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Among the va r ious  pa tho log ica l  effects  of rad ia t ion ,  in r e c e n t  y e a r s  much attention has been pa id  to 
i ts ca rc inogen ic  act ion,  in the genes i s  of which hormonal  d i s tu rbances ,  b e s i d e s  the d i r e c t  act ion of the 
red ia t ion ,  p lay  an impor t an t  r o l e .  As a r e su l t ,  t umors  of va r ious  types may a r i s e  in the glands of in te rna l  
s ec re t i on ,  including neop la sms  of the p i tu i t a ry ,  ova r i e s ,  ad rena l s ,  thyroid,  r ep roduc t ive  o rgans ,  and a lso  
the m a m m a r y  glands [2, 3]. 

There  i s  a c lo se  connect ion between the functional  s t a t e  of the ova r i e s  and the appea rance  of m a m -  
m a r y  gland t umor s .  Ova r i ec tomy  cons ide r a b l y  lowers  the inc idence  of both spontaneous tumors  and tumors  
induced by ioniz ing r ad i a t i on  in the m a m m a r y  glands of f emale  mice  and r a t s  of d i f ferent  l ines  [1, 5]. 

In the p r e s e n t  inves t iga t ion  the effect  of o v a r i e c t o m y  on the f requency and the speed  of appea rance  
of m a m m a r y  gland tumors  and the i r  dependence on the t ime r e l a t i onsh ips  between i r r a d i a t i o n  and o v a r i -  
ec tomy were  s tudied,  and the effect  of r e m o v a l  of the ova r i e s  on the l i fe  span of the e xpe r i m e n t a l  an imals  
was a lso  examined .  

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

Expe r imen t s  were  c a r r i e d  out on 137 female  Wis t a r  r a t s  in i t i a l ly  weighing 110-115 g at  the age of 
3 months .  The an imals  we re  divided into four  g roups .  The r a t s  (48) of group 1 we re  the cont ro l .  The 
an ima l s  of groups  2 (27), group 3 (32), and group 4 (30) we re  i r r a d i a t e d  with - / - r a y s  f r o m  Co ~~ (dose 300 
R, dose r a t e  245 R/ra in) .  The r a t s  of group 2 we re  only i r r a d i a t e d ,  those of group 3 underwent  o v a r i -  
ec tomy 6 days be fore  i r r a d i a t i o n ,  and the r a t s  of group 4 had the i r  ova r i e s  r e m o v e d  64 days a f te r  i r r a d i a -  
tion. The r e s u l t s  of p r e l i m i n a r y  e x p e r i m e n t s  showed that a dose of 300 R causes  m a m m a r y  gland tumors  
to develop in a high p r o p r t i o n  of r a t s .  Throughout the expe r imen t ,  which l a s t e d  fo r  30 months,  the r a t s  
were  inspec ted  and pa lpa ted  once a month.  As a r e s u l t  of these  inves t iga t ions  the inc idence  and the t ime  
of appea rance  of the m a m m a r y  gland tumors  in the expe r imen ta l  an imals  could be a s s e s s e d .  Rats  which 
died were  au tops ied  and the c h a r a c t e r  and type of the tumor  were  de t e rmined  f r o m  the r e s u l t s  of morpho -  
log ica l  inves t iga t ion .  

EXPERIMENTAL RESULTS 

Ovariectomy very materially affected the mortality rate and the mean life span of the irradiated rats 
(Fig.  1). 

It is  c l e a r  f r o m  Fig .  1 that  the c a s t r a t e d  i r r a d i a t e d  ra t s  d i e d m o r e  s lowly than the in tac t  i r r a d i a t e d  
an imals .  The d i f fe rences  in the m o r t a l i t y  r a t e  were  mos t  c l e a r l y  seen in the la te  s t ages  of the expe r imen t  
(after  15-18 months),  when m a m m a r y  gland tumors  developed in tens ive ly  in the r a t s .  

The mean l i fe  span of the i r r a d i a t e d  r a t s  was 17.5 months,  c o m p a r e d  with 22.2 and 21.4 months in 
the an imals  o v a r i e c t o m i z e d  be fo re  and a f te r  i r r a d i a t i o n  r e s p e c t i v e l y ,  and 24 months in the con t ro l s .  At 
the t ime when 50~c of the o v a r i e c t o m i z e d  an ima l s  had died, only 10~c of the in tac t  i r r a d i a t e d  r a t s  we re  
s t i l l  a l ive .  By the 23rd month al l  the i r r a d i a t e d  r a t s  had died, and at  this t ime,  among the an ima l s  o v a r i -  
ec tomized  b e f o r e ' a n d a f t e r  i r r a d i a t i o n ,  only 60 and 64~c r e s p e c t i v e l y  had died.  

The s lower  m o r t a l i t y  among the o v a r i e c t o m i z e d  r a t s  in the la te  p e r i o d s  (after 20 months or  more)  
was was s t a t i s t i c a l l y  s igni f icant .  F o r  the 20th and 22nd months a f t e r  i r r a d i a t i o n ,  X 2 was between 4 and 13, 
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Pig. 1. Effect of cas t ra t ion  and i r radiat ion with , / - r ays  f rom 
Co 6~ in a dose of 300 R on the morta l i ty  rate among ra t s .  Tr i -  
a n g l e s - c o n t r o l ;  white c i r c l e s - i r r a d i a t i o n ;  half-black c i r c l e s -  
cas t ra t ion  + irradiat ion;  black c i re les  - i r r a d i a t i o n  + castra t ion.  

and the value of P correspondingly was 0.04-0.001. In the ear l ie r  stages (before 18 months} the differences 
between the mor ta l i ty  ra tes  of these two groups of animals were not significant. After 17.6 months, for  
instance, X~I] = 2, and P=  0.15. 

The observat ions  on the experimental  animals showed that i r radia t ion and ovar iec tomy had a con-  
s iderable  influence on the incidence and the time of appearance of m a m m a r y  gland tumors in the ra t s .  In 
the intact  i r rad ia ted  rats  m a m m a r y  gland tumors appeared much ea r l i e r  than in the control animals (Fig. 2). 

Tumors  were found in the i r rad ia ted  ra ts  8 months after irradiat ion,  compared  with 14 months af ter  
the beginning of the exper iment  in the controls .  In the i r radia ted  animals,  not only did the tumors  appear 
sooner ,  but their total incidence was g rea te r .  The maximal incidence of tumors in the i r radia ted  animals 
(in 78.5~c after 17 months) also was higher in the ear ly  periods than in the control  ra ts  (in 53.5~c after  27 
months). 

Regardless  of whether it was ca r r i ed  out before or  64 days af ter  i rradiat ion,  ovar iec tomy cons ider -  
ably delayed the appearance and lowered the incidence of the m a m m a r y  gland tumors  (Fig. 2). As men- 
tioned above, in the i r rad ia ted  ra ts  m a m m a r y  gland tumors appeared 8 months after,  and in the cas t ra ted  
ra ts  14 months after  i r radia t ion.  The maximal incidence of m a m m a r y  gland tumors ,  which reached 17-22~c 
in the ovar iec tomized  animals,  was much lower than in the intact i r radia ted  animals (78.5 and 100~ 17 
and 22 months af ter  i rradiat ion).  

Statist ical  analysis  of the resul ts  by means of the • 2 cr i ter ion showed that the differences between 
the incidence of m a m m a r y  gland tumors  in the intact and cas t ra ted  i r radia ted  rats  were significant (P = 
0.015-0.001). 

No significant differences in the incidence of m a m m a r y  gland tumors were found in the animals 
cas t ra ted  before and 64 days af ter  i r radiat ion.  The incidence of m a m m a r y  gland tumors  15, 17, and 20 
months af ter  i r radia t ion in the animals cas t ra ted  before i r radiat ion was 12, 13, and 22~c respect ively,  
compared  with 9.5, 10, and 16.7% in the animals cas t ra ted  64 days after  i r radiat ion.  

The cas t ra ted  i r radia ted  animals developed m a m m a r y  gland tumors 2-3 months ea r l i e r  (after 14-15 
months) than the controls  (after 17 months) which were not i r radiated.  These differences are  significant 
()~t] = 3 .9 -7 .8 ;  P=  0.05-0.005) .  In the la ter  periods (after 24 months) the incidence of tumors was sl ight-  

in the control  animals (see Fig. 2). However, these differences are  not significant (~/_~l] = 0.6-- ly higher 
3.2; P = 0.3-0.07). 

The appearance of m a m m a r y  gland tumors in some of the cas t ra ted  animals may be regarded  as 
evidence that the other  endocrine glands are  concerned in the genesis of neoplasms of this type. The con- 
clusion is also supported by the observat ion [1] that in such cases  the development of the tumor is f requent-  
ly associa ted with hyperplasia  and a tumor of the adrenal cortex, which in the opinion of the author cited 
may lead to the development of f ibroadenomas of the m a m m a r y  glands. 

314 



% 
t00 
yg 

70 
60 
JO 

40 
JO 

ZO 
/0 
0 2 

Fig .  2. 

v ~  

f 
o 

/ 

j ~  / ~ 

o 

4 6 g 10 t2 /# N 18 20 Z2 Z4 2$ Z8 JO 
Months 

Effect  of c a s t r a t i o n  on the inc idence  and t ime of ap-  
p e a r a n c e  of m a m m a r y  gland tumors  in r a t s  i r r a d i a t e d  with 
y - r a y s  f r o m  Co ~~ Legend as in F ig .  1. 

Some of the an ima l s  which died we re  au tops ied  and the r e s u l t s  of the pa thologica l  examinat ion  r e -  
vea led  not only a much lower  inc idence  of m a m m a r y  gland tumors  in the o v a r i e c t o m i z e d  r a t s  (in 80~c of 
the i r r a d i a t e d  r a t s ,  in 18.7% of those c a s t r a t e d  be fore  and 8.3% c a s t r a t e d  a f t e r  i r r ad i a t i on ) ,  but a l so  a 
h igher  inc idence  of h y p e r p l a s i a  and neop l a sms  of the ad rena l s ,  l eukemia  (in 4 of the 28 r a t s  o v a r i e c t o -  
mized  be fore  and a f t e r  i r r a d i a t i o n ,  but in none of the 10 intact ,  i r r a d i a t e d  an imals ) ,  and g r o s s  ad ipos i ty  
(in 10 of the 28 r a t s ) ,  which was not o b s e r v e d  in the in tac t  i r r a d i a t e d  r a t s .  These f igu res  concern ing  the 
effect  of c a s t r a t i o n  on the inc idence  of l eukemia  in i r r a d i a t e d  r a t s  a r e  of cour se  to few to allow a final con-  
c lus ion  to be drawn on this quest ion.  However,  they a r e  in good a g r e e m e n t  with r e s u l t s  r e p o r t e d  by o ther  
w o r k e r s  [4, 6], who o b s e r v e d  that c a s t r a t i o n  s t imu la t e s  the development  of l eukemia  in i r r a d i a t e d  an imals .  
This fact  shows that i t  is  not only the d i r e c t  act ion of rad ia t ion  on the hemopoie t ic  organs  ,but a l so  ind i rec t  
f a c t o r s ,  including hormona l  d i s t r u b a n c e s  developing in the i r r a d i a t e d  o r g a n i s m  which play an impor t an t  
ro l e  in the genes i s  of the l eukemias ,  as a l so  of m a m m a r y  gland tumors .  They a lso  show that  the same  
supp lemen ta ry  act ion may d i f fer  in i ts influence on the mani fes ta t ion  of d i f ferent  r eac t ions  of the body to 
i r r a d i a t i o n .  
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