of the rats was observed (without necrosis at the 

site of injection) ;this was absorbed during the next two weeks. All the animals were kept in the vivarium 

in identical conditions and on the same diet. The morphological composition of the blood (erythrecyte and 

leukocyte counts, leukocyte formula), the life span, and the speed and frequency of development of mammary 

g land  t u m o r s  w e r e  s t u d i e d  in the  con~roI and expe r imen~a I  a n i m a l s .  

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

The  changes  in the  e r y t h r o c y t e  count  in the  b lood  of the  e x p e r i m e n t a l  a n i m a l s  w e r e  v e r y  s l i gh t  and 
l ay  wi th in  n o r m a l  l i m i t s .  D u r i n g  the  f i r s t  month  a s l igh t  d e c r e a s e  in the  e r y t h r o c y t e  count  was  o b s e r v e d  
(by 10-18%), but l a t e r  the  e r y t h r o c y t e  count in the  r a t s  of a l l  the  g r o u p s  was  above  the  i n i t i a l  l e v e l .  

The  changes  in t he  l e u k o e y t e s  w e r e  m o r e  m a r k e d .  The  t o t a l  n u m b e r  of l e u k o c y t e s  in the  i r r a d i a t e d  
r a t s  f e l l  by  60-80% in the f i r s t  two w e e k s  a f t e r  i r r a d i a t i o n .  In  the  i n t a c t  r a t s  f l uc tua t i ons  wi th in  l i m i t s  of 
~: 15-20% w e r e  o b s e r v e d ,  wi th  a t e n d e n c y  t o w a r d  a d e c r e a s e  in the  l a t e r  s t a g e s .  In the  v a c c i n a t e d  r a t s ,  
both  i r r a d i a t e d  (g roups  3 and 4) and  u n i r r a d i a t e d  (group 2), the  t o t a l  l e u k o c y t e  count  was  i n c r e a s e d  by  
40-80% a f t e r  e ach  i n j ec t i on  of v a c c i n e .  Th i s  change  took  p l a c e  on accoun t  of an i n c r e a s e  in the  n e u t r o p h i l  
count up to  275-560% of i t s  i n i t i a l  va lue .  The  a b s o l u t e  l y m p h o c y t e  count  v a r i e d  wi th in  l i m i t s  of ~: 20-30%, 
wi th  a s l igh t  d e c r e a s e  in the  s e c o n d  y e a r  of the  a n i m a l s '  l i f e .  

The  r e s u l t s  of  the  e x p e r i m e n t  to d e t e r m i n e  the e f fec t  of BCG v a c c i n a t i o n  on the  l i fe  span  and in -  
c i dence  of m a m m a r y  g land  t u m o r s  in f e m a l  W i s t a r  r a t s  a r e  shown in Figs .  1 and 2. It is  c l e a r  f r o m  F ig .  1 
tha t  the  r a t s  i r r a d i a t e d  wi th  V-raYS f r o m  Co ~~ in a dose  of 300 R d ied  much  q u i c k e r  than the  c o n t r o l  a n i -  
m a l s .  The  l i fe  span  of the  c o n t r o l  (group 5) and v a c c i n a t e d  (group 2) r a t s  was  p r a c t i c a l l y  i d e n t i c a l .  No. 
s i g n i f i c a n t  d i f f e r e n c e s  w e r e  found in the  l i f e  span  of the  i r r a d i a t e d  r a t s  v a c c i n a t e d  b e f o r e  and a f t e r  i r r a d i a -  
t ion  (groups  3 and 4, s e e  F ig .  1). 

I t  w i l l  be s een  f r o m  F i g .  2 tha t  the  s p e e d  and f r e q u e n c y  of d e v e l o p m e n t  of m a m m a r y  g land  t u m o r s  in 
the  i r r a d i a t e d  r a t s  (g roups  1, 3, and 4} w e r e  much  h i g h e r  than in t he  in t ac t  (group 5) and v a c c i n a t e d  (group 
2) animals. Vaccination of the rats before irradiation led to a slight decrease in the frequency of mammary 
gland tumors. The maximal incidence of mammary gland tumors in the irradiated rats was observed 15- 
20 months after irradiation (70-80%), and it was sigmificantly higher than in the control rats (20-40~0), 
and the tumors, moreover, were found sooner than in the control animals (22-26 months after irradiation). 

The results of these experiments show that BCG vaccination, carried out before irradiation on ani- 
mals, lowered the rate and incidence of development of mammary gland tumors. Vaccination given after 
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irradiation had no such effect (see Fig. 2). On the 325th, 360th, and 390th days after irradiation tumors 
were found in previously vaccinated animals in 20.6, 30.0, and 35.7% of cases respectively, and among the 
control irradiated rats in 45.5, 49.1, and 59% respectively. These differences are statistically significant. 
In the later stages the differences in incidence of the tumors were not significant or absent altogether. 
In the unirradiated, vaccinated rats, tumors appeared somewhat earlier than in the intact animals re- 
ceiving no treatment whatever (Fig. 2). However, as statistical analysis using the X 2 criterion showed, 
these differences were not significant and evidently reflect fluctuations in the incidence of this tumor in 
the control animals. It is noteworthy that in the later stages (22-26 months) the incidence of mammary 
gland tumors in the vaccinated animals was lower than in the control, intact rats. This difference is not 
statistically significant, but it correlates with the slower mortality of the control rats at these times. 
Evidently the longer life span of the animals (in the absence of exposure to the action of additional factors) 

may itself contribute to the increase in the incidence of mammary gland tumors in female rats. 

LITERATURE CITED 

I. N.N. Klemparskaya and G. A. Shal'nova, Byull. l~ksp. Biol., No. 9, 78 (1962). 
2. N.N. Klemparskaya, N. V. Raeva, and V. F. Sosova, Antibacterial Immunity and Radioresistance 

[in Russian], Moscow (1963). 
3. V.N. Chernigovskii, G. S. Kan, and B. I. Al'bertinskii, Abstracts of Scientific Proceedings of the 

16th Session of the General Assembly of the Academy of the USSR, Devoted to the Problem: "Pro- 
tective Functions of the Organisms" [in Russian], Moscow (1962), p. 70. 

4. H. Balner, L. J. Old, and D. A. Clarke, Radiat. Res., 1___5 (1961), p. 836. 
5. Idem, Proc. Soc. Exp.Biol., New York, 109 . (1962), p. 58. 
6. G. Biozzi, C. Stiffel, B. N. Halpern, et al., C. R. Soc. Biol., 153 (1959), p. 987, 

7. Idem, Rev. franc. Et. Clin. Biol., 5 (1960), p. 876. 
8. R.J. Dubos and R. W. Schaedler, J. exp. Med., 106 (1957), p. 703. 
9. B.N. Halpern, G. Biozzi, C. Stiffel, et al., C. R. Soc. Biol., 15___33 (1959), p. 919. 

1O. P. Lemonde and M. Clode, Proe. Soc. Exp Biol., New York, 111 (1962), p. 739. 
Ii. L.J. Old, D. A. Clarke, and B. Benaceraf, Nature, 184. Suppl. 5 (1959), p. 291. 
12. L.J. Old, B. Benacerraf, D. A. Clarke, et al., Cancer Res., 2! (1961), p. 1281. 
13. D.W. Weiss, R. S. Bonhag, and K. B. De Ome, Nature, 190 (1961), p. 889. 

All a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  a re  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  of the  a b b r e v i a t i o n s  as  g i v e n  in the o r i g i n a l  R u s s i a n  jou rna l ,  Some or all of  this peri- 
odical literature may well  be available in Engl ish translation. A c o m p l e t e  l i s t  of the  c o v e r - t o -  
c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  of  the  f i r s t  i s s u e  of  t h i s  yea r .  

128 


