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The role of the direct  action of radiation in the genesis of m a m m a r y  gland tumors  in 
animals of both sexes was studied in experiments on noninbred albino rats .  In  two 
ser ies  of experiments the an ter ior  or  pos te r ior  half of the ra t ' s  body was i r radia ted 
with x rays  in doses of 200 to 1000 tad. Tumors  of the m a m m a r y  glands appeared 
considerably ea r l i e r  and were more  numerous in the i r radiated parts  of the body of 
both females and males than in the unirradiated glands or  in control  animals.  Females  
developed m a m m a r y  gland tumors  af ter  exposure to smal le r  doses and in a higher 
proport ion of cases  than males.  

Investigations have shown that af ter  whole-body irradiat ion with various types of ionizing radiation 
animals develop benign and malignant tumors  of the m a m m a r y  glands [1-6]. An essential  role inthe genesis 
of these tumors  is played by indirect factors ,  notably a disturbance of corre la t ions  within the system: 
p i t u i t a ry - -ova r i e s - - 'mammary  glands [1-3]. In their  analysis of the mechanisms of tumor  development, 
invest igators  frequently forget that during whole-body irradiat ion the m a m m a r y  glands are  also themselves  
exposed to the action of the rays .  The question naturally a r i ses  of the role of the direct  action of radiation 
in the mechanism of development of m a m m a r y  gland tumors .  Little attention has so far  been paid to this 
aspect of the problem [4, 5, 7]. 

It was therefore  decided to study the role of the direct  action of radiation in the genesis of m a m m a r y  
gland tumors .  

EXPERIMENTAL METHOD 

Experiments were carried out on 460 noninbred albino rats of both sexes. The age of the rats at the 

time of the experiment was 3-4 months; females weighed 150-170 g and males 180-200 g. Inthe experiments 

of ser ies  I on 151 female rats the anter ior  half of the body was irradiated,  while in ser ies  II, on 233 rats  of 
both sexes (130 females and 103 males),  the pos te r io r  half of the body was irradiated.  The control  group 
consis ted of 76 rats  (51 females and 25 males) .  

The rats  were i r radiated with x rays on the RUM-3 apparatus at a distance of 50 cm from the tube. 
The dose rate was 22 R/min.  During irradiat ion the unirradiated part of the body was protected with a 
lead sc reen  (5 mm). The doses used were 200, 400, 600, 800, and 1000 rad. F rom 15 to 32 rats  were used 
for  each dose. 

The localization, frequency, and rate of development of the m a m m a r y  gland tumors  in the i r radiated 
and unirradiated parts  of the body and also in the control  rats were determined by palpation and visual 
observat ion on the animals at the different t imes of the experiment.  The frequency of tumor  development 
was expressed  as a percentage.  
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Fig. 1. Frequency of development of m a m -  
m a r y  gland tumors  in rats  in anter ior  (1) and 
pos te r io r  (2) halves of the body at var ious  
t imes  and under different conditions of i r r a -  
diation: A) control; B, C) i r radiat ion of pos-  
t e r i o r  and anter ior  half of body, respect ively.  
Abscissa ,  t ime of observation (in months); 
ordinate,  frequency of tumor  development 
(in %). 

E X P E R I M E N T A L  R E S U L T S  
AND D I S C U S S I O N  

Mammary  gland tumors  developed in both i r radia ted  
and control  ra ts .  However, the t imes  of appearance,  f r e -  
quency, and localization of the neoplasms differed signif-  
icantly, In the control  animals m a m m a r y  gland tumors  
appeared considerably la ter  and in a smal le r  percentage 
of cases  than in the i r radia ted animals.  The frequency 
of m a m m a r y  gland tumors  in the anter ior  and pos te r ior  
halves of the body was approximately the same in the 
control  rats but in the i r radiated animals tumors  devel- 
oped almost  entirely in the i r radiated glands (Fig. 1). 

Fo r  instance, af ter  i rradiat ion of the anter ior  half 
of the body in doses of between 200 and 1000 rad the f i rs t  
m a m m a r y  gland tumors  in the i r radiated half of the body 
were found in 11.4 months (in three  of 103 rats or  2.9%), 
whereas in the unirradiated half of the body they were 
found in 15.8 months (in two or  59 rats  o r  3.4%). In the 
i r radia ted half of the body the frequency of tumor  devel- 
opment at this t ime was 15.3% (in nine of 59 rats).  The 
f i rs t  m a m m a r y  gland tumors  !p the anter ior  half of the 
body of the control  rats  (in one of 21 rats or  4.7%) were 
found after  15.8 months, and in the pos te r ior  half of the 
body af ter  16.6 months (in three of 31 rats  or  9.7%). The 
incidence of m a m m a r y  gland tumor  development reached 

a maximum in the i r radia ted anter ior  half of the body after  17.6 and 20.6 months, when it was 25% (in 14 
of 56 rats) and 28.6% (in six of 21 rats),  respect ively.  At these same t imes the frequency of m a m m a r y  
gland tumors  in the unir radia ted pos te r ior  half of the body was 0 and 4.7% (in one of 21 rats).  In the control  
animals the incidence of m a m m a r y  gland tumors  at these t imes was 18.5% (in five of 27 rats) and 9.1% (in 
two of 2 2  rats),  respect ively,  in the an ter ior  half of the body and 3.7% (in one of 27 rats) and 9.1% (in two of 
22 rats), respectively,  in the pos te r ior  half. 

In the experiments  of se r ies  II the effect of i rradiat ion of the pos te r io r  half of the body of females  
and males  on the incidence and localization of m a m m a r y  gland tumors  was studied. Just  as in the experi-  
ments  in which the a n t e r i o r  half of the body was irradiated,  tumors  appeared ea r l i e r  in the i r radiated half 
of the body. With doses of 200-1000 rad the f i rs t  m a m m a r y  gland tumors  in females (in seven of 105 rats) 
in the i r radiated half of the body were found after  10.5 months. At this t ime no tumors  were present  in the 
unirradiated half of the body or  in the control  rats .  In one of 103 female rats (0.97%) a tumor  was a found 
in the unirradiated half of the body af ter  11.4 months.  The frequency of tumor  development inthe i r radia ted 
half of the body at this t ime was 10.7% (in eleven of 103 rats); no tumors  were present  in the control animals 
at this t ime. The frequency of development of m a m m a r y  gland tumors  15.4 months af ter  i rradiat ion was 
46.4% (in thir ty- two of 69 rats) in the i r radia ted half of the body in females and 2.9% (in two rats) in the 
unirradiated half. The maximal  frequency of development of m a m m a r y  gland tumors  in the females in the 
i r radia ted  half of the body was observed after  20 months when they were found in 63% of rats (in seventeen 
of 27 animals),  but none were present  in the unirradiated half. The frequency of tumor  development in the 
an te r ior  and pos te r io r  halves of the body was the same in the control  unirradiated rats ,  namely 25% (in 
two of eight rats).  

Unlike in females ,  m a m m a r y  gland tumors  develop spontaneously in males  only rarely .  In the con t ro l  
males  the f i rs t  m a m m a r y  gland tumor  was found 21 months after  the beginning of the experiment (in one of 
13 rats ,  7.7%), and in the control  females af ter  13.5 months (in two of 42 rats ,  4.8%). In males af ter  i r r a -  
diation of the pos te r io r  half of the body in doses of 400-800 rad the f i rs t  m a m m a r y  gland tumors  were found 
in 13.3 months (in two of 52 males  or  3.8%), i.e., a lmost  8 months ea r l i e r  than in the control .  

Throughout the period of observat ion (23 months) m a m m a r y  gland tumors  in males  were always found 
in the i r radia ted half of the body. After  16.7 months the frequency of development of m a m m a r y  gland tumors  
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in the i r r ad ia ted  ma le s  was 10% (in th ree  of 30 rats) .  The f requency of t umor  development  in males  in the 
i r rad ia ted  p o s t e r i o r  half of the body throughout the exper iment  was cons iderably  lower  than in f ema les .  
F o r  example ,  a f t e r  16.7 months the f requency of development of m a m m a r y  gland t umor s  in ma le s  was 10% 
and in females  56.6% (in t h i r t y - fou r  of 60 rats) ,  while a f t e r  21 months it was 30% (in th ree  of 10 rats)  and 
67% (in twelve of 18 ra ts ) ,  r espec t ive ly .  

In f ema le s  an i nc rea se  in the incidence of m a m m a r y  gland t u m o r s  in the i r r ad ia ted  half of the body 
was obse rved  whatever  the dose used, including a f t e r  i r rad ia t ion  in doses of 200 and 400 rad.  No m a m -  
m a r y  gland t umo r s  developed in 22 males  i r rad ia ted  in a dose of 400 rad. They were  obse rved  only in 
m a l e s  i r rad ia ted  in doses  of 600 and 800 tad.  

M a m m a r y  gland t u m o r s  thus a r i s e  in females  (whether spontaneously or  under  the influence of ion- 
izing radiation) much m o r e  often than in ma les .  In i r rad ia ted  f emales  m a m m a r y  gland t umor s  a r i s e  e a r l -  
ie r ,  in a higher  pe rcen tage  of cases ,  and a f te r  exposure  to s m a l l e r  doses than in ma les .  Both in ma les  and 
in f ema le s  the d i rec t  action of ionizing radiat ion plays a ve ry  important  role  in the genes is  of neoplast ic  
t r a n s f o r m a t i o m o f  the m a m m a r y  gland cel ls .  These  resu l t s  c o r r e l a t e  well with the observa t ions  of Bond 
et al.  and of other  worke r s  [4, 7] who also draw attention to the important  role  of the d i rec t  action of r ad i -  
ation in the genes is  of m a m m a r y  gland t u m o r s .  
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