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When different  methods  were  used  to induce t u m o r s  of the m a m m a r y  glands (constant i l lu-  
mination,  admin is t ra t ion  of d imethylbenzanthracene  or  d ihydros t i lbes t ro l )  and fo r  the p r e -  
vention of dyshormona l  d i s ea s e s  (by the use  of t e s tos t e rone  and cas t ra t ion) ,  changes in 
the endocr ine  s y s t e m  were  uni form in c h a r a c t e r  and consis ted  of changes in the sec re t ion  
and content of fo l l i c l e - s t imula t ing  ho rmone  and of e s t rogens .  

The ro le  of ho rmones  in the pa thogenes is  of m a m m a r y  gland ca rc inoma  is  f i rmly  es tab l i shed  [1-3, 
5, 6], although few inves t iga t ions  have been repor ted  which revea l  the genera l  f e a tu r e s  of the endocrine 
genes i s  of t u m o r s  of hormone-dependen t  organs ,  including the m a m m a r y  glands, when d i f fe ren t  methods  
a r e  used fo r  the i r  induction and prophylax is .  

The object  of the invest igat ion desc r ibed  below was to study the ro le  of sex  hormones  in the develop-  
ment  of neop lasms  of the m a m m a r y  glands.  

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

E x p e r i m e n t s  were  c a r r i e d  out on 466 sexual ly ma tu r e  noninbred female  mice .  A group of 92 mice  
was  kept under  constant  i l luminat ion with 75 and 200 W e lec t r i c  l amps  suspended over  the cages  at a 
height of 32 cm.  Another  60 mice  r ece ived  a single injection of 1 mg  d imethylbenzanthracene  (DMBA) in 
0.2 ml  peach oil d i rec t ly  into the t i s sue  of the r ight  m a m m a r y  gland. A third group of 80 an ima l s  r e -  
ceived subcutaneous in ject ions  of d ihydros t i lbes t ro l  (as a suspens ion  in physiological  saline,  0.2 ml  pe r  
in jec t ion)weekly  in doses  of 200 ug p e r  injection~ To prevent  the development  of dyshormonal  d i s e a se s  
of the m a m m a r y  glands induced by the above-ment ioned  fac to rs ,  ova r i ec tomy  was p e r f o r m e d  on 97 mice  
two weeks before  the exper iment ,  and 137 an ima l s  r ece ived  inject ions of t e s to s t e rone  propionate  in doses  
of 0.4 ml  of 1% solution once a week f r o m  the f i r s t  day of the exper iment ,  The i l luminat ion and a d m i n i s t r a -  
t ion of hormones  continued until the end of the expe r imen t s .  

To inves t iga te  the m e c h a n i s m  of act ion of inducing and prophylac t ic  f ac to r s  on the animals ,  the 
concent ra t ions  of gonadotropins  and e s t rogens  were  studied, the pi tui tary,  ovar ies ,  and adrena ls  were  
weighed, and the ova r i e s  and vaginal  s m e a r s  we re  examined.  To isola te  e s t rogens  f r o m  the urine,  the 
method of ex t rac t ion  desc r ibed  in [8] was used and the hormone content was de te rmined  biological ly ,  The 
content of gonadotropins  was de te rmined  by p r epa ra t i on  of an ex t rac t  of the p i tu i tary  and i ts  inject ion into 
infantile mice  [4]~ Activi ty  of both e s t rogens  and gonadotropins  was  de te rmined  on the bas i s  of the i n c r ea se  
in weight of the u te rus  and fa l lopian tubes of infantile mice  a f t e r  injection of the hormone .  

In the cou r s e  of the expe r imen t s  morphologica l  inves t igat ions  were  made of total  p r epa ra t ions  and 
of t u m o r s  of the m a m m a r y  glands,  
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E X P E R I M E N T A L  R E S U L T S  

In group 1 (191 animals)  the effect  of t e s to s t e rone  and cas t ra t ion  on the development  of dyshormonal  
d i s ea se s  of m a m m a r y  glands induced by constant  i l luminat ion was studied.  Dyshormonal  d i seases  of the 
n i a m m a r y  glands (hyperplasia ,  tumors )  developed in 83 of the 92 (90o1%) mice  kept under  constant i l lumina 
tion with e lec t r i c  light, and in 3~ of these  mice  the t umor s  were  of the cys tadenocarc inoma and ke ra t in -  
izing squamous-ce l l  c a r c i n o m a  type.  Following prophylac t ic  admin i s t r a t ion  of t e s to s t e rone  or  cas t ra t ion,  
no t u m o r s  developed a f t e r  constant  i l lumination,  while the incidence of hyperp las ia  fel l  to 8.6% (in four  of 
46 animals)  when t e s to s t e rone  was used and to 15% (in eight of 53 mice) in the case  of ova r i ec tomy.  

In group 2 (120 animals)  the effect  of t e s to s t e rone  on the development  of t umor s  of the m a m m a r y  
gland induced by d imethylbenzanthracene  was studied.  The use  of the carc inogen  led to the development  of 
hyperp las ia  in 70% of animals ,  of ca rc inoma  (of the cys tadenocarc inoma,  adenoearc inoma,  o r  squamous-  
cell  c a r c inoma  types) in 16.7%, and s a r c o m a  in 11o6% of an ima l s  (al together  60 an imals  were  used in this 
exper iment ) .  Admin i s t r a t ion  of t e s to s t e rone  in assoc ia t ion  with DMBA reduced the incidence of dyshormonal  
d i s ea se s  to 18.3% (11 of 60 mice) ,  p reven ted  the development  of tumors ,  and prolonged the surv iva l  of the 
m i c e  on the ave rage  by 9 weeks .  

In group 3 (155 animals)  the effect  of t e s to s t e rone  and cas t r a t ion  on the development  of dyshorm0nal  
d i seases  of the m a m m a r y  glands induced by d ihydros t i lbes t ro l  was studied. Adminis t ra t ion  of f emale  sex  
hormone led to the development  of hyperp las ia  and t umor s  in 95% of cases  (in 76 of 80 mice),  in 5% of cases  
the tumors  being of the eys t adenoea rc inoma  and adenoearc inoma  type.  When t e s tos t e rone  was given p r o -  
phylact ica l ly  o r  ca s t r a t ion  c a r r i e d  out no t umor s  developed, and the incidence of p r e c a n c e r o u s  d i seases  
fell  to 48~ (in 15 of 31 mice) when t e s tos t e rone  was used and to 45.4% (in 20 of 44 animals)  in the case  of 
p r e l i m i n a r y  cas t ra t ion .  

All changes in the hormonal  s ta te  of the an imals  following admin is t ra t ion  of the var ious  inducing f ac -  
t o r s  were  s i m i l a r  in type, and consis ted  of an i nc r ea se  in the sec re t ion  of fo l l ic le-  s t imula t inghormone  (FSH) 
and of e s t rogens .  Constant  i l lumination,  for  instance,  the effect  of which was probably  mediated through 
the hypothalamu~, led to an i nc r ea s e  in FSH sec re t ion  (the weight of the u te rus  of infantile mice  following 
injection of ex t r ac t  of p i tu i ta ry  glands taken f r o m  an ima l s  with dyshormonal  d i seases  75.07 • 1.11 mg, in 
intact  mice  19.6 • 0.11 rag) which, in turn, led to an i nc rea se  in the sec re t ion  of e s t rogens  by the ova r i e s  
and, via ACTH, by the ad rena l s  (weight of u te rus  of infantile mice  following inject ion of e s t rogens  obtained 
f r o m  an ima l s  with dyshormona l  d i s ea s e s  74.6 • 1,91 rag, in intact  mice  14.3 :~ 1.64 rag). Following admini -  
s t r a t ion  of d ihydros t i lbes t ro l  the concentra t ion  of es t rogens  in the body was inc reased  (weight of u terus  of 
infantile mice  following inject ion of e s t rogens  69.9 • 0.82 mg)o The sec re t ion  of FSH was inc reased  s imu l -  
taneously  (weight of u te rus  of infantile mice  a f t e r  inject ion of p i tu i ta ry  ex t rac t  81.3 • 0.42 mg), probably  on 
account of the effect  of p r o g e s t e r o n e  and luteinizing hormone [2]. In the case  of DMBA, bes ides  i ts  local  
action, this  ca rc inogen  a lso  affected p i tu i ta ry  function and inc reased  the sec re t ion  of gonadotropins  (weight 
of u te rus  of infantile mice  following injection of p i tu i tary  ex t rac t  65.1 • 0.17 mg), and this in turn s t imulated 
product ion of e s t rogens  by the exper imen ta l  an imals  (weight of u terus  of infantile mice  a f t e r  injection of 
ex t rac ted  es t rogens  58.5 • 0.22 mg).  

These  r e su l t s  show that at a c e r t a i n  stage of development  of the neoplasm in the m a m m a r y  gland, 
changes in the endocrine s y s t e m  became  identical  in type, i.eo, the concentrat ion of FSIt and es t rogens  was 
i nc r ea sed .  A prolonged i nc r ea s e  in the  sec re t ion  of FSH and es t rogens  leads to the development  of p r o l i f e r -  
a t ive changes  in the m a m m a r y  glands [2, 3]. 

Admin is t ra t ion  of t e s to s t e rone  in conjunction with constant  i l lumination, with injection of carc inogens ,  
o r  with sa tu ra t ion  of the body with f ema le  sex  hormones  also led to bas ica l ly  identical  changes in the hor-  
monal  balance:  s ec re t ion  of FSH was sharp ly  reduced,  whe reas  the concentra t ion of e s t rogens  reached  twice 
i ts  usual level .  The i nc rea se  in concent ra t ion  of e s t rogens  following adminis t ra t ion  of t e s tos t e rone  to ani-  
m a l s  under  constant  i l luminat ion (weight of u te rus  of infantile mice  following injection of e s t rogens  39 :e 0.61 
mg) can be explained by the convers ion  of t e s to s t e rone  into es t rogens  [7]~ The i nc r ea se  in t he concentra t ion  
of e s t rogens  a f te r  admin is t ra t ion  of DMBA and t e s to s t e rone  (weight of u te rus  of infantile mice  following 
inject ion of e s t rogens  i so la ted  f r o m  ur ine  37.8 • 0.09 mg) is a t t r ibuted mainly  to convers ion  of the androgen 
into f ema le  sex  hormone,  fo r  no c h a r a c t e r i s t i c  changes indicating the poss ib i l i ty  of an inc rease  in the s e c r e -  
t ion of foll ieulin were  p r e s e n t  in the ova r i e s  ( large number s  of smal l  fol l ic les  and co rpo ra  lutea of the usual 
s ize  were  p re sen t ) .  Following s imul taneous  admin i s t r a t ion  of d ihydros t i lbes t ro l  and tes tos te rone ,  the p r o -  
phylact ic  effect  can b e  explained by an i nc rea se  in the concentra t ion of e s t rogens  (weight of u terus  of infan- 
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tile mice after injection of estrogens 30.2 �9 0.47 mg) on account of their  possible hyperproduction by the 
adrenals and, probably, through conversion of androgen into estrogens. 

Castration, like testosterone prophylaxis, led to inhibition of FSH secretion with a simultaneous in- 
crease  in the concentration of estrogens (weight of uterus of infantile mice following injection of estrogens 
in different groups of experiments from 29.4 :~ 1.16 mg in the case of administration of dihydrostilbestrol 
and of ovarieetomy to 35.5 ~: 0.55 mg following illumination and castration). The increase in secretion of 
female sex hormones probably took place on account of its hyperproduetion by the adrenal cortex. Evidence 
in support of the adrenal origin of the estrogens was given by the increase in weight of the adrenals (weight 
of organ increased to 9.3 J= 0.92 mg following illumination and castration and to 10.6 =~ 0.44 mg following ad- 
ministration of dihydrostilbestrol and ovarieetomy; weight of organ in intact animals 7 J:0.12 mg)a 

Consequently, following administration of testosterone and ovarieetomy, the insufficiently high FSH 
production and the increased concentration of estrogens inhibit the development of proliferative changes in 
the mammary glands and they thus play a prophylactic role in the development of tumors of this organ [2, 3]. 
Hence, despite different methods used for the induction (constant illumination, dimethylbenzanthraeene, 
dihydrostilbestrol) and prophylaxis (testosterone, ovariectomy) of tumors of the mammary glands, the 
changes inthe endocrine system were similar in character and consisted of changes in the secretion and 
concentration of FSH and estrogens. 

LITERATURE CITED 

i~ M. Mo Averbakh, The Pathology of Dyshormonal Diseases and Carcinoma of the Mammary Gland [in Rus- 
sian], Moscow (1958). 

2. N~ I. Lazarev, Theoretical Basis of the Prophylaxis and Treatment of Dyshormonal Tumors [in Russian], 
Moscow (1963). 

3. N.I. Lazarev (editor), The Hormone Therapy of Malignant Tumors [in Russian], Moscow (1968). 
4. V.I. Samoilov, Role of Gonadotropins in the Proliferation of Normal and Tumor Tissue of the Mammary 

Glands, Candidate's Dissertation, Moscow (1965). 
5~ N.M. Turkevich, Proceedings of the Second Congress of Oncologists and the Third Congress of Roent- 

genologists and Radiologists of the Ukrainian SSR [in Russian], Kiev (1959), p. 85. 
6. W. Gardner, in: Progress in the Study of Cancer [Russian translation], Vol. I, Moscow (1955), p. 122. 
7. R. D. H. Heard, P~ H. Jellinek, and V. J. O'Donnell, Endocrinology, 57, 200 (1955). 
8. Maddock and Nelson, cited by J~ Nadworny, in: Laboratory Methods of Clinical Investigation [in Russian], 

Warsaw (1965), p. 795. 

1315 


