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As a r e su l t  of ho rmone  the rapy  fo r  m e t a s t a s e s  of m a m m a r y  gland ca rc inoma,  as a ru le  only a t e m -  
p o r a r y  i m p r o v e m e n t  is observed,  and despi te  continued t r e a t m e n t  this is followed by r e s u m e d  growth of the 
m e t a s t a s e s ,  leading to death of p rac t i ca l ly  all  the pat ients .  D i scovery  of the causes  of this r e s u m e d  growth 
of the m e t a s t a s e s  during continued hormone  the rapy  is e x t r e m e l y  impor tan t  at  the p resen t  t ime,  fo r  m e a -  
s u r e s  could then be taken to e l iminate  them and thus to prolong the r e m i s s i o n s .  One such cause  has been 
found by  compar ing  data f r o m  endocrinology and hormone  therapy.  It  has been shown, fo r  example,  that 
dur ing prolonged and continuous t r e a t m e n t  with a pa r t i cu l a r  hormone  the endocrine functions dependent on 
it undergo modificat ion (are s t imula ted  or  inhibited) only t e m p o r a r i l y ,  a f te r  which, despi te  the continued 
admin i s t r a t ion  of this hormone,  adaptation takes  place to it  and the no rma l  functions a r e  r e s t o r e d .  Despi te  
th is ,  hormone  therapy  is given continuously for  many  months or  even y e a r s .  In the light of the au thor ' s  
data [4, 5] p ro l i f e ra t ive  p r o c e s s e s  in both no rma l  and mal ignant  t i s sues  of the m a m m a r y  glands a r e  con-  
t ro l led  by the combined act ion of e s t rogens  and fo l l i c le - s t imula t ing  hormone  (FSH), while the an t i tumor  
effect  of es t rogen  the rapy  is due to the comple te  inhibition of FSH production.  The following hypothesis  
may  the re fo re  be put forward:  in the cou r s e  of prolonged and continuous es t rogen  therapy,  the sec re t ion  
of FSH by  the p i tu i tary  is s topped only t e m p o r a r i l y ,  leading to the development  of a r e m i s s i o n ,  a f te r  which 
the fo l l i c l e - s t imula t ing  function of the p i tu i tary  becomes  adapted to es t rogens  and sec re t ion  of FSH is r e -  
sumed,  leading to r e sumpt ion  of growth of m e t a s t a s e s  of the m a m m a r y  gland c a r c i n o m a  [4, 5]. 

The p re sen t  invest igat ion was c a r r i e d  out to study the val idi ty  of this hypothes is .  

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

Exper imen t s  w e r e  c a r r i e d  out on 380 noninbred albino ra t s  r ece iv ing  synes t ro l  (diethyls t i lbestrol  d i -  
propionate)  in c l in ica l ly  adequate doses  (200 #g  daily) e i ther  as a suspension in aqueous alcohol o r  as 
pel le ts  of c o m p r e s s e d  s y n e s t r o l  weighing 5 mg and implanted twice monthly subcutaneously.  E v e r y  10 or  
20 days ,  5 r a t s  f r o m  each of the cont ro l  and exper imenta l  groups were  sac r i f i ced  and the FSH content in 
the i r  p i tu i tary  was studied. A suspens ion was p r e p a r e d  f r o m  the pi tu i tary  of each r a t  in physiological  
sa l ine ,  and this was injected in equal par t s  daily for  3 days into infantile f ema le  mice  in a dose of 1 pi tui tary  
pe r  mouse .  The mice  were  sac r i f i ced  96 h l a te r  and the u terus  with the ovar ies  was weighed. To allow 
fo r  individual va r ia t ions ,  the weight of the u terus  with the ovar ies  was divided by the body weight of the 
mouse ,  and the quotient was mult ipl ied by a thousand, to give a convenient  index fo r  compar ing  the r e su l t s  
obtained. Some endocrinologis ts  r e g a r d  an i nc rea se  in the weight of the mouse  u terus  as a ref lec t ion  of 
the content,  not only of FSH, but of all  gonadotropins taken t o g e t h e r -  FSH together  with luteinizing h o r m o n e -  
in the m a t e r i a l  tes ted .  However ,  it has recen t ly  become  c l e a r  that this point of view is incor rec t ,  because  
highly purif ied FSH in fac t  leads to an i nc rea se  in the weight of the uterus  while highly purif ied LH causes  
n~ reac t ion  whatever  [8]. The authors  have a lso  recen t ly  shown that  highly purif ied LH, posses s ing  ex-  
t r e m e l y  high act ivi ty  (0.1 # g  causes  superovula t ion in ra t s ) ,  in a dose  of 100 p g  causes  no i nc r ea se  in the 
weight  of the uterus  of infantile mice ,  and, consequently,  the i nc rea se  in weight of the mouse  uterus  r e -  
f lec ts  the p r e sence  of FSH only in the m a t e r i a l  tes ted .  
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Fig. 1. Onset of adaptation of fo l l ic le-s t imula t ing function of the pi tui tary to prolonged admin-  
is t ra t ion of synest rol .  A) Dynamics of weight of uterus of intact infantile mice;  B) dynamics 
of weight of uterus of mice receiving pitui tary of ra ts  of control  group (showing constancy of 
FSH content in pituitary); C) dynamics of weight of uterus of mice  receiving pitui tary of exper i -  
mental  ra ts  (showing that during prolonged adminis t rat ion of synes t ro l  the FSH content in the 
pituitaries of the rats  at f i r s t  fell  t emporar i ly ,  and then rose  despite continued action of 
synest rol ) .  Here and in Figs.  2 and 3: a b s c i s s a - d a y s  of experiment;  o rd ina t e -we igh t  of 
uterus (in indices}. 
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Fig. 2. Content of FSH extracted f r o m  the urine 
of patients with m a m m a r y  gland ca rc inoma before  
t rea tment  (a), during r emiss ion  as a resul t  of 
synes t ro l  therapy (b), and during r ecu r r ence  af ter  
r emiss ion  (c). 

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

In the f i r s t  exper iment  the dynamics of the 
FSH content was studied in the pi tui tary of ra t s  
receiving synes t ro l  as a suspension in aqueous 
alcohol in a daily dose of 200 pg.  Control  in- 
vest igations of the FSH content in the pituitaries 
af ter  10 and 30 days (Fig. 1) showed that during 
this t ime the FSH content in the pi tui tary fell  
appreciably,  and by the 30th day f r o m  the b e -  
ginning of the experiment  none could be found in 
the glands. No FSH could be detected in the pi t-  
ui tar ies  thereaf ter  unti l the 60th day. However,  
during the next 30 days, FSH reappeared  in the 
pituitary,  and its content exceeded the initial level 
by the 90th day; an increased  FSH content in the 
pituitary was observed for  a long period of t ime 
(until the 161st day of observat ion [2]). 

Hence, the resul ts  obtained conf i rm the hypothesis that synes t ro l ,  given to patients in cl inically 
adequate doses,  at f i r s t  complete ly  inhibits FSH secret ion,  but la ter ,  despite continued adminis t rat ion of 
synes t ro l  in the same dose, large quantities of FSH are  again found in the pituitary.  Does this mean, how- 
ever ,  that the resumption of FSH secre t ion  alone is adequate to cause resumption of growth of metas tases  
f r o m  a m a m m a r y  gland carcinomas? 

It should be emphasized that in the au thors '  other invest igations,a c lear  cor re la t ion  was frequently 
revealed  be~veen the st imulation or  inhibition of growth of m a m m a r y  gland carc inoma,  on the one hand, 
and an increased  or dec reased  FSH content in the organism on the other hand. Por  example, as a resu l t  
of synes t ro l  t rea tment ,  in all ra ts  in which a decrease  in the FSH content in the pi tui tary was found, in- 
hibition of growth of p r i m a r y  m a m m a r y  gland ca rc inoma was observed,  and the more  marked the de-  
press ion  of FSH secre t ion,  the more  marked also inhibition of growth of the ca rc inoma [3]. Conversely,  
if FSH secre t ion  was st imulated,  the ra te  of growth of the m a m m a r y  gland ca rc inoma was increased  [6]. 
In clinical  investigations also, as a rule  no FSH was found in the urine of 16 patients i n a s t a t e  of r emiss ion  
during synes t ro l  therapy,  whereas  in 7 patients in whom synes t ro l  therapy was ineffective, la rge  quantities 
of FSH were  a lways excreted in the urine [1]. That is why the resu l t  obtained indicating resumption of 
FSH secre t ion in ra ts  af ter  prolonged t rea tment  with synes t ro l  suggested that in patients with m a m m a r y  
gland ca rc inoma undergoing prolonged synes t ro l  therapy,  and in whom growth of metas tases  had resumed,  
the FSH content would be increased.  
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Fig. 3. Inhibition by prolactin of fol l ic le-s t imulat ing function of pituitary adapted to prolonged 
adminis t ra t ion of synes t ro l .  A) Dynamics of weight of uterus of intact infantile mice;  B)dynamics  
of weight of uterus of mice receiving pitui tary of control  ra t s ;  C l - d y n a m i c s  of weight of uterus 
of mice receiving pituitary f r o m  experimental  ra ts  t rea ted  with synes t ro l ;  C 2 -dynamics  of 
weight of uterus of mice receiving pituitary of ra ts  t reated initially with synes t ro l  and la ter  with 
prolactin.  

To study this problem,  the FSH content in the urine was investigated in three groups of patients with 
m a m m a r y  gland carc inoma:  2 patients before  t reatment ,  3 patients receiving synes t ro l  therapy and in 
s tate  of remiss ion ,  and 4 patients in whom synes t ro l  therapy at f i r s t  produced a r emiss ion  but this had 
been followed by resumed growth of metas tases .  The gonadotropic hormones were  isolated f r o m  the urine 
by Lora ine ' s  method and their  fol l ic le-s t imulat ing activi ty was est imated f rom the increase  in weight of 
the uterus of infantile mice.  The resul ts  obtained a re  given in Fig. 2, showing that no FSH was found in 
the urine of the patients in a state of r emiss ion  (b), whereas the FSH content in the urine of the patients 
with resumed  growth of metas tases  (c) was much higher than in the urine of the patients before t rea tment  (a). 

Since synes t ro l ,  in its biological  activity, is equal to the most  active f ract ion of the endogenous e s t ro -  
g e n s - e s t r a d i o l - i t  is evident that when FSH secret ion is r e sumed  as a resul t  of adaptation to synes t ro l ,  the 
content of estrogens in the body must  reach  a high level on account of the exogenous synest rol ;  this c rea tes  
highly favorable conditions for  increased proliferat ion of the m a m m a r y  gland carc inoma cells and, evi-  
dently, the rapid aggravation of the cl inical  manifestations observed in such patients is not fortuitous.  

In that case, when and how is the fol l icle-st imulat ing function of the pituitary, adapted to synestrol ,  
prevented or  again inhibited? 

To study this problem, the basic assumption was made that adaptation of FSH secre t ion  to synes t ro l  
should be regarded  as a phenomenon of immunologic nature and, in par t icular ,  that adaptation must  be 
s t r ic t ly  specific in relat ion to the inhibitor, just as antibodies are  to antigen. It could therefore  beexpected 
that replacement  of synes t ro l  by another inhibitor of FSH secre t ion  of different nature would lead to fur ther  
depress ion of the adapted FSH secret ion.  

This problem was studied in experiments on ra t s ,  reproducing the scheme of the f i r s t  experiment,  
but after  sac r i f i ce  of the control  ra ts  had revealed the presence  of adaptation of the fol l ic le-s t imulat ing 
function to synestrol ,  the experimental  ra ts  were t rea ted  with prolactin,  which also depresses  FSH s e c r e -  
tion, although it differs essent ial ly  in its s t ruc tu re  f rom synes t ro l .  Admittedly, in this experiment  pan- 
hys te rec tomized  rats  were  used in order  to avoid high morta l i ty  of the experimental  ra ts  f r o m  pyometra  
caused by synes t ro l ,  and the synes t ro l  was implanted in pellets of 5 mg twice monthly to bring the exper i -  
mental  conditions c lose  to clinical,  but these differences in the methods used were  not in any way r e -  
f lected in the eventual resul ts  of the experiments .  The prolact in used in this experiment was manufactured 
by the Leningrad Meat Combine, and given in a dose of 10 mg daily per ra t  for  30 days. 

The resul ts  of this investigation a re  i l lustrated in Fig. 3. Before FSH secre t ion  became adapted to 
synes t ro l ,  the dynamics of the FSH content in the pituitary was s imi la r  to that determined previously,  a l -  
though the FSH content in the rats  of the control  group was considerably higher than in the animals in the 
f i r s t  experiment:  the increased FSH content was attributable to panhysterectomy.  The rats  (40 animals} 
with adapted fol l ic le-s t imulat ing funct ionof the i rp i tu i ta r ies  were  divided into two groups.  The animals of 
our group were  left as controls ,  and those of the other group (experimental) received prolactin daily. It 
is c lear  f r o m  Fig. 3 that prolact in caused complete inhibition of FSH secret ion adapted to synes t ro l  [7]. 
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FSH sec re t ion ,  r e s u m e d  because  of adaptat ion to the prolonged act ion of synes t ro l ,  was thus c o m -  
ple te ly  s u p p r e s s e d  again  by  the act ion of prolac t in .  Could, however ,  the r epea ted  dep re s s ion  of the adapted 
FSH sec re t ion  cause  inhibition of growth of m a m m a r y  gland c a r c i n o m a  ? To answer  this quest ion,  a 
m a m m a r y  gland c a r c i n o m a  was t ransp lan ted  into ra t s  with d e p r e s s e d  and r e s u m e d  FSH sec re t ion .  I t  was 
found that  the r a t e  of growth of the c a r c i n o m a  was g r e a t e r  in the r a t s  with r e s u m e d  adapted FSH sec re t i on  
than in cont ro l  r a t s  (mean weight  of t umor  24 and 17 g respec t ive ly ) ,  whereas  in r a t s  whose FSH sec re t i on  
was inhibited fo r  the second t ime  by the act ion of pro lac t in  the r a t e  of growth of the c a r c i n o m a  was again 
c l e a r l y  r e t a rded  (mean weight of t umor  5 g). 

Fu tu re  exper ience  will  show whether  this s cheme  of ho rmone  the rapy  of r e c u r r e n t  m a m m a r y  gland 
c a r c i n o m a  is just i f ied in c l in ical  p rac t i ce ,  but c l inicians  with exper ience  of ho rmone  the rapy  a r e  a l r eady  
f a m i l i a r  with ca se s  in which r e p l a c e m e n t  of one hormone  by  another  has led to a m a r k e d  i m p r o v e m e n t  in 
the condition of pat ients  with m a m m a r y  gland c a r c i n o m a  in advanced s tages  of the d i s ea se .  
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