
Submitted to: 

In Vitro 
Proceedings of the Tissue Culture 
Association 29th Annual Meeting 
Denver, Colorado 
June 4-8, 1978 

EQLLICULAR G R O ~  AND ATRESIA I10 THE MOUS& MASTER 
Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

By acceptance of t h i s  a r t i c le ,  the publisher or recipient acknowledges 

the U.S. Government's right t o  retain a nonexclusive, royalty-free license 

i n  and t o  any copyright covering the art icle.  

h i s  research was sponsored by the Division of Biomedical and 

Environmental Research, U.S. Department of Energy, under contract 

W-7405-eng-26 with the  Union Carbide Corporation. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



FOLLICULAR GROWTH AND ATRESIA IN THE MOUSE 

~iology Division, oak Ridge N&.,ional ~aborator~, ' Oak Ridge, Tennessee 37830 

Running head: GROWH AND ATRESIA OF FOLLICLES 

. .  . 

Send proof to : E., F. Oakberg 

Oak Ridge National ~aborator~ 

Post 0ffice.Box Y 

Oak Ridge, Tennessee 37830 
. . 



SUMMARY 

Fol l ic les  were c lass i f ied  on the bas i s  of number' of layers  of 

f o l i c l e  c e l l s ;  presence and degree of development of the  zona pellucida , 

.and presence of an antrum. Formation of an &trum i n  f o l l i c l e s  with 

l e s s  than 7-8 c e l l  layers  and/or presence of necrotic c e l l s  was 

considered indicative of degeneration. When, c l a s s i f i ed  i n  t h i s  

manner, the  data  suggest t ha t  f o l l i c l e s  A d  t h e i r  contained oocytes 

a re  committed t o  e i t he r  normal development o r  a t r e s i a  by the  time a 

t h i r d  layer  of granulosa c e l l s  i s  formed. 

Key words : @use; oocytes ; f o l l i c l e s  ; a t r e s i a ;  ovary. 



INTRODUCTION 

Data on the  dynamics of f o l l i c l e  and oocyte growth i n  adult  
. . 

mammals have only recently become available (1-3). The chronology 

of fo l l i cu l a r  development i n  f e t a l ,  newborn, and juvenile animals 

has been recorded (4-7), and it i s  known tha t  female mice become 
. . 

f e r t i l e  a t  5-7 weeks of age, depending upon s t ra in .  The stimulus t o  

obtain def in i t ive  data on oocyte growth i n  the  adult  mouse came from 

the  observation of Russell (8, 9 )  t h a t  there  i s  a dramatic change i n  

mutational response of the  oocyte with the time elapsed between 

i r rad ia t ion  and mating. What i s  the  biological  bas i s  for  t h i s  

change i n  radiat ion response o f .  the growing oocyte? The i n i t i a l  task 

i s  t o  ident i fy  the  stage of oocyte development a t  which the change i n  

mutational response occurs i n  order t ha t  underlying mechanisms can be 

investigated. These r e s u l t s  a l so  bear s ign i f ican t ly  on the  use of 

da ta  fo r  the  mouse i n  estimating genetic hazards t o  women. 

Timing of fo l l i cu l a r  growth requires an objective c lass i f ica t ion  

of the  d i f fe ren t  f o l l i c l e  stages,  and t h i s  has been provided by 



Pedersen and Peters (10). This scheme, u t i l ized  i n  conjunction with 

3~-thymidine labeling, indicated tha t  a stage 3 f o l l i c l e  of 1.20 ce l l s  

reached maturity 'and was ovulated i n  about 19 days (1).  ~ e k w h i l e ,  we 

were attempting t o  l abe l  the  zona pelluc,ida as  .a .technique for  timing 

. . 

3 foll icular '  growth and achieved success with g-[ Hlacetyl-2-glucosamine - 

3 (2 ) . Subsequently we a1so"have used Q-[l- H] glucosamine H C ~  and 
- .  

3 L-11- H]fucose with ident ical  resu l t s .  . Our present best  estimate, 

based on zonal labeling,, indicates tha t  a stage 3b f o l l i c l e  requires 

s l ight ly  more than 6 weeks t o  mature instead of 19 days, as estimated 

. b y  Pedersen (1) .  

The above r e su l t s  of tihifig oocyte development, . . together with 

counts of oocytes a f t e r .50  R, indicated t h a t ' t h e r e  only were enough 
. . . ., . 

normal surviving f o l l i c l e s  t o  explain observed reproductive performance. 

There were few oocytes t o  be spared fo r  a t r e s i a ,  and it became clear  

tha t  the  main problem was ident i f icat ion of degenerating fo l l i c l e s .  
' 

L i t t l e  advance has been made on t h i s  subject since the review of 



Ingram (11). A more recent review i s  given by Greenwald (6 ) .  . C r i t e r i a  
. . 

using ' frequency. of necrotic c e l l s  (12, 1 3 ) ,  change i n  l i p i d s  (14 1, 

cav i t i e s  i n  s m a l l  f b l l i c l e s  (12) ,  o r  surface u l t r a s t ruc tu ra l  changes 

. . 
(15)  usually re fe r  t o  advanced stages of a t r e s i a  instead of very ear ly  

changes needed for  bur purposes. p he criatel.f a, fsr. f o l l i c u l a r  

degeneration presented here s t i l l  a r e  not a s  objective a s  one would . ' 

. . 

l i k e ,  bu t ,  wheri combined with a t o t a l  oocyte count, they reveal  a new 

concept of f o l l i c u l a r  development and a t r e s i a . i n ' t h e  mouse. 



MATERIALS AND METHODS 

Nine-month-old 101 X C3H 'females t h a t  had been pretes ted f o r  

3 possible f e r t i l i t y  e f f ec t s  of 2-[ , ~Iacetyl-D_-glucosmine,  were used 
. . - 

fo r  oocyte counts a t  d i f fe ren t  stages of the  es t rus  cycle. 

3 N-[ ~Iacetyl-D_-glucosamine 'had no effect  on t h e i r  breeding performiince. - - 

The ovaries appeared normal i n  every respect ,  and there  i s  no . evidence 

t h a t  label ing several  months e a r l i e r  had any residual.  e f f ec t  on ovarian 

histology. . A l l  t i s sues  were f ixed i n  Zenker-formol, and s e r i a l  7-pm 

sections were prepared. . Slides  were stained by the  PAS technique 

. . 

and counterstained with Ehrl ich 's  hematoxylin. 

Oocytes were c l a s s i f i ed  according t o  s i ze ,  number of f o l l i c l e  

layers ,  and antrum formation according t o  the  c r i t e r i a  given i n  Table 1. 

This approximates but  d i f f e r s  i n  some respects from t h e  c l a s s i f i ca t i on  

of Pedersen and Peters (10). . Their stages .l .and 2 are.  both combined 

i n  our stage 1, and.our stage 2 i s  intehediate . ,between t h e i r  stages 

2 and 3. Also, we d i f f e r en t i a t e  stages 3a and 3b on the  bas i s  of 



i n i t i a t i o n  of 'zona formation arid have divided t h e i r  stage 4 in to  

stages' 4a and 4b. Stage 1 and 2 oocytes were counted . i n  every 10th 

section; a l l  other stages were counted i n  every section.  Adjacent 

s.ections were checked t 6  preclude scoring the  kame c e l l  twice. ' . 

The morphology .of normal f o l l i c l e s  i s  i l l u s t r a t e d  by Figs. 1 A f I ;  

2A,C; 3A,C; and 4 ~ .  Stage 1 i s  characterized by a few f o l l i c l e  c e l l  

nuclei  which appear within the  basement membrane. Owing t o  t h e  small 

. . 

number of f o l l i c l e  c e l l s ,  t h e i r  nuclei  may not be apparent i n  some 

sections.  'AS t he  f o l l i c l e  c e l l s  divide,. they form a continuous r ing  

. . 

. (F ig .  . ~ B , c ) ,  and. the  mitot ic  a c t i v i t y  leading t o  development of stage 1 

in to  s tage 2 may be 'explosive (Fig. 1~) ' .  As the '  f o i l i c l e .  continues t o  

, grow, t he  c e l l s  become cuboidal (Fig. 1 ~ ) ;  then zonal material  begins 

t o  co l l ec t  i n  t h e  i n t e r s t i c e s  between oocyte and f o l l i c l e  c e l l s  i n  

stage 3b (Fig. u). By stage 4a (Fig. IF), t h e  zona forms a complete, 

but t h i n ,  l ayer  around the  oocyte with some clumps o f  zonal mater ia l ,  

and the  formation of a second granulosa layer  begins. A stage 4b 



f o l l i c l e  i s ,  defined  a able. 1) as having 1-1/4+-1/4 layers  of c e l l s  

(Fig. ~ G , H ) .  ' It i s  a t  t h i s  point t h a t  degenerative changes f i r s t  

can be seen i n  the  f o l l i c l e ,  and Fig. 11 i l l u s t r a t e s .  precocious 

. . . . 
. . . . 

antrum formation and sepea . t i on  of the  f o l l i c l e  c e l l  l ayers  by a . . 

space f i l l e d  with what appears t o  be f o l l i c u l a s  f l u id .  This a l so  

occurs i n  stage 5a, where a normal f o l l i c l e  i s  shown i n  Fig. 2A and 

an abnormal one i n  Fig. 2B. A normal s tage 5b i s  i l l u s t r a t e d  i n  

Fig. 2C. Note t h a t  there  i s  no indicat ion of f o l l i c u l a r  f l u id  

acc uulttli 'un w ~ d  ' nu ttfibrum furmat ion even though .many cell Payers 

: a re  present.   he" e n t i r e  s e f i e s  of sections f o r  these f o l l i c l e s  must 

. . 

be examined i n  o r d e i  t o  be cer ta in  t h a t  there  a r e  no cav i t i es .  

Precocious antrum formation a l so  occurs i n  stage '31 (Fig. 2 ~ )  and 

may occur with no associated necrosis;  o ther  degenerating 5b f o l l i c l e s  

show mamy degenerating c e l l s  (Fig. 2 ~ ) .  Some of the  f o l l i c l e s  

degenerating a t  t h i s  stage appear t o  shrink, and eventually they w i l l  

disappear except . for  the  zona pellucida,  which pe r s i s t s  fo r  a s  long 
. . . . . . 



as 10 weeks o r  more (2 ) .  .True antrum formation occurs i n  s tage 6 

(Fig. 3A') where s m a l l  accumulktions of f o l l i c u l a r  f l u i d  appear between 

t h e  granulosa c e l l s  and enlarge t o  form small antra .  No c e l l  degeneration 

i s  associated,  with t h i s  process. The degenerating s tage 6 f o l l i c l e  

i n  Fig. 3B; however, shows many necrot ic  c e l l s ,  and . t h i s  i s  cha rac t e r i s t i c  

of  all a t r e t i c  a n t r a l  f o l l i c l e s .  In s tage 7 (F'ig. 3 ~ 1 ,  t h e  e t r a  a r e  

l a rge r  and by l a t e  s tage 7 un i t e  t o  form a s ing le  cavity.  ~ e ~ e n e r a t i n ~  

f o l l i c l e s  a r e  characterized by &y necrot ic  c e l l s  and a poorly 

aeveioped theca ( ~ i g .  3 ~ ) ;  Stage 8 (Fig. 4 ~ )  occurs only i n  

proestrus,  and most of  t he  f o l l i c l e s  reaching t h i s  s tage w i l l  be 

ovulated. Atres ia  could have begun i n  the.  l a rge  f o l l i c l e  shown i n  

. . 

Fig. 4~ at' e i t he r '  s tage 7 o r  8. Oocytes i n  many of t he  l a rge  a t r e t i c  

. . .  

f o l l i c l e s  a r e  i n  meiotic d ivis ion (Fig. 4 ~ ' ) .  .Also, note the  l a rge  

number of pyknotic nuclei  and some normal mitoses .among the  granulosa 

c e l l s .  . . 

Number of n o r e l  oocytes scored f o r  each s tage of development 

a r e  given i n  Table 2. s ince  there  were only two females scored fo r  
. @ 



each stage of the estrus cycle and var iab i l i ty  between females was 

large,  s t a t i s t i c a l  analyses were not performed. However, it i s  clear  

tha t  s'tage of the cycle has l i t t l e  effect  before a  f o l l i c l e  a t t a ins  

three or  more c e l l  layers.  An effect  i s  seen only i n  estrus where 

stages 5b and 6 wcrc higher than the gefiei&l. mean. Early stage 7 

' 

. f o l l i c l e s  appeared i n  metestrus 1 and progressively matured u n t i l  

only l a t e  stage 7 and stage 8 f o l l i c l e s  were seen a t  proestrus. 

The most interest ing observation from Table 2 i s  ' t h a t  the number 

' .  . 
of ilurrrutl fo l l ic les ' ,  a t  stages 5a-B i s  surprisingly constant; .and, 

while they are  suff ic ient  t o  explain f e r t i l i t y ,  t h e i r  numbers a re  too 
. . 

low t o  p 6 r m i t  s ignif icant  contribution t o  the degenerative pathway. 



DISCUSSION 

The small, a r res ted  oocyte i s  surrounded by a basement membrane, 

within which a few f o l l i c l e  c e l l  nucle i  usual ly  can 'be  seen (Fig. 1 ~ ) .  

. . 

Fo l l i c l e  c e l l  cytoplasm compl'etely surrounds t h e  oocyte (16),  and, as 

observed by BrambeL1 (17) ,  theoe ce l lo  form the gsanulosa. Oso.wl;l~ 

i n to  a s tage 2 f o l l i c l e  with a s ing le  l ayer  of f l a t t ened  c e l l s  occurs 

by mitosis  - ( ~ i g .  1B,C) and .not by apposition of stromal c e i l i  t o  t h e  
' 

oocyte, a s  of ten has been postulated.  This mitot ic  a c t i v i t y  can be 

explosive ( ~ 1 ~ .  1 ~ ) ;  rtnd s ince  It affects only a few rol l icLes  at a 

given moment, it i s  easy t o  understand why t h e  'importance of these  r a r e  

divis ions  has ' been underestimated. Once a f o l l i c l e  begins i t s  growth 

. . 

phase ( s tage  3a) ,  it i s  programmed e i t he r  t o  degenerate o r  t o  be 

' 

The or ig in  of t h e  zona has been t h e  subject '  of many invest igat ions ,  

and Kang (18),, i n  a study of t h e  rat, concluded t h a t  it was formed by 

, . .  
t he  oocyte. ~ i k e w i s e , '  Haddad and Nagai (19) came t o  t h e  same , 

. . 



conclusion using t r i t i a t e d  &-fucose - t o  l a b e l  t h e  zona o f ' t h e  mous,e 

oocyte. The.present study, where the  PAS technique was used a s  a 

. mucopolysaccharide s t a in ,  shows t h a t  t he  mater ia l  f i l l s  spaces between 

the  f o l l i c l e  c e l l s ,  out l in ing them and running together t o  form l o c a l  

~llctsstts treSl;ween the  oocyte and f o l l f c l e  c e l l s  ( ~ i g .  ii3,I'). These Yoci 

then join.  As pointed out by chiquoine (20) ,  t h i s  i s  suggestive of 

t h e  par t i c ipa t ion  of inany c e l l s .  Furthermore, t he  f o l l i c l e  c e l l s  

change from cuboidal t o  low columnar i n  form ( ~ i ~ .  w) ,  suggesting 

. . 

secretory ac t iv i ty .  The suggestion of Chiquoin? (20) t h a t  monomers 

seci-eted by the  f o l l i c l e  c e l l s  a r e  polymerized on the  oocyte .appears 

t o  be the  most plausible  hypothesis of zona formation. . . 

Degeneration of , f o l l i c l e s  (and oocytes) i n  stages l - h a  i s  r a r e ,  

but it becomes 'common when a second and t h i r d  f o l l i c u l a r  layer  appears . . 

 able 3 ) .  By stage 5a ,  78% of t he  f o l l i c l e s  were c l a s s i f i ed  a s  

degenerating,, and there  was no. e f f ec t  of s tage of e s t ru s  (Table 3 )  .' 

Only stage' 6 ,  where antrum formation begins, shows an e f f ec t  0.f stage 



of cycle with only 32% degenerating f o l l i c l e s  i n  estrus and 80% i n  

metestrus 1. This d i f fe rs  from the  r e su l t s  of Engle (13) ,  who 

demonstrated a more pronounced effect  of stage of the  cycle. 

H O W ~ V ~ ~ ,  our data. a re  d i f f i c u l t  t o  compare with h i s  owing t o  

a i f fe rent  staging of the  . estrus  . cycle, but our estimate of 3 2 4 2 %  . 
. . 

. . 

degenerating . fo l l i c l e s  agrees well with h i s  range of 26- 86%:' 

The c lass i f ica t ion  of f o l l i c l e s  as normal or a t r e t i c  has i n  the 

past been highly subjective, and I had hoped tha t  an objective system 

of scoriilg could be developed. IImever, there  always w i l l  be 

f o l l i c i e s  tha t  are  d i f f i cu l t  t o  c lass i fy ,  and the only hope i s  t o  

. . 

reduce subjectivity t o  a minimal value. ~ recoc ious  antrum formation 

(Figs . 11, 2 ~ )  i s  the primary form of degeneration a t  stages 4b &d 

5s: By stage 5b, t h e  occurrence o f  necrotic .cel ls  also i s  common; 

and though Fig. 2D shows .only one degenerating . . c e l l  ,. other 5b . f o l l i c l e s  

have numkrour pyknotlc ce l l s .  The f o l l i c l e  i n  Fig. 2D i s  c lass i f ied  as 

abnormal because the  antrum is too large for  a f o l l i c l e  of t h i s  s ize ,  



whereas a few +reas of PAS-positive matkrial  between fo ' l l i c l e  c e l l s  

. . 

. . (without antrum formation) would be considered .normal. Is t h e  f o l l i c l e  

i n  Fig. '2D derived from those i n  s tage 4b and 5a t h a t  show precocious 

. . 

antrum formation? Certainly many of them go no f a r t he r  than t he  s tage 

i n  which regression i~ i n i t i a t e d ,  ac chown by Fig. 2E3 but of'ten there  

i s  l i t t l e  evidence .of neerosis  and high mitot ic  a c t i v i t y  i n  f o l l i c l e s  

with precocious h t r a .  Do.they go on t o  form abnormal s tage 7 and 8 

f o l l i c l e s ,  especia l ly  those t h a t  have an t r a  t h a t  a r e  disproportionately 

l a rge  f o r  t h e  s i z e  of t h e  f o l l i c l e ?  In  stages 6, 7, and 8 presence of 

necrot ic  c e l l s  i s  dharac te r i s t i c  of a t r e t i c  f o l l i c l e s  ( ~ i ~ s .  3B,D; . .  

. . 

~ B , c ) .  F'recocious meiotic d iv i s ion  (Fig. 4 C )  a l so  i s  typ ica l  of 

oocytes i n  degenerating f o l l i c l e s .  

The c l a s s i f i c a t i on  described above, combined with enumeration, of 

a11 f o l l i c l e s ,  leads  t o  a new concept of t h e  process of f o l l i c u l a r  
. . 

growth.and degeneration. The data  of. Table 2 show numbers of normal 

f o l l i c l e s  by. s tage of  development and by phase of . the es t rus  cycle. 
.' 



It i s  clear tha t  the f a t e  of most fo l l i c l e s  i s  determilied by the time 

they r'each stage 5a [ a  f o l l i c l e  with 2-1/4-3-1/4 layers of f o l l i c l e  

ce l l s  (Table 1; Fig. 2 A ) I . :  Thereaftei, t h e  nlrmber of normal oocytes 

i s  adequate t o  provide' only those tha t  w i l l  be ovulated ( ' ~ a b i e  2) .  ' 

This assumes, however, tha t  eaah of the stagea l i a t c d  ( 5 a 4 )  

requires approximately,one. es trus  cycle for  development, as  suggested 

by our timing of f d ~ i c d a r  growth, i. e. , the 28 days required for  a 

4 a 4 b  f o l l i c l e  t o  reach ovulation (2)  would provide oocytes for  

s i x  cstrlus cycles ur %4-1/2 clays each ( ~ a b f e  2'). However, the :excess 

stage 5b and 6 oocytes i n  estrus     able 3) must be accounted for .  The 

. . 

mo'st l i ke ly  explanation i s  tha t  early degenerative changes i n  many 

fo l l i c l e s  were. not recognized, &d tha t  they were misclassified as  

normal. This interpretat ion i s  supported by the high proportion of 

degenerating stage 6 f o l l i c l e s  a t  metestrus 1. ' Fmphasis i s  placed on 

the overal l  pattern showing a low number of normal f o l l i c l e s  .at 

. . 

stages 5a-8 suggesting tha t  by the time the fo l l i c l e s .  have. three 

layers of granulosa ce l l s  most a re  committed t o  e i ther  an a t r e t i c  



or normal pathway. This i s  different  from the model presented by 
. . 

Chiras and Greenwald (21) for  the  hamster, where they propose tha t  

50% of the f o l l i c l e s  degenerate a t  each stage. However, since it 

takes about 4 days f o r ' a  f o l l i c l e  t o  become a t r e t i c  (12) and since 

. . 

they probably are recognizable fo r  a longer interval ,  a model based 

bn humbers of normal and  a t r e t i c  fo l l ic leb  a t .  any one time could be. 
. . 

. . .  . . 

misleading. Furthermore, it i s  d i f f i c u l t  t o  compare our data with 

those of Chiras and Greenwald (21) because we have used different  

systems of f o l l i c l e  c lassif icat ion.  

We need more data on timing of the individual stages of fo l l icu lar  I 
. . 

growth and more obj.ect1ve ' c r i t e r i a  of classifying normal versus 

. . 

degenerating f o l l i c l e s . ,    ow ever, the and r e su l t s  presented 

he re  already lead t o  new concept of the dynamics of oocyte and . . 

f o l l i c l e  growth. . It now should be possible t o  make niore objective . . 
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TABLE 1 

CLASSIFICATION OF FOLLICULES I N  THE ADULT MOUSE OVmY 

F o l l i c l e  Stage . I l l u s t r a t i o n  (Fig.  ) - 

0 t o  3  o r  4 f o l l i c l e  c e l l s  

1 complete l a y e r  of , f l a t t ened  f o l l i c l e .  c e l l s .  
, 

Single l ~ y e r  of cuboidal c e l i s ,  no zona. 

Single l a y e r  o f c u b o i d a l  o r  low columnar c e l l s ,  zona formation 

beginning. 

1-1-1/4 l a y e r s  o f ,  f o l l i c l e  c e l l s ,  zona complete but  t h i n .  

1;1/4+-1/4 l a y e r s  of c e l l s ,  zona completely surrounds oocyte 

bu t  s t i l l  not  f i i i ly  developed. 

2-114-3-1/4 f o l l i c l e  c e l l  l aye r s .  
. . 



 a able 1 continued) 

- 

5b >3-114 f o l l i c l e  c e l l  layers , '  oocyte a t  mature s i ze ,  zoda f u l l y .  . " ' 2C,D,E,  

. . developed. 

6 Many layers  of f o l l i c l e  c e l l s ,  antrum formation, i n i t i a t e d .  

Large f o l l i c l e  , '.one or  two small antra .  

Mature Graafian f o l l i c l e  with l a rge  antrum and t h i n  wall.  

Normal s tage 8 f o l l i c l e s  occur only i n  proestrus.  



TABLE 2 

MEAN NUMBER CF NORMAL FOLLICLES AT DIFTEEENT ESTRUS STAGES 
I 

F o l l i c l e  Stage Proestrus Estrus Metestrus 1 Metestrus 2 Diestrus General Mean 
. . 

. . 



PERCENTAGE OF DEGENERATING FOLLICLES AT DIFFERENT STAGES OF THE ESTRUS CYCLE 

F o l l i c l e  stage P r o  e s t r u s  E s t r u s  Metescrus 1 M e t e s t r u s  2 D i e s t r u s  G e n e r a l  Mean 



FIGURE LEGENDS 

Fig. 1. Photomicrographs of f o l l i c l e  stages 1-4~.  A;  Stage 1 

oocyte with two f o l l i c l e  c e l l  nucle i  ins ide  basement 'membrane. 

. . .  

B, Early s tage 2 f o l I i b l e ,  ' 6 l a t e  t e l o p h a s e s a r l y  interphase agd 1 . 
. . 

metaphase f o l l i c l e  nuclei .  C; Stage 2 follicle. D ,  Stage 3a, w i t h  

cuboidal f o l l i c l e  c e l l s ,  no zona. E, Stage 3b, with zona mater ia l  

accumulating between f o l l i c l e  c e l l s  and oocyte (arrows). F, Stage bay 

zona i s  a complete r ing.  Not'e how PAS-positive mater ia l  ou t l ines  

. . 

f o l l i c l , ~ !  ce l l  s ( F I ~ T Q W S ) ,  . .  G, 'stage hb, with'almoot two complctc c e l l  , 

layers .  H ,  Stage '4b with complete second layer  'of  c e l l s .  ~ o t e  t h a t  
. . 

no separation is . 'present .  I, Degenerating 4b , f o l l i c l e ' a s  evidenced. 

by separation of f o l l i c l e  c e l l s  t o  form a cavi ty  (arrow). A-E, X970; 

Fig. 2. ~ h o t o m i c r o ~ r a ~ h s  of f o l l i c l e  s tages  .5a and 5b. A,  Normal 

5a f o l l i c l e  with 3 l ayers  of c e l l s .  B,  Degenerating s tage 5a with 

precocious ap t ra  (arrow). .C ,  Normal 5b with 5 4  c e l l  l aye r s ,  no , 



antrum. D ,  Degenerating 5b f o l l i c l e  with antrum, r a r e  necrotic c e l l s ,  

and normal mitoses. E,  Advanced stag& of degenerating 5b f o l l i c l e  

with many pyknotic c e l l s  bound abnormal antrum.. ~400. 

Fig. 3. ~ h o t o m i c r o ~ r a ~ h s  of f o l l i c l e  s tages  6 and 7. A ' ,  Normal 

s tage 6 with antrum f o r i i n g t o  r i g h t  of &cyt& (arrow), no necrotic 

c e l l s ,  mitoses. B, Degenerating s tage 6,  many necrot ic  c e l l s ,  no 

mitoses. C ,  Normal ea r ly  s tage 7 with two small an t r a  (arrows), . 

normal mitoses, no necrotic c e l l s .  D ,  Degenerating s tage 7 .wi th  many 

necrot ic  c e l l s .  A,B, X300; C,D,  X200. 

. . . . 

Fig. 4 .  Photomicrographs of normal and degenerating' s tage 8 f o l l i c l e s .  
. . 

A ,  Normal s tage 8 i n  proestrus.  B ,  Degenerating s tage 8. C ,  Degenerating 

s tage 8 showing meiotic d ivis ion,  many necrot ic  granulosa c e l l s , , b u t .  
' 

some apparently normal mitoses. A,B, X200; C ,  X970. 
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