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COURSE OF STRUCTURAL CHANGES IN THE MICROCIRCULATION 

OF GROWING AND ATRETIC OVARIAN FOLLICLES 

O. V. Volkova,* L. M. Mel'nikova, 
M. I. Pekarskii, and T. M. Povalii 

UDC 611.651.15+611.653:611.161 

Synchronized populations of growing and atretic vesicular follicles were obtained in the ovaries 
of prepubertal mice by injection of serum gonadotrophin. Light-optical and ultrastructural anal- 
ysis by morphometric methods revealed definite correlation between the size of the follicles and 
the degree of their vaseularization during growth and atresia. The results suggest that the micro- 
circulation plays the leading role in the initiation of atresia.  
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The ovarian follicular blood vessels are known to appear in the course of formation of the specialized 
theca folliculi, and the density of the network of vessels increases with growth of the follicle [2]. The hypoth- 
esis that the follicular vessels contribute to the development of atresia of the follicles [3, 5] has not yet been 
confirmed. 

In this investigation the pattern of vascularization of the theca inferno at different stages of development 
of vesicular follicles and the dynamics of ultrastructural changes in the vessels of the microcirculation during 
induced growth and atresia of the follicles were studied. 

EXPERIMENTAL METHOD 

Stimulation of synchronized growth and atresia of ovarian follicles in prepubertal animals was used as 
the model. Experiments were carried out on noninbred prepubertal female albino mice weighing 7-9 g, which 
were given a subcutaneous injection of 5 i.u. pregnant mare's serum (PMS). Control animals received an injec- 
tion of physiological saline. Animals of this age were chosen because of data in the literature showing that the 
ovaries of prepubertal mice can respond adequately to injection of PMS, and the dose of gonadotrophin used 
corresponded to that used by other investigators [4, 7]. 

For the light-opticaI and electron-microscopic investigations 22 experimental and six control animals 
wet e us ed. 
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Fig. 1. Dynamics of vascular iza t ion  of ovarian fol- 
l icles during growth (I, liD and a t res ia  (I-f, W). 
Absc i ssa ,  pe r ime te r  of follicle (in re lat ive units) ; 
ordinate, total a rea  of lumen of mic roves se l s  of 
theca interna tin re lat ive units). I, If) Follicles in 
6th-7th s tages of development. III, IV) Follicles in 
8th s tage of development. 

Many normal  ves icular  follicles were found in the ovaries of the animals of one group (sacrificed 48 h 
after  injection of PMS). In the animals of the other group (sacrif iced after 96 h) the ves icular  follicles were 
a l ready undergoing a t res ia .  

The ovaries were fixed in Carnoy ' s  fluid and ser ia l  sect ions,  5 p thick, were stained with hematoxylin-  
eosin. Using maximal  median sections through the ves icular  foll icles,  the stage of their development [6] and 
their degree of a t res ia  [5, 8] were deterrnined. 

A Reicher t  (Austria) mic roscope  with project ion screen  was used for morphometr ic  investigation of the 
s t ruc tures  of the foll icles.  The areas  and length of the lines contained within the contours studied were mea-  
sured by means of a light pen on the mult ipurpose morphometr ic  grid of an electromagnet ic  plateau with mag-  
nifications of 10 • 10 x 1.25 and 10 x 100 • 1.25. The resul ts  of the measurements  were recorded  by a MOP/AM-1 
electronic counter (Kontron M/ssgere t t ) .  The pe r ime te r s  of the follicles and the total a rea  of the microvesse l s  
of the theca interna were  subjected to met r ic  analysis .  The numerica l  resu l t s  were obtained in relat ive units 
and were  subjected to s tat is t ical  analysis  (the rank cor re la t ion  method and calculation of the standard e r ro r  of 
confidence intervals of ar i thmet ic  mean values with a s s e s s m e n t  of significance by the F i she r -S tuden t  method). 

Material  for e l ec t ron-mic roscop ic  study was prefixed in 2.5% glutaraldehyde and then postfixed in 1% 
osmium tetroxide solution. The subsequent stages followed the usual method. Tr imming the pyramid to c o r -  
respond to a definite follicle was ensured by examining semithin sections stained with toluidine blue. 

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

Morphometr ic  analysis  of the course  of vascutar izat ion of the follicles during their growth and a t res ia  
showed that growth of the follicles was accompanied by an increase  in the total a rea  of vesse ls  of the theca 
interim. There  was a par t icu lar ly  marked increase  in the total a rea  of the lumen of the microvesse l s  during 
t ransi t ion of the follicles f rom the 7th to the 8th stages of development. Determinat ion of the rank corre la t ion  
coefficient  showed high positive cor re la t ion  between growth of the follicles and their vascular izat ion.  Therank 
cor re la t ion  coefficient  for follicles at  the 6th-7th stages of development was 0.640 (P ~0.01) and for follicles in 
the 8th stage of development it was 0.840 (P<0.01).  

To determine cor re la t ion  between a t res ia  and the state of the microcfrculat ion,  cor re la t ion  analysis was 
made of the morphomet r ic  data obtained by investigation of normal  and atret ic  follicles. It will be c lear  f rom 
Fig. 1 that the angles of slope of the axes of the point d iagrams ref lect ing the level of vascular iza t ion of nor-  
real and a t re t ic  follicles in the 6th and 7th stages of development coincide; this indicates d i rec t  posit ive c o r -  
re la t ion  between me total area of vessels of the theca interna and the perimeter of the follicles in the case of 

development of a t res  ia also (p = 0.690; P < 0.05). However,  the posit ion of the cor re la t ion  axis in the case  of 
a t re t ic  follicles (closer to the abscissa)  indicates a dec rease  in the total level of vascular iza t ion  of the folli- 
cles during the development of a t res ia .  
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Fig. 2 Fig. 3 

Fig. 2. Capillary from theca interna of nor~nal follicle in 7th stage of development. FC) 
Follicular cell; BMF) basement membrane of follicle; FBC) fibroblast-like cell; BL) 
basal layer of capillary; GC) processes of glandular cells. Arrows indicate endothelial 
cell junctions. I0,000 • 

Fig. 3. Capillary of theca interna of atretic follicle in 7th stage of development. Legend 
as in Fig. I. 20,000x. 

Since spontaneous growth of follicles, which undergo total atresia in the 6th or 7th stages of development, 
is known to take place in animals of prepubertal age, it was considered important to study follicles in the 8th 
stage of development, so that follicles whose growth was stimulated entirely by exogenous gonadotrophin could 
be confidently evaluated. Comparison of the data on vascularization of the theca interna of normal follicles 
reaching the 8th stage of development 48 h after injection of PMS, and of the atretic follicles 96 h after injec- 
tion (formed only after injection of PMS) showed that under the conditions of atresia of these follicles direct 
correlation continued to be observed between the size of the follicles and the degree of their vascularization 
(the total area of blood vessels of the theca interna). The rank correlation coefficient remained high at 0.782 
(P < 0.01). However, the results show that, besides a decrease in the indices of vascularization of the follicles, 
not only did the follicles cease to grow, but they actually decreased a little in size (Fig. I). 

The results of qualitative and quantitative light-optical analysis were confirmed and complemented by 
investigations of the ultrast~ucture of the microvessels of the theca interna (Figs. 2 and 3). During the develop- 
ment of atresia, besides marked signs of edema of the theca interna, considerable changes also took place in 
the principal component of the microeirculation, namely the capillaries. The cytoplasm of the endothelial cells 
became strongly osmiophilic, so that the structural components became difficult to distinguish. The matrix of 
the mitochondria became more electron-dense, elements of the cytoplasmic reticulum were hard to define, and 
in some areas of the cytoplasm of the endothelial cells microfilarnents could be identified. Among the struc- 
tures responsible for transcellular transport, mainly vacuoles could be seen, whereas micropinocytotic vesi- 
cles were very rare or absent. At the same time the structure of the endothelial cell junctions was simplified 
and the intercellular spaces were wider. The luminal surface of the endothelial cells showed considerable 
smoothness, but some areas of it were formed by undulating membranes, retaining large volumes of fluid. The 
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structure of the basal layer of the capillaries was much looser and unraveled, mainly in that part of the wall 
which faced the basement membrane of the follicle. 

The morphological indices of strucklral changes in the microcirculation described above, which were 
considerably ahead of the development of degenerative changes in the structures of the follicles in time [t], 
suggest that this component plays a leading role in the initiation of development of atresia. 
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