
15.5. 1975 Specialia 60~ 

The reason for tile gradual  decline in p lasma  neuro-  
phys in  levels in the  later  s tages of dehyd ra t i on  is open  to 
conjecture.  The mos t  l ikely exp lana t ion  is t h a t  t he  
ra te  of release depends  on the  a m o u n t  of secre t ion 
p roduc t s  p resen t  in the  gland, and  declines as t he  neural  
lobe is depleted.  A fu r the r  poss ibi l i ty  is t h a t  max i ma l  
b iosyn the t i c  ac t iv i ty  canno t  be ma in t a ined  for longer 
t h a n  a few days.  

In  summary ,  da t a  ob ta ined  by  r ad io immunoassay  show 
t h a t  wa te r  depr iva t ion  in ra ts  causes a marked  increase in 
neu rohypophys i a l  secretion.  This increase is p robab ly  
paral le led by  e leva ted  b iosynthes is  of the  neurosecre to ry  
p roduc t s  which  is never the less  insuff icient  to ma in t a in  
neural  lobe stores. Moreover,  t he  e levat ion  in p l a sma  
neurophys in  levels which  accompanies  the  progressive 
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Fig. 2. hnmunoreactive neurophysin concentration in unextracted 
plasma from water deprived rats. Eaeh point is the mean ~: S.E.M. 
of the plasma levels from the individuals of each group of rats. 

fall in neu rohypophys i a l  neurophys in  accords well w i th  
tile v iew t h a t  granule con ten t s  are secreted f rom the  
neura l  lobe by  an exocyto t ic  process  ~5. 

Rdsumd. Au cours de la p r iva t ion  d ' eau  po tab le  chez le 
rat ,  on observe une d iminu t ion  du con tenu  en ocytocine,  
vasopress ine  et  neurophys ine  immunor6ac t ives  du lobe 
post6r ieur  de l ' h y p o p h y s e  et  une a u g m e n t a t i o n  du t a u x  
p lasmat ique  de neurophys ine .  Ces r6sul tats  sont  en ac- 
cord avec l ' hypoth6se  que la s6cr6tion neu rohypophysa i r e  
s 'e f fec tue  par  exocytose  du con tenu  des grains de neuro-  
s~cr6tion. 
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O v u l a t i o n  a n d  t h e  R o l e  of  the  O v a r i a n  S u r f a c e  E p i t h e l i u m  

Already  300 years  ago, REGNIER DE GRAAF 1 gave a 
detai led and surpr is ingly accura te  descr ipt ion,  in 'De 
Mulierunl Organis Genera t ione  Inse rv ien t ibus  T rac t a tus  
Novus ' ,  of ovula t ion  and the  passage of tile egg to tile 

GE 

Fig. 1. Schematic drawing of a Graafian follicle. Two ceil layers 
surround the whole ovary. These are the 'germinal' epithelium (GE) 
and tunica albuginea (TA). The follicle wall beneath these layers is 
composed of the theea externa (TE), the theca interna (TI) and the 
membrana granulosa (MG). The granulosa ceils are at the periphery 
seated on a distinct basement membrane (BM) and a blood capillary 
network (CN) is found just outside this membrane. Tunica albuginea 
contains a lot of collagen (Co). 

u te rus  by  way  of the  u ter ine  tube.  However ,  the  actual  
mechan i sm of follicle rup tu re  is even t o d a y  obscure =-4. To 
e lucidate  th is  basic even t  in r ep roduc t ion  we have  followed 
p reovu la to ry  morphologic  changes  in all t issue layers 5-10 
(Figure 1) t h a t  separa te  the  egg f rom the  outside of the  
follicle, including those  in the  of ten neglected surface or 
'germinal '  epi thel ium.  Tile r abb i t  is parf ic t l lar ly  sui table 
for s tudies  of follicle rupture ,  be ing a reflex ovulator .  
I t  ovula tes  regular ly  10 to  12 h af ter  ma t i n g  or i.v. 
in ject ion of luteinizing ho rmone  (LH) or h u m a n  chorionic 
gonado t roph in  (HCG) and  can thus  provide  mate r ia l  f rom 
accura te ly  t imed  stages before follicle rupture .  

Ini t ial ly,  we s tudied  tile ovar ian  surface ep i the l ium in 
the  l ight  microscope and  t h e n  soon found t h a t  paraf f in  
emb ed d ed  mater ia l  was unsui tab le  for deta i led  examina-  
t ion of the  cells. E p o n  sect ions (1 am) p roved  super ior  
and  revealed several  d i s t inc t  changes,  e.g., large, dark,  
cy toplasmic  bodies in the  surface ep i the l ium dur ing  tile 
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p reovu la to ry  period,  b o t h  af ter  i.v. in jec t ion  of HCG~ 
and af ter  mat ing.  To elucidate the i r  biological significance 
and  possible re la t ion to  ovulat ion,  more  pene t r a t i ng  
s tudies  were required.  

By scanning electron microscopy,  follicle g rowth  and  
a l tera t ions  to the  ovar ian  surface could easily be followed 

b o t h  in b road  out l ine and  in considerable  detai l  6. The 
ceils covering p reovu la to ry  follicles increased clearly in 
size up to 8 h af ter  in jec t ion  of HCG and  showed an 
increasing n u mb er  of large, in t racel lular  s t ruc tures  w i th  
p r o m i n e n t  rounded  contours  (Figure 2). By  t ransmiss ion  
electron microscopy  large, e lectron dense, lysosome-l ike 

Fig. 2. Scanning electron micro- 
graphs of 'germinal' or surface 
epithelium of rabbit ovaries. A) 
Normal surface epitheliaf cells 
before the ovulatory stimulation. 
The cells are approximately cubic 
with a convex surface covered by 
microvilli. • B) Changed 
surface epithelial cells on the apex 
of a folIiele 10 h after i.v. injection 
of 25 IU HCG. The cells are con- 
siderably larger than earlier and 
they show only a few microvilli. 
Several protruding intracellular 
bodies can be seen bulging against 
the cell surface. • 2,250. 
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bodies  were found  in some cells a l r eady  4 h a f t e r  H C G  
{Figure 3). These  m e m b r a n e - s u r r o u n d e d  s t r u c t u r e s  
inc reased  in  size up  to  8 h a f t e r  HCG b u t  t h e n  decreased  
marked ly .  Obvious ly ,  t h e y  co r re sponded  to t he  r o u n d  
bodies  obse rved  b y  l igh t  mic roscopy  a n d  s c a n n i n g  
e lec t ron  microscopy.  Us ing  h i s t o c h e m i s t r y  c o m b i n e d  
w i t h  e lec t ron  microscopy,  we r ecen t l y  found  t h a t  m a n y  
of t he  dense, cy top l a smic  bodies  of t he  surface ep i the l ium 
r ep re sen t  lysosomes.  

The  co l lagen- r ich  t u n i c a  a l b u g i n e a  is t he  s t ronges t  
ap ica l  ba r r i e r  s e p a r a t i n g  t he  egg f rom the  outside.  
D u r i n g  t he  las t  couple  of hou r s  before  follicle rup tu re ,  
w h e n  t he  dense  bodies  of t he  surface e p i t h e l i u m  con- 
s ide rab ly  decreased in a m o u n t ,  s igns of m a t e r i a l  e m p t y i n g  
in to  vacuoles  were found,  and  somet imes  open  c o m m u n i c a -  
t ions  f rom t h e  vacuo les  t owards  t he  u n d e r l y i n g  t u n i c a  
a lbug inea .  A n  ex t race l lu la r  oedema  appea red  u n d e r  t h e  
e p i t h e l i u m  w i t h  degene ra t ed  f ib rob las t s  and  d i s i n t eg ra t ed  
col lagen in t he  o u t e r m o s t  p o r t i o n  of t he  t u n i c s  a lbuginea .  
The  a l t e r a t i ons  g r adua l l y  p roceeded  inwards ,  and,  a t  
9.5 h and  later ,  m a r k e d  changes  were obvious,  even  in t h e  
i nne r  p o r t i o n  of the  t heca  ex t~rna  9 Lysosomes,  however ,  
were sparse  b o t h  in t he  t u n i c s  a l b u g i n e a  a n d  t h e c a  
ex t e rna ,  and  even  ra re r  in t he  t heca  in te rna ,  whi le  in t h e  
g ranu losa  layer  t h e y  were more  f requent .  

The  b lood  capi l lar ies  close to  t he  m e m b r a n a  g ranu losa  
showed  a g radua l ly  inc reas ing  n u m b e r  of smal l  pores,  a n d  
close to ovu la t ion ,  t he  endo the l i a l  cells d i sp layed  large 
gaps, up  to 3 p~m in d i a m e t e r  1~ Para l le l  w i t h  these  
changes  in t he  vessels,  t he  p r e o v u l a t o r y  follicles grew 

rap id ly  in size an d  an  a u g m e n t i n g  o e d e m a  occupied t he  
whole  ovary .  

T h e  m e m b r a n a  g ranu losa  g r adua l l y  dissociated,  pa r t i cu -  
l a r ly  the  las t  hours  before  ovu la t ion ,  w h e r e u p o n  severa l  
long processes f rom g ranu losa  cells were seen to p e n e t r a t e  
the  d i s i n t e g r a t i n g  b a s e m e n t  membraneS .  

I t  is n o t  easy  to  i n t e r p r e t  these  changes  an d  r e l a t e  t h e m  
to follicle rup tu re .  Before  we t r y  to  do t h a t  i t  m a y  be 
he lpfu l  to  consider  some r e l e v a n t  an d  r ecen t ly  r epor t ed  
f indings.  T h e  levels of oes t rogen  a n d  p roges t in  are h i g h  
in r a b b i t  o v a r i a n  follicles; t h e y  are m a x i m a l  a b o u t  3 h 
a f t e r  m a t i n g  an d  t h e n  decreaseU.  Tes tos te rone  p r o b a b l y  
follows a s imi la r  p a t t e r n  12, as. I n  con t ras t ,  p r o s t a g l a n d i n s  
increase  an d  reach  v e r y  h igh  va lues  du r ing  the  l a t t e r  ha l f  
of t h e  p r e o v u l a t o r y  periodl~.  Sex s te ro ids  2, a, ~ and  
prostaglandins~,14,  .5 are a p p a r e n t l y  ob l iga to ry  in  t h e  
i n t r a o v a r i a n  m e c h a n i s m  of ovula t ion .  P r o s t a g l a n d i n  
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Fig. 3. Transmission electron micrograph of a surface epithelial cell on the apex of a follicle 8 h after i.v. injection of 25 IU HCG. There 
are several large electron-dense bodies in the cytoplasm, x 7,400. 
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F2~6 and sex steroids 17 are able to labilize lysosomes,  
while p ros tag land in  E 1 is r epor ted  to  stabil ize lysosomes is. 
W h a t e v e r  the  ne t  effect  of the  pros taglandins ,  pros ta-  
g landin  F2~ appears  to  be essent ial  for follicle rup tu re  in 
rabbi ts ,  since intrafol l ieular  inject ions of an t i se rum 
prepared  against  p ros t ag land in  F2~ blocked ovula t ion  in 
24 of 25 follicles ~. The abi l i ty  of p ros tag land in  E~ to 
p romo te  vascular  pe rmeab i l i t y  should also be no ted  ~", e0. 
Lysosomal  enzymes  released extracel lular ly  m a y  be 
coupled to collagen degrada t ion  in var ious  wayseL e.g. 
by  ac t iva t ing  procollagenase~2. Moreover,  oestradiol  ~ 
and pe rhaps  even proges te rone  ~* m a y  d imin ish  the  
express ion of collagenase act iv i ty .  Therefore,  a fall to 
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low levels of these  s teroids migh t  d i rec t ly  incite increased 
collagenase act iv i ty .  W i t h  th is  background  we should 
like to  p resen t  t he  following working hypo thes i s  regarding 
the  in t raovar ian  m e c h a n i s m  of ovula t ion  (Figure 4). 

As can be seen, we suggest  t h a t  a t  least  p a r t  of t he  lyric 
enzymes  or iginates  f rom the  lysosomes of the  surface 
epi thel ium,  which  should thus  p lay  a s ignif icant  role in the  
d is in tegra t ion  of the  follicular apex,  par t icu lar ly  of the  
tun ica  albuginea.  An i m p o r t a n t  ques t ion  then  is w h a t  
induces enzyme synthes is  and the  increase in lysosomes.  
I t  is well known  t h a t  oes t rogen s t imula tes  an increase of 
acid phospha t a se  ac t iv i ty  and  of lysosomes in the  u ter ine  
ep i the l ium in several  species, one of these  being the  
r abb i t  ~5. The h igh  local values  of sex s teroids  m a y  
induce enzyme synthes is  and lysosonlal  g rowth  in the  
surface ep i the l ium covering p reovu la to ry  follicles, par t icu-  
lar ly since the  surface ep i the l ium is embryologica l ly  
re la ted  to  u ter ine  epi thel ium.  

The observa t ions  t h a t  ovaries of the  ma tu re  mare  26 
and of the  roden t  Galea musteloides (B. J. ~rEIR, personal  
communica t ion)  have  an ovula t ion  fossa which  is the  
only pa r t  of the  ovar ian  surface covered by  'germina l '  
ep i the l ium and the  only region where the  follicles rup tu re  
also indicate  t h a t  the  'germinal '  or surface ep i the l ium 
m a y  have  a key role in ovulat ion.  

Zusammen/assung.  Nach  der P a a r u n g  oder i.v. Inj ekt ion 
yon  mensch l i chem Chor iongonadot rop in  n e h m e n  die 
Lysosomen deut l ich  an Zahl und  an Volumen im Keim-  
epi the l  fiber pr i iovula tor ischen Foll ikeln zu. Vor  dem 
Fol l ikelsprung ve rschwinden  die Lysosomen  fast  voll- 
s tgndig.  Gleichzeitig wird  das Bindegewebe im apikalen 
Teil des Follikels aufgespl i t ter t .  Die granulosazellen 
werden  dissoziiert  und  im Kapi l l a rne tz  f u n d  um den 
Follikel wird erh6hte  PermeabilitS~t beobach te t .  Die 
E inwi rkung  yon Pros tag land inen  und  Geschlechtshor-  
monen,  inklusive Androgenen,  und  die Rolle des Ke im-  
epi thels  fiir die Ovula t ion  werden  diskut ier t .  
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Fig. 4. \u hypothesis of the intraovarian mechanism of normal 
ovulation in the rabbit. Mating induces release of LH. The LH peak 
stimulates enzyme synthesis and steroidogenesis in the preovulatory 
follicle. 10 to 12 h later ovulation with expulsion of the ovum occurs. 
The rectangles with heavy lines specify our main morphological 
findings in the preovulatory follicle. Their probable relation to each 
other and to functional changes is illustrated. The sex steroids are 
maximal in the follicle about 3 h after mating but later fall, while 
prostaglandins i v and E rise. A distinct increase in the amount of 
Iysosomes in the surface epithelium covering preovulatory follicles is 
found some 4 h after an ovulatory stimulus, and, approximately 8 h 
after this stimulus there is a maximal accumulation of these bodies. 
Then the lysosomes decrease, and signs of breakdown of the follicle 
wall occur in the outermost portion of the tuniea albuginea, and 
gradually proceed inwards. The blood capillaries around the follicle 
show an increasing number of small and large pores, the follicle 
expands rapidly and finally ruptures. +,  increase; -- ,  decrease. 
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