
T it le  of the paper :

By:

From:

STUDY ON THE OVARY, OVIDUCT AND 

UTERUS OF THE EWE.

ROBERT HADEK, Dr.Med.Vet.-, Vienna.

The Department of Veterinary H istology  

and Embryology of 

The U niversity  of Glasgow V eterinary School.

Submitted as T hesis for the Degree of 

Bi.D . in  the F aculty  of Medicine.



ProQuest Number: 13838881

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13838881

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



Contents

I A4

V ol. I .

Introduction Page

L iterature

M aterial & Methods

Anatomical observations and measurements 

H is to lo g ic a l and histochem ical technique 

The breeding season and the sexual cy c le  in  the ewe 

The ovary

Gross Anatomy 

H isto logy

Oogenesis and fo l l ic u la r  development 

The growth of the f o l l i c l e  and ovum 

M ultinuclear ova, polyovular f o l l i c l e s  

and accessory oocytes 

F o llicu la r  degeneration and a tr e s ia  

The rupture of the f o l l i c l e  

The corpus luteum 

H istochem ical reaction s in  the ovary

H istochem ical reaction s in  the 

f o l l i c l e  and corpus luteum

The oviduct

Gross Anatomy 

H isto logy

C ell types in  the oviduct epithelium  

H istochem ical reactions

1

1

5

6

10

11

12

14

19

20

22

23

24

30

30

33

33

36

37



-  I I  -

The Uterus

Gross Anatomy Page

H isto logy

Endometrium

The c e l l  types of the epithelium  

The structure o f uterine glands 

The structure of the caruncle 

Blood supply 

H istochem ical reactions  

D iscussion

Ovaries

H istochem ical reaction s in  the ovary 

Oviduct (in c lu d in g  h istochem ical reactions  

thereof)

The uterus (in clu d in g  h istochem ical reaction s  

th ereof)

Resume (Summary)

References c ite d

40

41

42

43

44

45

46

48

59

61

65

69

72



Introduction

The purpose of th is  work has been to study the 

h isto lo g ica l and histochem ical aspects of the reproductive 

tract of the ewe which have not been adequately studied to 

date and to re-examine certain aspects of published work 

when resu lts  seemed to have been inconclusive or not 

adequately substantiated.

Literature

H aller and Kuehlemann (1754) and Bonett ( I 8 8 4 & 1888) 

described the macroscopic appearance of sheep ovaries of the 

German breed, Kupfer (1928), Quinlan and Mare ( l9 3 l)  and 

Quinlan et a l. (1939) of the South African Merino sheep 

during d ifferen t phases of the sexual cycle and pregnancy. 

K elley (1937) described the macroscopic appearance of the 

Australian Merino sheep ovary during heat and after ovulation, 

Allen and McKenzie ( l9 3 l)  the features of the ovaries of 

d ifferen t American breeds, Grant (1934) the gross anatomy of 

the ovaries of the Scottish  Blackface, and f in a lly  Robinson 

(1950 & 195l) the features of the a r t i f ic ia l ly  produced 

corpora lutea in the English breeds. Although these authors 

have described the macroscopic appearance of the ovaries 

during an-oestrus and d ifferen t phases of the sexual cycle, 

only Bonett ( 1884) has compared the weight of ovaries obtained 

from ewes of d ifferent ages and Robinson has discussed the 

influence of the fresh ly  ruptured f o l l i c l e  on the ovarian



weight. Therefore i t  was decided to  repeat in th is  work 

the studies of Bonett ( 1 8 8 4 ) and Robinson (1 9 5 ^ ) on a larger 

scale to  see whether these statements apply equally w ell when 

both problems are considered simultaneously.

Although -  strangely enough -  a comprehensive paper on 

the sheep ovary was not published y e t Lesbouyri^s- (1948) in  

h is  book described the occasional presence of the remnants of 

the rete ovarii in  the sheep ovary. Voss (1950* 1951 & 1952)  

has enumerated in a series of papers the differences in  the 

thickness of the individual connective tissu e  fib res between 

a highly domesticated and a primitive German sheep breed. 

Stieve (1 9 3 4 )  gave an account of the sheep Graafian f o l l i c l e  

immediately preceding ovulation. The f i r s t  paper on the 

ruptured f o l l i c l e  of the ewe was published by Paterson ( 1840) 

who thought that the corpus luteum was only an organised blood 

clot* Marshall (1901  & 1 9 0 3 ) contradicted him and from him 

originates the description of the organised corpus luteum as 

we know i t  today. Warbitton (1934) subsequently expanded 

Marshall* s (1903) views and in addition to the connective 

tissue and lu tein  c e l ls  described the presence of an embryonic 

c e l l  type.

L a te ly  H arrison  (1946 <& 1948) has d esc r ib e d  f a i r l y  

e x te n s iv e ly  th e  h is t o lo g y  o f  th e  ovary o f  th e  h orse  and th a t  

o f th e  g o a t and th e  s ig n s  o f  o o g e n e s is  in  th e se  an im als.

In addition to these papers mentioned above the works 

of previous authors on the ovary of mammals was reviewed and



and an attempt was made to determine to  what extent they were 

applicable to  the sheep; expanded the observation of Bonett 

(1884 & 1888) and Robinson ( l9 5 l )  on ovarian weights at 

d ifferen t phases o f "the sexual cycle; attempted to re la te  the 

c y c lic a l variations of fo llic u la r  development, number of f o l l i c l e s ,  

formation of corpora lu tea and i t s  age; confirmed Lesbouyries* 

statement on the rete ovarii and f in a lly  undertook the f ir s t  

systematic histochem ical examination of the sheep ovaxy.

The h isto logy  of the sheep oviduct has been described 

by Andersen (1928), Casida & McKenzie ( 1932) and McKenzie &

T erril (1937)* However since their description did not wholly 

agree with the features on occasional examination of sheep 

oviducts, the study of the oviduct h istology was repeated and 

histochem ical t e s t s  were performed.

Papers on the histology of the sheep uterus were 

published by Robin ( 1858), Bonett (1880 & 1882) and Kolster 

( l9 0 2 ). A ll three noted an a lteration  in the behaviour of 

the uterine epithelium during d ifferent phases of the cycle and 

described a nmenstruation” as taking place during heat. Further 

they described the glandless prominent areas of the uterine 

mucosa Jfe caruncles -  where placentation takes place and the 

intercaruncular areas which contain the uterine glands.

Marshall ( 19O3 ) repeated their work and doubted whether the 

description of "menstruation11 was r igh tly  used in  connection 

with the sheep. As sheton (1906) presented the f i r s t  clear

cut ^picture of the uterine mucosa and i t s  behaviour during
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different phases of the sexual cycle and an-oestrus and 

dispelled  the idea of "uterine menstruation" in the ewe.

The work of these early workers were followed by the papers 

of Haklik (1926) on the evolution and involution of the uterine 

mucosa in  the sheep during oestrus cycle and the problem has 

been re-examined several times by Casida and McKenzie (1932), 

McKenzie et a l. (1933), Cole and M iller (1935) and McKenzie 

and T erril (1937)* The uterine pigment which has been 

referred to by almost a l l  of the previous investigators was 

the exclusive subject of the papers of Kazzander (l890)and  

Grant (1933)• They both described the presence of melanin 

pigment c e l ls  but Grant (1933) in addition noted a round type 

of c e l l  which he did not investigate but noted to be laden 

occasionally with pigment.

The histochemical aspect of the work of these earlier  

authors was confined to establishing the presence of fat and 

organic iron in  the uterus and Bonett (l888) has described the

variation in  amount of fa t  in certain phases of the sexual cycle.

After reviewing the foregoing i t  was decided to confirm 

the uterine studies to the histochem istiy of the endometrium, 

to an examination of certain "round" c e l ls  whose presence was 

only mentioned by Grant (1933) in h is  paper on uterine pigment, 

and to a study o f the a lteration s in Hi© glands with especia l 

reference to  changes taking place during the oestrus cycle.

In addition to these the study of the caruncular

circulation  was a lso  contemplated to estab lish  whether  ̂ there
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i s  any change taking place in  caruncular c ircu la tio n  during 

the d if fe r e n t phases of the c y c le .

M aterial and Methods

The m aterial on -which th is  study i s  based can be divided  

in to  two groups. ( in  addition to  these recorded observations 

I  had the opportunity o f seeing the g e n ita l tra c ts  o f many 

thousand ewes in  a l l  phases o f the c y c le . ) Group 1 includes 

the g e n ita lia  of 120 ewes obtained from non-pregnant sheep of 

a l l  ages which were used fo r  gross anatomical observations and 

measurements; group 2 includes the g e n ita lia  of some 64 non­

pregnant animals on which the h is to lo g ic a l and histochem ical 

part of th is  report i s  based. The m aterial of group 1 and of 

54 animals o f group 2 was obtained from animals slaughtered in  

Glasgow Corporation A battoir. The remaining 10 animals in  

group 2 were experimental ewes kept in  the Veterinary h o sp ita l  

(Chart l ) .

Anatomical observations and measurements. The g e n ita l  

tra c ts  o f the 120 ewes in  group 1 were obtained from fresh ly  

slaughtered sheep a few minutes a fter  death.

Before the carcase was opened the ( l )  breed, (2 )  age,

(3 )  condition and (4 ) apparent stage of oestrus (mucous outflow  

or redness o f vu lva), were noted. When the carcase was opened 

the g e n ita l organs were immediately removed and carried to  the 

laboratory fo r  examination and measurement*

In the laboratory the sexual cycle  ( 5 ) of the animal as 

determined ty  ovarian examination was recorded. The length of



the cervix (6 ) ,  of the uterine body ( 7 ) and uterine horn (8 )  

and that of the oviduct ( 9 ) were measured.

The data of the ovaries included 1he length (lO ), 

depth ( l l ) ,  width (12) and the weight of the organ (13)  

and the number of f o l l i c l e s  and corpora lutea ( 14)*

The external diameter of the oviduct (15)> the external 

diameter of the uterine body cranial to the cervix (1 6 ), the 

external diameter of the horn cranial to the body ( 17) and the 

thickness of the uterine horn w all (18) ( intercaruncular area) 

cranial to  the medial ligament were measured. Wei$it of the 

uterus was recorded after above measurements were taken (19) 

(Chart 2).

H isto log ica l and histochem ical technique. Of ihe 64 

g en ita l tracts used for h isto lo g ica l and histochem ical study,

54 were obtained from freshly slaughtered ewes from the Glasgow 

Abattoir and 10 from the sheep kept at the Veterinary Hospital. 

The g en ita l tract of the la tter  was obtained by laparotomy.

5 mm- portions were obtained from a l l  of the tissu es in  

the g en ita l tract. In some cases however the ovaries and 

oviducts were not cut into 5 nim. p ieces but were fixed  in toto  

for se r ia l sections. From the oviducts as a rule separate 

pieces were obtained from "the ampulla and from the isthmus- 

As far as possible the uterine and oviduct material took form 

as a transverse section of the entire uterine horn; in cases in  

which th is  proved to be impracticable because of the large s ize  

of the organ portions of transverse sections were obtained.
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Bach piece o f th is  uterine tissu e  contained in addition to the 

caruncular ( non-glandular) area a glandular part as w e ll. In 

a number of cases 10 mm. blocks of the uterus were fixed for se r ia l  

sections. A ll specimens were fixed within 10 minutes of the 

death of the animal or, in  the case of operation, immediately 

after th eir  recovery.

Of a l l  the f ix a tiv e s , Regauds ( r ) form ol-saline (F -s )  

and Bouin (b ) have served mainly for morphological purposes.

The following fix a tiv e s  were used for histochemical 

purposes. Zenker-formol ( z-f ) for ribo- and desoxyribonucleic acid 

reactions (Feulgen and Rossenbeck (1924)* Brachet (l940))«

Corrosive formol (C-F) as recommended by Roberts and Jarrett 

(l953) for -the preservation of polysaccharide complexes. In 

addition the following were used; Alcohol (Ale .)  and Dubosq- 

Brazil*s f lu id  ( d-b ) on Dr. Steedman1 s (1952) advice. Acetone 

(Ac.) or Ale. and Ac. mixture were used for ihe fixation  of the 

alkaline and acid phosphatases (glycero) (Gomori, 1952). The 

majority of specimens were embedded in paraffin but from a 

considerable number of blocks frozen sections were cut.

Paraffin sections were cut at 6^ and frozen sections at 

30 -  50^  •

As a routine at le a s t  one section of each block was 

stained with haematoxylin and eosin for morphological purposes. 

Further sections were stained by Masson's trichrome stain* Gordon 

and Sweet and Laidlaw* s Ag. sta in  for reticulum and E la stic  van 

Gieson stain  for the presence of e la s t ic  and collagen fib res.
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In  a d d itio n  th e  fo llow ing  s ta in in g  methods were employed on 

s u ita b ly  f ix e d  sec tio n s  -  

Ino rgan ic  substances -

In o rg an ic  iro n : The P ru ss ia n  b lu e  t e s t  ard. Turnbull* s b lu e

fo r F errous Iro n  (G lick , 1949)*

Masked I ro n  (C-omori, 1952;? P ru ss ian  b lue  t e s t ,  Humphrey

D in itro re so rc in o l t e s t  fo r iro n  and Thomas and 

L avolley  Hydroxyquinoline t e s t  f o r  iro n  

(G lick , 1949).

Organic substances -

P o ly sacch a rid es: P e rio d ic  a c id  S c h iff  (henceforw ard

abbrev ia ted  to  P .A .S .) s ta in in g  (McManus,

1946 & 1948i H otchk iss , 1943a & b ) was 

performed on co rro siv e -fo rm o l and a lcoho l 

and D-B fix e d  sec tio n s  accord ing  to  the method 

o f R oberts and J a r r e t t  (1953)- Only o ccasional 

sec tio n s  were c o u n te rs ta in ed  w ith  haem atoxylin.

I f  s ta in in g  w ith P .A .3. was p o s it iv e , 

sec tio n s  were tr e a te d  w ith  ( a )  d ia s ta se  

( s a l iv a ;  a t  37°C and (b ) hyaluronidase 

(Benger !,H yalasen ) 1000 u n its  per 100 cc. 

of b u ffe red  w ater fo r  2 h rs . a t  37°G (H ale , 1946).

I f  c o n tro ls  ( a )  and (b )  were negative ( th a t  

i s  to  say i f  the m a te ria l was s ta in e d ) , th en  

fu r th e r  s e c tio n s  were s ta in e d  w ith  ( c ,

Southgate’ s mucicarmine (A lcohol and Form alin



f ix e d  specim ens), (d )  T o lu id in  b lu e  (C o rro siv e  

form ol f ix e d ) ,  ( e) C e le s tin  b lue  (c-F  and F-S 

f ix a t io n )  and ( f )  Sudan b la c k  (C-F and F-S 

f ix a t io n ) .  F u rth e r sec tio n s  were s ta in e d  in  

so lu tio n s  o f (g )  Methylene b lue  b u ffe red  a t  pH 

3»4> 5 and 7 fo r  24 h rs .  (R oberts  & J a r r e t t  (1953))-

N ucleic a c id s i  D esoxy-ribo (thymo) n u c le ic  a c id ; For the 

s ta in in g  of desoxy-ribo  n u c le ic  ac id  Feulgen* s 

method (Feulgen and Rossenbeck, 1924) was used 

(Z enker-form ol and C orrosive f ix e d  b lo ck s). To 

e lim in a te  ”pseudo” re a c tio n s  the  c o n tro l of O s te r-  

Mulinos (1944) was performed. No c o u n te rs ta in in g  

was used.

F or s ta in in g  Ribo ( y e a s t ) n u c le ic  ac id : The

method of Unna-Papperiheim (B rach et, 1940 ) was used 

on sec tio n s  f ix e d  e i th e r  w ith  C orrosive-form ol or 

Zenker1 s f lu id .  For c o n tro ll in g  -the v a l id i ty  of 

th e  re a c tio n  F is h e r ’ s (1953) m inera l ac id  method 

was used*

L ip id s : Form alin fix ed  frozen  sec tio n s  were s ta in ed  wi-th

Sudan 3 and Sudan 4 (S h arlach  B; and p a ra f f in  

embedded se c tio n s  w ith  Sudan b lack  B.

P ig n e n ts : ( i )  H ien o lic  pigm ents: the b leach ing  in  d i lu te

acid s  and a lk a l i s ;  the a c id i f ie d  permanganate t e s t  

and the  Ag. t e s t  was performed according to  G-omori

(1952)-
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Enzymes -

A lkaline  phosphatase: Gomori*s (1939) method was used.

The sec tio n s  were incubated fo r  1 and 2 hours 

re s p e c tiv e ly , a t  37°C. To e lim in a te  e r ro r  due 

to  preformed Ca c o n tro l sec tio n s  were incubated  

in  a b u ffe r  of pE 4-5 fo r  30  min. a t  37°C to  

remove preform ed Ca.

: Acid phosphatase: Wolf-Rabat* s (1943) m o d ifica tio n  of

G-omori* s method was used. S ec tions were incubated  

24 and 72 hours a t  37°C.

M icroscop ical measurements: a l l  measurements were made

on B ouin-fixed  specimens.

For th e  s tu d / of caru n cu la r c ir c u la t io n  the "M odified” 

Pickw orth s ta in in g  method (B acsich  and Wyburn, 1940) was used.

The b reed ing  season and the  sexual cycle  in  the ewe.

The dom estic sheep in  S co tland  is  seaso n ally  p o ly o e s tr ic .

The breed ing  season s t a r t s  in  autumn bu t th e  exact time of i t s  

beginning i s  su b jec t to  breed, geograph ica l and therm al 

in flu en c es . The breeding  season in  some of th e  lowland sheep 

i s  considerab ly  longer "than th a t  o f the h ig h lan d  breeds. The 

m ajo rity  of sheep from which m a te r ia l was ob ta ined  we re  

b lack faced  h ig h lan d  sheep and th e i r  sexual season beg ins in  

l a t e  O ctober. The average len g th  of the  cy c le  i s  16.5 days

(G ran t, 1934). O estrus or h e a t averages 20 -  24 h r s . ; m e t-o e s tru s ,

2 days; d i-o e s tru s  9 - -  11 days; and f in a l ly ,  i f  th e  sheep i s  not 

su cc e ss fu lly  mated, p ro -o es tru s , 2 - 3  days.
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The g e n i ta l  t r a c t  of th e  sheep shows c y c l ic a l  a l te r a t io n s  

during  the  b reed ing  season when i t  i s  accompanied by h e a t. 

According to  Grant (1934) and McKenzie & T e r r i l  (1937)* 

q u iescen t c y s le s  might take  p lace a f t e r  the  l a s t  and before 

the  f i r s t  cycle  of the season when ov u la tio n  occurs w ithou t 

h e a t .

The Ovary 

G ross Anatomy

The ovary of "the sheep i s  a horse-bean  shaped organ of 

grey-w hite  co lour and v a rie s  in  len g th  from 2 - 3  cm s., in  

depth (c o n tin u a tio n  of the h i lu s )  from 1 - 2  cm s., and in  th ick n ess  

from h a lf  to  1 cm. There i s  a h i lu s  ( a t ta c h e d  border) on one 

s id e , where i t  i s  a tta ch ed  to  th e  ovarian  ligam ent (F ig . l)«

The fim b ria ted  end of the  ov iduct hangs over the  ovary and in  

th o se  specimens which were k i l le d  during o estru s  and m et-o estru s  

i t  has covered th e  whole organ. The w eight v a rie d  from 0 .5  to  

4 . 5  g. (mean 0 .2 5  “ 2 . 5 ) (C hart 3 ) and i t  was found th a t  th e  

f a c to r s  w ith in  -the same breed which in flu en ce  i t  were age and 

the stage of the  sexual cycle . 7/hen the  w eight of o v a rie s  from 

ewes of d i f f e r e n t  ages were compared in  the r e s t in g  s ta te  

( a n -o e s tru s ) ,  i t  was found th a t -the l i ^ a t e s t  were those from 

th e  young sheep, O.5O g. (1  year o ld ) , and th a t  i t  g rad u a lly  

in c reased  w ith  age, the  h e a v ie s t being  found in  animals of 

5 - 6  y ea rs  of age.

With reg a rd  to  th e  a l te r a t io n  in  ovarian  w eight during
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th e  b reed ing  season, i t  was l ig h te s t  before  the  beginning  of 

the season and i t  became p ro g ress iv e ly  h eav ie r w ith  each cycle  

a f te r  th e  fo rm ation  of each corpus luteum* The h e a v ie s t ovary, 

4*680 gin* was ob ta ined  from a 2'gf year o ld ewe a t  ihe  end o f the 

breed ing  season. I t  showed two f a i r ly  re c e n tly  formed and two 

o lder corpora lutea*

H isto logy

The ovary of the sheep is  covered by the germ inal 

epithelium * The germ inal ep ithe lium  i s  a s in g le  la y e r of 

cuboidal c e l l s .  The c e l l s  were sm all during  an- and d i-o e s tru s  

and g re a t ly  increased  in  s iz e  during p ro -o es tru s  and o e s tru s .

In  the same periods a number of c e l l  d iv is io n s  were a lso  

v is ib le  (F ig s . 2 & 3)» Beneath the germ inal ep ithe lium  in  

specimens which were s ta in ed  by re ticu lu m  s ta in s  and P. A*S. 

i t  i s  p o ss ib le  to  recognise  a d is t in c t  though th in  basement 

membrane. Since P.A .S. s ta in s  some of the  connective t i s s u e  

f ib r e s  of the  tun ica  a lbuginea as w e ll i t  i s  on occasions 

d i f f i c u l t  to  d is tin g u ish  i t  c le a r ly  b u t as f ig s .  4 & 5 show 

i t  has been e s ta b lish e d  beyond doubt th a t  i t  is  a tru e  basement 

membrane. Beneath i t  one f in d s  a tu n ic a  albuginea which i s  

com paratively  th ic k  in  the ewe b u t which i s  m issing from the  

s i t e s  of o ld  corpora lu te a .  The f o l l i c l e s  ru p tu re  a t any 

p o in t on the  ovarian  su rface  w ith  -the exception  of the  a tta ch ed  

bo rder.

Beneath ihe tu n ic a  albuginea the  substance of the ovary 

can be d iv ided  in to  two la y e r s , the th in  and somewhat loose
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co rtex  which con ta in s  fewer blood v e s s e ls ,  where the  developing 

f o l l i c l e s  a re  s i tu a te d  and which i s  m issing  a t  th e  h i lu s ;  and 

th e  denser m edulla which co n ta in s  more blood v e sse ls  (F ig . l ) .  

Smooth m uscle f ib r e s  from the  ovarian  round ligam ent e n te r  the 

ovary a t  the h i lu s  and end ab ru p tly . The ovary has a framework 

of r e t i c u l a r  f ib r e s  (F ig . 6 ). The in d iv id u a l ova and f o l l i c l e s  

a re  s i tu a te d  w ith in  a r e t i c u l a r  framework (F ig . 7)« P rim o rd ia l 

and secondary f o l l i c l e s  are  recovered  in  the  co rte x  and w ith  

t h e i r  development in to  t e r t i a r y  they g rad u a lly  s ink  in to  th e  

m edulla. The connective t is s u e  between the  prim ary f o l l i c l e s  

and egg groups was ra th e r  scan ty .

The m edulla of ihe sheep ovary i s  formed of dense 

connective t i s s u e  w ith  many la rg e  blood v e sse ls . I t  i s  

evenly covered by the c o rtex  a t  a l l  a sp ec ts  o f th e  ovary, w ith  

the  exception  of th e  h i lu s  ( a ttach ed  b o rd e r; where the m edulla -  

as in  o th e r anim als -  i s  d i r e c t ly  continuous w ith  the ovarian  

ligam ent.

M asson's trichrom e s ta in  rev ea led  a s c a rc i ty  of co llagen  

f ib r e s  in  th e  co rtex  and e l a s t i c  f ib r e s  were absent except in  

the  w a lls  of th e  blood v e s s e ls . Among the u su a l connective 

t i s s u e  elem ents found in  the  ovary a p a r t ic u la r  c e l l  type was 

seen which was c h a r a c te r is t ic  of the ovary. This c e l l  was only 

somewhat b ig g e r than  a f ib r o b la s t  bu t ap p aren tly  i t  had no 

p ro cesses , i t s  cytoplasm was scanty  and i t  had a b ig  v e s ic u la r  

nucleus. The nucleus s ta in ed  only l ig h t ly  w ith  haem atoxylin 

and the cytoplasm was e o s in o p h ilic . This type of connective
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t i s s u e  c e l l  was only encountered in  the ovary and was 

in te rs p e rs e d  by f ib r o b la s ts ,  macrophages and th e  u su a l 

c e l lu la r  elem ents which occur in  the connective t i s s u e .

In. th e  m edulla of th e  ovary one very o ften  encounters 

th e  v e s tig e s  of th e  r e t e  ovarii*  They a re  sm all d u c t- l ik e

s tru c tu re s  u su a lly  c ir c u la r  in  tra n sv e rse  sec tio n  and th e i r  

lumen i s  l in e d  by a s in g le  la y e r  of columnar o r cubo idal

c e l l s .  The c e l l s  have la rg e , c e n tr a l ly  p laced  n u c le i .

O ccasionally th e lumen i s  f i l l e d  with some s lig h t ly  P .A .3. 

p o s it iv e  m aterial (F ig s . 8 & 9 ).

Oogenesis and f o l l i c u l a r  development

Large numbers of sec tio n s  from a number of o v a rie s  

which were ob ta ined  in  an-oestrum , or in  d if f e r e n t  phases of 

the  sex u a l cy c le , were examined w ith  a view to  comparing th e  

number of f o l l i c l e s  p re sen t in  d i f f e r e n t  development s tag es .

While no attem pt was made to  determ ine the  exact number of f o l l i c l e s

p re se n t, i t  was ev id en t th a t  during an -o estru s  the  number of

f o l l i c l e s  was very  markedly reduced (F ig . 10y. With reg ard  

to  ih e  developm ental stage of f o l l i c l e s  i t  was found th a t  

du ring  an -o e s tru s  only a low percentage of the  to t a l  were prim ary 

f o l l i c l e s  and the  rem ainder secondary and t e r t i a r y ,  co n tra ry  

to  th e  u su al f in d in g s  in  o e s tr ic  or p ro -o e s tr ic  anim als.

The p roportion  of f o l l ic le s  appeared to  be the same throughout 

an -o estru s  re g a rd le ss  o f th e  tim e vh en the  ov aries  were ob ta ined .

In  o v aries  which were ob ta ined  during p ro -o e s tru s , the



g re a te r  p ro p o rtio n  of f o l l i c le s  were prim ary bu t th e  secondary 

and t e r t i a r y  fo l l ic le s 'w e r e  in c reased  in  number as compared w ith 

a n -o e s tr ic  animals (F ig . l l ) .  The g re a te r  number of f o l l i c l e s  

was seen in  ovaries  ob ta ined  during  the  period  of o e s tru s . The 

number o f prim ary f o l l i c l e s  decreased  during  m et-o estru s  and the 

d i-o e s tru s  ovary p resen ted  a p ic tu re  s im ila r  to  th e  one seen in  

a n -o e s tru s  o v a rie s .

The sm a lle s t oocytes which measured 20 -  22y, were 

recovered  from th e  outermost la y e r  of Ihe co rtex . They were 

enclosed  in  com pletely f l a t  f o l l i c u l a r  c e l l s  to  form a primary 

f o l l i c l e  (F ig . 12). These c e l l s  were long and narrow w ith  an 

elongated  nucleus and a very f a in t ly  s ta in ed  cytoplasm* Once 

the oocyte reached a c e r ta in  s iz e  th e  f l a t  f o l l i c u l a r  c e l l s  were 

ap p aren tly  transform ed in to  g ranu losa c e l l s .  This involved an 

a l te r a t io n  in  the  shape of the c e l l s ,  the c e l l s  becoming square 

to  cuboidal and th i s  change was f i r s t  noted as a ru le  a t  the two 

opposite  poles o f the oocyte where two two g ranu losa  c e l l s  

appeared (F ig . 12). The sm alles t oocyte in  which they were 

p re sen t measured 28. G radually  the ovary became surrounded

a row of g ran u lo sa  c e l l s  which have grown always fu r th e r  from 

.the two c e l l s  which appeared f i r s t .  In  the ovary of the  sheep 

f i r s t  one complete lay er of c e l l s  haVe surrounded the oocyte and 

only a f te r  th i s  lay er was complete was there  a beginning of the 

form ation of a second c e l l  la y e r . The second c e l l  lay e r 

s ta r te d  th e  same way as the f i r s t  one w ith  two c e l l s  appearing 

a t  two opposite  poles ou tside  the f i r s t  la y e r . The f o l l i c l e ,
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a f t e r  the com pletion of th e  second lay er of granu losa  c e l l s ,  

measured approxim ately 66 . 5^ in  d iam eter. The e a r l i e s t  

appearance of ihe zona p e llu c id a  was seen in  a f o l l i c l e  of 

th i s  s iz e . I t  was an extrem ely th in  s tru c tu re .

The f i r s t  theca in te rn a  c e l l s  appeared when th e  

secondary f o l l i c l e  had a d iam eter of 60^ or so. They 

were f la t te n e d  c e l l s  and c re a te d  the im pression of \
\

connective t is s u e  c e l l .

On in v e s t ig a tin g  a la rg e  number of ovaries in  d if f e r e n t  

phases of p ro -o e s tru s  and e a r ly  m e t-o estru s , i t  was found th a t  

f o l l i c u l a r  development in  th e  sheep tak es  p lace during  p ro ­

o e s tru s , o e s tru s  and e a r ly  m et-oestrus w hile  during o th er 

phases of th e  cycle  the  ovarian  a c t iv i ty ,  a t  le a s t  f o l l i c u l a r  

developm ent, seemed q u ie scen t. When the f o l l i c l e  reached the 

s iz e  of 80 p, the  g ranu losa  c e l l s  were no longer compact bu t 

p resen ted  a "sponge" (w eb)-like  appearance. The in d iv id u a l 

c e l l s  by means of th e i r  p rocesses were in  con tac t w ith one 

an o th e r, i . e .  forming a syncytium (F ig . 13)* The ovum was in  

the middle of the f o l l i c l e  and the f o l l i c l e  was s t i l l  a t  the  

p e rip h ery  of the  co rtex , ju s t  beneath  th e  tu n ica  a lbug inea.

The meshes of the granu losa lay er began to  show the presence 

o f liq u o r  f o l l i c u l i  when th e  f o l l i c l e  reached the d iam eter 

of 160^ o r so. At th i s  s tag e  the  granulosa was 43 jj, th ic k  

and the  theca  in te rn a  37* 5 p. • F o l l i c le s  of the  s ize  of 

130 -  300  p, were in  a deeper layer of the c o r t i c a l  zone -than 

those  of sm aller s iz e  and the theca in te rn a  acquired  a th e c a l
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cone which po in ted  towards the ovarian  periphery .

From th a t  (160^ ) s iz e  onwards th e  growth o f th e  th eca  

in te rn a  was more ra p id  r e la t iv e  to  th a t o f  the g ranu losa . When 

th e  f o l l i c l e  reached approxim ately 500 -  7 0 0 ^ th e  theca in te rim  

and g ran u lo sa  were equal in  "thickness measuring 100 -  130jj,

(C hart 4 )•

At d i f f e r e n t  phases of f o l l i c u l a r  development the theca  

in te rn a  a t  one aspec t of th e  f o l l i c l e  becomes th ic k e r  than a t  

o th e r a sp e c ts  and since t h i s  th icken ing  assumes th e  shape of a 

cone i t  i s  re fe r re d  to as th e c a l  cone. In  sm all f o l l i c l e s  up 

to  3 0 0^ a marked th e c a l cone p o in ts  towards the periphery  of 

the ovary (F ig . 15a & b ). I t  i s  absent in  f o l l i c l e s  of 400 -  $00 ji 

which have m igrated  deeper in to  the  ovary (F ig . 15c)* I t  can 

be seen again  in  f o l l ic le s  o f 600 -  800^, when i t  p o in ts  towards 

the  ovarian  medulla (F ig . 15d}* Once the  f o l l i c l e  has ap p aren tly  

reached the  l im i t  of i t s  inner m igration  in  the ovary a g rad u a l 

change tak es  p lace  in  the p o s itio n  of the  th e c a l  cone which then  

again  p o in ts  towards the ov arian  periphery  (F ig . 14 and 15e). 

Preceding  th e  f o l l i c u la r  ru p tu re  the  th e c a l cone po in ts towards 

th e  n e a re s t po in t of ovarian  su rface  (F ig . 1 5 f )•

In  sev e ra l cases, hov/ever, th e re  was no p o s s ib i l i ty  of 

inward f o l l i c u l a r  m ig ra tion . As a r e s u l t  a l l  s o r ts  of f o l l i c u la r  

forms come in to  b e in g ; th e  most unusual being  the e l l ip s o id  forms, 

bu t py ram id -like  or i r r e g u la r ly  shaped f o l l i c l e s  were a lso  

freq u e n tly  encountered.

The c e l l s  o f the  theca in te rn a  in  the sm all f o l l i c l e s
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a re  f l a t  c e l l s  w ith  a dark oval n u c le i and eo sin o p h il cytoplasm* 

The c e l l s  a re  c o n c e n tr ic a lly  arranged around the basement membrane. 

I t  was u su a l to  f in d  in  la rg e  f o l l i c l e s  one la y e r  of very f l a t  

theca in te rn a  c e l l s  w ith  sm all n u c le i which lay  next to  the 

basement membrane. E x te rn a l to  them some la rg e r  c e l l s  were 

found. They were a lso  f la t te n e d  b u t were considerab ly  b ig g e r 

than th e  p rev io u s ly  mentioned ones. They had round n u c le i and 

f a i r l y  w e ll s ta in e d  eo sin o p h il cytoplasm . During o e stru s  the 

c e l l s  were somewhat polygonal bu t never lo s t  t h e i r  c o n c sn tr ic a l 

arrangem ent (F ig s . 16 &, 17)• The c e l l s  of the th e c a l cone were

no t as f l a t  as th e  o th er th eca  in te rn a  c e l l s  and th e i r  n u c le i

In  "the sm all f o l l i c l e s  some c a p i l l a r i e s  are  found which 

were arranged c i r c u la r ly .  In  b igger f o l l i c l e s ,  in  a d d itio n  to  

th e  above d esc rib ed  c a p i l l a r i e s ,  sm all s in u s - l ik e  blood v e ss e ls  

were seen. Two "w rea th "-lik e  (H arrison , 1948) r in g s  of blood 

sinuses and c a p i l l a r i e s  could be d e tec ted  in  the theca . One 

r in g  near to  th e  basement membrane c o n s is tin g  o f s inuses and 

c a p i l l a r ie s  which surround th e  basement membrane in  an alm ost 

complete c i r c l e ,  and an ou ter c i r c le  of b lood v e sse ls  which was 

on -the p e rip h e ry  o f the th eca  in te rn a  (F ig s . 18 & 19)- In  the 

te rm in a l s tag e s  of f o l l i c u la r  development the  theca  in te rn a  

in c reased  in  th ick n ess , through oedema th e  c e l l s  became lo o se r 

than  was h i th e r to  the  case , and.between th e  c e l l  la y e rs  la rg e  

spaces appeared which in p a ra f f in  sec tio n s  were apparen tly  

devoid of any m a te ria l (Fig*. 17)*



A " fe sto o n in g ” o f  the  "basement membrane between th e  

th eca  in te rn a  and g ranu losa  was o ccas io n a lly  found. This 

" fe s to o n in g ” was' achieved by minute p ro je c tio n s  of the  theca  

in te rn a , which pro truded  in to  the  f o l l i c l e  proper (basement 

membrane end g ranu losa) and pushed in  th e  basement membrqne 

and the  g ranu losa  la y e r . Many of these p ro je c tio n s  con tained  

c a p i l la r ie s  (F ig . 20).

The growth of the  f o l l i c l e  and ovum
<

In  a la rg e  number of cases the  d iam eter o f th e  f o l l i c l e  

and ovum was measured to g e th e r w ith  the th ick n ess  of the theca 

in te rn a  and g ranu losa. This m a te r ia l (C hart 4 )  was tr e a te d  

s t a t i s t i c a l l y  to  e s ta b lis h  th e  connection between ( i )  f o l l i c u la r  

growth and growth of the ovum on the  one hand f o l l i c u l a r  growth 

and th a t  o f the ( i i )  theca in te rn a  on the  o th e r, and ( i i i )  

the  g ranu losa .

( i )  Comparison of f o l l i c u l a r  and oocyte growth shows 

th a t  in  th e  e a r ly  s tages o f development the growth of the  oocyte 

i s  much more ra p id  than  th a t  o f the  f o l l i c l e  as a whole. In  the 

p rim o rd ia l f o l l i c l e  of 26ji th e  oocyte a lread y  measures 22^ .

But when the f o l l i c l e  re a d ie s  th e  s iz e  of approxim ately the

growth r a te  of the oocyte i s  ab ru p tly  reduced and th e re a f te r  the 

f o l l i c u l a r  growth i s  much more ra p id  than th a t  of the oocyte. 

TSfhile in  th e  rem aining p eriod  of growth die f o l l i c l e  read ies  the 

s iz e  o f 5,000 -  10,000 & the ovum reaches the maximum s iz e  of

1451*1 only. I f  these measurements are reproduced g ra p h ic a lly  -  

th e  average s ize  pf the  ova p lo tte d  a g a in s t th e  a c tu a l f o l l i c u la r
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s iz e  -  then  a s teep ly  r i s in g  alm ost v e r t i c a l  l in e  appears 'which 

re p re se n ts  th e  quick growth p eriod  of the  ovum a f te r  which th e  

growth ab ru p tly  f l a t t e n s  out in to  an almost h o r iz o n ta l  l in e  

which corresponds w ith  -the slow growth p eriod . From a l l  

a v a ila b le  da ta  th e  formula fo r  the re g re ss io n  l in e  fo r  the  

whole growth p e rio d  -

Y = 85 .U 17 + 20.1933 ( lo g eF -  5*8605 )

was ob ta ined  where Y i s  the s iz e  of ihe ovum and F i s  th e  s iz e  

of the  f o l l i c l e  (Graph 1 /. F u rth e r to  prove th e  natu re  of the  

growth a lo g . ch a rt (Graph 2) was o b ta ined . I t  i s  seen from 

th is  graph th e  growth l in e  i s  continuous.

The th ick n ess  of th e  theca in te rn a  ( i i j  has shown an 

in c re ase  in  a s t r a ig h t  l in e  when th e .re g re s s io n  l in e  was -

Y = 78.16 + 39.13 (X ~ 6 . 2 4 ) (Graph 3).

When d a ta  re fe r r in g  to  th e  th ickness of th e  g ranu losa  

( i i i )  was t r e a te d  in  a s im ila r  way the  r e s u l t  was not conclusive , 

although i t  i s  suggestive of a parabola  -which i t  was expected 

to  d e sc rib e  (Graph %.)•

M u ltin u c lea r ova, polyovular f o l l i c l e s  and accessory  oocytes.

Large numbers of polyovular f o l l i c l e s  and m u ltin u c lea r 

ova were recovered  in  the sheep* s ovary. These s tru c tu re s  were 

only found in  th e  o v aries  of animals k i l le d  during  p ro -o e s tru s , 

o estru s  and ije t-o e s tru s .

The number of m u ltin u c lea r ova was low a t  the  beginning 

of pro—o e s tru s , showed a g radual in c rease  during p ro—o e s tru s  and 

was h ig h e s t in  anim als which were slaugh tered  a t  o e s tru s . They
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were found degenera ting  in  anim als which were s lau g h tered  

during  m e t-o estru s  and e a r ly  d i-o e s tru s .  A ll oocytes w ith  

more than one nucleus were in  th e  e a r ly  s tag es  of development 

and none was found w ith in  a secondary f o l l i c l e .  While the  

most freq u en t o f m u ltin u c lea r oocytes were those which had 

two n u c le i ,  a la rg e  number had th re e , and o ccasio n a lly  even four 

or f iv e  n u c le i .  M u ltinuc lear ova as a ru le  were la rg e r  than 

oocytes w ith  s in g le  n u c le i (F ig s . 21 and 2,2;.

Hartmann (1926) has c la s s i f ie d  th e  po lyovular f o l l i c l e s  

in to  the  fo llow ing th ree  groups:

Type I .  The ova a re  sep ara ted  by in te rv en in g  masses 

of g ranu losa  c e l l s ,

Type I I .  The ova are in  co n tac t by broad su rface s , and 

Type I I I .  The ova. are l in e a r ly  arranged w ith in  th e  

f o l l i c l e s .

In  the sheep i t  was p o ssib le  to  f in d  a l l  th re e  types of d ev ia tio n  

from "the normal. Type I ,  by w hidi the oocytes a re  d esc rib ed  to
i

j be sep ara ted  by granulosa c e l l s  needs m o d ifica tion  w ith  reg a rd  

to  th a t  of th e  sheep; namely th e  c e l l s  which sep ara te  th e  

 ̂ oocytes w ere o ften  not g ranu losa  c e l l s  but the f l a t  f o l l i c u l a r  

| type of c e l l s  which one encounters surrounding the  oocyte befo re  

th e  a c tu a l  g ranu losa  c e l l  form ation takes place (F ig .

Type I I ,  th e  broad surface  co n tac t was q u ite  usual in  -the ovary 

o f th e  sheep and oocytes resem bled a n e st of eggs ly in g  to g e th e r.

The most freq u en t number of oocytes in  one group was f iv e .

Type H I ,  or l in e a r  arrangement of oocytes s im ila r ly  occurred
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very  o ften  and was encountered re g u la r ly  in  th e  sheep* s ovary. 

The number o f oocytes encountered in  t h i s  way was again  very 

h ig h  (^ 'ig . 23 )• "While accessory  oocytes were no t encountered 

r e g u la r ly ,  th e re  were a few found to  be enclosed  in  th e  theca  

in te rn a  o f a f a i r l y  la rg e  and w e ll developed f o l l i c l e .

F o l l i c u la r  degenera tion  and a t r e s ia

Form ation and degeneration  of oocytes was found to  be 

a continuous p rocess  in  the  ovary of th e  sheep. There were 

always a number of degenera ting  f o l l i c l e s  p re sen t du ring  an- 

o e s tru s . In  la te  m et-oestru s or e a r ly  d i-o e s tru s  an a t r e t i c  

o r degenerative  wave seemed to  sweep over the ovary and most 

of th e  f o l l i c l e s  and oocytes showed a degeneration  in  i t s  

wake.

The degenera tion  a ttack ed  f i r s t  th e  sm alles t then 

g ra d u a lly  the  b ig g e r f o l l i c l e s .  A ccordingly i t  was p o ssib le  

to  f in d  m e t-o e s tr ic  o v aries  which h a rd ly  con tained  any h ea lth y  

p rim o rd ia l and secondary f o l l i c l e s  a t a l l ,  only some t e r t i a r y  

f o l l i c l e s  s t i l l  p e rfe c tly  h ea lth y .

The degenera tion  took d i f f e r e n t  forms in  -the d i f f e r e n t  

s tag e s  of development. In  th e  p rim o rd ia l f o l l i c l e s  th e  sign  

of degenera tion  was the d iso rg a n isa tio n  of the cytoplasm  in  

th e  oocyte in to  a w eb-like  s tru c tu re  leav ing  p a rt of th e  c e l l  

com pletely devoid of any v i te l lu s  and the  p icn o tic  changes in  

the  nucleus. In  secondary f o l l i c l e s  lymphocytes have invaded 

th e  granu losa  a t  the  beginning of a t r e t i c  p rocess; th e  ovum 

become d iso rg an ised  and the zona p e llu c id a  lo se s  i t s  c irc u la r
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s t r u c tu r e .  In  the. more h ig h ly  developed f o l l i c l e s  which 

a lread y  possessed  a cumulus oophorus and antrum f o l l i c u l i ,  

the degenera tion  a ffe c te d  the  whole f o l l i c l e  a t  once.

Coining from w ithou t inward, the  f i r s t  changes were noted  in  

the  shape of the g ranu losa  c e l l s  which appeared f la t te n e d  

and th e  whole granulosa lay er became f l a t t e r  in c lu d in g  th e  

cumulus oophorus. The f o l l i c u l a r  f lu id  accumulated in to  

l i t t l e  g lo b u le s  and the  ovum underwent the  same changes as 

those  in  th e  secondary f o l l i c l e s .  An invasion  of lymphocytes 

s ta r te d  (F ig . 23d ) and th e  antrum g rad u a lly  became occupied by 

w eb-like  th read s  and f ib r o b la s ts  (F ig . 26). When the 

degenera tion  was complete the  f o l l i c l e  was f i l l e d  w ith 

connective t is s u e  (F ig . 2^ ;.

The ru p tu re  of the f o l l i c l e

A ctually  no ru p tu re  of f o l l i c l e  was w itnessed  when d o ing ’ 

t h i s  work but sev e ra l ovaries  were recovered  during m et-oestru s 

when i t  seemed th a t  ru p tu re  of G raafian f o l l i c l e s  was imminent.

Fran th e  h i s to lo g is t1 s poin t of view th e  changes which 

took place in  the f o l l i c l e  d u ring  h e a t immediately preceding 

o vu la tion  can be summarised as fo llow s.

Some la rg e r  f o l l i c l e s  were not su b jec ted  to  the  

degenera tive  wave which swept over the ovary fo llow ing the 

o v u la tio n  du rin g  the l a s t  met— and d i-o estru s*  During 

d i—oestru s  however these f o l l i c l e s  were in  a " re s t in g  p e rio d " . 

The theca in te rn a  was th in  and so was the g ranu losa . The

granu losa  c e l l s  were sm all and polyhydral nucleus ana
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cytoplasm  s ta in e d  b aso p h il (F ig . 16).

During p ro -o es tru s  the f o l l i c l e  was in  a growing phase.

The theca ex te rn a  c e l l s  bo rd erin g  th e  th eca  in te rn a  became 

la r g e r ,  th e  theca in te rn a  became w ider than  was during  d i-o e s tru s  

and the g ranu losa  c e l l s  underwent marked changes. The b a sa l 

la y e r  of g ran u lo sa  c e l l s  next to  the  basement membrane became 

c y l in d r ic a l  w ith  a s l ig h t ly  ac id o p h il cytoplasm , the  one la y e r  

above i t  cubo idal and the c e l l s  in  the la y e rs  above i t  remained 

polyhydral (F ig . 1 7 ).

During o e s tru s  im mediately preceding th e  ru p tu re  of the 

f o l l i c l e  a t  a po in t where th e  theca exerted  the h ig h e s t p ressu re  

on th e  tu n ica  a lbug inea, th e  albuginea g rad u a lly  disappeared and 

th e  theca ex te rn a  and in te rn a  seemed to  co a lesce . W ithin a 

sh o rt p e rio d  t h i s  lay e r became th in  and th e  f o l l i c l e  bulged out 

(F ig . 2$,). T his p ro trud ing  f o l l i c u la r  w a ll was th in  and g la ssy  

and m inute s tro n g ly  in je c te d  th e c a l blood v e sse ls  were v is ib le .

I t  i s  customary to  r e f e r  to  th is  p ro trud ing  f o l l i c u la r  w a ll as 

g la ssy  membrane o r macula p e llu c id a .

W ithin the  f o l l i c l e  connection between the  g ranu losa  c e l l s  

became loosened and in  tine cumulus oophorus spaces appeared among 

th e  g ran u lo sa  c e l l s  which were f i l l e d  w ith  liq u o r f o l l i c u l i  

(F ig . 29). W ithin a sh o rt pe rio d  o f the impending ru p tu re  of 

the  f o l l i c l e  a minute opaque spot -  a rea  opaca -  appeared in  the 

middle of the  macula.

The corpus luteum

Very fre sh  corpus luteum ( i . e .  w ith in  a few hours a f t e r
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th e  f o l l i c u l a r  ru p tu re )  appeared e i th e r  as a s l ig h t ly  b leed in g  

sm all h o le  o r s l i t  of a l te rn a t in g  s ize  o r as a l i t t l e  b lood clo t*  

On naked eye exam ination of the ovary the  one day o ld  

corpus luteum appeared as a sm all, b r ig h t  re d  sp o t, s l ig h t ly  

beneath  th e  ovarian  surface  and the above mentioned opening 

was sca rc e ly  v is ib le .  In  th e  two days old corpus luteum a 

g rad u a l p ro tru s io n  of the  corpus luteum has taken place and 

in  th e  th re e  days-o ld  corpus luteum the opening was a c irc u la r  

e lev a tio n  j u s t  above the ovarian  su rface . During the ensuing 

s ix  or seven days the co lour of th e  corpus luteum changed from 

re d  to  pink and th e  growth in  s ize  continued . The corpus 

luteum was covered by ep ithe lium  on "the 7 th  ~ 9 th  day a f t e r  

th e  f o l l i c u l a r  ru p tu re . T h e rea fte r th e  p ro tru sio n  g rad u a lly  

decreased  and the co lour of th e  corpus luteum changed to  yellow . 

On th e  16th  day when a new G raafian  f o l l i c l e  ru p tu red  the co lou r 

of th e  one c y c le  o ld  corpus luteum was w hitish -ye llow .

A fte r th e  rup tu re  of th e  fre sh  f o l l i c l e ,  th e  one cycle 

o ld  corpus luteum fu r th e r  decreased in  s ize  and i t  m igrated 

g rad u a lly  in to  the  ovary.

I t  was found th a t  th e  corpora lu te  a of d if f e r e n t  ewes 

were almost o f the same size  a t  id e n t ic a l  developm ental s tag e s , 

d is re g a rd in g  th e  age of th e  anim al or th e  s iz e  of the ovary.

A ho le  in  th e  c en tre  of th e  corpus luteum o ften  p e rs is te d  

throughout th e  f i r s t  s ix te e n  days of lu t e a l  development.

On h is to lo g ic a l  exam ination two to  th re e  hours a f te r  

o v u la tio n  th e  nev,rly  ru p tu red  f o l l i c l e  was found to  co n ta in  a
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coagulum of blood and f o l l i c u l a r  l iq u id  surrounded by c e l l  

d e b r is  and the remnants of the f o l l i c u l a r  w a ll. At the p o in t 

of ru p tu re  th e re  was an oval ho le  in  the  f o l l i c u la r  w a ll through 

which p a r t of a blood c lo t  was seen to  p ro trude from the f o l l i c u l a r  

c a v ity . At the  periphery  of the f o l l i c u l a r  c av ity  the f o l l i c u la r  

w a ll, due to  th e  c e s sa tio n  o f the in te rn a l  p re ssu re , was ra is e d  

in to  fo ld s  (F ig s . 59, 31  & 3 2 ).

A fte r the  lapse  of 6 -  7 h rs .  th e  theca  in te rn a  c e l l s  

broke through the  basement membrane a t the top of the fo ld s  and 

began to  grow towards the c e n tre  of the c av ity . The granulosa

c e l l s ,  according to  the  v igour of growth, occupied a more o r le s s  

extended a rea  on the periphery . T;l i i l e  the c e l l s  which o r ig in a te d  

from the th eca  in te rn a  showed very a c tiv e  d iv is io n , those of the 

g ranu losa  were not d iv id in g . There was s t i l l  blood v is ib le  

w ith in  th e  f o l l i c u l a r  c av ity .

From "the c re s t  of the fo ld s  v igorously  growing connective 

t i s s u e  trab ecu lae  advanced towards the cen tre  of the c av ity .

The trab ecu lae  were always accompanied by numerous blood v e sse ls .

In  a d d itio n , among the lu te in  c e l l s  of g ranu losa  o r ig in , th e re  

were ex tensive  areas f i l l e d  w ith  blood.

In  th e  12 -  16 h rs .  o ld  corpus luteum round c e l ls  of 

g ranu losa  o r ig in  were la rg e r  than in  the p rev iously  described  

one and th e re  were numerous blood sinuses among these  c e l l s .

Groups of granu losa lu te in  c e l ls  were surrounded by connective 

t i s s u e  trab ecu lae  and in  the  ax is of the  trabecu lae  th e  

connective t i s s u e  c e l l s  showed a more vigorous growth and b d tte r
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development than  was v is ib le  in  the  specimen which was 6 h rs .  

younger. The blood which was found e a r l i e r  ly in g  f r e e ly  among 

th e  g ranu losa  o r ig in  lu te in  c e l l s  was mainly surrounded by 

connective t i s s u e  (F ig . 33)- in  the  cen tre  o f the  o rgan ised  

corpus luteum however there  was p re sen t a c av ity  f i l l e d  w ith  

what appeared to  be the remnants of liq u o r f o l l i c u l i .

The 21+ -  1+Q h r. o ld corpus luteum appeared to  be b e t t e r  

O rganised and the  s l i t - l i k e  opening of the corpus luteum was f i l l e d  

out by lu t e a l  t is s u e  (F ig . 31+). One of the  48 h r .  corpora lu te a  

was p a r t ly  h e rn ia te d  and has shown a w e ll developed p l ic a t io n  

(F ig - 3k)• The number of s inuso ids among the  granulosa  c e l l s

has decreased  considerab ly . The connective t i s s u e  was w e ll 

developed and c a r r ie d  a la rge  number of blood v esse ls  (F ig . 35)- 

In  a d d itio n  to  t h i s ,  connective t i s s u e  is la n d s  were found a t  

almost every p a rt of the p licae  in  the  p lic a te d  specimen. The 

n u c le i of the  g ranu losa c e l l s  have become more v e s ic u la r  than in  

younger specimens. The cytoplasm of the  c e l l s  were f u l l  w ith 

very  sm all, f a in t ly  eo sin o p h ilic  g ranu les.

In  the  3 - 7  day o ld  corpus luteum the connective t is s u e  

showed a v igorous growth and by the 7 th  day i t  has surrounded 

every group of lu te a l  c e l l s .  The lu te a l  c e l l  groups were formed 

of 3 -  1+ c e l l s .  Connective t is s u e  trab ecu lae  were leav in g  the area 

which was the  theca ex terna carry in g  blood v e sse ls  in to  the inner 

p a r t of the  corpus luteum* hven in  specimens which were h e rn ia te d  

th e  connective t i s s u e  covered the whole corpus luteum* ih e  

o r ig in  of the  connective t is s u e ,  however, was not the tunica 

albuginea of the ovary, but the connective tis su e  of th e  corpus luteum
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There i s  a f a i r  amount of r e t i c u la r  t is s u e  throughout the  organ, 

which seem to  have o r ig in a te d  from th e  connective t i s s u e  

accompanying the blood v e sse ls  (F ig . 3£).

The corpus luteum reaches i t s  maximum development on or 

about th e  10th day. At th a t  stage in  ad d itio n  to  the connective 

t i s s u e  elem ents the follow ing c e l l  types can be d i f f e r e n t ia te d ;

a) g ranulosa  lu te in  c e l l s ;  a la rg e  round c e l l  (30  -  34M* in  

d iam eter) w ith  a c e n tra l ly  p laced  la rg e  v e s ic u la r  nucleus.

The c e l l s  in  th e  p a ra ff in  embedded specimens are almost 

com pletely devoid of any cytoplasm  and i f  any v^as p re sen t 

i t  was f a in t ly  eo sin o p h il and was u su a lly  ad jacen t to  the 

nucleus (F ig . 3$a).

b ) th e c a l  lu te in  c e l l s ;  elongated polygonal shaped c e l l s  

w ith  a c e n tr a l ly  p laced  ovoid com paratively sm all darkly  

s ta in e d  nucleus. The cytoplasm of th ese  c e l l s  was not 

vacuo la ted  and was s tro n g ly  eo sin o p h il. The len g th  of 

th e  c e l l  v a r ie s  from 20 -  26 and i t s  w idth from 12 -  

1 6 .  (Fig* 30to).

c )  th in  e longated  c e l l s  which resembled th e  sm all theca 

in te rn a  c e l l s .  Small c e n tra lly  p laced dark ly  s ta in ed  

nucleus found w ith in  th e  eosinoph il cytoplasm . These 

c e l l s  a re  o ften  found to  con ta in  two n u c le i and measured 

14 -  1 8 H in  leng th  (F ig . 38c)«

The b ig  and the sm all c e l l s  formed p a r t  of an organised p a tte rn  

and almost every large  c e l l  was surrounded, by the smaij. c e l l s  

and the whole s tru c tu re  was v a sc u la rised  (Fig* 3#)* some
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case s  p a r t  of the f o l l i c u la r  c av ity  was s t i l l  p resen t and was 

f i l l e d  w ith  what appeared to  be the rem ainder of the liq u o r , 

in  the non-pregnant anim als twelve days a f te r  o v u la tio n , i . e .  

a t  the  approach of the next p ro -o es tru s , th e  corpus luteum 

began to  degenera te . D egeneration was a very g radua l process 

and began w ith  the gradual decrease in  c e l l  s ize s  and pyknosis 

of the  n u c le i . The la rg e  c e l l s  of g ranu losa  o rig in  were th e  

f i r s t  to  s u f fe r  and in  the  trab ecu lae  th e  connective t i s s u e  

showed an in c rease  in  amount to  th e  detrim ent of the theca 

in te rn a  c e l l s  (D ig. 3^ Sc l+Qj. The connective t is s u e  trab ecu lae  

have g ra d u a lly  in c reased  in  size  and the granulosa c e l l s  become 

sm alle r . The whole process of degenera tion  gathered  momentum a t  the 

tim e when th e  new heat s e t in  and i t  advanced ra p id ly  a f t e r  the 

ru p tu re  o f th e  new f o l l i c l e .  The s tro n g ly  developed connective 

t i s s u e  u ltim a te ly  com pletely rep laced  the lu te in  c e l l s  and a 

m ig ra tio n  of macrophages s e t  in  (D igs. 2*1 & 2*2 ;• Due to  the 

replacem ent of the lu te in  c e l l s  by connective t is su e  and the 

d isappearance of the blood v e sse ls  the corpus luteum became 

sm aller and was transform ed in to  a corpus a lb ican s  which g rad u a lly  

m ig rated  deeper in to  the ovaiy. By the end of the second cycle  

th e  o r ig in a l  corpus luteum was a connective t is s u e  s tru c tu re  w e ll 

w ith in  the ovary (F ig* . #2 ). I t s  shape was sp h e r ic a l and

th e  organ was devoid of blood v esse ls  and r e t ic u la r  f ib r e s  and was 

composed e n t i r e ly  of co llagen  and e la s t i c  f ib re s  and of very  few 

f ib r o b la s ts .  In  the cen tre  of the organ a la rg e  number of b ig  

macrophages were v is ib le .  The number of these c e l l s  decreased  

w ith  each successive ovu la tion  u n t i l  f in a l ly  i t  was only a sm all
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connective  t is s u e  s tru c tu re  which rem ained bf the f o l l i c l e

(F ig s . 42  & 43)*

H istodhem ical re a c tio n s  in  the  ovary

The basement membrane beneath -the germ inal ep ithe lium  has 

shown a p o s it iv e  P.A.S. re a c tio n . The re a c tio n  was not a f fe c te d  

a f t e r  trea tm en t w iih d ia s ta s e  and hyalase  or e x tra c tio n  by 

m ethanol-chloroform  m ixture.

The con ten ts  of the r e t e  o v a r i i  tubu les was found to  give 

s l i ^ i t  re a c tio n  w iih  P. A.S. and a very weak re a c tio n  w ith  

S ou thgate’ s mucicarmine. The P.A.S. p o s itiv e  re a c tio n  d id  not 

d isap p ear a f t e r  m ethanol-chlofofarm , d ia s ta s e  o r H yalase. No 

s ta in in g  was seen w ith Sudan b lack  and T o lu id in  b lu e . With 

methylene b lue  re a c tio n  was obtained only a t  pH 7*0.

H istochem ical re a c tio n s  in  the f o l l i c l e s  and corpus luteum.

Pat was only found in  the theca  in te rn a  c e l l s  of the la rg e  f o l l i c l e s .  

The f a t  was Sudan 3 and Sudan 4 (S harlach  R; p o s itiv e .

In  the developing f o l l i c l e s  the  liq u o r  f o l l i c u l i  s ta in e d  

w ith  mucicarmine and reac ted  f a in t ly  w ith  P. a. S. P. A. S. re a c tio n  

was a lso  ob ta ined  in  the zona p e llu c id a  and i t  was more pronounced 

than th a t  of the  l iq u id . A f a in t  P .A .S. re a c tio n  was a lso  obtained  

in  th e  g ranu losa  c e l ls  and preceding f o l l ic u la r  ru p tu re  in  the 

c e l l s  ly in g  n ea res t to the basement membrane a number of P. A. S. 

p o s it iv e  g ranu les appeared which s ta in ed  more in te n se ly  than the 

r e s t  o f the  cytoplasm  (F ig . 47)* This com paratively weak re a c tio n  

of g ranu losa  c e l l s  and liq u o r was enhanced a f te r  trea tm ent w ith  

d ia s ta s e  and has disappeared a f te r  hyalase treatm ent.
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On s ta in in g  w ith  T olu id in  b lue  i t  was d i f f i c u l t  to  

d e te c t  metachrom asia in  the e a r l i e r  s tag es  of f o l l i c u la r  

development except in  ihe zona p e llu c id a  which was c o n s ta n tly  

m etachrom atic. Once however the f o l l i c l e  reached the d iam eter 

of 500H* "the liq u o r f o l l i c u l i  and granu losa c e l l s  a lso  showed 

metachrom asia although the  re a c tio n  was always s tro n g e s t a t  

p laces  n e a re s t ihe zona p e llu c id a  of the developing ovum*

In  fu r th e r  developed f o l l i c l e s  (8 0 0 jj, ) and a t  c e r ta in  s tag es  

of f o l l i c u l a r  development, the  re a c tio n  d isappeared  tem p o rarily .

The P.A .S. p o s itiv e  m a te ria l was negative  w ith  Sudan 

b la c k  B which in  p a ra f f in  sec tio n s  s ta in e d  the  yo lk  g ranu les 

only.

W ith Methylene b lue a t  pH 3*0 th e  granulosa c e l l s  and 

zona p e llu c id a  re a c te d  strongly  and ihe theca in te rn a  gave a 

com paratively  weak re a c tio n . S im ilar re a c tio n s  were obtained 

a t  pH 5.0 , in  a d d itio n  th e  liq u o r f o l l i c u l i  was a lso  p o s it iv e .

In  f o l l i c l e s  of or la rg e r  the c e l l s  (cytoplasm )

of the  theca in te rn a  have shown a s tro n g ly  p o s itiv e  a lk a lin e  

(g ly c e ro )  phosphatase re a c tio n  which was occasio n a lly  found in  

th e  th eca  e x te rn a  and granulosa as w e ll (F ig s .; 44 & 45)•

Acid (g ly c e ro )  phosphatases were found only in  the n u c le i 

of th e  granulosa c e l l s  in  la rg e  f o l l i c le s  (8001^ and over)

(F ig . 4 6 ’). F ib ro b la s ts  n u c le i o ccasio n a lly  showed p o s it iv e

re a c tio n  as w e ll.

In  the degenerating  f o l l i c le s  the liq u o r f o l l i c u l i  was 

s tro n g ly  p o s itiv e  w ith  Southgate’ s mucicarmine and P. A. u.
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During d eg enera tion  ihe liq u o r f o l l i c u l i  formed d ro p le ts  r a th e r  

than  a continuous mass and granulosa c e l l s  which were detached  

in  the  d eg en e ra tin g  f o l l i c l e s  were stroiq§_y m etachrom atic w ith  

T o lu id in  b lu e  and s ta in ed  s tro n g ly  w ith Methylene b lue  even at 

pH 3*0. Moreover the re a c tio n  was not a f fe c te d  by trea tm en t 

w ith  h y a la se .

A fu r th e r  change in  the degenera ting  f o l l i c l e  was th a t  

the  theca  in te r n a ,  granulosa and liq u o r f o l l i c u l i  now gave p o s it iv e  

a lk a lin e  phosphatases (g ly c e ro ) re a c tio n .

At the beginning of corpus luteum form ation the theca in te rn a  

c e l l s  con tinued  to  show s tro n g ly  p o s itiv e  a lk a l in e  phosphatase 

re a c t io n  which c o n tra s ts  sharp ly  w ith  the negative g ranu losa  (F ig . 48) 

c e l l s .  At about the 10th day ( a f t e r  f o l l i c u l a r  ru p tu re )  the 

g ranu losa  lu te in  c e l l s  began to  e x h ib it  p o s itiv e  a lk a lin e  

phosphatases re a c tio n  which p e r s is t  fo r  a few days then  begin 

to  d im in ish  and by the beginning of the  fo llow ing o estru s  the 

re a c tio n  cea ses .

In  the few days o ld  corpus luteum the frozen sec tio n s  

con tained  numerous fa t  g lo b u les  which s ta in ed  w ith  Sudan 4*

The number of the  g lobules in c reased  w ith  the development of the 

corpus luteum . In  frozen  se c tio n s  from corpora lu te a  a t  the 

maximum s tag e s  of th e i r  development the la rg e  c e l l s  con tained  a 

la rg e  amount of f a t  which sta in ed  deeply w ith  Sudan 3 and 

S harlach  R. I t  was due to  the amount of f a t  th a t  Ihe cytoplasm 

of the large c e l l s  was scanty 'when examined in  p a ra f f in  embedded 

and haem atoxylin-eosin  s ta in ed  specimens. I f  p a ra f f in  embedded
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specimens were s ta in ed  w ith  Sudan b lack  B in  the sm aller type 

c e l l s  the  sudanophil elem ents were evenly d is t r ib u te d  "throughout 

th e  whole of the  c e l l s .

With th e  degeneration  of the  corpus luteum the l ip id  con ten t 

o f th e  c e l l s  g radua lly  decreased  and had com pletely d isappeared  from 

th e  one cy c le  o ld  f o l l i c l e .  The macrophages which occupied the 

c e n tre  of th e  degenerated f o l l i c l e  remained however s tro n g ly  

sudanophil and F.A. 3. p o s itiv e  (F ig s . 43 & 49).

The Oviduct 

M acroscopica! Anatomy

The oviduct of the sheep i s  a p a r t ia l ly  pigmented narrow 

tube w hich, l ik e  th a t  of o ther mammals, i s  enclosed w ith in  the 

fo ld s  of the  u te r in e  ligam ent. In  i t s  course i t  u su ally  forms 

5 - 6  loops which f in a l ly  jo in  the  c o ile d  end of "the u te r in e  

h o rn s . I t s  average leng th  in  the  S c o ttis h  B lackface sheep was 

16.3  cm. (C hart Bj,

I t  was found th a t  ihe  leng th  of the oviducts was in fluenced  

by the  age of the  animal and as a ru le  the  o lder the  animal was 

th e  lo nger i t s  ov iduct. The oviduct can be d iv ided  in to  th re e  

p a r ts ,  v iz . th a t  o f the infundibulum, ampulla and isthm us. One 

segment merges g rad u a lly  w ith  the o th e r.

The infundibulum  is  the  ovarian  ex trem ity  of the ov iduct.

I t  i s  s i tu a te d  c ra n ia l ly  to the ovary and i s  roughly in  the 

t r ia n g u la r  area  formed by the ovary, "the border 01 the broad 

ligam ent and ampullar p a rt of the oviduct. I t  i s  co n ica l and 

as a ru le  i t  measures 7*3 “ 13 leng th  and 0 . 2 -  0 . 3  mm.
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in  th ic k n e ss . In- o e s tru s  i t  com pletely envelops th e  ovary.

The f r e e  edge was fim b ria ted  and th e  fim brae continued in to  

fo ld s . These fo ld s  are 1 - 2  mm. in  h e ig h t and run  

c e n t r ip e ta l ly  towards the  ovarian opening of the  oviduct 

(abdom inal ostium ).

In  th e  c r a n ia l  p a r t of the  ovarian  ligam ent one f in d s  

th e  d u c tu l i  ab e rran te s  superio res  which were th in  w hite  s tru c tu re s  

s l ig h t ly  r a is e d  above th e  oviduct su rface  and resem bled sm all 

v e sse ls  in je c te d  w ith  w hite  m a te ria l.

The ampulla i s  the second p a rt of the  ov iduct, and 

connects the infundibulum  to  the isthm us. I t  was 5 ~ 7 cm. 

long and i t s  d iam eter was 3*3 “ 4*3 nim. as a ru le .  I t  foimed 

2 - 3  loops in  i t s  run . The th ickness of the ampulla decreases 

from a maximum a t the  in fu n d ib u la r end to  a minimum of about 

o n e -th ird  to  tw o -f if th s  a t the is thm ic  end. The th ick n ess  of. 

the w a ll shows a lso  a considerab le  a l te r a t io n ,  namely an in c rease  

from 0 . 2  mm. a t  th e  in fu n d ib u la r end to  0*3  mm. or 0 . 6  mm. a t the  

p o in t of jo in in g  th e  isthm us. O ccasionally  f in e  melanin pigment was 

found in  i t s  w a ll, never however in big q u a n tit ie s .

The isthm us was almost as long as th e  ampulla -  4“5 cm. -

and forms 2 - 3  loops. The diam eter of the isthmus i s  1 -  2 mm*

and th e  th ick n ess  of i t s  w all i s  0*75 mm* The w a ll i s  u su a lly

pigmented. On i t s  mucous surface th e re  are u sually  4 low rid g es

which are connected by very  f in e  s tru c tu re s  to  one ano ther.

The tu b o -u te rin e  ju nc tion  i s  very  g radual in  the sheep.

At th e  d i s t a l  end of th e  isthmus the  u te r in e  glands a ie  a lready
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appearing w hile the w all is- s t i l l  th a t  of the ov iduct. Then the 

u te r in e  g lands g rad u a lly  in c rease  in  number w hile th e  fo ld s  decrease 

and th e  appearance of th e  f i r s t  caruncles mark the  boundary of th e  

u te ru s .

The oviduct i s  supplied  w ith  the ovarian  a r te ry  from the 

in fu n d ib u la r  to  the isthm ic  and from the  isthm us caudally  i t  i s  

supp lied  w ith  the u te r in e  branch o f the  u te r in e  a r te ry . The 

ov arian  a r te ry  i s  a branch of the  u te r in e  a r te ry .

H isto logy

The w a ll  o f the oviduct i s  composed of th re e  lay ers  which 

are  from w ithou t to  inw ards; se ro sa , m uscularis and mucosa 

( P i g .  5 0 ) .

The sero sa  is  the peritoneum which on th e  d o rsa l and 

v e n tra l  asp ec t covers the ov iduct. On th e  m edial and l a t e r a l  

aspec ts  one fin d s  the  l ig .  l a t a .

In  th e  m uscularis la rg e  numbers of smooth muscle f ib re s  

are  surrounded by connective t is s u e . This lay er i s  very  th in  

in  th e  infundibulum  and ampulla and i s  th ic k  in  the  isthm us.

Figm ent g ranules a re  encountered in  the  m uscularis 

connective t i s s u e .

The mucosa i s  composed of an ep ithelium  "with a basement 

membrane and a very  th in  lamina p ro p ria . The loose connective 

t is s u e  i s  r a is e d  in to  fo ld s  which give to  sec tio n s , e sp e c ia lly  

to  those which o r ig in a te  from th e  ampulla, a most in t r i c a te  

appearance;

D e ta iled  study was confined to  the  mucosa.



C e ll types in  the oviduct epithelium .

In  th e  ov iduct of th e  sheep fo u r c e l l  types described  by 

p rev ious au thors  -  th e  n o n -c ilia te d  sec re to ry , ro d -  and round- 

c e l l s  -  have been observed. However only the  f i r s t  two types -  

n o n -c i l ia te d  s e c re to ry  and c i l i a t e d  non -secre to ry  -  were p re sen t 

a t a l l  phases o f th e  cycle . The rod  and round c e l l s  were found 

only  during l a t e  met- and ea rly  d i-o e s tru s . V a ria tio n s  in  the 

p ro p o rtio n  of s e c re to ry  c e l l s  were noted a t d i f f e r e n t  le v e ls  of 

the  ov iduct. The sec re to ry  c e l l s  were most abundant in  the 

infundibulum  and ampulla though in  the l a t t e r  the number was 

ra th e r  le ss  than  in  the form er. There were com paratively few 

in  the  isthm us.

C il ia te d  and sec re to ry  c e l l s  are  columnar c e l l s  of equal 

h e ig h t ,  b u t th e  n u c le i of the  l a t t e r  were placed n ea re r to  th e  

basement membrane than  th a t of the form er.

Both of th ese  c e l l s  underwent a gradual in c rease  of h e ig h t 

during  the sexua l cy c le , reaching th e i r  maximum h e ig h t in  o e s tru s  

and m e t-o e s tru s . A ctual measurements were 19 -  24p< in  d i -  and 

a n -o e s tru s , 24  -  3 1 ,̂ in  p ro -o estru s  and o e stru s  and 31 “ 35 ^ 

d u ring  o e s tru s  and m et-oestrus ( s e e  F ig . 5i)« (Compare the 

h e ig h t o f c e l l s  on F ig s . 53# 54 and 57*)

The round c e l l s  as a ru le  were observed only during  the  

d i—o estru s  and p ro -o es tru s  period  and l i e  between the bases of 

the  o ther c e l l s .  They were considerab ly  sm aller than the  columnar 

c e l l s .

Hod c e l l s  appeared during  m et-oestrus and were found up to  

e a r ly  d i-o e s tru s .  They are  as h igh  as th e  c i l i a t e d  and



n o n -c i l ia te d  se c re to ry  c e l l s  and appeared to  have been produced 

from th e  s e c re to ry  c e l l s  by the  ex tru s io n  of the n u c le i . However, 

the change from se c re to ry  in to  rod c e l l s  was a gradual one. During 

l a t e  m et- and e a r ly  d i-oestrum  in  some of the  c e l l s ,  the n u c le i move 

n eare r to  th e  su rface  of the c e l l  and crea te  th e  im pression of 

wandering ou t. These n u c le i a re  elongated and th in  and th e re  

i s ,  as a r u le ,  a c o n s tr ic tio n  v is ib le  in  the middle of th e i r  len g th . 

Once o u ts id e  the  c e l l  -they became round to  oval and measured 2 -  5 (i, 

in  d iam eter. In  th e  l a t e r  phases of d i-o e s tru s  they were re g u la r ly  

recovered  ly in g  free  in  the lumen of th e  oviduct (F ig s . 63 and 6 4 )* 

At th i s  tim e th e  c e l l s  from which they o rig in a te d  appeared th in , 

ro d - l ik e  and w ithout nucleus. T heir th ick n ess  i s  h a l f  of the 

c i l i a t e d  c e l l s  and th e ir  cytoplasm is  in te n se ly  s ta in ed  w ith  pyronin. 

As a ru le  they  d isappear before the  beginning  of p ro -o es tru s  and 

none were ever found during o e s tru s .

H istochem ical re a c tio n s

L ip id s . Although l ip id  d ro p le ts  were o ccasionally  found 

s c a t te re d  throughout the whole th ickness of the  ov iduct w a ll ,  

they were no t found in  the e p i th e l ia l  c e l l s  in  any stage  of the 

cycle .

P.A. 3. + M a te r ia l. In  the sec tio n s  s ta in ed  w ith  P .A .S*, 

w ith  th e  exception  of the l a te  d i-  and an -o ss tru s  specimen, the 

sec re to ry  c e l l s  were e a s ily  recognised  from th e i r  co n ten t of 

S c h iff  p o s it iv e  m aterial*  This was found to  c o n s is t of m inute

granu les which varied  in  colour from b r i l l i a n t  ruby to  deep pink

in  d i f f e r e n t  phases of the cycle .



The g ranu les s ta in ed  le a s t  in te n se ly  (p in k ) during  early  

d i - o e s t r u s • The in te n s i ty  of s ta in in g  reached i t s  maximum 

( b r i l l i a n t  ruby) during  o e s tru s  and m et-o estru s.

In  addition to  the  a l te r a t io n  of the  s ta in in g  in te n s i ty  

the  g ran u les  a lso  v a rie d  in  p o s itio n  and amount. Thus during 

p ro -o e s tru s  the granules were found to  be massed between the 

nucleus and the f r e e  su rface . During o e stru s  and m et-oestru s 

the  g ranu les  w ith in  the c e l l s  could only be found in  a th in  l in e ,  

j u s t  below th e  f re e  su rface , and a t th i s  time some S c h iff  + 

m a te r ia l  appeared in  the lumen of the oviduct as w e ll. Towards 

th e  end of m et-oestrus the S c h iff  + m a te ria l disappeared from the 

c e l l s  and from the  lumen of the  oviduct. I t  became com pletely 

absent by the 4~5^h day a f te r  c e ssa tio n  of h ea t (F ig s . 55* 5&>

57 and 58) .

The P. A. S. + m a te ria l was not a ffe c te d  by d ia s ta se  or 

H yalase and th e r e a f te r  sec tio n s  were s ta in e d  w ith  Sudan b lack  

which a lso  proved negative . F u rth e r sec tio n s  were then s ta in ed  

w ith  C e le s t in  b lue  and T olu id in  b lue. Metachromasia was observed 

w ith  C e le s tin  blue and w ith  T o lu id in  b lu e .

F in a l ly  sec tio n s  were s ta in ed  w ith  -Southgate’ s mucicarmine 

and M ethylene b lue. Mucicarmine has s ta in ed  a l l  the P. A. S. + 

substance. M ethylene b lue s ta in in g  was only p o s itiv e  a t  pH

P hosphatases. Positive re a c tio n  was obtained in  th e  

e p i th e l i a l  c e l l s  w ith  Gomori’ s method of a lk a lin e  (g ly ce ro ) 

phosphatase re a c t io n , during  oestru s  and m et-oestru s. In  the 

e p i th e l i a l  c e l l s  of the  infundibulum and ampulla th e  m a te r ia l
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appeared as a g lo b u la r mass in  th e  d i s t a l  p a r t of the se c re to ry  

c e l l s  a f t e r  1-2 hours in cubation  (F ig s . 59 and 6l ) .  In  the 

isthm us on th e  o th e r hand a p o s itiv e  a lk a l in e  phosphatase re a c t io n  

was p re sen t in  a l l  c e l l s ,  b u t i t  appeared to  be lo c a lis e d  to  a 

narrow area  immediately beneath  the f re e  su rface  (F ig s . 60 and 

62). P o s it iv e  rea c tio n s  were not obtained during d i -  and an- 

o e s tru s .

Only o ccasio n a l nuclear re a c tio n s  were obtained fo r  ac id  

phosphatase and they  v a ried  so much th a t  no conclusions could  be 

drawn.

N ucleic  a c id s . S ec tions fixed  in co rro siv e  formol and 

Zenker* s so lu tio n  were s ta in ed  w ith  Feulgen*s method for the 

presence of desoxyribonucle ic  ac id  and w ith  Methyl green -  Pyronin 

(Unna-Fapperiheim) fo r th e  presence of r ib o -  and deso ay -rib o n u cle ic  

ac id . Pyronin  suggested th a t th e re  was no r ib o n u c le ic  ac id  in  the 

cytoplasm of the  columnar c i l i a t e d  and sec re to ry  c e l l s  during  d i -  arrl 

a n -o e s tru s . The r ib o n u c le ic  acid  con ten t o f th ese  c e l l s  in c reased  

during p ro -o e s tru s  and reached i t s  he ig h t during  o estru s  and m et- 

o e s tru s .

N ucleated  p ro jec tio n s  of the sec re to ry  c e l l s . These 

p ro je c tio n s  can be d iv ided  according to  th e i r  p o s itio n  in  r e la t io n  

to  th e  c e l l  in to  two d if f e r e n t  groups. In  one of th ese  are 

included  p ro je c tio n s  which are s t i l l  in  con tac t w ith  the c e l l s  

and form f in g e r - l ik e  processes p ro je c tin g  in to  the lumen of 

the  ov iduc t. The o ther group inc ludes those which are ly in g  

f re e  w ith in  th e  lumen of the  oviciuct ( f ig s .  63 > 64 and 6 5 )*



P ro je c tio n  of both groups g ives a p o s it iv e  Feulgen re a c t io n .

Those p ro je c tio n s  which are s t i l l  in  co n tac t w ith  th e  c e l l s  

p o ssess , in  a d d itio n , a cytoplasm ic covering  which g iv es  a 

f a in t  re a c t io n  w ith  Pyronin. This fe a tu re  i s  absen t from those 

which l i e  e n t i r e ly  free  w iih in  the  lumen of the  oviduct.

The U te ru s

G ross Anatomy. The u te rus of the  sheep is  a pink 

co loured  bicorm ate organ. A natom ically a u te rin e  body and 

two ta p e rin g  horns which c o il  a t th e i r  end can be described .

The horns w ith o u t any ou ter landmark continue in to  the  oviduct 

and the  u te r in e  body in to  the  cerv ix . I t  is  customary to  d iv ide  

the  b icorm ate u t e r i ,  according to  S e ife r le  ( 1936) in to  two sub­

groups, namely ( a )  those by which th e  u te r in e  body i s  undivided 

(u te ru s  b ic o rn is  non subsept us -  h o rse ) ; and (b ) those by which 

th e  u te r in e  body i s  d iv ided  (u te ru s  b ic o rn is  subseptus) (P ig . 67)» 

The sheep w ith  th e  o ther ruminants belong to  th is  group of animals. 

As the  c o n tin u a tio n  of the body a t  the  an ti-raesom etria l border the 

two horns fo r  th e  f i r s t  5 cms. of th e i r  leng th  are  kept toge ther 

by a ligam ent.

The average len g th  of the u te ru s  was 20 cms. and the  average 

w eight was 150 gms. I t  was found th a t the age of the animal and 

the phase of sexual cycle  influenced  the 'weight and len g th  of the 

organ (C hart 6)5  v iz . u te r i  of younger sheep were l ig h te r  and those  

of o ld e r anim als were h eav ie r. Again u te r i  from anim als of s im ila r 

age were l ig h te r  du ring  an—o estrus ana. pro—o estru s and were h eav ie r 

during met- and ea rly  d i-o e s tru s  (C hart 6 >.
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In  the  opened u te ru s  and u te r in e  horns m acroscopically  

n o tic e a b le , very  o ften  pigmented round b u tto n - lik e  prominences 

are  v i s ib le .  These prominences are c a lle d  caru n cles . T h e ir 

s ize  v a r ie s  between very wide l im its  even w ith in  the same u te ru s .

In  every u te ru s  the la rg e s t  caruncles were found a t  the o r ig in  of 

th e  u te r in e  horns from the body and the sm allest a t  the c e rv ic a l 

o r i f i c e .  Four of the  caruncles are in  one h o riz o n ta l line  and 

th e re  are  fo u r rows running v e r t ic a l ly  along the whole leng th  of 

the  u te r in e  body and u te rin e  horns (F ig . 6 6 ). The number of 

caruncles was approxim ately 100 in  the whole u te ru s . They were 

o ften  j e t  b lack  in  the B lackface sheep and the  p a tte rn  of 

pigm entation and the hue of th e  b lack  v a rie d  between wide l im its .

The c a ru n c le s  were sm aller in  the young sheep and la rg e r  in  the 

o lder ones. F u rth e r th e re  were c y c lic a l  a l te r a t io n s  tak ing  

p lace  in  the  s iz e  of the caru n c les . They -were sm aller a t  the 

end of d i-o e s tru s  and during p ro -o es tru s  than during  m et-oestrus 

and o estru s-

The th ic k n e ss  of the u te rin e  w all was from 3 ” 5 mm. in  

th e  in te r  car uncu lar area and l ik e  the  caruncle  i t  showed a l te r a t io n  

during  the  sexual cycle.

Endometrium -  H is to lo g y . Two d if f e r e n t  re g u la r ly  a l te rn a t in g  

a reas  can be id e n t i f ie d  in  the endometrium of the ewe. The one i s  

the ca ru n cu la r area  'which is  composed e n t i r e ly  of connective t is s u e  

and b lood v e sse ls  and is  devoid of g lands and the o th er i s  the 

in  te r  caruncu lar which con tains the u te r in e  glands. As has been 

d esc rib ed  above the  caruncu lar area  was o ften  found to  be h eav ily

pigmented.
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The whole u te r in e  mucosa r e s t s  on a r e t i c u la r  f ib r e  

network.

The u te r in e  lumen i s  covered by an epithelium, of 

columnar c e l l s  which continues w ithout any ap p ara it change 

in to  the  g lan d u la r ep ithe lium . The basement membrane of the 

ep ith e liu m  i s  s im ila r ly  continuous w ith  th a t  o f the u te r in e  

g lan d s. The g lands are tu b u la r , s l ig h t ly  branching c o ile d  

g lands which reach  down to  the  m uscu laris and u su a lly  invade 

p a r t  of th e  caru n cu la r base.

The c e l l s  of th e  epithelium

In  o e s tru s  the u terus was lin e d  columnar e p i th e l ia l  

c e l l s  of 27 -  31 ji in  h e ig h t. A ll of them had s tro n g ly  

b a so p h ilic  b a s a l ly  p laced n u c le i and ih e i r  cytoplasm was 

e o s in o p h ilic . At i r r e g u la r  in te rv a ls  round c e l l s  w ith  c le a r  

cytoplasm  were seen on the basement membrane. during  m et-oestrus 

a growth of th e  e p i th e l ia l  c e l l s  took place and the ep ithelium  

became p s e u d o -s tra t if ie d . The c e l l s  were t a l l  columnar and 

measured 32 ~ 37 p, in  h e ig h t. In  th e  mucosa there  were enlarged 

t i s s u e  spaces due to  oedema and the mucosa was much th ick e r than 

during any o th e r phase of the cy c le . At the same time a fo ld in g  

of the u te r in e  mucosa was seen. The epithelium  remained in  i t s  

maximum developm ental stage approxim ately u n t i l  th e  10th  day a f te r  

o v u la tion . D uring early  d i—o e stru s  a la rg e  number of lymphocytes 

could oe found a t  i r r e g u la r  in te rv a ls  in  d i i f e r e n t  p laces in  the

ep ithe lium .

During th e  second h a l f  of d i—oestru s  an in v o lu tio n  took
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p lace  in  th e  u te r in e  mucosa and the e p i th e l ia l  c e l l s  became lower

and narrow er. They measured 17 -  20|A in  h e ig h t and subsequently

th e  ep ith e liu m  was again simple columnar (F ig s . 68 and 69).

During a n -o e s tru s  or the  r e s t in g  period  th e  u te rin e  e p i th e l ia l

c e l l s  were very low and slender and measured between 15 -  18 ,,r
in  h e ig h t.

The s t r u c tu r e  of the u te r in e  glands

The u te r in e  g lands can be d iv ided  in to  two p a r ts ,  namely 

( i )  th e  opening car o r i f ic e  of the g lands and -the deeper p a rt ( i i )  

which l i e s  j u s t  above the m uscularis and re fe r re d  to  as the body. 

The whole g land  i s  lined  by columnar to  cuboidal ep ithe lium  s im ila r  

to  th a t  of the u te r in e  lumen and i s  surrounded by a basement 

membrane (F ig . 12 and 73)•

During an -o estru s  the g lands were small and few and 

ap p aren tly  non-branching. There was an in c rease  in  t h e i r  number 

and growth was tak in g  place during p ro -o estru s  and o estru s  and 

se c re tio n  during m et-oestrus and the f i r s t  h a lf  of d i-o e s tru s . 

Consequently, w ith  re fe ren ce  to  the  a l te ra t io n  which took place 

in  the  sheep u te r in e  glands during the sexual cy c le , th e  fo llow ing 

phases could be d is tin g u ish ed  -

a) p re p a ra to ry  period  -  beginning 48 to  12 h rs . b e fo re  h e a t 

and s tre tc h in g  to  h ea t (p ro -o e s tru s / ,  ch arac te rized  by an 

in c rease  of g landu lar c e l l  s iz e ;

b ) p r o l i f e r a t iv e  period - extending from the onset of h ea t to 

o v u la tio n , and is  c h a ra c te rise d  by fu r th e r  increase  in  the 

g lan d u la r c e l l  s ize  and increased  c o ilin g  of th e  g lan d s;
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C/ s e c re to ry  period  covering the time of m et-oestru s and

e a r ly  d i-o e s tru s  when sec re to ry  m a te r ia l leaves the c e l l s ;

d) q u ie sc e n t period  -  l a t e  d i-o e s tru s  and la s t in g

(app rox im ate ly  6 days) u n t i l  p ro -o estru s  or the p e riod  

of a n -o e s tru s .

The se c re to ry  c e l l s  during th is  period  again became 

cu b o id a l or low columnar and were in te rsp e rse d  by narrow 

"ro d ” c e l l s  which were th in ,  columnar and devoid of any 

nucleus.

The s t ru c tu re  o f the caruncle

K e tic u la r  f ib re s  were the  main supporting elem ents of 

th e  caru n cles  b u t in  add ition  to  them co llagen  f ib r e s  were 

found (F ig . ~J0 and 7l)» E la s t ic  f ib re s  were only found around 

blood v e s s e ls . In  add ition  to  the  commonly occurring  connective 

t i s s u e  c e l l s ,  b ig  round ( 20^ diam eter) c e l l s  w ith  a round nucleus 

were encountered which were most numerous in  the deeper lay ers  of 

th e  mucosa and decreased in  number towards the ep ithelium . The 

c e l l s  s ta in e d  l ig h te r  red w ith eosin  than the  surrounding area  

and a number of dark b lack  granules were occasionally  seen in  those  

which la y  c lose  to  the m uscularis. The nearer the c e l l s  were to  

th e  ep ithe lium  the  more pigment g ranu les they  contained* (F ig s .

80 and 81).

In  a d d itio n  to  th i s  occurrence of pigment, a la rg e  number 

•of melanophores were found loaned w ith  f in e r  pigment granules than 

the  ones encountered in  the round c e l l s .  These c e l l s ,  co n tra ry  to
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the  p rev ious group, were most numerous beneath the ep ithe lium  and 

decreased  in  number towards the  m uscu laris. The c e l l s  had a 

la rg e  oblong body and extended cytoplasm ic processes which con tained  

a la rg e  number of th e  f in e  p ignen t g ranu les. A la rg e  v e s ic u la r  

nucleus was always almost in  the centre of the cytoplasm* From 

a pure ly  m orphological point of view these c e l l s  were s im ila r to  

the  tru e  pigment c e l l s  found in  the  lamina fu sca . They had a 

v a r ie d  number of processes and a l l  of them contained minute black 

pigment g ran u les .

Blood supply

Since p la ce n ta tio n  in  the sheep is  r e s t r i c te d  to  caruncu lar 

a re a s , and some of the e a r l i e r  authors have described  caruncu lar 

b leed in g s  during  o e s tru s , sp ec ia l a tte n tio n  was paid  to  the  blood 

c i r c u la t io n  w ith in  the caruncles during the d if fa e n t phases of 

the  cycle .

During an -o estru s  there  were only very few c a p i l la r ie s  

v is ib le  in  the  caruncle and they  were running d iag o n ally  ( s t r a ig h t ;  

to  th e  su rface  (F ig . 87)* During p ro -oestrus (F ig . 82) an in c re a se  

in  th e  s ize  of the  blood v e sse ls  was noted and during  o estru s  (F ig .

83 ) ,  m e t-o estru s  (F ig . 84) and early  d i-o e s tru s  (F ig . 85 and 8 6 ) a 

la rg e  number of a d d itio n a l blood v e sse ls  and c a p i l la r ie s  appeared.

In  some anim als an occasional sm all haemorrhage was noted to  have 

taken  p lace beneath  the u te rin e  epithelium* I t  was only v is ib le  

in  those  anim als whose caruncle  was not pigmenoed (lig *  8 6 ). In  

the  l a t e r  phase of d i-o e s tru s  the blood v e sse ls  underwent an 

in v o lu tio n , became sm aller and decreased in  number.
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H istochem ical re a c tio n s

In o rg an ic  iron* Inorgan ic  iro n  in  th e  form of m inute 

g ranu les was encountered in  the g landu lar ep ithelium  only.

None was p resen t during d i-o e s tru s , an -o estru s  or during pro­

o e s tru s . However a t the beginning of th e  p ro l i f e r a t iv e  period  

a number of sm all granules appeared and th e i r  number has 

co n sid e rab ly  increased  by the  end of th i s  period . The 

g ran u les  were only found in  the d i s t a l  p a rt of the c e l l s  between 

th e  nucleus and "the g landular su rface . During the sec re to ry  

p e riod  th e  number of granules has decreased w ith in  the c e l l s  and 

a number of them appeared w ith in  the lumen of the  gland (F ig . 76 

and 7 7 )-

Organic I ro n . Organic iro n  was found a sso c ia ted  w ith  the 

e ry th ro c y te s  in  blood v e sse ls  and in  some of the round c e l l s .

P. A. 3. P o s it iv e  M a te ria l. In  the endometrium of the  ewe 

two types of P. A. 3. re a c tiv e  m a te ria l were encountered. The ( i )  

f i r s t  one a weakly re a c tin g  P .A .3. p o s itiv e  m a te ria l vh ich  was 

found during  e a r ly  d i-o e s tru s  in  very sm all q u a n titie s  in  the 

u te r in e  e p i th e l i a l  and g landular c e l l s  and somewhat l a t e r  in  the 

lumen of the  u te ru s  or th a t  of the u te rin e  glands (F ig . 75 )j and 

the  ( i i )  second strong ly  re a c tin g  m a te ria l in  la rge  q u a n titie s  

w ith in  th e  round c e l l s  which presence apparently  was not a sso c ia ted

w ith  th e  sexual cycle.

( i )  and ( i i )  remained P.A.S. p o s itiv e  a f te r  trea tm en t w ith  

d ia s ta s e ,  hyaluron idase  and m ethanol-chloroform  and has not shown 

any metachrom asia w ith  T olu id in  or C e le s tin  blue (f ig *  8 l ) .  They
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have shown only a f a in t  s ta in in g  in  s l ig h t  ac id  and a s tro n g  

re a c tio n  in  th e  n e u tra l  Methylene blue so lu tio n . Consequently 

i t  i s  assumed, th a t  th e  cytoplasm of the c e l l s  con tain  a type 

of m ucoprotein.

R ibo- and D esoxyribonucleic acid . The r ib o n u c le ic  acid  

co n ten t of the c e l l s  showed a cy c lic  a l te r a t io n  a sso c ia te d  w ith  

the  b reed in g  season. The maximum amount of re a c tin g  m a te r ia l 

was to  be found during the secre to ry  phase and hard ly  any a t a l l  

du ring  the  q u iescen t period. The rod c e l l s  whose occasional 

appearance i s  desc rib ed  during the  qu iescen t period have never 

shown any r ib o -  or desoxyribonucleic acid reac tio n .

R a t. N eu tra l f a t  in  the form .of sm all g lobules which 

have s ta in e d  equally  w ell w ith  Sudan 3 and Sharlach R was found 

in  the g lan d u la r and e p i th e l ia l  c e l l s  during the  p r o l i f e r a t iv e  

phase. The g lo b u les  were lo ca ted  between the nucleus and the 

f r e e  su rface  of the c e l l s .  During the sec re to ry  phase the 

g lo b u les  were found in  the lumen of the g lands, in  th a t  of the 

u te ru s . In  a d d itio n  to th is  f a t  small g lobules were found in  

the round c e l l s  which apparently  were not influenced  by the 

sexual cy c le .

A lk a lin e  and acid phosphatase. D isregarding p o s itiv e  

n u c lea r re a c tio n s  which could be obtained in  almost a l l  phases 

of th e  c y c le , p o s itiv e  a lk a lin e  phosphatase reac tio n s  weie 

ob ta ined  in  the  cytoplasm of the e p i th e l ia l  and g landular c e l l s  

du ring  the  sec re to ry  phase. The re a c tio n  followed the course 

of the  g lan d u la r a c t iv i ty ;  thus the re a c tio n s  were f i r s t  ob tained
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from th e  o r i f i c e  of the gU rd  and only l a t e r  th a t  in  th e  b a s a l is .

The re a c tin g  m a te r ia l completely disappeared during the  qu iescen t 

p e rio d  (F ig . 78 and 7 9 ).

D iscussion

O varies . Although the  number of ovaries which were weighed 

was com paratively  low ( l 20) i t  is  s t i l l  the h ig h e s t number so fa r  

a v a ila b le  fo r  e f fe c t iv e  comparison* Chart 3 which shows the mean 

ovarian  w eights in  d if f e r e n t  phases of the cycle  showed th a t as a 

ru le  the  o v a rie s  tend to be t ^  h eav ie s t during d i-o e s tru s  and 

l i g h t e s t  in  an -o e s tru s  on the one hand and on the o ther th a t when 

an -o estru s  o v a rie s  are compared those from the o ld e s t animals a re  

the h e a v ie s t . These re s u l ts  confirm B onnet's (1882 )̂ and Robinson1 s 

(l9 5 0 ) r e s u l t s .

Although K e lle r  ( 1942a, b & 1943) and H bfliger (1948) have 

shown th e  p resence of a co llagen  f ib re  ovarian skeleton  in  the  cow, 

d e sp ite  a l l  the  d i l ig e n t  search no such skele ton  was found in  the 

ovary of the  sheep. The ovary w: s found to  be supported by 

r e t i c u l a r  f ib r e s  which surround the in d iv id u a l f o l l i c l e s .

The presence of a basement membrane in  the ovarian ep ithe lium  

has not been described  before . I t s ‘existence was shown by th e  

P. A. 3. p o s i t iv e  re a c tio n  (u-ersh, 1947> G-ersh & Catchpole, 1949) 

and th e  s tre n g th  of th is  re a c tio n  was not a ffec ted  by a ia s ta s e  o r 

hy a lase  or the  methanol—chloroform  ex tra c tio n , fu r th e r  i t  was 

s ta in ed  by r e t i c u l a r  s ta in s .

O ogenesis a t p resen t i s  one of the most h o tly  debated 

problems of rep roductive  h is to lo g y . While Desaive (1947 and
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(1948) a ssu res  us th a t  i t  i s  a lso  rhythm ical in  the cow, Green, 

Ivlandl and Zuckerman ( l9 5 l )  and Mahdl and Zuckerman ( 1952b) have 

found i t  to be continuous in  the prim ate and in  the r a t .  Some 

of th e  au thors e i th e r  p re fe r  not to  take  issu es  or accept bo th  

p o s s i b i l i t i e s  (H arriso n , 1948). With regard  to  the r e s u l t  of 

th e  p re sen t work on the basis  of the  examined m a te ria l i t  i s  

im possib le to  a r r iv e  at a c o rrec t judgement. While on the one 

hand th e re  i s  ample proof fo r i t ,  th a t  there  i s  an increased  

number of prim ary f o l l i c le s  d e tec tab le  during p ro -o estru s  and 

o e s tru s , the b a s ic  question v/hether th e re  i s  any oogenesis in  

o ther phases of the cycle cannot be answered d e f in i te ly .  The 

most obvious so lu tio n  was thought to  be the observation  of the 

number of f o l l i c l e s  in  ovaries a t the beginning of an -oestru s 

and th e  comparison of th is  number w ith those found a t  -the end of 

a n -o e s tru s . I t  was thought th a t  i f  there were no changes in  -the 

appearance of f o l l i c l e s  during -the r e s t in g  phase -this would be an 

in d ic a t io n  fo r  the  cessa tio n  of oogenesis during an -o estru s. 

However there  were qu ite  a number of f o l l ic le s  d e tec ted  during 

a n -o estru s  which were a t  the beginning of a t r e s ia .  Irom th is  

i t  i s  ev id en t th a t  th e  ovary, or a t le a s t  some of them are  not 

a t a complete s t a n d s t i l l  during an -o estru s.

With reg a rd  to the o rig in  of the  newly formed oocytes 

Mandl and Zuckerman ( 1952a) conducted experiments in  r a t s  by 

which th ey  e s ta b lis h e d  th a t  d e sp ite  ihe d estru c tio n  of the 

germ inal ep ithe lium  the form ation of oocytes i s  a continuous
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process. From th is  i t  appears th a t  i t  was not the  germ inal 

ep ith e liu m  which provided th e  ovary w ith  the  newly formed oocytes 

bu t some o th e r s tru c tu re s . During no phase o f the  cycle  was i t  

p o ss ib le  to  f in d  any s tru c tu re  in  the ovary of the sheep which 

could be d esc rib ed  as P fIbger1 s tube. The absence of th is  

germ inal e p i th e l i a l  s tru c tu re  in  au d itio n  to  the presence of the 

basement membrane and the  s trong ly  developed tu n ica  albuginea 

makes i t  d i f i i c u l t  to  assume th a t new form ation of oocytes in  the 

ewe i s  from th e  c e l l s  of the germinal epithelium . Indeed Cole 

and M ille r  (1935) expressed the view th a t  whereas in  th e  dog and 

ca t -  anim als w ith  scant or no tun ica  albuginea -  the form ation 

of new oocytes apparen tly  o r ig in a te s  from the  germ inal ep ith e liu m ^  

in  anim als w ith  s tro n g  tun ica  albuginea^ the development takes 

p lace  beneath  the s tru c tu re . On the b a s is  of the p resen t work 

th i s  c e r ta in ly  seems to  be the case in  the sheep. The oocytes 

are  surrounded by the  f o l l i c u la r  c e l l s  which are always f l a t .

A somewhat uncommon fe a tu re  of the sheep ovary i s  the 

m u ltin u c le a r ova and the polyovular f o l l i c l e .  These s tru c tu re s  

which according  to  Bacsich (1948? 1951} are 1° ke regarded as 

developing under the influence of the same causa tive  agent are 

described  to  occur in add ition  to  the sheep, in  the human embryo 

and n e o n a ta l (B acsich , 1948, 195l)> l n lh e caw (h b f l ig e r ,  1948), 

in  the goat (H arriso n , 1948) and in  the horse (h a rr iso n , 1948).

There are two schools of thought w ith regard  to  th e i r  o r ig in ,

(a )  those who assum e a pathologic function of the morphogenic 

process" (Jaw son, 1951 ; °r  (W  those who 8SS™ e hormonal a c t i v i t i e s .
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While th e  m a jo rity  of workers r e je c t  the idea of hormonal 

in flu en ce  (C orey , 1923, Smith, Sngle ana ly n d a le , 1934, Saunders 

and C ole, 1936, C o llip , 1935, Clauberg, 1932, Z eph iro ff & 

Dohrovolskaya-Zavadskaya, 1940 ) j  B u llo ^  (1 9 4 6 ,1944c;, H arriso n ,

(1946 and 1948) and Bacsich (1951) show th a t th e  presence of 

m u ltin u c lea r ova and polyovular f o l l i c l e s  bears a r e la t io n  to  

th e  hormone se c re tio n  of the in d iv id u a l or mother.

In  th e  sheep, lik e  th a t of the goat (H arrison , 1948) and 

cow (H b fl ig e r , 1948) the number of polyovular f o l l i c l e s  in creased  

from a very low beginning a t early  p ro -oestrus to  some 12/c of the 

t o t a l ,  j u s t  a f t e r  h ea t. However w hile in  the goat only type I  

of po lyovular f o l l i c l e s  was recovered (H arrison , 1948) , in  the 

sheep a l l  the  th re e  types as described  by Hartman (1926) could 

be seen. I t  i s  assumed by e a r l ie r  au thors th a t  the presence of 

polyovular f o l l i c l e s ,  lik e  th a t of m ultinuclear ova i s  due to  the 

in flu en ce  of gonadotrophic (B acsich, 1951) oestrogen ic  

(H a rriso n , 1948) hormones. On the  basis  of the p resen t work 

w hile i t  seems reasonab le  to assume th a t  a morphogenic process 

i s  a t  p lay  -  indeed what else could be -  a t the development of 

th ese  p a th o lo g ic a l s t r u c tu r e s , i t  appears evident th a t  th is  

morphogenic process i s  re leased  or induced by the hormonal in flu en ces . 

I f  i t  would be a purely  morphogenic process, then the number of 

th ese  p a th o lo g ic a lly  developing s tru c tu re s  ought to be h igher and 

should not b ear r e la t io n  to  the  sexual cycle , and i f  i t  would be 

due to  hormonal in flu en ces  alone then again one ought to  w itness 

o ccas io n a lly  an almost completely p a tho log ica l ci op of oocytes 

produced during  o e s tru s .



-  52 -

H a rriso n ’ s (1948) in v e s tig a tio n  on th e  o v a r y  0f  the  goat 

fu r th e r  confirm s th is  theory . He has shown namely th a t  th re e  

days preceding  h ea t %  of a l l  f o l l i c l e s  are  polynuclear and th a t  

th i s  number in c rease s  up to  12/b a t the time of h ea t.

The presence of m ultinuclear ova and polyovular f o l l i c l e s  

as a ru le  can only be w itnessed a t the ea rly  stages of f o l l i c u la r  

development preceding the appearance of granulosa c e l l s .  None 

of them were encountered in  the la te r  stages of f o l l i c u la r  

development. Of the m ultinuclear oocytes some were found w ith 

sm all sp o k e-lik e  processes which, according to  H arrison  (194-8) 

are to  be regarded  as the c e l l  membranes of the o r ig in a l oocytes.

The disappearance of the f o l l ic u la r  c e l l s  which surround 

the  e a r ly  oocytes was described as degeneration in the goat 

(H arriso n , 1948). In  the ovary of the sheep however no 

degenera tion  of the  f o l l i c u la r  c e l l s  was w itnessed and the 

im pression vrns th a t  the f o l l ic u la r  c e l ls  g radually  became 

transform ed in to  granulosa c e l l s .  I f  H arrison’ s (1948) p o in t 

of view would be accepted i t  would a lso  be necessary to  exp lain  

how th e se  c e l l s  were produced by the ad jacen t connective t i s s u e .

By s tu d en ts  of ea r ly  f o l l ic u la r  development i t  i s  g e n e ra lly  

assumed th a t  the spaces which appear among "the granulosa c e l l s  in  

th e  developing f o l l i c l e  are caused by the pressure of the liq u o r 

f o l l i c u l i .  During th is  work however i t  was found th a t i n t e r ­

c e l lu la r  spaces in  small f o l l i c l e s  were v is ib le  before any l iq u o r  

fo l l ic u li* fo rm a tio n  was seen to have taken place. The granu losa  

c e l l s  in  th ese  ea rly  f o l l i c l e s  had a d is t in c t ly  d if fe re n t
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appearance from those  which were seen in  the sm aller or la rg e r  

f o l l i c l e s  s in ce  they  hod processes w ith  which they were in  co n tac t. 

S ince i t  was not possib le to  show the presence of any substance in  

th ese  spaces i t  i s  assumed th a t they were vacuoles.

The r e la t io n  between the  growth of the f o l l i c l e  and the 

growth of th~ ovum in  the sheep’ s ovary was s im ila r  to  th a t of 

the  goa t (H a rr iso n , 191-6) and sow (P arkes, 1931 and Green, 1951J*

The d a ta  a re  comparable to  B ram bell's measurements (1928) on ttie f o l l ­

ic u la r  growth in  mice; Green, Mandl, Zuckerman’ s ( l9 p l )  measurements 

on th e  f o l l i c u l a r  growth in  the r a t ,  and the comparative measurements 

of Parkes ( l 9 3 l )  on sow, bovine, e tc . Although the diagram 

presen ted  in  th i s  paper in  unison w ith a l l  the previous r e s u l ts  

shows th e  two d is t in c t iv e  growth phases, following the advice of 

Eobb (1954) i t  i s  presented as one continuous curve. Although 

th is  method of p re sen ta tio n  is  a t a variance v/ith a l l  the 

published  r e s u l t s  of the previous authors who have always shown 

a sep a ra ted  "a" and ”b" phase of growth, the d iv is io n  of the 

curve in to  two phases on the  b asis  of my re s u lts  would only be 

a r t i f i c i a l .  One would not r ig h t ly  know which measurements to  

enumerate among phase ” a!l and which during phase "b" (iuobb, 1954)* ■

Since sm all f o l l i c le s  were much more numerous than la rg e  

ones, l ik e  H arriso n  (1948) 1 had to  estim ate the reg ress io n  l in e  

of a lower number of f o l l ic le s  than th a t of the sm aller ones.

In  g e n e ra l the development of the sheep' s f o l l i c l e  is  

comparable to  th a t  of the cow (Hammond, 1927, H bfliger, 1948), 

the pig (C orner and 4msbough, 1917; * 6  the goat (H arrison , 1948).
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The zona p e llu c id a  appears in  the f o l l i c l e  of 66.5^  d iam eter, 

i t  develops very  g radually  and is  extremely slow in  growth.

In  the  mature f o l l i c l e  i t  shows a th ickness of not more than 

6 -  8^ .

ih e  fu n c tio n  and behaviour of the th e ca l cone was 

d esc rib ed  a t  len g th  by Strassmann ( l9 4 l)  who assoc iated  i t  w ith  

the f o l l i c u l a r  movement towards the ovarian surface. H arrison  

(1948) on th e  o th e r hand questions such a simple func tion . He 

suggests th e  p o s s ib i l i ty  th a t  i t s  form ation might be due " to  the 

b e t te r  blood supply to  the c o r t ic a l  pole of the f o l l ic le "  and 

when th e  few "w reaths" of blood v esse ls  surround the f o l l i c l e  i t  

d isap p ea rs . F or the  appearance of the  th eca l cone which po in ts 

towards the medulla he g ives the reason of a rre s ted  m igration and 

fo r th e  reappearance of a new e x te rn a l one i t s  eventual 

c o n tr ib u tio n  to  o vu la tion .

H a rriso n  (1948) expressed the opinion th a t the f o l l i c l e  

s tim u la tin g  hormone a c ts  on the theca in te rn a  and Westman (1934J 

and H arriso n  (1948) in  the ra b b i t  have noticed  an enlargement 

in  th e  theca in te rn a  upon adm in istra tion  of f o l l i c le  s tim u la tin g  

hormones.

While working on th is  problem i t  was found th a t th e  theca  

in te rn a  in c reased  in  th ickness during oestru s  in  the ewe when the 

f o l l i c l e  s tim u la tin g  horaone a c t iv i ty  is  a t i t s  h ighest and 

s im ila r  changes were noted in  "the G-eomys (mossman, 1937), in  -the 

cow (Hammond, 1927), in  ihe sheep (W arbitton, 1934), m  the goat 

(H arriso n , 1948), in  the pig (Corner, 1919) and in the horse 

(H arriso n , 194^).
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h ith  re g a rd  to  the v a l id i ty  of Sckrodhet’ s (1916) theory  

on the  p ro te o ly t ic  enzyme production in  the theca l cone in  the ewe, 

th i s  p o s s ib i l i ty  c e r ta in ly  cannot be excluded. I t  might have been 

coupled during  the l a s t  "ac tiv e ly  growing phase" of the f o l l i c l e  

w ith  th e  f o l l i c u l a r  pressure and the disappearance of the tun ica  

albug inea im m ediately preceding the ru p tu re  of the f o l l i c l e .

However no h is to ch em ica l te s t  was performed fo r  p ro te o ly tic  enzyme 

a c t iv i ty .

For th e  reason  of the appearance of the "festooned" 

f o l l i c l e s  no exp lana tion  can be given. I t  m i^it be th a t i t  

i s  a more e f f ic ie n t  way to increase the amount of liq u o r f o l l i c u l i  

through th e  d ia ly s i s  of serum through the w all of the blood v esse ls  

i f  i t  i s  s i tu a te d  almost in s id e  the f o l l i c l e .

Although, no sp ec ia l technique was used to  in v e s tig a te  

f o l l i c u l a r  c i r c u la t io n ,  w ith the he lp  of the HE and Has son* s 

trichrom e s ta in in g ,  i t  was found th a t i t  i s  s im ila r to  th a t of 

the p ig  (A ndersen, 1926), r a t  (B a sse tt, 1913) and goat (H arrison , 

1918).

Although i t  was found in  sev era l cases th a t sinuso ids were 

in  c lo se  proxim ity  w ith  the basement membrane and even p ro jec tin g  

in to  th e  f o l l i c l e  e sp e c ia lly  in  the "festooned" f o l l i c le s  no blood 

v e sse l was ever found to pierce the basement membrane. In  

conform ity w ith  Corner’ s (1919* 1921) and Pincus ana hnzmann s 

( 1 932 ) o b se rv a tio n , the appearance of ad d itio n a l an tra  w ith in  the 

cumulus oophorus was found in  f o l l i c l e s  which were very c lose to 

ru p tu re . 'i'hese a n tra  however were only f i l l e d  w ith  liquor f o l l i c u l i
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and not w ith  blood as Corner ( 1919) describes i t  in  the  p ig . 

Although th is  i s  con tra ry  to Corner’ s ( 1919) view the appearance 

of a u d i t io n a l  an tra  in  the  cumulus oophorus immediately preceding 

the f o l l i c u l a r  ru p tu re  i s  described to  occur in  a l l  animals in  

which ova i s  shed w ithout a corona ra d ia ta ,  e .g . in  the goat 

(T /ester, 1921), in  th e  pig (Corner, 1917 & 1919), and in  -the 

r a b b i t  ( l in e u s  and Gnzmann ( 1932).

S tie v e ’ s (1934) account of the ru p tu ring  f o l l i c l e  in  the 

sheep ovary was found to correspond to  those observed when working 

on th i s  th e s i s .  He d id  not mention the formation of a d d itio n a l 

an tra  w ith in  ihe  cumulus which i s  an in v a riab le  p recursor of 

o v u la tion  on th e  one hand and on ihe other he a lto g e th er om itted 

to  d e sc rib e  th e  disappearance of the tun ica  albuginea and the 

th inn ing  of the  theca ex terna p rio r to ovu la tion .

I t  i s  a rem arkable fa c t  th a t no sheep ovum was found 

however near o vu la tion  which would have shown d iv is io n  or ihe 

presence of a p o la r  body.

The s iz e  of the fre sh ly  ruptured f o l l i c l e  i s  described  by 

K elley (1937) as O.5  cm- and according to  him the liq u o r’ s escape 

was re sp o n s ib le  fo r  at le a s t  J>0. reduction  in  the lu te a l  dimension 

when compared to  the s iz e  of the G raafian f o l l i c l e  ( see Zuckermann, 

Green, F is h e r ,  H arrison  011 s iz e s ) . In  fa c t  i t  was found th a t  the 

size  of the  newly ruptured  f o l l i c l e  and the forming corpus luteum 

can a l t e r n a te  to  a g rea t ex ten t depending upon ihe size  of the  

f o l l i c l e  b e fo re  ru p tu re  and whether bleeding has taken p lace .

I t  i s  thought th a t  a t le a s t  in  3 $  of cases no bleeding takes



p lace  and a l l  the more remarkable i s  the fa c t  th a t  ihe  corpora 

lu te a  a t  t h e i r  maximal developmental stage look almost id e n t ic a l .  

The rem arkably uniform s ize  of the corpora lu te a  and the rem aining 

liq u o r m  th e  middle has been described by Kupfer (1928), qu in lan  

and Hare ( l 9 3 l ) ,  Casida and ilcKenzie (1932), Grant (1934), Cole 

and h i l l  er (l934>* e l ley (1937) and Grant (l934yi which were found 

to  be c o r re c t .

u h ile  th e  corpus luteum of the_Jmaiaa and th a t  of ihe cow 

i s  ye .low, i t  was found to be pink in  the sheep and only g radua lly  

changed i t s  co lour -  due to  degeneration to yellow and la te r  to  

w h ite . lia r  s h a l l  ( 1903) has shown th a t the corpus luteum i s  formed 

from the th eca  in te rn a  and granulosa c e l ls  and not from the blood 

c lo t  as d esc rib ed  by Paterson ( 1840). ITarbitton (1934) in  the 

sheep adds to  them the appearance of " embryonic lu te a l  c e l ls " .  

According to  t h i s  in v es tig a tio n  the "embryonic lu te a l  ce lls"  

d esc rib ed  "by h e r  are the sm allest theca in te rn a  c e l l s .  I t  is  

customary to  d e sc rib e  th ree  phases in  the l i f e  of ihe corpus luteum , 

namely th a t  of development, h ig h est a c t iv i ty  and degeneration.

In th e  sheep th e  h ig h est a c t iv i ty  was reached about th e  10th day 

a f te r  o v u la tio n .

Ancel and Bouin (1909) statem ent w ith  reference  to  the 

absence of tru e  i n t e r s t i t i a l  glands in  se lf-o v u la to ry  animals 

are proved to  be c o rre c t w ith  re ference  to  the goat (H arriso n ,

1948) and now ■with reference  to  the  sheep.

I t  was found in  the sheep th a t a t r e s ia  could happen a t any 

stage Of th e  f o l l i c u la r  development. The main d iffe ren ces  between



a h e a lth y  and 4ha£~e# an a t r e t i c  f o l l i c l e  described

by M arshall (1905) and more re c e n tly  by S tu rg is  (1949)/' the  

f in d in g  d esc rib ed  in  th is  work confirm s th e i r  d e sc r ip tio n .

The period  which i s  most favourab le  fo r  co n d itio n s  causing 

f o l l i c u l a r  a t r e s i a ,  i s  rep o rted  to  be the second h a lf  o f pregnancy 

(Hartman, 1926, H arriso n , 1948, M arshall, 190.3). While working 

on my th e s is  la rg e  numbers of degenera ting  f o l l i c l e s  were always 

found during m et-o estru s  and d i-o e s tru s . This f a c t  i s  confirmed 

by H arrison  (1948) although i t  i s  con tra ry  to  the r e s u l t s  o f  Green, 

Mandl and Zuckermann ( l9 5 l)  in  prim ate ovary. The f a c t  th a t  

degenera tion  ta k es  p lace at a period  of the sexual cycle when in  

the  n o n -se lfo v u la to ry  animals the i n t e r s t i t i a l  c e l l s  a re  f u l ly  

fu n c tio n in g  might serve as a fu r th e r  proof in  favour of the th eo ry . 

On the  o ther hand i f  i t  i s  accepted -  what i s  g e n e ra lly  assumed -  

th a t  the form ation  of oocytes and th e  m aturing of f o l l i c l e s  i s  under 

th e  in flu en ce  of th e  f o l l i c u la r  s tim u la tin g  hormone of the p i tu i ta r y  

th en  i t  can be presumed th a t  the wave of degeneration  i s  caused by 

th e  d is c o n tin u ity  of the f o l l i c u la r  hormone or ev en tu a lly  by the 

se c re tio n  of th e  lu te in iz in g  hormone. This theory  however does 

no t o f fe r  any exp lana tion  why some o f the la rg e  f o l l i c l e s  are exempt 

from the degenera tion  w hile o th e rs  a re  a ffe c ted . while doing th is  

work i t  was thought th a t  the amount of oestrogen ic  hormone in  the 

liq u o r  f o l l i c u l i  ac ts  as a p ro te c tiv e  agent ag a in s t the  degenerative 

wave. Ho¥/ever since th e re  a re  f o l l i c l e s  even of th e  la rg e s t  s iz e  -  

which should con tain  a high amount o f oestrogen - and are a ffe c ted  

by th e  degenera tive  wave, w hile many of the sm aller f o l l i c le s  -
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which should co n ta in  le s s  — escape, th i s  theory  i s  c le a r ly  not te n a b le  

and a t  p resent no ex p lana tion  can be o ffe re d  fo r th i s  p articu lar  

f o l l ic u la r ' behav iour.

In  many of th e  te x t  books i t  i s  custom ary to  r e f e r  to  Hie 

"C all-Z xner bodies" which a re  apparen tly  the  places where the  

fo rm ation  of liq u o r  f o l l i c u l i  begins. Since none o f the  modern 

au th o rs  (H a rriso n , (1946 & 1948) jH fifliger ' (1948); Green, Ilandl 4  

Zuckermann (1952)} w ith  the  exception o f th a t  of L esbuiyer (1948) 

r e f e r  to  them i t  i s  assumed th a t in  the developing f o l l i c l e s  they
14 .. j r '

are r e a l ly  not bodies a t a l l  m e r e l y  ho les  between the spongy th read s 

of th e  g ranu losa  c e l l s  in  the  developing secondary f o l l i c l e s  which 

become f i l l e d  w ith  liq u o r  f o l l i c u l i .  In  a troph ic  f o l l i c l e s  

however i t  was p o ssib le  to  f in d  sp h e r ic a l bodies formed by the  

liq u o r  f o l l i c u l i  which could ev en tu a lly  a lso  be desc rib ed  as 

"G all-Exner b o d ies".

K is to c h e m ic a l  r e a c t io n s  i n  th e  ovary

The h is t o c h e m ic a l  r e a c t io n s  a s s o c ia t e d  w ith  th e  th e c a  in te r n a  

w ere th e  p r e se n c e  o f  n e u tr a l  f a t  and a lk a l in e  ( g ly c e r o )  p h o sp h a ta se .  

S im ila r  h is t o c h e m ic a l  r e a c t io n s  w ere d e s c r ib e d  to  occu r  in  th e  th e c a  

in t e r n a  i n  th e  ovary  o f  th e  sow (C o rn er , 1917> 1919, 1940, 1944>

Hossmann, 1942)-

T here w ere two fu r t h e r  s tr u c tu r e s  i n  w hich  f a t  was fo u n d , 

nam ely i n  th e  c e l l s  o f  th e  co rp u s lu teu m  and in  th e  g r a n u le s  o f  

th e  m acrophages in  th e  corpora  a lb ic a n s .

The p r e se n c e  o f  a lk a l in e  p h o sp h a ta se  in  a d d it io n  to  th e  

c e l l s  o f  th e  th ec a  in t e r n a  was c o n fin e d  to  th e  l u t e i n  c e l l s  o f



th eca  in te rn a  o rig in  in  the corpus luteum and to  -the liq u o r 

f o l l i c u l i  and theca in  the degenerating fo l l ic le s *  The granules 

in  the b a sa l lay er of granulosa c e l l s  s ta in ed  w ell w ith  P .A .3 . ,  

gave only f a in t  reac tio n  w ith  Toluidin blue and s ta in ed  w ell w ith 

Methylene b lue  a t  pH 3* They have however disappeared a f t e r  

trea tm en t w ith  hyaluronidase. Consequently the g ranules were 

assumed to  be hyaluronic acid .

The liq u o r  f o l l i c u l i  has reac ted  w ith  P.A.S. and has shown 

very weak metachromasia w ith  T olu id in  b lu e . F u rth er i t  has s ta in ed  

w e ll in  Methylene b lue a t pH }»0. The s ta in in g  re a c tio n  has 

d isappeared a f t e r  hyalase treatm ent and consequently i t  was assumed 

th a t  the f o l l i c u la r  liq u id  con tains a mucopolysaccharide which was 

or m ostly was hyaluronic acid . At present i t  i s  not wholly 

understood why hyaluronic acid  should give metachromatic re a c tio n s  

(P ea rse , 1952) i f  i t  is  not only because of the presence of an 

a d d itio n a l mucopolysaccharide. According to  the works of A llen 

and Doisy (1924) and Allen (1926) the oestrogenic hormone i s  a 

m ucopolysaccharide and consequently the presence of the re a c tio n  

i s  assumed to  have taken place because of the  presence of the  

hormone w ith in  the f o l l i c l e .

The r e a c t io n s  o b ta in e d  w ith  th e  d eg e n e r a tin g  f o l l i c l e  w ere  

s tr o n g e r  P .A .S ., s tr o n g  M eth ylene b lu e  r e a c t io n  a t  pH 3*0 and 

somewhat s tr o n g e r  T o lu id in  b lu e  r e a c t io n  than in  th e  h e a lth y  

f o l l i c l e s .  I f  one a c c e p ts  th e p resen ce  of o e s tr o g e n ic  hormone 

in  th e  f o l l i c l e  as th e  rea so n  f o r  m u cop olysacch arid e r e a c t io n ,  

th en  th e  th e o r y  o f  Mey (1936), S e i f e r l e  (1936) and H b f l ig e r  (1948),



accord ing  to  which the  degenera ting  f o l l i c l e s  of the  ungu la tes ac t 

as i n t e r s t i t i a l  c e l l  g land , seem to  be p a r t ly  proved. The 

p resence of l ip id s  in  the  corpora o f d if f e r e n t  mammals i s  an 

o ld  e s ta b lish e d  f a c t .  The hormone progesterone i s  expected 

to  be con tained  in  the l ip id s .  Vfith regard  to  th e i r  chemical 

s t ru c tu re s ,  th a t  in  the corpus luteum of the bovine was shown to  

be a c a ro tid  by Amman (1936), H b flig e r (1948) th a t of the Khesus 

monkey lu te o l ip ia  by Rossman ( 1942 ; and attem pts were made to  

e s tab lish , the  n a tu re  of th a t p resen t in  the  corpus luteum of the 

p ig  by Yamauchi (192^) and Lang (l925)» Y/ith regard  to  th a t of 

th e  goat i t  i s  known th a t  the  s tru c tu re  i s  not " lu te o lip id "  

(Hossman, 1942). No fu r th e r  study was undertaken to  e s ta b lis h  

th e  c o rre c t na tu re  of the f a t  in  the  sheep’ s corpus luteum.

The fu n c tio n  of the  enzyme phosphatase i s ,  as f a r  as we know, 

th e  sy n th esis  of f a t  (Bourne, 1941 )• In  the case of the theca 

in te rn a  and corpus luteum i t  would serve to  syn thesize  the f a t  

p re sen t in  these  s tru c tu re s .

The na tu re  of the g ranu les in  the b ig  macrophages presented 

a r a th e r  d i f f i c u l t  problem. Since the g ranu les were very s tro n g ly  

s ta in in g  w ith  F.A .S. b u t were only weakly metachromatic and reac ted  

w ith  M ethylene b lue  a t  pH 3 and contained n e u tra l  f a t ,  cannot be 

d esc rib ed  as mast c e l l s  in  the customary sense of the word or 

g lo b u la r leucocy tes (Kirkman, 1950)- On the  o ther hand however 

the  presence of the g ranules w ith in  the c e l l s  suggests th a t  the 

c e l l s  are phagocytes.

O v id u ct

I t  was found th a t  Ihe le n g th  of the o v id u c t in c r e a s e d  w ith
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th e  age of th e  sheep and there  was about 4  eras, d iffe ren ce  between 

th e  1 y ear o ld and 5 y ear o ld ewe.

Andersen (1926) has a lread y  described  th a t  the oviduct of 

th e  sheep w ithou t any change continues in to  the  u te rus and th is  

work has confirm ed i t .

The a l te r a t io n  in  the  number of F.A.S. p o s itiv e  granules 

in  the se c re to ry  c e l l s  during  the  phases of ihe cy c le  and th e i r  

complete absence during an -o estru s  and d i-o e s tru s  suggests th a t  

th e i r  production i s  under hormonal in fluence . fu rtherm ore , 

since  during  c e r ta in  phases of the cycle (o e s tru s  and m et-o estru s) 

they  are  to  be recovered  o u ts id e  the sec re to ry  c e l l s ,  w ith in  the 

lumen of ihe o v id u c t, and a t the same time a considerab le  decrease 

( in  o e s tru s )  or an almost complete disappearance (during  m et-oestru s) 

of th is  number i s  n o ticeab le  w ith in  ihe c e l l ,  they could only be 

in te rp re te d  as sec re to ry  g ra n u le s , which a re  sec re ted  and thus 

leave  the c e l l  during  o estru s  and m et-oestrus.

Corner (1932) r e f e r s  to  a paper which deals .with the recovery 

of "Leucofuchsin p o s itiv e  m a te ria l'' w ith in  ihe mammalian oviduct. 

However, n e ith e r  ihe c a re fu l read ing  of the re fe ren ce  c i te d  by him 

nor the sc ru tin y  of previous papers w r it te n  on ihe su b jec t has enabled 

me to  f in d  th e  work to which he re fe r re d . A ccordingly, to  ray 

knowledge t h i s  i s  the f i r s t  occasion on which a system atic  study 

has been undertaken w ith  reg ard  to  the v a r ia t io n  of S c h iff  p o s i t iv e  

g ranu les throughout the v a rio u s  phases of the sexual cycle .

W ith reg a rd  to  the na tu re  of th ese  granules i t  w i l l  be 

n o ticed  th a t  although they are P. A. 3. p o s it iv e  they are  n e i th e r
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glycogen nor h y a lu ro n ic  ac id  since they  are not removed by 

trea tm en t w ith  p ty a lin  (d ia s ta s e )  nor w ith  hya lu ro n id ase .

T his i s  a t va rian ce  w ith  the f in d in g s  of M cA llister (1915),

Jaco v lev  (192.7;, Iw ata (1929), J&el ( 1939a) who claim  to  have 

recovered  glycogen in  ihe human oviduct. In  th is  re sp e c t the 

sec re to ry  process in  ihe oviduct of the ewe shows a d e f in i te  

d e v ia tio n  from th a t  of the  human. f u r th e r ,  the  sec re to ry  

g ran u le s  were negative  to  the Sudan s ta in s , th e re fo re  the  

se c re tio n  was no t g ly c o lip id . Metachromasia was obtained  w ith  

T o lu id in  blue and C e le s tin  blue and i t  was th e re fo re  assumed 

t h a t  the g ranu les were composed of sulphated mucopolysaccharide. 

They gave p o s itiv e  Southgate mucicarmine, A lcian b lue 8 GS 

s ta in in g s  as w e ll.

Of the previous authors on th i s  sub jec t L i l l i e  (1945) 

has d escribed  "sm all hy a lin e  globules ly ing  on the su rface  of 

th e  c i l i a t e d  epithelium " of the f im b ria ted  <aid of ra b b it  and 

gu inea  pig o v iduc ts . They were, according to h i s  d e sc rip tio n , 

S c h if f  p o s itiv e  and were ly ing  between the c i l i a t e d  c e l l s  but he 

d id  not th in k  th a t he had done enough work to  define  them as mucins.

Phosphatase re a c tio n s  were dem onstrated during oestru s  and 

m et-o estru s  and p a r a l le l  to th a t  of the P.A.S. s ta in in g  have shown 

an in c rease  and decrease in  the amount of re ac tin g  m a te ria l. This 

i s  in  agreement w ith  the observations of Leblond (1950) who observed 

i t  in  the r a t ,  Moog and Wenger (1952) in  the ham ster and Bourne 

(1943) in  the chicken.

O ther substances which have been located in  the columnar
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c e l l s  of the  ov iduct during  the course of th i s  work were i !b o -  

n u c le ic  a c id . S im ila r ly  to  phosphatase a id  mucoprotein the 

r ib o n u c le ic  acid con ten t has in creased  during oestrus and met- 

o e stru s  although i t  was never com pletely absen t during o ther 

phases cf the  cycle . The r i s e  in  the r ib o n u c le ic  acid content 

in  the  c e l l s  is  known to  be r e la te d  to  sec re to ry  a c t iv i ty  in  -this 

way i t  has corresponded to  the presence of phosphatase and the 

se c re to ry  g lobu les during o e s tru s  and m et-oestru s.

The f a t  which was found w ith  Sudan B and Sudan 3 (S harlach  

H), in  the oviduct of the ewes was always e x tra -c e l lu la r  and was 

brought on the sec tio n  by -the k n ife  from the mesovarium.

The f in g e r - l ik e  p rocesses which p ro jec ted  from "the surface 

of the sec re to ry  c e l l s  in to  the  lumen of the oviduct during  

d i f f e r e n t  s tages of the o e s tru s  cycle con ta in  the nucleus of Ihe 

c e l l s  and soon become detached when the  c e l l  body appears ro d - lik e . 

The appearance of these  processes co incides w ith  the c e ssa tio n  of 

s e c re tio n  by the  e p i th e l ia l  and th e re a f te r  the  sec re to ry  c e l l s  are 

undergoing a form of degenera tion . The ro d - lik e  remnants e n t i r e ly  

d isappear by the onset of the  next cycle .

The nuclea ted  appearance of the p ro je c tio n s  from the 

s e c re to ry  c e l l s  does not support the opinion expressed by Casida 

and McKenzie (1932), McKenzie e t a l . (1933) and McKenzie and T e r r i l  

(1937), th a t  they  re p re se n t a h o lo c rin e  se c re tio n , and th i s  view is  

s treng thened  by the fa c t  th a t  these s tru c tu re s  only appeared a t 

m et-o estru s  and became detached in  d i-o e s tru s ,  th a t i s  to say at 

a tim e when sec re tio n  is  a t i t s  minimum.
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No c e l l  cou n t was made, b ut th e r e  w as no e v id e n c e  o f  

g r o s s  a l t e r a t i o n  in  th e  p r o p o r tio n  o f  c i l i a t e d  t o  s e c r e t o r y  c e l l s .

No v a r ia t io n  in  h e ig h t  was fo u n d  betw een  s e c r e to r y  and  

c i l i a t e d  c e l l s  in  any phase o f  th e  c y c l e .  There i s  a v a r ia t io n  

o f  h e ig h t  o f  th e  e p ith e liu m  d u r in g  th e  c y c l e ,  but th e s e  v a r ia t io n s  

a f f e c t  b o th  s e c r e t o r y  and c i l i a t e d  c e l l s  e q u a lly .

The U te r u s

The h i s t o lo g y  o f th e  sh eep  u te r u s  h a s a lr e a d y  been d e s c r ib e d  

by A ssh e to n  ( l9 0 o ) , M a r sh a ll (190-3), C o le  and M il le r  (1935),

C a sid a  and M cKenzie (1932), McKenzie e t  a l .  (1934), M cKenzie arxl 

T e r r i l  ( 1937)• The p u rp ose o f  my in v e s t i g a t i o n  was to  e s t a b l i s h  

by means o f  h is t o c h e m ic a l  t e s t s  th e n a tu re  o f  u te r in e  s e c r e t io n .

The c e l l s  in  th e  u te r in e  g la n d s  a re  a l l  s im i la r  th u s  

d i f f e r i n g  from th o se  in  th e  human u te r u s  (A yk ro id  and G-atenby 

( l9 4 0 ) , G-atenby and A yk ro id  (1939 & 1941), B a rte lm ez ( l9 3 3 ) and 

B a rte lm ez  and B e n s le y  (l9 33 /)»

V ery  w eak P .A .S . p o s i t iv e  r e a c t in g  m a te r ia l  was fo u n d  in  

th e  d i s t a l  p a r t o f  th e  c e l l s  d u r in g  m et- and e a r ly  d i - o e s t r u s  

and in  th e  g la n d u la r  lumen o n ly  d u r in g  e a r ly  d i - o e s t r u s .  S in c e  

t h i s  su b sta n c e  d id  n o t r e a c t  w ith  a n y th in g  e l s e  i t  i s  th o u g h t to  

b e a m u co p ro te in .

I n o r g a n ic  ir o n  was fou n d  in  a l t e r n a t in g  amount d u r in g  th e  

s e x u a l  c y c l e .  I t  was a lw ays in  ih e  d i s t a l  p a rt o f  th e  s e c r e t o r y  

c e l l s  n e a r e s t  t o  th e  g la n d u la r  lumen and i t  was a lw ays in  th e  form  

o f  m inute g r a n u le s .  The number o f  th e  g ra n u le s  was h ig h e s t  

d u r in g  o e s t r u s ,  m e t-o e s tr u s  and e a r ly  d i - o e s t r u s ,  th ey  were
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com pletely  absent during the l a t e r  phase of d i-o e s tru s  and pro­

o e s tru s . To my knowledge no one has ever recorded  before the 

re g u la r  appearance of Ino rgan ic  iro n  in  sec re to ry  glands in  the 

u te ru s  or o therw ise. I t  i s  thought th a t  i t  might have a function  

in  th e  e a r ly  embryo and might provide the necessary iro n  component 

fo r  the form ing blood co rp u scles .

The fo ld in g  of the u te rin e  mucosa and the a l te r a t io n  in  

th e  ep ithe lium  i t s e l f  have a lready  been described  by Assheton 

(1906), Casida and McKenzie (1932 ;, Cole and M ille r (1935), 

McKenzie and T e r r i l  (1937) and Robinson (1952;* F u rth er the 

m a jo rity  o f the above-mentioned authors have s im ila r ly  observed 

an im m igration in to  the  ep ithe lium  of leucocy tes in  the l a t e r  

phase of d i-o e s tru s . Although a rem arkable increase in  -the 

caru n cu la r c ir c u la t io n  was shown to  take p lace during d i-o e s tru s , 

th e re  was no m enstruation  in  the tru e  sense (Markee, 1940 ) tak ing  

p lace . Although M arshall (1903; has a lready  assumed th a t  there 

i s  a d if fe re n c e  between the human m enstruation  and the haemorrhage 

in  the u te r in e  ep ithelium  of the ewe, the r e a l  understanding of 

th e  d iffe re n c e s  came only a f te r  Markee’ s (1940-) paper. U te iin e  

haemorrhage was o ccas io n a lly  found w hile working on th i s  th e s is  

b u t was always beneath the ep ithelium  thus never resem bling 

m enstruation .

The presence of f a t  w ith  the Sudan s ta in s  was shown in  

the  u te rin e  and g landu lar ep ithelium  during met- and e a r ly  d i -  

o e s t r ic  p eriod .

The presence of f a t  w ith  the Sudan 3 and Sudan 4 (sh a rla c h
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fi) s ta in s  was diown in  the u te rin e  and g landular ep ithe lium  

only during th e  met- and d i- o e s t r ic  period .

The presence of a lk a lin e  phosphatase in  the su rface  

e p i th e l i a l  c e l l s  was h ig h e s t during  o e s tru s  and e a r ly  m et- 

o e s tru s  and in  the g lan d u la r e p i th e l i a l  su rface i t  appeared 

g ra d u a lly  l ik e  the  presence of in o rg an ic  iron .

The presence of f a t ,  mucoprotein and ino rgan ic  iro n  in  

th e  u te r in e  mucosa a re  regarded as p recu rso rs  of th e  c o n s ti tu e n ts  

of u te r in e  m ilk and a re  in  agreement w ith  Amoroso's (1952) 

sta tem en t on th a t  su b jec t.

The pigment g ranu les in  the round c e l l s  which were 

s ta in in g  w ilh F.A .S. and f a t  and occasionalljr contained  

haem osiderin  had a number of d i f f e r e n t  o r ig in s .

In  some of the  c e l ls  there  were b lack  melanin granules 

which they have absorbed a f te r  th e i r  l ib e ra t io n  from the 

m elanoblasts . Some of the  macrophages con tained  iro n  which 

was haem osiderin  bu t the major pa rt of pigment g ranu les which 

these  c e l l s  con ta in  were b igger than those o f th e  melanin c e l l s  

and since th ese  g ranules have shown a F.A.S. p o s itiv e  re a c tio n  

and s ta in ed  w ith  f a t  they  -were assumed to  be "Abnlitzung1 s pigment" 

(pigm ent of wear and te a r ) .  These c e l l s  cannot be described  as 

mast c e l l s  or g lobu le  leucocy tes (Kirkman, 1950) since -they d id  

not show metachromasia w ith  T o lu id in  b lue , although according to  

Brusa (1950), Compton (1952), th e  presence of h eparin  g ranules 

and metachromasia i s  not a n e c e s s ity  in  mast c e l l s .  However 

because of i t s  re g u la r  appearance and id e n t ic a l  shape i t  i s
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assumed th a t  th ese  c e l l s  re p re se n t a somewhat sp e c if ie d  form 

of macrophages than  those u su a lly  occurring  in  th e  connective 

t i s s u e .



-  69 -

Resume (Summary)

1. The com parative weighing of sheep ovaries  during an -oestru s 

has shown th a t  o ld e r anim als have correspondingly  heav ier o v aries.

2. The median w eight of both ov aries  were equal in  a l l  ages 

compared ( l  -  4 y r . ).

3* The u te r i  and ihe o v a rie s  have shown c y c l ic a l  a l te r a t io n  of 

w eight which follow ed th a t  of the  o e s tru s  cycle. Both were 

h e a v ie s t  during d i-o e s tru s  and l ig h te s t  during p ro -o es tru s .

The presence of a basement membrane has been e s ta b lish e d  

under the  germ inal epithelium .

5» Developing f o l l i c l e s  were most numerous during p ro -o estru s  and 

o e s tru s , w hile th e re  was a la rg e  number of a t r e t i c  f o l l i c le s  

p re sen t during m et-oestrus and d i-o e s tru s .

6 . During an -o estru s  oogenesis, f o l l i c u l a r  development and 

f o l l i c u l a r  a tr e s ia  were e i th e r  a t a s t a n d s t i l l  or were a t a 

very  low le v e l since the ovary c rea ted  the  im pression of complete 

r e s t .

7* There was an in d ic a tio n  th a t oogenesis, f o l l i c u la r  development 

and f o l l i c u l a r  atrophy in  ihe sheep, l ik e  th a t  of th e  g o a t, are  not 

continuous but p e r io d ic a l ly  re c u rr in g  processes a sso c ia te d  w ith  the 

o e s tru s  cycle.

8 . The presence of m ultinuc lear ova and polyovular f o l l i c l e s  has 

been e s ta b lish e d  in  th e  sheep ovary and were only found during 

p ro -o e s tru s  and o e s tru s .
\

9. The th e c a l cone l ik e  th a t  of the goat was found to e x h ib it  \ 

changes in  the sheep which were s im ila r  to  th a t of the form er.
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10. The f o l l i c u l a r  growth of the oocyte was found to  resem ble 

th a t  of o th e r anim als. The two phases of growth (e .g . quick 

and slow) were g ra p h ic a lly  reproduced as one continuous l in e .

The form ula fo r  the  re g re ss io n  l in e  w as-

Y = 85-U 17 + 20.1933 ( lo g e P- 5 •8608)

11. No blood v e sse l was found to  p en e tra te  the g lassy  membrane.

12. A d d itio n a l c a v it ie s  which appeared in  the cumulus oophorus 

before  f o l l i c u l a r  ru p tu re  were f i l l e d  w ith  liq u o r f o l l i c u l i .

13 . The corpus luteum in  non-pregnant animals reached i t s  

maximum development approxim ately on the 10th day- a f te r  ovulation 

14- The two cycle  o ld  corpus luteum - corpus a lb ican s  -  contained 

only some connective t is s u e  and a group of macrophages.

15* Of the h is to ch em ica l re a c tio n  in  the ovary of the sheep the 

presence of ( i )  f a t  has been e s ta b lish e d  in  the theca in te rn a  

and th e  lu te in  c e l l s  of th e  corpus luteum, ( i i ;  cytoplasm ic 

a lk a lin e  phosphatase (g ly c e ro j was p resen t in  the theca in te rn a , 

to  a le s s e r  ex ten t in  the theca ex terna and in  those c e l l s  which 

were of theca in te rn a  o r ig in , ( i i i )  in  the granulosa  c e l l s  and 

l iq u o r  f o l l i c u l i  the  presence of hyaluron ic  acid  was dem onstrated

16. In  the oviduct mucosa the sec re to ry  and c i l i a te d  c e l l s  were 

found to  be re g u la r  fe a tu re s  'whereas the rod and round c e l l s  

appeared only p e r io d ic a l ly .

17. During ihe end of m et-o estru s  and d i-o e s tru s  a degeneration  

has taken p lace  in  the sec re to ry  c e l l s ,  t h e i r  n u c le i became 

extruded and the c e l l s  became transform ed in to  rod c e l l s .

13. w ith  h is to ch em ica l st: in in g s  sec re to ry  granules were seen
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in  th e  se c re to ry  c e l l s  during  p ro -o e s tru s , -they increased  in  

amount and appeared in  the lumen during  oestru s  and decreased 

during m e t-o e s tru s . From the h istochem ica l re a c tio n s  of ihe 

g ranu les t h e i r  s tru c tu re  was concluded-to  he ac id  mucopolysaccharide. 

19* In  the u te rus of the sheep w ith  h istochem ical s tain ings. 

cytoplasm ic a lk a lin e  phosphatase (g ly c e ro j sudanophil f a t  and 

a very  low amount of mucoprotein was found in  the e p i th e l ia l  

and g landu lar c e l l s .  The s tre n g th  of the re a c tio n  followed the 

sexual cy c le , e .g . i t  was com pletely absent during pro-, an- and 

la te  d i-o e s tru s , was very weak during o e s tru s , improved during  

m et-oestrus and was s tro n g est during the end of m et-oestrus and 

e a r ly  d i-o e s tru s .

20. In  the g landu lar c e l l s  in ad d itio n  to  the  previous substances 

ino rgan ic  iro n  was p resen t which showed an a l te r a t io n  in  amount 

comparable to  th a t  of the mucoprotein.

21. The "round pigment c e lls"  (G ran t, 1933) in  the u te rin e  mucosa 

have been id e n t i f ie d  as wandering macrophages which seem to s t a r t  

from ihe  u te r in e  m uscularis and show/ an in c reas in g  con ten t of 

t i s s u e  d eb ris  as they approach the u te rin e  epithelium*

22. Changes in  ihe caruncular blood v esse ls  were observed during 

the  o e s tru s  cy c le . The number of blood c a p i l la r ie s  showed an 

in c rease  during  o e s tru s , reached i t s  maximum during  met- and 

e a r ly  d i—o estru s  and was a t  i t s  low est during la te  d i—o e s tru s , 

an -o estru s  and p ro -o es tru s .
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Chart 1.

i  j  |  Total
Period of j Yr. I For macroscopi- iFor micro-an at ora--------------:-----------------

Cycle j ' ca l d escr ip tion ;ica l studies Macros- jMicro-anat-
! (Group l )  ; (Group 2) scopicaljom ical

From Abattoir ;From |From
1 Abattoir!Garscube

studies ;studies

— ----------------------------- 1-------------

An- | 1 2 .

-------------------- -------—  ,

oestrus j 2 8 4 ~ 26 11
! 3 6 6 '
! ^

10 1 —

i
Pro- | 1 ““ - -

oestrus S 2 4 4 - 22 . 14
; 3 6 4 -
! 4
|

12 4 2

Oestrus ! 1 - - -
! 2 10 2 - 21 12
i 3 3 5 -

4 8 5 —

Met- j 1 - - -
i oestrus j 2 4 1 - 24 15

; 3 10 1 -

1 k

10 3 8

Di- ! 1 3 — -

oestrus 1 % 4 5 - 27 16
' ! 5 8 5

1 4
1\
\

12 4

.

TOTAL
. i

120
■

--------------------------------------------------

54 20 120 64

The number, origin and sexual phase of gen ita lia  
used fo r  th is  study.
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Chart 2.

Breed:

Ext. sign of heat:

Phase o f sexual cycle:  

Length of g e n ita l tract:

J 1 )

Right ovary -  length: 

depth:

Left ovary -  length: 

depth: 

Oviduct -  length:

Uterus -  length:

body width: 

horn diam.:

Age:

( i i )

width: 

weight: 

width:- 

weight: 

Diam. amp.:

S eria l No. 

Condition:

( h i )

Remarks:

Remarks:

isthmus: 

thickness of w all: 

weight:

Specimen sheet*
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Graph $*•

• ^ L o g .  G r a p h  o f  O 'v iJ n  o w o  F o u . i c u i . « R  G w o w t h ^  

y»a5,-4H7+ 20'l933(x -J* 8605')
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( L o q .  GRRPH o p  GROWTH^

y -  76-16 + 3 9 - 1 3 (x  -  6- 21*.)
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Diameter of 
F o l l i c l e

M-

20
25
39.6  
55-2 
59 
66.5 
73 

101 
163 
197 
199 
218 
241 
259 
273 
275 
316 
326 
332 
362 
479 
514 
635 
718 
930 

' 934 
1042 
1528 
1750 
2130 
2577 
3610 
445° 
5927

8 -

Chart 4 *

S ize  of Thickness o f Thickness o f
Ovum Granulosa Theca in terna

17*8 -  not  present
21*5 -  not present
27 5 .5  3
44  6-1 3
4 4  7 ,3  not measured
4 4  -  not measured -
46 24 1 2 .5
50 26.6 22(?)
H  k3  3186 54 45
97 -  not measured -
8°  71 41
96 65 49
82 81 . 4 9
94 53 32
91 94 58

1 0 °  103 55
116 101 29

92 n o  73
94 126 64
77 65 49

102 48 53
96 65 68

1°4 120 115
1°7 83.7 65

86 93 89
96 86 130

103 82 131
120 70 63

90 86 143
1°5  51 115
144 96 222
137 58 27
146 32 172

Comparative measurements at d if fe r e n t  
fo l l ic u la r  developmental stages.

(Each number i s  the average of 3 measurements)



/
* 9 :

Chart

Age of Animals

1 yr. •ftCM 3 yr. ... 4  yr.

Av* length of 
oviduct -  cms* 15*3 15*9 16-5 17-3

Av. length of 
uterus -  cms. 7 15 17 20

Av. s ize  of 
caruncles dur. 
an-oestrus -  mm.

2 4 - 5

Av. size of. 
caruncles dur. 
pro-oestrus and 
early d i-oestrus  
-  mm.

- 7 - 9

Comparative measurements of the length  
of oviducts and uteri*



- 10- P l a t e  1 .

ms

F ig .l#  

Ovary, H.E.x^O;

Fig*3«

Ovary, Germinal ep ith e liu m  
during  D i-o e s tru s , H .E.x20J



- 11- P l a t e  2 .

Fig*3*

Ovary, Germinal ep ith e liu m  
during  P ro -oestrus,H .E .x l400S

F ig *4*

Ovary, Basement membrane, 
Gordon-Sweetxl200;



- 1 2 - P l a t #  3«

Ovary, Basement membrane 
P. A. S. x l200 ;

R e t ic u la r  f ib e r s  
o f C ortex , 
Gordon-Sweet xlf2;

w l

4 %



“13- P la te  4 ®

O v ary ,R eticu la r f ib e r s  o f 
C ortex , Gordon-Sweetx500;



- 14 -
P l a t e  5 .

Ovary, Rete o v a r i i ,  
H & E x 400.

g ig .-10

Ovary, C o r tic a l  a rea  
devoid of f o l l i c l e s ,

H & E x 700.



O v a r y ,  C o r t i c a l  a r e a  
w i t h  f o l l i c l e s ,

H & E x  700.

O vary , p r i m o r d i a l  
and  d e v e lo p in g  se c o n d a ry  
f o l l i c l e s ,  H & E x 1150.



-  16  -
P l a t e  7 .

O vary , D eve lop ing  
g r a n u l o s a  c e l l s  i n  
s e c o n d a ry  f o l l i c l e

H & E x  400*

O vary , T h e c a l  cone  
o f  s m a l l  t e r t i a r y  
f o l l i c l e ,  H & E x  42



P l a t e  8.



-  18 -
P l a t e  9 .

F i g .  16

O vary , G-ranulosa and 
th e c a s  o f  l a r g e  t e r t i a i y  
f o l l i c l e  i n  " r e s t i n g "  
s t a g e ,  Mass. x  400*

F i g .  17

O va iy ,  G-ranulosa 
and t h e c a s  o f  l a r g e  
t e r t i a r y  f o l l i c l e  i n  
" a c t i v e l y  grow ing" 
p h a s e ,  M ass. x 400*



Ill 
-

-  19 -
P l a t e  1 0 .

F i g .  18.

O vary, D raw ing o f  
f o l l i c u l a r  c i r c u l a t io n  

( 2  w r e a th s )

F i g .  19.

O vary, D raw ing o f  
f o l l i c u l a r  c i r c u l a t i o n  

( 2  wre a t h s )

\
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-  20 -
P l a t e  11.

F ig .  20 .

O vary, " F esto o n ed ” 
f o l l i c l e ,  E & E x  

100.

F i g .  2 1 .

O vary , M u lt in u c le a r  
ovum w ith  2 n u c l e i ,  

l ia s  s .  x  1150 .



-  21 -

P l a t e  1 2 .

O vary , M u l t i n u c l e a r  
ovum w i t h  3 n u c l e i ,  

M ass. x 1150.



F ig .  24 
Ovary, 

Polyovular f o l l i c l e ,  
Type I I ,  M ass. x  475

O vary , P o ly o v u la r  
f o l l i c l e ,  Type I I I  
Mass- x 475*



“  23 -
P l a t e  14 .

Pip;. 26

Ovary, F o l l ic u la r  
a trophy - e a r ly  s ta g e , 
H & E x 95.

F ig .  27

Ovary, F o l l ic u la r  
atrophy -  la te  s tag e , 
H & E x 110.



-  24  -
P l a t e  1 5 .

Ovary, G raafian  
f o l l i c l e  preceding 
ru p tu re , H & E x 14 .

Ovary, Cumulus 00phorus 
from F ig . 26, H & E 
x 100.



-  25 -
P l a t e  16 .

Fig* 31

Ovary, re c e n tly  
ru p tu red  f o l l i c l e  
(approx . 6 h rs . 
a f t e r  f o l l i c u la r  
ru p tu re )  E & E x 20.

F ig . 30

Ovary, re c e n tly  
ru p tu red  f o l l i c l e  
(approx . 3 h r s .  a f t e r  
f o l l i c u l a r  ru p tu re ) ,
H & E x 30*



-  26 -
P l a t e  17 .

F ig*  32

Ovary, Granulosa and 
theca in te rn a  c e l l s  
in  6 h r .  old corpus 
luteum, H & S x LOO,

33

Ovary, theca  in te r n a  
and connective t i s s u e  
in  16 h r .  o ld  corpus 
luteum, H & E x  l+OQ•



P l a t e  18 .

Ovary, 24 h r . o ld  
Ijlft corpus luteum , s l ig h t  
III!  p l ic a t io n ,  H & E x 30

Ovary, 24 h r .  o ld  
corpus luteum , 
Mass. x 400.



-  28 -
P l a t e  1 9 .

P ig . 36

O vary, 5 day o ld  
co rp u s lu teu m , M ass. 
x  400 .

P ig . 37

O vary, 10 day o ld  
co r p u s  lu teu m , K & 
E x  4 0 0 .



-  29 -
P l a t e  2 0 .

o oTO*

Fig. 55.
D r a w / a q  o f  C o r p u s  L u t e l u w  C e l l s

r i g .  36

Ovary, draw ing of lu te in  c e l l s  in
10 day o i l  corpus luteum.



-  30  -
P l a t e  21 .

Fig* 39

O vary, 1 c y c le  o ld  
co rp u s  lu te u m , H &
E x 90.

F i g .  40

O vary , 1 c y c l e  o ld  
c o rp u s  lu te u m , H & 
E x 400.

I



g i g -  42

O vary , 2 c y c l e s  
o ld  c o rp u s  lu teu m , 
(C o rp u s  a l b i c a n s )  
M ass . x 400-

-  31 -
P l a t e  22 .

F ig .  41

O vary , d e g e n e r a t i n g  
co rp u s  lu teum  a f t e r  
o e s t r u s ,  Mass. x 400 .



-  3 2  -

P l a t e  23*

Fig* 43

O vary , 3 c y c le s  o ld  
c o rp u s  lu te u m /c o rp u s  
a lb  i c a n s / k a s s .  x 4 0 0 .

Fig* 44

A l k a l i n e  p h o sp h a ta s e  
( g l y c e r o )  r e a c t i o n  i n  
G r a a f i a n  f o l l i c l e  x  18.



- 33 -
P l a t e  24•

A lk a l in e  p h o s p h a ta s e  
( g l y c e r o ;  r e a c t i o n  i n  
f o l l i c u l a r  w a l l  o f  
G r a a f i a n  f o l l i c l e  
p re c e d in g  r u p t u r e  x  120



-  34 -
P l a t e  25 .

Fig- 47

O vary , PAS r e a c t i o n  
i n  g r a n u lo s a  c e l l s  of 
G r a a f i a n  f o l l i c l e  p r e c ­
e d in g  r u p t u r e  x l 4 0 0 .

P ig .  48

O vary , A lk a l in e  
p h o s p h a ta s e  ( g l y c e r o j  
r e a c t i o n  i n  t h e c a  
i n t e r n a  c e l l s  o f  newly 
r u p tu r e d  f o l l i c l e  
x 200.



-  3 5  -
P l a t e  26.

Pig- 49

O vary , P..-1.3. r e a c t i o n  i n  
c o rp u s  a lb i c a n s  

x 400-

s

]



"  3 6 p l a t e  2 7 -

F i g .  3^

O v id u c t ,  T*S. Ii & S 
x 60.



-  37 -
P l a t e  28.

3 5 jul
O e s t r u s  a n d  

M e t -  O e s t r u s
3 1

P r o -  O e s t r u s  
r n d  O e s t r u s

D i - O e s t r u s  & 
fl<N- O e s t r u s

19 jx

a

O v id u c t ,  Diagram  of 
a l t e r a t i o n s  in  
o v id u c t  c e l l  s iz e s .

2 li

0 v i d i i c t , a n -o e  s t r u s  > 
E &  5  2  4CC'*



Oviduct, p ro -o es tru s  
Mass. x  400.

„  ■ & mm
Oviduct, o es tru s  
H & S x 450.



-  39 -
P l a t e  3 0 .

Oviduct, oestrus  
P • A •  v> •  X  400 •

Oviduct, o e s tru s ,  
P.A.S. x 1200.



-  40 -
P l a t e  31 .

Oviduct, m et-oestru  
P . A . 3 . x  4 0 0  •

O viduct, m e t-o estru s, 
P . A . S .  x  1 2 0 0 .



-  4 1  -

P l a t e  3 2 .

Pig* 39

Oviduct, infundibulum, 
m e t-o es tru s ,  a lk a l in e  
phosphatase (g ly c e ro )  
x 200.

P ig . 60

Oviduct, isthmus, 
m e t-o e s t ru s ,  a lk a l in e  
phosphatase (g lyce ro )  
x 200.



-  42 -
P l a t e  33*

F ig . 61

Oviduct, infundibulum, 
m e t-o es tru s ,  a lk a l in e  
phosphatase (g ly ce ro )  
x 400.

F ig . 62

Oviduct, isthmus, 
m e t-o e s tru s ,  a lk a l in e  
phosphatase (glycero,/ 
x 400.



-  43 -
P l a t e  3 4 .

O viduct, d i-o e s tru s
H & IS x 400.

Oviduct, l a t e  
d i -o e s t ru s ,  H & 
E x 400.



-  44 -
P l a t e  35*

-p<no•H

•H

•co
•HCOI—1daKo •
u COcl 4)4) COi—1 COo JCd aG 47<Vh >o •H-PCO dCO o47 47o COO cG o
a o
47 47
X £EH -P

Fig- 63

O viduct, diagram of nuclear expulsion .



-  45 -
F l a t e  3 6 .

B K a l
E S B a s w F f / -  'v * y

F ig . 66 

U te ru s , .T-S, H & S x 10.



46 -
P l a t e  37*

Fip> 67

U t e r u s ,  d ia g ra m  o f  u t e r u s  b i c o r n i s ,
n o n - s u b s e p t u s  an d  s u b s e p t u s -



~ 47  -
P l a t e  38-

F i g .  68

U t e r u s ,  e a r l y  p r o ­
o e s t r u s ,  e p i t h e l i u m ,  
H & E x 400 .

F ig .  69

U t e r u s ,  e a r l y  d i ­
o e s t r u s ,  e p i t h e l i u m ,  
H & E x  400 .



-  48  -
P l a t e  39-

m k & U teru s , c a ru n c le , 
G-ordon-Sweet x 150

iSllSllis

0 M S m

U t e r u s ,  c a r u n c le ,  
Gordon-Sweet x  1140



-  49  -

P l a t e  40*

Fig- 72

U terus, e a r ly  a i-o e s tru s ,  
in tE rcaru n cu la r area , 
x 140 .

F ig - 73

U te ru s , e a r ly  d i-o e s tru s , 
in te rc a ru n c u la r  a re a , 
x 280.



-  50 -
P l a t e  4 1 .

U te r  u s , e a r l y  p ro  
o e s t r u s ,  g la n d ,  
Mass. x 380,

U t e r u s ,  e a r l y  d i - o e s t r u s ,  
g la n d ,  P .A . 3 . x  400-



-  51 -
P l a t e  4 2 .

U terus, o e s tru s , g land , 
ino rg . Fe x 400*

U te ru s , ea rly  
d i-o e s tru s ,  g land , 
in o rg . Fe x 400*



-  52 -
P late  43-

Fig- 78

U te r u s ,  m e t - o e s t r u s ,  
g la n d ,  a l k a l i n e  
p hosp h atase  ( g l y c e r o )  
x 400 .

F ig . 79

U t e r u s ,  e a r ly  d i -  
o e s t r u s ,  a l k a l i n e  
p h o sp h a ta se  ( g l y c e r o )  
x  400*



~ 53 -
P l a t e  44*

F ig . 80

U t e r u s ,  u t e r in e  
macrophage near  
m u s c u la r i s  H & E 
x  400 .

Fig. 81

U teru s , u te r in e  
macrophage beneath  
u te r in e  ep ith e liu m , 
P . A. 3 .  x  120 0 .

v



P l a t e  45*

F ig . 82

U t e r u s ,  p r o - o e s t r u s  c a r u n c u l a r
c i r c u l a t i o n ,  Mod. P ic k w o r t h  x  100 .



- 55 -
P l a t e  4 6 *

U t e r u s ,  o e s t r u s ,  c a r u n c u l a r
c i r c u l a t i o n ,  Mod. P i c k w o r t h

x  100.



-  56 -
P l a t e  4 7 .

E m m

Fig* 84

U t e r u s ,  m e t ~ o e s t r u s ,  c a r u n c u l a r

c i r c u l a t i o n ,  i/iod. P ickw orth .

x  100.



-  57 -
P l a t e  48 .

F ig .  85

U t e r u s ,  d i - o e s t r u s ,  c a r u n c u l a r
c i r c u l a t i o n ,  Mod. P i c k w o r t h

x  1 0 0 .



- 58 -
P l a t e  4 9 .

F ig . 86

U t e r u s ,  D i - o e s t r u s ,  c a r u n c u l a r
c i r c u l a t i o n ,  Mod- P i c k w o r t h

x  240 .



- 55 -
P l a t e  50 .

F ig . 87

U t e r u s ,  a n - o e s t r u s ,  c a r u n c u l a r
c i r c u l a t i o n ,  Mod. P ic k y /o r th

x  1 0 0 .


