
D E M O N S T R A T I O N  O F  T H E  T I S S U E -  B L O O D  

T H E  O V A R Y  BY I N T R A V I T A L  C O N T A C T  

F L U O R E S C E N C E  M I C R O S C O P Y  

G .  A .  S a v i t s k i i ,  R .  D .  I v a n o v a ,  
a n d  V .  M .  B r e s l e r  

BARRIER IN 

UDC 612.621:612,338-064]-086 

The pene t ra t ion  of ac idic  and bas ic  f luo rochromes  into the fo l l i c les  of the ovary  was s tudied 
by in t r av i t a l  contact  f luo rescence  m i c r o s c o p y .  Af te r  in t ravenous  and i n t r a pe r i t one a l  i n j ec -  
tion of ac r i f l av ine  and f luoresce in  into anes the t i zed  r a t s  in doses  of 0.05-5 m g / k g  the dyes 
did not pene t r a t e  into the cavi ty  of the developing fo l l i c le  and did not s ta in the sex  ce l l .  In 
some fo l l i c les  s l ight  pene t ra t ion  of ac r i f l av ine  into the g ranu losa  ce l l s  was obse rved  af ter  
i t s  in jec t ion .  Since the f l uo roch romes  were  held up in the region of the theca  in t e rna  and 
fo l l i cu la r  ep i the l ium it is  concluded that  a t i s s u e - b l o o d  b a r r i e r  ex is t s  in the ova ry  (blood- 
fo l l i cu la r  b a r r i e r ) ,  and that  the ce l l s  of the theca  in te rna  and fo l l i cu la r  ep i the l ium play a 
m a j o r  ro l e  in i ts fo rmat ion .  Fo l l i c l e s  undergoing a t r e s i a  have no b a r r i e r .  

Many recen t  inves t iga t ions  have been devoted to the d i s c o v e r y  of new and the study of a l r e a dy  known 
t i s s u e - b l o o d  b a r r i e r s  in m a m m a l s .  The p r e s e n c e  of such a b a r r i e r  has r e c e n t l y  been shown in the t e s t i s  
[8] and i ts  ro le  has been s tudied under  n o r m a l  and ce r t a in  pathological  condit ions [1, 6, 11, 13]. At tempts  
have been made to d i s c o v e r  a t i s s u e - b l o o d  b a r r i e r  in the ovary  [9, 10, 12], but no defini te  conclus ions  have 
yet  been drawn.  F o r  example ,  in a study of the ra te  of penet ra t ion  of va r ious  subs tances  (proteins,  ions) 
and the format ion  of t he i r  max ima l  concent ra t ions  in the fo l l i cu la r  fluid, app rec i ab l e  d i f fe rences  have been 
found in the ra te  of pene t ra t ion  of subs tances  f rom the p l a s m a  into the fo l l i cu la r  fluid and much lower con-  
cen t ra t ions  were  fo rmed  than in the p l a s m a  [9, 10, 12]. However,  this fact  was not i n t e r p r e t e d  as evidence 
of the ex is tence  of a t i s s u e - b l o o d  (blood-fol l icular)  b a r r i e r  in the ova ry .  It must  be pointed out that i nves -  
t iga t ions  of the fo l l i cu la r  fluid evident ly  cannot help to find the answer  to this  quest ion.  The t rophic  r e -  
qu i rements  of the matur ing  ovum a re  known to be sa t i s f i ed  by the g ranu losa  ce l l s  and d i r ec t  contact  does 
not ex is t  between the fo l l i cu la r  f luid and the ovum. Such contact  can a r i s e  for  a shor t  t ime  only af te r  r up -  
tu re  and, poss ib ly ,  a t r e s i a  of the fo l l i c le .  F o r  that r e a son  the method of studying the p e r m e a b i l i t y  of the 
fo l l ic le  for  va r ious  subs tances  can provide  a r e l i ab l e  i n t r av i t a l  cont ro l  of the s ta te ,  not so much of the 
fo l l i cu la r  fluid as of the s ta te  of the theca  in terna ,  the g ranu losa  ce l l s ,  and, of course ,  the ovum i t se l f .  
These  r e q u i r e m e n t s  a re  met  mos t  c l o se ly  by the technique of in t rav i t a l  contact  m i c r o s c o p y ,  p rev ious ly  
used  with succes s  to study the b l o o d - t e s t i c u l a r  b a r r i e r  [1]. The choice of subs tances  for use  in this  method 
is a l so  of g rea t  impor t ance  in expe r imen t s  to de tec t  t i s s u e - b l o o d  b a r r i e r s ;  for  ins tance ,  the d i s c o v e r y  of 
the b l o o d - t e s t i c u l a r  b a r r i e r  for  the f i r s t  t ime  was made poss ib le  by the use  of f l uo re scen t  compounds [11, 
13], and the subsequent  use  of f luo rochromes  in conjunction with in t r av i t a l  contact  m i c r o s c o p y  made ob-  
s e rva t ions  on the s ta te  of the b l o o d - t e s t i c u l a r  b a r r i e r  poss ib le  under  n o r m a l  and some pathologica l  condi -  
t ions [1, 6]. 

The w r i t e r s  t he r e fo re  used  the method of in t r av i t a l  contact  f luo rescence  m i c r o s c o p y ,  on which ad -  
vice  was given by E. M. Brumberg ,  to demons t r a t e  a t i s s u e - b l o o d  b a r r i e r  in the ovary .  
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Fig.  1. Ovary  of r a t  30 rain af ter  in t raper i tonea l  injection of 0.1~c 
f luoresce in  solution. Against  the background of the br ight ly  and dif-  
fuse ly  luminescent  s t r o m a  a dark,  l a rge ,  developing follicle and two 
s m a l l e r  fol l icles can be seen;  the vascu la r  ne twork also appears  
dark,  for  the living e ry th rocy tes  do not take up the f luo rochrome .  
In t rav i ta l  mic roscopy ,  OI-30 and OLK-2.  Contact object ive 10 • 0.40, 
ocular  4 x ,  subsequent photographic en la rgement  up to 160 x .  

Fig.  2. Ovary  of a r a t  30 rain af ter  in t raper i toneaI  injection of 0.1% acr i f lavine  so lu-  
tion: A) pe r iphe ra l  zone of t a rge  r ipening foll icle;  nuclei  and cy toplasm of cel ls  of 
ovarian s t r o m a  bright ly  f luorescent ,  g ranulosa  cel ls  ve ry  pale ly  stained,  acr i f lav ine  
does not pene t ra te  into cavi ty  of fol l icle .  B) P r i m o r d i a l  foll icles vis ible  in "optical  
sect ion" (in cen te r  of film) and f rom sur face  (at r ight  border) :  ovum does not con-  
tain f luorochrome ,  granulosa  ce l l s  palely stained, ve ry  br ight  f luorescence  of cel ls  
of theca and ovar ian  s t r oma .  In t ravi ta l  mic roscopy ,  OI-30 and OLK-2.  Contact ob- 
ject ive  25 • 0.75 and ocular 4 •  subsequent  photographic en la rgement  to 400•  
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EXPERIMENTAL METHOD 

Experiments were carried out on 54 sexually mature noninbred female albino rats weighing 100-240 g. 
Solutions of acidic and basic fluorochromes, namely 0.01 and 0.I~0 solutions of fluorescein and a 0.1% solu- 
tion of acriflavine in doses of 0.05 and 0.5 ml (0.5-5 mg/kg body weight respectively), were injected intra- 
venously or intraperi toneal ly into the experimental animals.  The rats  were anesthetized by intraperi toneal  
injection of thiopental sodium in doses of 75-100 m g / k g  body weight. After the onset of deep sleep laparot-  
omy was per formed on the animal and intravital  contact mic roscopy  was ca r r i ed  out on the ovar ies  (with- 
out damage to the t issues) by means of the OI-30 luminescence attachment or a modified MLK-1 lumin- 
escence  contact mic roscope ;  the ovar ies  were studied by contact mic roscopy  not only in the light of lumin- 
escence,  but also in incident light (20 ra ts  as the control) .  The principle of the design of these instruments  
and the opportunities provided by their  use have been descr ibed elsewhere [2-5, 7], and they are  also men-  
tioned in descript ions issued by the manufac turer  (Leningrad Optico-Mechanical  Combine). 

EXPERIMENTAL RESULTS 

On intravital contact microscopy of rat ovaries in incident light all details of their histological struc- 
ture could be clearly distinguished: a rich vascular network around the follicles, a theca-like stroma, 
primordial and ripening follicles. In the ripening follicles, by changing the focus, it was possible to dis- 
tinguish the granulosa cells, the cavity of the follicle, and the ovum itself. In the light of fluorescence (with- 

out injecting fluorochrome into the animal) a weak, diffuse bluish-green fluorescence could be seen in the 
stromal and granulosa cells of the ovary, together with bright orange-yellow intrinsic fluorescence in solne 

cells of the stroma and in the ceils of the corpus luteum. 

After injection of 0.I and 0.01~ fluorescein solutions the picture observed was virtually identical, 
differences being found only in the brightness of fluorescence. Fluorescein, injected intravenously, ap- 
peared instantaneously in the plasma of the vascular network of the ovary; if injected intraperitoneally it 
appeared in the vascular network of the ovary for 2-3 rain, in a rather lower concentration. In both cases 
a few seconds after its appearance in the plasma of the vascular network the fluorescein penetrated through 
the walls of the capillaries and stained the cytoplasm of the ovarian stromal cells diffusely. However, it 
did not penetrate into the follicular cells, the follicular fluid, and the ovum of the ripening and primordial 
follicles by the end of the period of observation (40-50 rain), as a result of which these structures appeared 
as dark formations against a light background (Fig. I). The cells of the theca interna accumulated fluor- 
escein in a rather smaller quantity than the rest of the stroma (Fig. I). 

After intravenous injection of 0.I~ acriflavine solution into the rats the dye appeared instantaneously 
in the blood plasma bathing the ovary, passed quickly (within a few seconds) through the wall of the capil- 
laries, the small arterioles, and veins (staining the nuclei and cytoplasm of their ceils), and during the first 
2-3 rain of observation it stained the nucleus and cytoplasm of the cells of the ovarian stroma intensely. 
Acriflavine, however, penetrated only slightly, before the end of the period of observation (40-50 mill), into 
the follicular fluid and it did not penetrate into the ovum of the ripening follicles. The cells of the follicular 
epithelium either stained very palely, and only in the outer layer, or they contained no acriflavine whatever 
(Fig. 2A). Acriflavine likewise did not penetrate into the primordial follicles and did not stain the nucleus 
and cytoplasm of the sex cells, although the surrounding follicular cells under these conditons were some- 
times stained (Fig. 2B). The cells of the theca interna always fluoresced more brightly than the stroma 
surrounding them. The same picture was observed after intraperitoneal injection of aeriflavine. 

The results of intravital fluorescence contact microscopy thus show that acidic and basic fluoro- 
chromes, if injected into the blood stream, virtually do not penetrate into the primordial and ripening fol- 
licles (except those undergoing atresia) and they do not stain the cytoplasm of the sex ceils brightly. This 
observation suggests that a barrier exists between the female sex cells and the blood and that it is formed 
by follicular ceils, including cells of the theca interna of the ripening follicle. By contrast with other bar- 
riers (such as the blood-brain barrier) the blood vessel wall evidently plays no part in the formation of the 
blood-follicular barrier. Recent investigations [I] by intravital contact microscopy have showl that the 
blood vessel wall likewise does not play a significant role in the formation of the blood-testicular barrier. 
Consequently, this feature is evidently common to the sex glands and it may perhaps be explained by the 
special nature of their function. Further investigations in this direction will provide a fuller explanation of 
the biological role and importance of the blood-follicular barrier. 
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