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An e lec t ron-microscop ic  investigation was made of the tes tes  of Wistar  r a t s  receiving repeated 
injections of 0.1% estradiol  dipropionate solution in doses of 0.3 rag once a week for 10 weeks. 
Administrat ion of the hormone led to an initial focal (after 2-4 weeks) and subsequent diffuse 
inhibition of spermatogenes is  (after 6 weeks), accompanied by the development of destruct ive 
changes in the cel ls  of the spermatogenic epithelium, which was revers ib le  in charac ter ,  so 
that spermatogenes is  was r e s to red  2 months later.  The development of pathological changes 
in the spermatogenic epithelium was accompanied by disturbance of the u l t ras t ruc ture  of the 
chief components of the b l o o d - t e s t i s  ba r r i e r .  
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Revers ib le  disturbance of spermatogenes is  takes place in sexually mature  r a t s  after repeated injec-  
tions of es t rogens  as a resu l t  of inhibition of the secret ion of pituitary gonadot:ropic hormones  [2, 3, 8, 9]. 
There is evidence in the l i tera ture  of the development of pathological changes in the tes tes  of ,es t rogenized  ~ 
animals that are accompanied by a disturbance of permeabil i ty  of the b lood - t e s t i s  b a r r i e r  (BTB) [1-3]. 
The chief s t ructura l  components of the BTB are the Sertoli cells  and myoid cells of the tunica propr ia  of 
the seminiferous tubules [4]. 

No data could be found in the l i tera ture  f rom which an idea could be obtained of the u l t ras t ruc tura l  
changes in components of the BTB and spermatogenic epithelium aris ing during dis turbances of spe rmato-  
genesis  in animals receiving es t rogens  and its r ecove ry  after the cessat ion of injections of the hormone. 
The present  investigation was ca r r i ed  out to obtain such data. 

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

Exper iments  were ca r r i ed  out on 56 male Wistar  r a t s  weighing 190-240 g. Fifty animals each r e -  
ceived injections of 0.3 mg of a 0.l  % solution of estradiol  dipropionate once a week for a total  of 10 injec-  
tions. The ra t s  were killed every  2 weeks after the beginning of the experiment,  and 2 months after the last  
injection. The weight of the animals and of their spleen, pituitary, prostate,  and seminal ves ic les  was de-  
termined.  For  light mic roscopy  the tes tes  were fixed in Carnoy ' s  or Bouin's fluid and embedded in para f -  
fin wax. The sections were stained with hematoxyl in -eos in .  P ieces  of the seminiferous tubules 1-1.5-ram 
long were excised f rom the removed  tes tes  for electron microscopy  and placed in a 2.5 % solution of glu-  
taraldehyde in r  buffer for 1.5 h at 4 ~ C. After dehydration and t reatment  in propylene oxide the 
mater ia l  was embedded in E p o n - A r a l d i t e  mixture.  Sections were cut on the KB ul t ra tome and stained with 
uranyl  acetate and lead solution by Millonigts method [6]. The prepara t ions  were examined in the Tesla  
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Fig. 1. Tunica p ropr i a  of semini ferous  tubules of intact r a t s  and of 
r a t s  receiving repeated  injections of es t radiol  dipropionate: a) tu-  
nica propr ia  of seminiferous  tubule of intact r a t  (ocl - o u t e r  cel l  layer ;  
oal - outer  acel lular  layer ;  icl - inner cel l  or  myoid layer ;  ial - in- 
ner  acel lular  layer)  (22,000 x); b) sl ight folding of basement  membranes  
of aceUular  l aye r s  of tunica propr ia  of seminiferous  tubules af ter  ad- 
minis t ra t ion of 0.6-1.2 mg hormone to animals (22,000 x); c) hi l lock-  
like outgrowth of cytoplasm of inner cell  layer ,  considerable  folding 
of basement  membranes  of acel lular  l aye r s  of tunica propr ia  of semi -  
niferous tubules following administrat ion of 1.8 mg hormone (30,000 x); 
d) a l t e red  shape of nucleus of acel lu lar  l ayer  of tunica propr ia  of semi -  
n i ferous  tubule af ter  injection of 2.4-3 mg hormone into animals (22,000 x). 

BS-516 microscope .  

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

In r a t s  receiving 10 injections of es t radiol  dipropionate (3 mg of the hormone) the body weight was 
reduced (179 g); the weight of the tes tes  (187 mg), pros ta te  (18 mg), and seminal ves ic les  (80 rag) was con- 
s iderably reduced;  the weight of the pi tui tary gland (17 m g ) w a s  increased  compared  with the control  ani-  
mals  (2!7 g, 1350, 254, 1008, and 9 mg, respect ively) .  The gradual  d e c r e a s e  in weight of the tes tes  was 
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accompanied by changes in their morphological  s t ructure  and by an increase  in the severi ty of the morpho-  
logical changes in the tubules. 

In most  seminiferous tubules no considerable morphological  changes were observed 2-4 weeks after 
the beginning o f  the experiment (0.6-1.2 mg estradiol  dipropionate), although pycnosis  of the cell  nuclei of 
the spermatogenic epithelium was found in some tubules, empty spaces were formed in the seminiferous 
tubules, and the number of l ayers  of the germinal  epithelium was reduced. The interst i t ial  cel ls  of these 
animals lost their specific s t ructure.  

Six weeks after administrat ion of es t radiol  dipropionate (1.8 mg hormone), the focal destruction was 
replaced  by a diffuse disturbance of spermatogenes is  in all tubules: the tubules became s ta r -shaped  or 
elongated, disorganization of the spermatogenic epithelium with desquamation of the sex cells  and the for-  
mation of polynuclear spermatids  was observed,  and loci of total destruction of the tubules were seen. 

Eight weeks after  the beginning of the experiment (2.4 mg hormone) the tubules remained modified 
in shape, many degenerat ing cel ls  were observed,  and extremely few spermat ids  were present .  

After 10 weeks spermatogenes is  was halted at the stage of secondary spermatocytes .  

Two months after the end of injections of the hormone the body weight of the animals was increased 
(251 g); the weight of the testes  (1700 mg), prostate  (200 rag), and seminal vesic les  (1000 mg) was increased;  
the weight of the pi tui tary (10 mg) was reduced; the normal  s t ructure  of the testes and spermatogenesis  
were res to red .  

E lec t ron-mic roscop ic  investigation of the tes tes  of the control  r a t s  revealed a four - layered  s t ructure  
of the membrane  of the seminiferous tubules, all the l aye r s  of which were s t r ic t ly  parallel  to one another 
(Fig. la) .  The acellular  l aye rs  consis ted of basement  membranes  and regular ly  ar ranged collagen fibrils. 
Cells of the inner cell  layer  or myelotd layer  were epithelioidin arrangement ,  and open or closed (more 
commonly) communicat ions  could be seen between them. The nuclei of these cells were elongated~ and 
contract i le  fi laments were present  at the per iphery  of the cytoplasm. The mitoehondria were  found or  oval 
and two types of endoplasmic re t iculum were  seen. The outer  cell layer  consisted of typical f ibroblasts  
with no contract i le  f i laments in their  cytoplasm. 

The nuclei of the Sertoli cel ls  located in the tuniea p ropr ia  of the seminiferous tubules had cha rac -  
ter is t ic  indentations and e lec t ron-dense  nucleoli. The cytoplasm of the Sertoli cel ls  contained round, ob- 
long, or  oval mitochondria of var ious  sizes,  with tubular c r i s tae  and numerous r ibosomes  and polysomes;  
res idual  par t ic les  and par t ic les  of inclusions could be seen. 

The spermatogonia  also were  located on the basement membrane.  Their nuclei were oval and their 
mitoehondria had paral lel  c r is tae .  

Spermatocytes  were charac te r ized  by synaptonemal complexes or la teral  bands of future synaptone- 
real complexes.  

The spermat ids  were easi ly  distinguishable f rom the remaining cells  of the spermatogenic epithelium 
by the presence  of an acrosome and axial complex. 

After injection of 0.6-1.2 mg estradiol  dipropionate into the r a t s  slight folding of the acellular  l aye rs  
of the tunica pr0pr ia  was found in the tubules, and in some cases  the nuclei of the Sertoli cel ls  were seen to 
be fragmented (Fig. lb). After injection of 1.8 mg hormone into the animals marked changes were observed 
both in the tunica p rop r i a  0f the tubules and in the spermatogenic epithelium and Sertoli cel ls  (Fig. lc) .  
Disorganization of  collagen f{brils was seen in the tunica p ropr ia  of the seminiferous tubules, and folding of 
the basement  membranes  of the acellular  l ayers  was observed.  The cel ls  of the spermatogenic epithelium 
were separated from the basement  membrane by an amorphous space. Destroyed axial complexes of the 
tails were found in the newly formed spermatids.  

Injection of 2.4-3 mg estradiol  dipropionate into the animals led to further changes in the cell  l ayers  
of the tunica p ropr ia  of the tubules and their  nuclei became tr iangular  or  lobate (Fig. ld). The inner cell 
layer  in cer ta in  tubules consis ted of two rows of cells.  Deep invaginations w e r e  found in the spermatogenic 
epithelium and Sertoli cells,  and the formation of binuclear spermatids  with a single ac rosome also was ob-  
served.  

Two months after the end of injections of the hormone the folding of the basement  membranes  disap-  
peared,  the cell l ayers  acquired their typical form, and the spermatogenic epithelium-and Sertoli cel ls  had 
a normal  u l t ras t ruc ture .  
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Injection of es t radio l  dipropionate into exper imenta l  animals in large doses thus caused thickening of 
the basement  membranes ,  together with a change in shape of the nuclei of the cel l  l aye rs ,  disorganizat ion 
of the collagen f ibers ,  and destruct ion of the germinal  epithelium and Sertoli  cel ls .  

Changes of this sor t ,  namely ,  the appearance of folding of the basement  membranes  and separat ion of 
the germina l  epithelium from the membrane  of the tubules, were  observed by Sabo et  al. [5] during the in-  
vestigation of c ryptorch id  tes tes .  In the opinion of these workers ,  folding of the acel lular  l aye r s  of the 
membrane  is the resu l t  o[ compress ion  of the germinal  epithelium, in which des t ruc t ive  changes were  ob-  
served.  

The functions of the BTB in es t rogenized animals  were  studied by Davydova [1, 3], who showed that 
injection of es t radiol  dipropionate into ra t s  leads to increased  permeabi l i ty  of the BTB to intravenously in- 
jected rivanol,  and that an increase  in the dose of injected hormone co r r e l a t e s  with changes in the p e r m e -  
ability of the BTB. Analysis of these findings led to the suggestion that the BTB par t ic ipates  in the main-  
tenance of hormonal  homeostas is .  

The abil i ty of exogenous es t rogens  to evoke inhibition of spermatogenes is  by inhibiting the gonad. -  
tropic act iv i ty  of the pi tui tary has been established [8]. 

At the same t ime it has been shown that administrat ion of es t rogen star t ing f rom the f i rs t  day after  
b i r th  does not prevent ,  but mere ly  delays the formation of the BTB [9]. Johnson [5] also found that absence 
of gonadotropins in adult r a t s  as a r e su l t  of hypophysectomy does not a l ter  the permeabi l i ty  of BTB to in- 
t r a tes t i cu la r ly  injected acrif lavine.  

The r e su l t s  of the p resen t  investigation, showing that substantial but r eve r s ib l e  u l t ras t ruc tu ra l  changes 
take place in the components  of the BTB in es t rogenized animals to a degree that c o r r e l a t e s  with the de- 
s t ruct ive changes in the spermatogenic spithelium, can be regarded  as confirming Davydova's data on 
changes in BTB function in animals with disturbance of the hormonal  status; they support  the hypothesis 
that the b a r r i e r  mechanism of the tes t is  par t ic ipates  in the regulation of hormonal  homeostas is  [3]. 
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