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By the use of the basic  dyes methyl  g r een  and pyronine by Kurn ik ' s  method,changes  can be observed  
in the s taining p rope r t i e s  of the nuclei in the uterine epi thel ium of normal  sexual ly  ma tu re  mice  in the 
c o u r s e  of the sex  cycle ,  and a lso  in the epithelium of ova r i ec tomized  mice  and of mme injected with d i -  
hyd ros t i l be s t ro l .  

I t  was  shown that DNA in the epithel ium lining the uter ine  cav i ty  and uter ine  glands is labi le ,  its 
affinity for  methy l  g r ee  n and pyronine depends o n  the level  of es ' t rogens c i rcu la t ing  in the body-, and a 
defini te op t imum for  the concentra t ion and durat ion of action of e s t rogens  ex i s t s .  Deviat ion f r o m  this 
op t imum reduces  affinity for  methyl g reen  and produces pyroninophil ia  of the nuclei .  

In sexua l ly  m a t u r e  f emale  rodents  the epithelium lining the uterine cav i ty  undergoes changes th rough-  
out the e s t rous  cycle :  its height,  r e l e a s e ,  and mitotic ac t i v i t y  a r e  modif ied.  The la t t e r  is  c h a r a c t e r i z e d  
by a bimodal  c u r v e  [1-3, 8]: the f i r s t  r i s e  coincides with p r o e s t r u s ,  the second with the beginning of 
d i e s t ru s .  Pe r i ods  of i nc r ea s e  in number  of dividing cei ls  a r e  preceded  by per iods  of i nc rea se  in the n u m -  
b e r  of ce l l s  synthes iz ing DNA [12, 14, 21, 24], and by i ts  convers ion  into a h igh -po lymer  s ta te  [11, 12, 15]. 

In 1947, Kurnik [16] suggested a method of detecting nucleic acids in high-  and l ow-po lymer  s ta tes  
by means  of bas ic  d y e s ,  methyl  g r een  and pyronine.  

I t  has been shown exper imen ta l ly  [4-6, 9, 16-20] that affinity fo r  methyl  g reen  is p o s s e s s e d  only by 
h igh -po lymer  DNA, while l ow-po lymer  DNA is stained by pyronine.  A d e c r e a s e  in adsorpt ion  of methyl  
g r e e n  and mani fes ta t ion  of pyroninophil ia  in the cell nucleus a r e  a s soc ia ted  with changes in the s ta te  of 
the DNA, namely  with i ts  depo lymer iza t ion  and weakening of the bond with pro te in  in nucleoprote ins  [4]. 

By using Kurnik ' s  method in the invest igat ion descr ibed  below, we a t t empted  to d i s cove r  whether  
changes  take p lace  in the degree  of po lymer iza t ion  of DNA in nuclei  of the u ter ine  epithelium during DNA 
synthes i s  as the ce l l s  p r e p a r e d  to divide in Various s tages  of the es t rous  cyc le ,  and also a f t e r  ova r i ec tomy 
and admin is t ra t ion  of var ious  doses  of d ihydros t i lbes t ro l .  

E X P E R I M E N T A L  METHOD 

Exper imen t s  were  ca r r i ed  out on noninbred female  albino mice  weighing 20-25 g. Al together  119 
an imals  we re  used in the exper imenta l  s e r i e s  (17 groups each containing 6-10 animals)  and 40 f ema le s  
we re  used in f ive control  g roups .  The control  animals  were  sac r i f i ed  in the per iod of d ies t rus ,  on the 1st, 
2nd, and 3rd days  of e s t rus  and the exper imenta l  animals  on the 10th-20th day and 3.5-6 months a f te r  
c a s t r a t i on  and a lso  a f t e r  1, 2, 3, 5, 6, and 7 injections of d ihydros t i lbes t ro l  (given once daily s ta r t ing  f rom 
the 15th, 17th, or 20th day after castration, in doses of 0.8 mg as a 2~ oily solution). The animals were 
always sacrificed at 11-12 AAI. The uterus was quickly removed and fLxed with Carn oy's fluid without 
subsequent treatment in 70/% and 96% alcohol. The material was embedded in paraffin wax. Nucleic acids 
were detected by the methods of Feulgen, Urma-Pappenheim, Brachet, and Kurnik. Sections from Control 
and experimental blocks were mounted on the same slide, so that they could be stained under identical 
condi t ions .  

Laboratory of Histophysiology, Institute of EXperimental Biology% Moscow (Presented by Active 
Member of the Academy of Medical Sciences of the USSR N. N. ZhukovLVerezhnikov). Translated from 
Byulleten' I~ksperimental'noi Biologii i Meditsiny, Vol, 66, No. 9, pp. 93-96, September, 1968. Original 
article submitted August 5, 1966. 

1026 



Fig. i .  Changes in height and relief of uterine epithelium 
in mice. a) Uterine epithelium in proestrus; b) uterine 

epithelium on 10th day after castration. Fixation by Car- 
noy's method, staining by Brachet's method, I0 x 40. 

EXPERIMENTAL RESULTS 

Histochemical study of the uterine sections showed that throughout the estrous cycle, starting from 
proestrus, the height of the uterine epithelium gradually diminished and affinity for basic dyes, methyl 
green and pyronine, of the nuclei in the epithelium lining the uterine cavity and the uterine glands was 
modified. This was probably due, on the one hand, to disturbance of the water and salt balance of the cell 
[23], and on the other hand to a decrease in synthesis of biopolymers [13, 14]. The nuclei of the epithelial 
cells became denser and changed in color: from green or bluish green in proestrus to azure (during the 
ist and 2nd days of estrus), to azure-violet (the 3rd day of estrus) to violet (in the uterine epithelium of 
ovariectomized mice). The relief of the epithelium was smoothed out, the number of uterine glands was 
reduced, the height of the epithelium decreased by two-thirds, and the nuclei showed affinity for pyronine 
at all periods after castration (Fig. I). 

After  c a s t r a t i o n  the epi thel ium lining the uterine cavi ty  lost  mos t  of its RNA but much of it r e -  
mained in the epi thel ium o f  the uter ine  g lands .  A control  with r iboauc lease  showed that the violet  color  of 
the nuclei was not due to an i nc r ea se  in content  of nuc lear  RNA, because  a f t e r  prolonged t r ea tmen t  with 
the enzyme the initial  co lo r  of the nuclei was not r e s t o r e d .  This was also observed  a f t e r  control  t r e a t -  
m e a t  of p r epa ra t i ons  obtained f rom cas t r a t ed  f ema les .  I t  is difficult to imagine that pyroninophil ia of the 
nuclei was the r e su l t  of s taining newly f o r m e d  prote in  of the ChrOmosomes [12, 15], because  staining of 
the nuclei  with pyronine was obse rved  in those  s t ages  of the cycle  when synthetic  p r o c e s s e s  in the uterine 
epithelial  ce l l s  a r e  sha rp ly  inhibited (3rd day of e s t r u s ,  d ies t rus ) .  Synthetic p r o c e s s e s  were  dep res sed  
to an even  g r e a t e r  degree  in the ca s t r a t ed  an ima l s ,  ye t  at  the s a m e  t ime  the pyroninophil ia  of the nuclei 
of t h e i r  u ter ine  epithel ium was not ma rked .  The l ike l ies t  explanation is that pyroninophil ia  in the p r e s -  
ence of hyposecretioa and castration indicates changes in the staining properties of the nuclei or of their 
DNA. 

Administration of dihydrostilbestrol to castrated females evidently restored normal cell meta- 
bolism (soon after the ist injection). The nuclei increased in size and resumed their elongated shape 
characteristic of nuclei of the epithelium lining the uterine cavity, while the mRotic activity of the epi- 
thelium increased sharply [3, 7, 8]. 

Redistribution of RNA was observed in the epithelial cells: in control and ovariectomized females 
P~NA was always found in the apical portion of the cell as a bright red border, while in ovarieetomized fe- 
males receiving one or two injections of dihydrostilbestrol,RNA was distributed uniformly throughout the 
cy top la sm as  b r igh t  red f i laments  d isplacing the nucleus toward the cen te r  of the cell  (Fig. 2A). Inhibi -  
tion of cel l  d ivis ion developing a f t e r  the 3rd  injection of d ihydros t i lbes t ro l  was accompanied  by a de -  
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Fig. 2. Distribution of RNA in uterine epitheli~un of mice. 
A) Uterine epithelium of mouse receiving one injectionof 
dihydrostilbestrol on 15th day after castration; RNA dis- 
tributed uniformly throughout cytoplasm; B) uterine epi- 
thelit~ :of mouse receiving three injections of dihydrostil- 
bestrol; RNA displaced into basal part of cells, nuclei dis- 
placed toward center. Fixation by Carnoy's method, stain- 
ing by Brachet's method, I0 x 100. 

c r e a s e  in the intensi ty of staining of the nuclei  both by Feulgen 's  method and with methyl green .  RNA was 
displaced into the basal port ion Of the cel l  (Fig. 2B). 

The changes in staining p roper t i e s  of the nucidi desc r ibed  above were  found in all cel ls  of the ep i -  
thelium and not m e r e l y  in some of them. 

Per iod ic  changes in the epithelium of sexual ly  ma tu re  mice ,  charac te r ized  by changes  in mitotic a c -  
t ivity,  a re  t he r e fo r e  accompanied by changes in the affinity of nuclear  DNA for  methyl green:  in p roes t rus  
the DNA has an  affinity for  methyl g reen ,  while in e s t rus  and d ies t rus  the DNA is  pyroninophil ic.  

In c a s t r a t ed  females  a dec r ea se  in mitotic index is accompanied by an increase  in affinity for  
pyron~ne. Consequent ly ,  affinity of DNA in the uter ine  epithel ium for  methyl green  depends on the body 
level of e s t rogens ,  a definite optimum being found in the concentra t ion and duration of act ion of es t rogens ,  
A deviation toward e i ther  side f rom this opt imum lowers  the affinity of the nucleus for  methyl green  and 
causes  it to exhibit pyroninophil ia.  
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