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CHAPTEH x
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The purpose of this study was to investigate the 

prose and microscopic anatomy of the reproductive organs 

of the female sea otter (S^Z^ES l^trls L.) and relate 

them to the reproductive cycle* Emphasis has been given 

to ovarian histology.

Although the value of the sea otter has been known 

to fur hunters for over two centuries. very little is 

known about this animal. Barabash-Nikiforov (19U7) noted 

that sea otters have lenticulete shaped ovaries. Pearson 

(1952) studied a single pregnant sea otter and noted that 

the ovaries have irregular surface and subsurface fissures, 

besides the small Graafian follicles and a corpus luteum. 

The uterus was bipartite. Lensink (19^2) briefly described 

reproduction in sea otters, based upon field observations.

Previous investigations were greatly hampered by the 

limitations of the material. For a decade reproductive 

tracts have been collected in the Amchitka and Aleutian 

Islands. Karl W. Kenyon of the United States Department 

of the Interior. Fish and Wildlife Service, collected most 

of these tracts and provided the field reports on them. 

Some of the reproductive tracts were collected and provided 

for the present studies by Dr. C. M. Kirkpatrick of the
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CHAPTER I I

LITERATURE REVIEW

There a re  r e l a t i v e l y  few d e s c r ip t io n s  o f  th e  com plete 

Morphology o f  th e  fem ale t r a c t s  o f  the  M u ste lld a e . M arsh a ll 

(19010* d e sc r ib e d  th e  re p ro d u c tiv e  t r a c t  o f  the  f e n a le 

f e r r e t  In  the fo llo w in g  t e r n s ,  ®The u te ru s  o f  th e  f e r r e t  i s 

ty p ic a l ly  b lc o m u a te ,  each o f  th e  u te r in e  horns p a ss in g 

fo rw ard  in to  a s le n d e r  f a l lo p ia n  tu b e , which I s  v ery  much 

c o i le d  a t  i t s  a n t e r io r  en d , p a ss in g  s e v e ra l  t i n e s  around 

one s id e  o f  th e  o v a ry . The mouth o f  th e  f a l lo p ia n  tu b s 

e n c lo se s  th e  o v a ry , so th a t  th e  ova on being  d isc h a rg e d 

pass in to  a sac and co n seq u en tly  a re  n o t shed in to  th e  body 

cavity**’ The fem ale t r a c t  i s  o f  th e  u su a l c a rn iv o re  type 

(M a rsh a ll, 190U> H am ilton and G ould, 19U0)*

D eanealy (1935), d e s c r ib e s  th e  re p ro d u c tiv e  t r a c t  o f 

th e  fem ale s to a t  as fo l lo w s ; ’’The o v a r ie s  arc f l a t t e n e d 

bod ies en c lo sed  in  a c a p su le ;  t h e i r  su rfa c e  i s  smooth and 

n e i th e r  f o l l i c l e s  n o r co rp o ra  lute®  p r o je c t  co n sp ic u o u s ly . 

The u te ru s  i s  sm all and M e o rn u a te , and th e  u te r in e  c a n a ls 

run  s id e  by s id e  f o r  about 1 .5  wra* and then  fu se  a t  the  top 

o f  th e  c e r v ix .  The vag ina  i s  th in  and te rm in a te s  in  a 

v u lv a l s w e l l in g , which e n la rg e s  in  s iz e  j u s t  b e fo re  th e 

o e s t r o u s .” The t r a c t  o f  th e  fem ale s to a t  resem bles th a t

o f th e  f e r r e t  (M arsh a ll, 19010 •



The reproductive tracts In weasels (Deanesly, iW t)# 
minks (Hanseon, XW7f Kadere, 1952) and wolverines (Wright 
and Bausch# 1955) do not differ greatly from that of th® 
generalised carnivore or Mus te ll d type#

Barabash-Wikiforov (1W7) states that the ovaries in 
sea otters are lenticulete organs, lying with their posterior 
edges adjacent to the oviduct funnels# Pearson (1952) said 
the uterus in the sea otter is  b ipartite  like other 
carnivores; whereas i t  is blcorwiaU in river o tters (Ultra 
canadensis) (W illton and Sadie, 1 9 ^ ).

o r a j a B s S s l s n

Robinson (1910) states that in ferrets and in the 
ferret•polo cat hybrid the ovaries are Irregular, ovoid, 
carnlo-caudally longer than darso-ventr&lly* The ovary of 
the le f t  aide as a whole Is larger than that of the right 
side, but this is of no importance* Tanaka (1962) said that 
the difference in else of the le f t  and the right ovaries in 
66 dogs, was s ta tis tic a lly  insignificant ( P s  %O5)»

The shape and the else of the ovaries vary in different 
animals and during the different periods of the estrous 
cycle* The ovaries are ovoid in ferre ts (Robinson, 1918), 
flattened in stoats (Deanesly, 1935), bean shaped In minks 
and goats (Hansson, 19^7I Bhders, 1952; Harrison, 19^8), 
lenticulete or compressed oval in sea otters (Barabash*



Wikiforov, W }  ? •« •» » , 1952), ovoid in  Reeky Mountain 
pika# (Duke, 1952), and almond shaped in  porcupines 
(Mossman and Judas, 19^9)•

The ovaries are m a ile r  in  also during the anestrus 
period than during estuns or pregnancy in  the fe r re t  and 
forest-pole ca t hybrid (Robinson, 1918? Hamilton end Could, 
19^9), In eat (Poster and Hire#, 1935), in  r a t  (Lung and 
Wans, 1922), in  vessel (Deanesly, 19UU), in  s tm t  (Deaneely, 
1935), in mink (Toders, 1952? Hansson, 19U7), and in  Rocky 
Mountain pika (Duke, 1952)#

Loeb (1911) established tha t the cyclic change# in 
guinea pig ovaries correspond to the cyclic changes taking 
place in  the u terine mucosa. Long and Wans (1922) s ta te 
tha t the estrous cycle is  characterised by regu lar, periodically 
co-ordinated h isto log ical ehenges in  every portion of th® 
reproductive tra c t  of the r a t ,

Deansely (19Ui) s ta te s  tha t the ovary of tease l is 
sm ell, compact end generally enlarges during the. breeding 
season, owing to the development of the fo ll ic le s  end 
corpora lu te s . Thia phenomenon in  general holds true for 
the fe rre t (Robinson, 1918 j Hamilton and Oould, 19^9), mink 
(Binders, 1952), r a t  (Long and Evans, 1922), guinea pig 
(Loeb, 1911), Rooky Mountain pika (Duke, 1952), and mny 
other m&mala*
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Ovarian H istology

Robinson (1918) s ta te s  th a t the cortex and medulla in 

f e r r e t s  and fe m t-p © l« e a t  hybrids are  sharp ly  defined* The 

co rtex  i s  surrounded by the germinal ep ithelium , in te rn a l  to 

'which i s  a d e f in i te  tun ica a lbuginea. The i n t e r s t i t i a l  t is su e 

i s  the main mass of the cortex* The tunica albuginea has 

sp ind le  shaped c e l ls  and f ib r i l s *  The medulla i s  r e t ic u la r 

in  ch a rac te r and i t  i s  continuous with the e x tra o e rito n e a l 

connective t is s u e  a t  the hilum* Mainland (1928) observed 

In f e r r e t s  a d e f in i te  narrow band of tun ica albuginea ly ing 

c lo se  to  the  germinal ep ithelium . Hamilton and Gould (1910) 

no ticed  a th ick  co rtex  and sm all medulla in  the re s t in g 

f e r r e t  ovary# The epithelium  o f the ovary i s  thickened 

here and th e re , and the thickened po rtions p ro je c t fo r  some 

d istance  in to  the cortex*

Hansson (19^7) observed in  mink a well developed 

tun ica  albuginea from which connective t is s u e  lam ellae ran 

in to  the co rtex  and d ivided i t  in to  ir re g u la r  columns and 

n e s ts ,  giving i t  a lab y rin th in e  appearance* The medulla 1B 

confined to  the p a r ts  around the h ilu s  o f th® ovary l ik e 

th a t  o f the f e r r e t  (Robinson, 1918), end i t  i s  h igh ly 

vascu larized  in  the sexual period* Enders (1952) sa id 

th a t  the germinal ep ithelium  i s  simple cubo ida l, s tro n g ly 

basoph ilic  with scanty cytoplasm* The main mass o f the
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eort^x consists of the in t e r s t i t i a l  c e lls  Ills® th a t of the 
fe r re t  (Robinson, 1918)# The tunica albuginea is  in  abundance 
during pregnancy. The medullary region is  compact, composed 
ch iefly  of small c e lls  with strongly basophilic nuclei and 
I t  contains a few gens cells*  which are of the ’p rin tlitre 
type’ in the 70 days post par turn a n lm l. In Mie adult 
animal the medulla forma a snail port of the ovary. Within 
the medulla and close to i t s  h ila r  margin, the ro te  canals 
have boon noticed. The ra ta  tubules have a simple squamous 
epithelium, Im g u U r  and tortuous lamina, free  intercom­
munications, and generally converge a t  the h ilu s . The rate 
canals ar® sim ilar in  other mammals. In the adult an trial, 
ro te  canals are reduced In sis© and nwfcer. Mossman (1937) 
said that in pocket gophers r e ts  tubules were common near 
the hilum, often they were cy s tic , equalling the diameter of 
the antra of nature f o l l ic le s .

Deanesly (1935) said tha t the s to a t’s ovary is  sim ilar 
h isto log ically  to that of the fe rre t (Robinson, 1918). The 
ovaries of the weasel (Deanesly, 19M0, and the wolverine 
(Wright and Rausch, 1955), arc like  thus® of the f e r r e t . 
Mo >arum and Judas (1W)) s ta te  that the in ternal structures 
of the porcupine ovaries ar® In general sim ilar to those in 
other mammals, as fa r  as r a te ,  medullary cords, stroma, 
and fo ll ic le s  are concerned.

Harrison (1962) s ta te s  th a t a l l  mammalian ovaries are
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covered by a continuous sheet which i s  u su a lly  a s in g le 

lay e r of cuboidal or low columnar epithelium  and which 

in v es ts  both the smooth and lobed contours*

Sub-surface Crypts o r Folds

H arrison and Mathews (1951) reviewed the l i t e r a tu r e  on 

th is  subject#  They s ta te  th a t the form ation o f c ry p ts  i s  a 

phenomenon by no means r e s t r ic te d  to  a few species* They a re 

found in  a l l  Pinnipeds and many Flssipeda* besides o ther 

unre la ted  m m o ls#  The evidence in d ica te s  th a t  c ryp t fo r ­

mation can be induced by the in je c tio n  of gonadotrophin o r 

estrogen ic  substances in to  fe r re ts #  The f e r r e t ’s ovary 

o rd in a r ily  does not e x h ib it marked c ryp ts  form ationj of 

course* occasional c le f t s  have been found in  pregnant 

animals# The terms c l e f t  and cryp t m y  be defined as 

follow s f

1# A cry p t i s  a hollow tu b u la r or s l i t  l ik e  invagina­

tio n  of the germinal epithelium, which pen e tra tes  in to  and 

passes through the tun ica  albuginea.

2# A c l e f t  simply subdivides the cortex  and the 

tunica albuginea and follows i t s  contour#

They discussed sub-surface cryp t form ation in  the 

co rtex  of mammalian ovaries to  a considerab le extent# The

covering germinal epithelium  o ften  invaginatea in to  the 

subjacent tun ica albuginea to form small folds* p i t s  o r
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sub-surface crypts* Bonner (1955) said that the sub­

cortical crypts are slight in juvenile elephant seals 

compared to that observed by Harrison and Mathews (195D» 

These formations are particularly developed in Pinnipedia 

(Harrises) et a|M  1952J Laws, 1956)* In seals the germinal 

epithelium dips down at regular Intervals into the peripheral 

ovarian stroma forming a tube with a conspicuous lumen 

(Mathews and Harrison, 1^9)»

Pearson (1952) observed the presence of Irregular 

surface fissures In both ovaries of a sea otter* These 

fissures may be as much as 3*5 m »  deep in the ovaries, and 

are reminiscent of cerebral fissures* The tunica albuginea 

follows these clefts Into the Interior of the ovary and Is 

not penetrated by them*

Harrison and Heal (1956) said that the Intra-cortlcal 

epithelial tubes in badgers sometimes extended from the 

openings on the surface of the ovary to the hilum; where they 

might anastomose with the rote ovarii* These are reminiscent 

of sub-surface crypts of the covering epithelium (Harrison 

and Mathews, 1951)• The tubules of epithelial cells dip 

from the cortex and form a network throughout the cortex and 

medulla (Meal and Harrison, 1958)* The intra-ovarian 

tubules occasionally branch or communicate in the badger*

Mathews and Harrison (19h9) state that the size and 

extent of the crypts and proliferations of the epithelium
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appear to be related to the reproductive activities of seals* 

Harrison and Mathews (1951) noticed the cyclical phenomenon 

of crypt formation in Pinnepedia* which might be associated 

with the estrous cycle* Harrison (1962) indicated that the 

significance of crypts and their connections with the intra - 

ovarian tubules are difficult to assess* The subsurface 

crypts in fur seals are Invaginations of the germinal 

epithelium which encapsulates the ovary in a single celled 

layer (Craig* 196U)« They extend in tubular networks 

through and parallel with the tunica albuginea* Smaller 

branches extend into the tunica and form rounded diverticula*

Follicular Growth

Brambell (1928) has given a detailed description of the 

relationship between the ovum growth and the follicle 

growth in mice* He divided the growth of follicles into 

two phases*

In the first phase the ovum grows rapidly until almost 

adult else* while the follicle increases only slowly in size* 

In the second phase the ovum remains practically 

stationary in size* although the follicle grows rapidly 

chiefly by enlargement of the liquor filled antrum and by 

the formation of the theca interna*

Subsequently the relationships between ovum and 

follicle growth have been studied in rats (Parkes* 1931)#
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In M e ®  (Pincus, 1936), in guinea pigs (Dempsey, 1937)# 

in cabbies (Pinene and Enswan, 1937), in cats (Dawson and 

Friedgood, 19M), in sinks (Hansson, 19U7), in goats (Har­

rison, 19Mb Bramhall, 1956), and in th© epos SUM (Martinez, 

19U2), They supported the show relationship between th© 

ovwn and follicle (Bramhall, 1928),

Hartman (1929) said that the diameter of the oocyte did 

not show any relationship with the body size of the animal, 

however, the ultimate size of the follicle at the end of 

the second phase is directly related to the animal*s body 

size, and the major part of the follicular growth is 

associated with the enlargement of the follicular an truss 

(Parkes, 1931).

Mathews (1939) observed two component© in the first 

phase of the follicular growth of the spotted hyaena* an 

initial one of ©low growth of a single layer follicle followed 

by a period of faster growth when the follicle is multi* 

layered, Pincus (1936) said that the ovum might grow to full 

size without a vestiture of follicle cells, as attested by 

the Frequent presence of such ova In the ovaries of dwarf 

mice (Pincus unpublished data). Ths growth of the follicle 

beyond the antrum stage is independent of the growth of the 

ovum. This fact has been amply supported from the data of 

Bramhall (1928), Parkes (1931), Pincus and Enzman (1937), 

Pincus (1936) eaid that the curve of Pincus and Enzman (1937), 

might be taken as a representstic® of the growth curve of the



o v m .  Harrison (196?) said that If the y * the mean 

dlaneter of the oocyte* and the x • that of the follicle* 

th© two phases of growth can be expressed by the linear 

regressions y ® a ♦ bx| where ’s ’ and *b’ are constants* 

He also added that the phenomenon of follicular growth holds 

good for nil murals examined, which have varied from the 

mouse to ths whale. The number of follicles* which reach 

the ©nd of the second phase and ovulate, varies widely In 

different mammals*

Follicular Cycle

Robinson (1918) postulated that in the ferret and in the 

ferret-polecat hybrid there are successive waves of growth 

end decline in the follicles* The follicles develop and 

retrogress In overlapping ©rope,, until ovulation in the 

breeding season of the rabbit* the ferret and the mink 

(Hartman* 1939| Enders* 1952)* In the mink and the ferret 

new groups of follicles appear throughout the functional 

life of the ovary (Enders* 1952J Mainland* 1928)* Deanesly 

(1935) said that the early stages of follicular growth la the 

stoat were similar to that of the ferret*

Robinson (1918) said that the presence of the corpus 

lute urn has no detrimental effect on th® growth of follicles. 

Enders (1952) observed the same phenomenon in mink* where 

primary follicles appear at all times of the year* The
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fo rm  t ia n  of m i l  f o l l ic le #  i s  not com pletely in h ib ite d  by 

the presence of f o l l ic le #  ready to  ru p tu re , o r by the 

corpus lutetan, or by er.rly  pregnancy, Ringrose (1962) 

observed an Increase In  th® number o f f o l l i c l e s  during 

pregnancy. On th® con trary  in  C allorhjnus urslnu# c^no-- 

cephelua, the corpus lu te m  of pregnancy suppresses f o l l i ­

c u la r growth to  a remarkable ex ten t (Enders e t  a l , ,  1 ^ 6 ; 

C raig, 196#), But the  opposite ovary has pronounced 

f o l l i c u la r  growth during the pregnancy, end a t  the p a r tu ra tio n 

i t  contains numerous growing f o l l i c l e # .  These finding# have 

been conf I m ed in  the fu r  s e a l ,  Northern European and 

A n tarc tic  se a ls  (H arrison a t  s ^ . ,  1952), The age a t  which 

th® Graafian fo l l ic le #  f i r s t  develop in  the ovaries o f the 

fu r seal® i s  v a r ia b le . The lim its  may be s e t  a t  2-6 year# 

o f age (C raig, 1961;),

f e w n d  and M arshall (1930) observed f o l l i c l e s  during 

the an estru s period of the f e r r e t .  The ovaries are  in a c tiv e 

w ith m a l l  f o l l i c l e s  (Hammond and Walton, 193#.)• Evans and 

Col® (1931) no ticed  m ay  email and medium sisod  fo l l ic le #  in 

the  co rtex  of the  dog 's ovary during p ro c s tru e , In  estru e 

only a few small f o l l i c le s  are  p re se n t, most of them have 

a lready  degenerated,

Evans and Swezy (1931) sa id  th a t in  r a t  and guinea p ig , 

the f o l l i c u la r  cycle normally coincides with the es tro u s 

c y c le . In  the c a t ,  i t  may or m y  no t co in c id e . The f o l l i c l e s



in the ovaries of the goat change little in else during 

anestrus and metestrus, but rapidly Increase in size at 

proestrus (Harrison, 19^8). In this species a wave of 

degeneration starts at or just before the onset of the 

eatrus. Mossman (1937) noticed no obvious cycle with the 

small and medium Bleed normal follicles of the pocket 

gopher.

Deanesly (19U0 states that the adult weasel’s ovary, 

unlike that of the stoat, shows growing follicles in anestrus 

The lack of large folliclesand the inactivity of wolverine 

ovaries indicate the absence of an estrous period shortly 

after parturition (Wright and Rausch, 1955)* This condition 

has also been found in the fisher (Hall, 1^2). Wine weeks 

after parturition the European badger shows an estrous 

period (Seal and Harrison, 1958). Ovulation might occur 

during delayed implantation in the badger. Parkes (1931) 

observed that the size of the mature follicles varied 

greatly from specie to species. Hill and Parkes (1933) 

said that the diameter of the largest follicles in anestrus 

varies greatly in the ferret at different periods of the 

time in year. The follicles in the cat during estrus have 

a diameter between 2-3 M * like that of the ferret. The 

proestrus follicles of the cat range in diameter from 1 to 

1.5 mm. with a large antrum (Dawson and Friedgood, 19^0).

The follicles in the striped skunk reach their greatest size
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at eatrus, CUB do the sex eords and Interstitial sells 

(Leach* I960). An inverse relationship between ths follicle 

else end sex cords* has been observed during proa®true. The 

follicles* sex eords* and the interstitial cells of the skunk 

are larger in the post—parturn animals than in pregnancy. 

Provost (1962) said that follicle sice in the beaver was 

related to the number of follicles in the ovary.

Hlsaw (19^7) said that ovulation in manuals marks the 

end of the follicular phase of the estrous cycle and the 

beginning of the luteal phase*

The changes in the follicles during pregnancy are 

identical with those found in the non-prognant cycle of the 

guinea pig (Loeb* 1911).

g tm c U ? «  o f th e  F o l l i c l e s  and 9y%

Robinson (1918) reviewed the earlier works on the 

structure of follicles* which do not deal with the progres­

sive changes in follicular development, Ko presented a 

detailed description of follicular growth during the vesi­

cular stages, which is given in brief at this point*

The primitive ovarian follicles consist of an ovum and 

single layer of flattened cells* which are progenitors of the 

follicular epithelium* As the follicles reach full growth 

the follicular epithelial cells appear columnar* conical or 

spindle shaped.



The first Indications of antrum formation is a fluid* 

filled meshwork seen at the poles of the follicles# The 

fluid of the early antrum is called "primary liquor folliculi" 

The formation of the "secondary liquor folliculi" is seen 

first ct th® base of the cumulus oophorua* It is formed more 

rapidly and it is of more fluid c onsistency than the 

"primary liquor folliculi". It also takes part in the final 

distension of the follicle, which precedes rupture* 

Earlier workers had not drawn attention to ths formation 

of the "secondary liquor folliculi" in the ovarian follicles* 

Allen et al* (1930) demonstrated the presence of the 

"secondary liquor folliculi" in the cumulus region of the 

large follicles in human ovaries*

During the postalnseminal growth and the rupture of the 

follicles, portions of the membrane interna are forced from 

its anchorage and extruded. It carries with it long 

filamentous processes of the follicular cells, which 

frequently drag with them acme of the internal follicular 

cells. These processes and the cells together with the 

rapidly exuded fluid form a granular coagulum, called the 

"tertiary liquor folliculi". It also plugs the rupture of 

the follicle and finally breaks into fine detritus. After 

rupture, the follicles redistend and this is associated with 

the transformation of the follicle cells into the lutein

cells.
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K ingsbury (1939) s a id  t h a t  th e  f o l l i c u l a r  f l u i d  i s 

p re se rv e d  as a floccu lan t p r e c i p i t a t e  o f  co a rse  mesh in  th® 

norm al G raafian  f o l l i c l e .

P incus and Enzman (1937) have id e n t i f i e d  n in e  ty p es  o f 

f o l l i c l e s  i n  th e  r a b b i t ,  each d is t in g u is h e d  by the c h a ra c te r* 

i s t i c  f e a tu re s  o f  the  d eve lop ing  ovum, g ran u lo sa  and th e ca 

c e l l s .  Hisaw (19U7) d iv id e d  th e  f o l l i c u l a r  growth o f  th e 

mink in to  n in e  s ta g e s ,  from the p r im it iv e  f o l l i c l e  (which 

c o n s is ts  o f  on ovum surrounded  by th e  d isc o n n e c te d , f l a t t e n e d 

c e l l s )  to  f u l l y  grown p re o v u la to ry  f o l l i c l e s .  He has g iv en 

a d e t a i l e d  d e s c r ip t io n  o f  each s ta g e .  The s ta g e s  2 to  5 

cori*espond to  th© ^secondary f o l l i c l e  stage® a s  d e sc r ib e d 

by Sand (1919; quoted by H ansson, 19h7). The 6 th  s ta g e  i s 

c h a ra c te r iz e d  by the  fo rm a tio n  o f  antrum  in  th e  p o le s  o f  th e 

f o l l i c l e  a s  suggested  by Robinson (1 9 1 3 ), I s a b e l l  (1928), 

P incus (19 3 6 ), P incus ©nd Enznian (1937)* The norm al 

v e s ic u la r  f o l l i c l e s  f i r s t  make t h e i r  appearance d u rin g 

p ro as urns and © atrue , b u t n o t i n  a n e s t r u s .  The 7 th  s ta g e  i s 

c h a ra c te r iz e d  by the beg inning  o f  the  v e s ic u la r  p h a se , which 

a lm ost c o in c id e s  w ith  the c e s s a t io n  o f the in c re a s e  in  th e 

s iz e  o f  th e  eg g . T h is s ta g e ,  th u s  in d ic a te s  a p h y s io lo g ic a l 

change in  th e  a c t i v i t y  o f  the  g ran u lo sa  c e l l s .  The f o l l i c l e s 

i n  stag® e ig h t  have w all developed cumulus oophorus, 

co rona r a d ia te  and m i f o m  l iq u o r  f o l l i c u l l .  The v acu o les

a re  seen  in  th e  cumulus re g io n  Mhieh correspond  to  the
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formation of the "secondary liquor follieuli" of Robinson 

(1918)# In the last stage, the ovum floats in the liquor 

follieuli and is ready to ovulate# The growth of the follicles 

is very alight during the first six stages of development, 

but is rapid during the later stages#

Pearson (1952) said that the left ovary of a pregnant 

sea otter contained only small follicles, whereas the right 

one had many small follicles and a corpus Interim#

Leach and Conaway (1963) state that the medullary 

polyovular follicles in the striped skunk are similar to the 

cortical follicles#

Origin of the Liquor Follieuli

The breaking down of the follicle cells plays an 

important part in the formation of the liquor follieuli 

fluid (Alexando, 1891J Janosik, 1887; Schottlander, 18931 

Nagel, 1888; Van der Stricht, 1912; and Sandes, 1903; all 

quoted by Brambell, 1956)# Honor* (1900) said that the 

follicular fluid was of intercellular secretion# Robinson 

(1918) supported this view# Honor! (1900) said that the so- 

called bodies of Call and Exner were intercellular spaces, 

whereas Janosik (1887, quoted by Brambell, 1956) thought 

them to be vacuoles in the cells#
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0 ? ®

Van der Strieht (1912* quoted by Robinson* 1918) said 

that the ovum of the eat is spherical or ovoid with a rounded 

and eecentrie large nucleus and one or two nucleoli. The 

O V U M of the ferret is similar to that of the eat (Robinson* 

1918)* A mature ovum of the badger is elliptical in section 

(Hamlett* 1932). Enders (1952) states that the ovum of the 

mink in large anestrus follicle has the nucleus peripherally 

or centrally located with an eccentric nucleolus. In the 

proestrus follicle the nucleus Is at the periphery of the 

ovum.

Leach (1960) said that the striped skunk had several 

oocytes in the rets* a condition not reported earlier in 

the literature.

Mainland (1932) states that most of the ova showed 

radial striae in the sons pellucida* the later being U-6 

micra in thickness. The sone pellucida is homogeneous in 

the ovum of badger and the thickness varies from 3.6 to 

5 micra (Hamlett* 1932). It Is also homogeneous in the 

ferret (Hamilton* 193U)« Dlckmann (1963) states that the 

zona pellucida of recently ovulated rabbit eggs consists of 

two distinct concentric layers* the outer being granular 

and the Inner being homogeneous. There is no difference 

between the structure of the zona of fertilised and unfer­

tilized ova. The presence of a zona pellucida has been
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recorded in most of the mamals so far studied.

Origin of the Zona Pellucida

Thore are two theories regarding the origin of the acme 

pellucida Which have been debated for a long time*

The ovum forma the sona pellucida* Thia has been 

supported by many workers such as Beneden (1880} quoted by 

Hartman, 1926), 0*Donoghue (1912), Hartman (1926) and 

Mainland (1920)*

The follicle cells form the sons pellucida* This view 

has also been supported by many workers such as Waldeyer, 

Retains (18?0, 1912, quoted by Chiquoine, I960), Van der 

Stricht (1923), and Chiquoine (I960)* On the basis of 

the observations in the immature ovaries of the rata, 

guinea pigs, hamsters and cats, Chiquoine (I960) states that 

the zona pellucida is formed by the activity of the 

follicular cells*

* M 1

The literature on the atretic follicles and atresia, 

which is extensive, has been reviewed several times (Asami, 

1920| Clark, 1923J Branca, 1925I Athias, 1920} Garde, 1930} 

Harman and Kirgis, 1938$ Kingsbury, 1939} Brambell, 1956 and 

Ingram, 1962)* In the present review atresia will be 

considered as representing th# process or processes, whereby
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oocytes are lost from the ovary other than by ovulation 

(Ingram* 1962).

The mraallan ovary has a greater proportion of ova and 

Graafian follicles which degenerate and disappear, leaving 

a email number of them to attain maturity (Waldeyer* 1870} 

Belye1, 18?8; Schottlander* 1893; Benneguy* 189U; all 

quoted by Asami* 1920; Kingsbury* 1913; Clark* 1923; Pincus 

and Ensman* 1937; Mandi and Zuckerman* 1950). Pike ®Ual» 

(I960) said that atresia in the fur seal is characterised 

by formation of ths "glassy membrane" which la located 

between the theca interna and membrane granulosa and contri­

buted to by fibroblastic elements of both.

Atresia of the Small* Medium and Large Follicles

In the atresia of medium and large follicles both the 

granulosa cells and ova are involved. Marshall (1903) states 

that the atretic follicles in sheep can be readily distin­

guished from the normal ones. Usually the degenerating ovum 

is present in the cavity of atretic follicles. In an 

atretic follicle of the ferret the ovum shrinks* granulosa 

cells degenerate and a few cells in the advanced stage of 

degeneration are seen scattered in the cavity (Marshall* 

19010. The zona pellucida persists for a long time in the 

atretic follicles (Bramhall* 1956). Leach and Conaway (1963) 

state that atresia of polyovular follicles in the striped



22

skunk is similar to the atresia of the cortical follicles* 

Kingsbury (1913) states that follicular degeneration occurs 

throughout life. Follicles of different sizes, both atretic 

and healthy, are found faring the estrous cycle of the 

rabbit (Asami, 1920). This condition has been noticed in 

the ferret (Hamilton and Gould, 19U0), the guinea pig (Har­

man and Kirgls, 1938), and th© stoat (Deanealy, 1935)•

Clark (1923) states that there Is no mammal In which 

continual degeneration of ova Is not going on in the ovary, 

at least during the period of sexual activity* Branca (192$) 

regarded atresia as a normal feature end said that it 

occurred more commonly at certain periods than at others*

Neal and Harrison (1958) observed numerous atretic and 

luteinized follicles in adolescent badgers. Atresia in the 

mouse is very common at the time of weaning (Kingery, 1917; 

Brambell, 1927)* Engle (1927) found variation in the number 

of atretic follicles corresponding with the estrous cycle in 

the mouse. Evans and Swezy (1931) concluded that all 

oocytes, including the primary once, become atretic at estrus, 

the sole surviving follicles being those that are ovulated* 

Harrison (19U$) found widespread atretic changes In all the 

follicles of the goat, commencing at the IjOth day of the 

pregnancy.

Pincus and Enzman (1^37) distinguished H types of 

atretic follicles. The percentage of atresia among the
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young oocytes I s  low* ab o u t 10^? whereas in  the  la rg e 

f o l l i c l e s  i t  i s  ab o u t 6 ^  a t  any g iven  time#

B m s b e ll  (1956) s a id  th a t  th e  o n se t o f  a n e s tru s*  in 

mammals w ith  a r e s t r i c t e d  b reed in g  season* la  marked by 

a t r e s i a  o f  th e  la rg e r  f o l l i c l e s  in  the  o v a r ie s .  The 

f o l l i c u l a r  a t r e s i a  in c re a s e s  a s  a ru le  d u rin g  pregnancy and 

more e s p e c ia l ly  d u rin g  l a c t a t io n  and a n e s tru s#  The fo rm a tio n 

o f  tiie co rpo ra  lu te a  a s r e t i e a  o r  f a l s e  co rpo ra  l u t e s  i s  o f 

common occurrence  in  many mammals d u rin g  the  m id -g e s ta tio n #

Mandi and Zuckerman (195$) s t a t e s ,  ”The e s tim a tio n s  o f 

a t r e t i c  oocy tes a t  v a r io u s  s ta g e s  o f  th® cy c le  a re  s u b je c t 

to  c o n s id e ra b le  v a r ia t io n *  s in c e  th e  d ia g n o s is  o f  a t r e s i a 

depends upon q u a l i t a t i v e  judgm ent.* In  each  r a t  the  t o t a l 

number o f f o l l i c l e s  in  the  r ig h t  ovary i s  n o t s t a t i s t i c a l l y 

d i f f e r e n t  from th a t  o f  th e  l e f t#  C on tra ry  to  th e  views o f 

s e v e ra l  workers* they  d id  n o t f in d  sy s tem a tic  v a r ia t io n  in 

the  t o t a l  number o r  in  th e  h e a lth y  oocy tes d u rin g  th e  e s t ro u s 

cy c le  o f  th e  r a t .  Jones (1957# quoted by Ingram* 1962) m s 

unab le  to  f in d  sy s te m a tic  f lu c tu a t io n s  in  the  p ro p o r tio n  o f 

a t r e t i c  oocytes#

Heaps (1905) s a id  th a t  the  sm a ll f o l l i c l e s  in  the r a b b i t 

were s i t u a te d  in  the  neighborhood o f la rg e  f o l l i c l e s  which 

dep rived  them o f t h e i r  n u t r i t io n #  Asami (1920) concluded 

from h ie  s tu d ie s  o f  th e  sm all f o l l i c l e s  th a t  th ey  were by

no moans co n fin ed  n e a r  th e  la rg e  growing f o l l i c l e s *  b u t



tnlght be a t  a d is ta n c e  from them* Small f o l l i c l e s  m ight be 

a t r e t i c  w hile o th e rs  were normal* So on the  b a s is  o f 

lo c a t io n  o f f o l l i c l e s ,  a t r e s i a  canno t be exp la ined*

Harman and K irg is  (1936) show a d e f in i t e  c o r r e la t io n 

between th e  c o n d itio n  o f  ovum and f o l l i c l e *  I t  seems th a t 

a t r e s i a  o f  th e  f o l l i c l e  s t im u la te s  the egg to  b eg in  i t s 

m a tu ra tio n  d iv is io n s*  This i s  in  agreem ent w ith  th e  r e p o r t 

o f  Pincus and Bnsnan (1937)» in  which the  number o f  ova 

undergoing m a tu ra tio n  in c re a se d  fo llo w in g  th e  inducem ent o f 

f o l l i c u l a r  a t r e s i a  in  th e  ra b b it*

The S i te s  and Signs o f  F o l l i c u l a r  A tre s ia

O pinions d i f f e r  as to  th e  s i t e s  end s ig n s  o f  the 

e a r l i e s t  changes w ith in  the f o l l i c l e s *  Asami (1920) b e lie v e d 

th a t  the  g ran u lo sa  c e l l s  a re  f i r s t  a ffe c te d }  whereas C lark 

(1923) advocated  th a t  the  ova a re  th e  f i r s t  s i t e  o f 

d eg en era tio n *

G ra n u le s  C e lls  a.& th e  S i te  o f  I n i t i a l  A tre s ia

Loeb (1901) s a id  th a t  the  d eg e n e ra tio n  in  the  g ran u lo sa 

c e l l s  l a  th e  f i r s t  s ig n  o f f o l l i c u l a r  a t r e s i a *  In  medium and 

la rg e  f o l l i c l e s  d eg e n e ra tio n  i s  fo llow ed  by the  in v a s io n  o f 

th e  f o l l i c u l a r  c a v i t i e s  by co n n e c tiv e  t i s s u e  c e l l s  o f the 

th e c a , and thus a l l  the  f o l l i c l e s  a re  e l im in a te d  (Loeb, 1911)* 

The prim ary  d e g e n e ra tio n  in  g ran u lo sa  c e l l s  i s  fo llow ed by the



d e g e n e ra tiv e  changes in  the o w n  (Asami, 1920)* Asami 

(1920) a ls o  s a id  th a t  th e  d isap p ea ran ce  o f  th e  sona p a l lu c ld a 

and c o n tra c t io n  o f  o rg a n is in g  co n n ec tiv e  t i s s u e  c o n s t i t u t e 

th e  end o f  the  a t r e t i c  p ro c e s s . W ilkerson (1926) su p p o rted 

Assent (1920) and s a id  t h a t  th e  cumulus oophorue broke down 

q u ite  e a r ly  a llo w in g  the  ovum to  escape in to  th e  antrusn o f 

th e  f o l l i c l e *  Ham ilton and Gould ( M O ) ,  and H a rriso n 

(M B )  supported  t h i s  view* Tanaka (1962) s a id  t h a t  th e 

a t r e t i c  f o l l i c l e s  o f  dog had h y e l in ls e d  sons p e l lu c id a  and 

co n n ec tiv e  t is s u e *

Evans and Swezy (1931) found t h a t  u s u a l ly  d e g e n e ra tio n 

s t a r t e d  in  the  g ran u lo sa  c e l l s  o f  th e  f o l l i c l e  o f  r a t ,  guinea 

p ig ,  dog and c a t ,  b u t o c c a s io n a l ly  the  f i r s t  in d ic a t io n s  may 

be found in  th e  ovum* Mossman (1937) n o tic e d  the  f i r s t 

s ig n a  o f  d e g e n e ra tio n  In  the  g ran u lo sa  c e l l s  o f  the f o l l i c l e s 

o f  th e  pocket gopher* A tre s ia  alw ays seems to  le a d  to  the 

d i f f e r e n t i a t i o n  o f  th e  th eca  In te rn a  in to  th e  i n t e r s t i t i a l 

c e l l s  (Mossman, 1937)* In  f o l l i c u l a r  a t r e s i a ,  th e  egg l a 

e v e n tu a l ly  h y a l in iz e d  and g ran u lo sa  c e l l s  d isa p p e a r  co m p le te ly 

H am ilton and Gould (M O )  s t a t e  t h a t  the  I n t e r s t i t i a l  t i s s u e 

h e lp s  in  th© c o l la p s e  o f  the  f o l l i c l e ,  b o th  by i t s  slow 

p r o l i f e r a t i o n  and by th e  p re s su re  i t  e x e r ts*  A tr e t ic  so a rs 

a re  l e a s t  a t  the  a n e s tru s  p e rio d  o f  th e  f e r r e t*

Harman and K irg is  (193$) s t a t e  th a t  th e  f o l l i c l e s  w ith 

s l i g h t  a t r e s i a  show d eg e n e ra tio n  in  th e  g ran u lo sa  c e l l s  and



in the discus proligerous cells. These have an increased 

amount of chromatin material when compared to cells of 

normal follicles. In the completely atretic follicle of the 

guinea pig# much connective tissue is seen. Stafford et al. 

(1^2) said that the first changes in the follicles marked 

for atresia were the absence of mitotic figure® in the 

follicular epithelium and the thecal cells. The degenerated 

granulosa cells became detached from the follicular wall and 

floated in the antrum (Ingram# 1962).

Clark (1923) said that the earliest stages of the 

degenerations were not visible easily.

Ovum as the Site of Initial Atresia

Bonnet (1899# quoted by Ingram# 1962) said that 

divisions in the ova were the signs of degeneration. This 

view is also supported by Stogie (1927) and Stockard and 

Papanicolaou (1917). In the guinea pig the atretic ova 

degenerate before the formation of the polar bodies (Stockard 

and Papanicolaou# 1917). Pincus and Encman (1937) said that 

the nuclei of atretic primordial oocytes contained masses of 

dense granules. The first sign of atresia in the ovum of 

the Hooky Mountain pika is the achromatic condition of the 

nucleus# which finally disappears (Duke# 1952)J whereas the 

first indication of atresia in the vesicular follicles is 

karyorrhexis of the granulosa cells. Clark (1923) states
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that the fatty degeneration of the oocyte is the sign of 

atresia,

Kemequy (189^, quoted by Clark, 1923) observed that the 

degeneration of the ovum is marked by fragmentation; 

whereas Van der Strieht (1901, quoted by Clark, 1923) said 

that it was marked by the parthenogenetfc division* Sansom 

(1920) distinguished between degenerative fragmentation and 

parthenogenetic development in the water vole* Clark (1923) 

supported the Idea of degenerative fragmentation of the ova* 

He also said that the stages through which ova passed during 

degeneration were numerous and varied*

Mandi and Zuckerman (1950) estimated that the propor­

tions of the oocytes to become atretic were very high*

Hennequy (109^» quoted by Garde, 1930) said that the 

epithelial cells invaded the zona pelluclda end ovum* 

Loeb (1911) said that the granulosa cells phagocytized the 

ovum. The epithelial and the connective tissue cells 

occur in early follicles around the ovum, even before the 

formation of the antrum (Asami, 1920)* He states that the 

foreign cells enter the ovum but do not phagocytize it, as 

long as it remains healthy* But the granulosa cells invade 

the ovum after it has undergone some degeneration, and the 

invading cells remain healthy and act as phagocytes. This 

view was supported by Branca (1925) and Garde (1930). Garde

(1939) indicated that the mechanism of ovum destruction
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v a r ie d ,  b u t the co n # tan t f a c to r  l a  th® phagocy tic  r o le  o f 

th e  f o l l i c u l a r  e p i t h e l i a l  c e l l s *  Some ova a re  absorbed 

in  s i t u  by th® phagocy tic  e p i t h e l i a l  c e l l s ,  whereas o th e rs 

undergo a t r e s i a  by a p ro c e s s , w herein th e  f o l l i c u l a r  w a ll 

ru p tu re s  and the c o n te n ts  p ass  e i th e r  i n t e r n a l l y  in to 

lacunae o f  th e  m ed u lla ry  re g io n  o r  e x te r n a l ly  upon th® 

su rfa c e  o f  th e  ovary*

The e p i t h e l i a l  o r ig in  o f  th e  phagocy tic  c e l l s  has been 

w idely  supported  (Loeb, 1901J M a rsh a ll, 190UJ Heap®, 1905; 

Asami, 1920; B ranca, 1925; and Hatoaond and M a rsh a ll, 1925)*

Ingram  (19^2) s t a t e s  t h a t  the changes which occur d u rin g 

the a t r e s i a  o f  p r im o rd ia l oocy tes (su rrounded  by s s in g le 

la y e r  o f  g ranu losa  c e l l s )  a re  l e s s  documented*

gome O ther S igns o f A tre s ia  in  the  G raafian  F o l l i c l e s

K ingsbury (1939) s a id  th a t  th e  f i r s t  dem onstrab le  change 

in  the  G raafian  f o l l i c l e  d e s tin e d  to  undergo a t r e s i a  appeared 

in  th e  f o l l i c u l a r  f lu id *  The la t te r  i s  p re se rv e d  a s  a 

f lo c c u le n t  p r e c i p i t a t e  o f  co a rse  m esh, whereas in  a t r e t i c 

f o l l i c l e s  the  f l u id  i s  a f in e  meshed eoagulwa* A c o n s id e ra b le 

v a r i a t io n  i s  e x h ib ite d  w ith in  the  a t r e t i c  f o l l i c l e s * 

H a rriso n  (19^8) observed  th e  f in e  mesh e o a g u lm  in  la rg e 

a t r e t i c  fo l l ic le ®  o f th® goat*
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Glandular Tissue of the Ma willan Ovary •

Mossman (1937) reviewed the current position of the 

glandular tissues in the mammalian ovaries* Mossman (19^6) 

distinguished three types of glandular tissues in most 

mammalian ovaries which are present sometime during the 

reproductive cycle, i*e«, the thecal gland developed from 

theca Interna of ripening follicles $ the interstitial gland 

developed from theca interna of atretic follicles; and the 

luteal gland developed from the follicular epithelium of 

ruptured follicles*

He also noticed additional types of the glandular tissues 

in certain species*

1* The interstitial gland derived from the epithelium 

of the medullary cords common in Hustelidae and certain bats*

2* Rate gland, which is a peculiar modification of the 

rate epithelium cells in bats*

3* Adreno-cortical-like glands, which are developed 

from the stroma cells near the epoophoroon and rate, varying 

greatly in amount in the different groups*

He concluded from his studies on the glandular tissues 

of the adult mammals that the theca Interstitial, medullary 

cord interstitial, and the sdreno«cortlcal»like gland tissues 

undergo changes correlated with the reproductive cycle of the 

same species, being apparently most active during estrus and 

early pregnancy*
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Corpus Lateta

Volchorus Colter# and Fallopius (1573# 158U# quoted by 

Asdell# 1928) described that the ovaries were filled with 

fluid and sonetimes with the yellow bodies* These are 

probably the earliest references about the corpora lutea* 

Regpier de Graaf (1672# quoted by Asde11# 1928) said that 

the corpus luteum was like “conglomerate glandulus"* 

Malphlghi (1689# quoted by Asdell# 1928) gave a very accurate 

description of the corpus luteum*

There are three distinct theories regarding the origin 

of the luteal cells*

Connective Tissue (Theca Interna) Origin of the Luteal Cells

Von Baer (1827# quoted from Corner# 1915) believed that 

the lutein cells are derived fro® the connective tissue 

theca interna* The principal supporters of this idea are 

Leuekart# Gegenbaur# His# Minot# Nagel# Jankowshi# Delestre 

(1852, 1861, 1865# 1899# 1892# 1896# 1899, 190b,# 1910# 

respectively! all quoted by Brsmbell# 1956)*

The Meabrana Granulosa Origin of the Luteal Celle

This theory has by far received the maximum support 

from the earlier and the recent workers,

Bischoff (18^2# quoted by Corner# 1915) states that the

luteal cells are formed exclusively from the cells of the
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mabrana granulosa* Among the e a r l ie r  supper tare are 
Pflager* Waldeyer, Call and Exner* Sobotta (1863* 1870* 1875 
and 1896 respectively} a l l  quoted by Brambsll* 19%)* 
Sobol La (18#* quoted by Comer* 1921) c learly  demonstrated 
tha t the granulosa cello  of the fo l l ic le  took a very 
Important part in the formation of the lu tea l cells*  while 
the theca interna wo need up in  th® production of the 
connective tissu e  reticulum* Corner (1921) also  supported 
th is  view*

Marshall (1903) observed tha t th® connective tissue 
elements of the corpus luteam in  the sheep were supplied* 
not only by the ingrowth from the theca interna* but also  by 
the theca externa* This has also been observed by Craig 
(1#M  i»  the fu r seal* The lu tea l c e lls  are formed from 
the granulosa cells*  whereas the theca in terna supplies the 
connective tissues and the blood vessels to the corpus 
lu tem  (Bammond* 192?)* Corner (1932) suggested th a t the 
connective tissue trabeculae in  the corpus lutetsa of the 
pocket gopher arose from the theca interna* Dawson (19U1) 
noticed in  eats th a t th® theca interna c e lls  persisted  and 
eventually appeared as the marginal septa of the corpus 
lutetaa*

Robinson (1918) said tha t the theca in terna took no 
part in the formation of th® connective tissue  reticulum* 
which appeared in  the corpus luteum: on the contrary i t  was
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exacted from th® follicle at the time of the rupture.

Marshall (19010 stated that in the ferret the lutein 

cells were formed from the follicular epithelium as suggested 

by Sobotta. The granulosa origin of the luteal cells has 

been observed in the guinea pig (Loeb* 1911)# the cow 

(Haiwsid, 1927h  the pig (Corner, 1915, 1919, 1921, 19^3)# 

the mouse and the rabbit (Deanesly# 1930)# the pocket gopher 

(Mossman, 1937), end the inInk (Hansson, 19U7J Westman, 1929, 

quoted by Hansson, 19^7 J Mossman, 19^6 J and Harrison, 

19^3 and 1962).

Westman (1929, quoted by Hansson# 19U7) showed that 

when the entire granulosa layer was removed from a follicle# 

no corpus luteum was formed and there was no pregnancy 

reaction in the uterus. When a remnant of granulosa layer 

was left in the follicle# a partial corpus luteun wo a forced# 

and a corresponding reaction in the uterine mucosa was 

observed. Hence the granulosa layer force the luteal 

tissue, which in turn is the site of progesterone secretion.

Mossman (1937) noticed difficulty in separating the 

theca interna and the granulosa cells, during the formation 

of the corpus Intern in the pocket gopher. He states that 

the lutein cells of the corpus luteum, which degenerate near 

the term of the pregnancy, are derived from the follicular 

epithelium. The lutein cells are separated by the trabeculae 

of vascular connective tissues which grew in them from the
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theca Interna# There io  no evidence th a t  the lu te in  gland 

c e l l s  are  derived Tron the theca Interna#

Corner, in  a s e r ie s  of papers (1915# 1919* 1921* 19^8) 
has d e a lt  w ith the development of the  corpora In tea  in  the 

pig# Be supports the granulosa o r ig in  o f the lu te in  c e lls# 

He no ticed  the presence o f the  *theca lu te in  c e l l s ’ * f i r s t 
a t  the periphery and l a t e r  in  the  corpus luteuni* Th® theca 

lu te in  c e l l s  a re  s m i l e r  than the lu te a l  c e lls#  Com er (1932) 

a lso  reviewed the varying ro le s  o f the theca in te rn a  and the 
granulosa c e l l s  in  the establishm ent o f the corpus luteun*

Harrison (19^8* 1962) s ta te s  th a t  in  the E utherian 

n am a ls  the granulosa c e l ls  become transformed in to  the 
lu te a l  c e l l s  o f the corpus luteurn* The fa te  o f theca in te rn e 
c e l l s  i s  no t y e t c le a r  although i t  may p e r s i s t  among 
lu te in iz e d  c e l l s  o f the  corpus luteum of c e r ta in  species# 
The observation# o f Harrison* Corner and Dawson correspond to 

the development o f the corpus In te rn  o f the fu r  se a l (Craig* 

196U).

The 16wabrans Granulosa and Theca. In te rn a  O rigin of the 

lu te a l  Cell#

Schron (1862* quoted by Corner* 1915) s ta te s  th a t  both 

the membrane granulosa and the  theca in te rn s  lay e rs  o f the 
f o l l i c l e  form lu te in  c e lls#  This has been supported by Rabi 
(1898* quoted by Corner* 19155# Van der S tr ie h t  (1912# quoted



by Corner* 1915)# toeb (1906)# Federson (1951)# and UM h 

(I960).

Met*w® (1951) said that both the theca Interna and the 

g M n tlm  c e l l s  traw forw d  Into the typical lu te in  cell®  o f 

the rat»- Iw «h (I960) a lso  noted the dual orig in  o f the 

lu te in  c e l l s  in  the striped skunk.

Malone (195?) need histochemical Methods to show the 

dual origin  o f the lu te in  c e l ls  !n the albino r a t .

3j££2eOlXJ£LJ^^

The h istogenesis of the corpus Intern has been reviewed 

several times (Marshall, 1919? Owner# 1915# 1919? Pratt# 

1935? Harrison# 19^8# 1962? end Braswell# 1956). The study 

of the corpora listen can be roughly divided in to  four 

categories#

cerpus intsvai o f ...ovule, t i w

Comer (1915) said that the corpus In tews o f ovulation 

leaked regularity  o f struttare in the lu tea l c e lls#  end had 

large fa t  vacuoles# He distinguished three stages o f the 

corpus lutem # such as the formation# maturity and 

retrogression . Mayer (1911# quoted by Corner# 1915) had 

recognised p roliferation  and vaseu larlsaticn  o f the corpus 

Interns as the formative sta g es.

Robinson (1918) said  that the ruptured f o l l i c l e s  redietend#
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which i s  th® beginning ° f  the corpus lutoum formation* 

Hansson (1 ^ 7 )  s ta te s  th a t  the p ro l i fe r a t io n  a c t iv i ty  of th* 

granulosa c e lls*  during th® pro -ovu la tion  s ta g e , found in  the 

f o l l i c l e  drvelopm nt of the mink, i s  probably the prelude 

to  the form ation o f the corpus lu te w u  He d if fe re n t ia te d  s ix 
s tages Prom the ovulation  to the fu l ly  formed corpus lu  teres*

1* P ro life ra tio n  phase o f the granulosa c a l l s ,  where 

th® 1u te r i  c e l l s  are in  a confused s ta te  In sid e  th e  antrum,

2* P ro life ra tio n  phase o f the vascular ays tens, where 

the v esse ls  have s p l i t  up the tissu e  in to  I r re g u la r  nests*

3* Inac tiv e  phase, where the lu te in  c e l l s  are  sm all, 

w ith danse and strong ly  basophilic  nuclei*  Wo p rogesta­

tio n a l e f fe c t  can be found on the endorse t r im *  Ths female 

allows mating and ovulates* At th is  stage sense in v o lu tion 

can a lso  be noticed*

^* In c ip ie n t in c rc tlo n  phase where the lu te a l  c e l l s 

increase in  volume and have la rg e r  but le s s  basoph ilic 

nuclei*  The blood c&pllM r ic e  are  d ila ted*

5* In c re tio n  ptuse where the lu te in  c e l l s  are pear 

shaped, nucle i e c c e n tr ic a lly  lo ca ted  and the corpus luteum 

i s  h ighly  vascularlxed* I t  seems to  rep resen t an a c tiv e 
stage* •

6* Immediately before p a r tu r i t io n  reg ressio n  in  the 
corpus lu te m  is  v i s ib le .  The lu te in  c e l l s  decrease in  the
volume and increase  o f the connective t is su e s  is  noticed*
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The involution of the corpus lutetan after partus has not been 

studied.in mink.

Evans and Cole (1931) observed that the luteal cells in 

a fresh corpus luteum ar® in irregular columns, which often 

constitute an open lace-work unlike any other ovarian 

structures* The luteal cells are compact in late estrous* 

Th® luteal cells in the ferret are large and polyhedral, 

about 60 micro in diameter (Robinson, 1918)* The luteal 

cells In the dog acquire fine fat droplets* During eg true, 

they are supported on a stroma of the connective tissues and 

the capillaries (Mulligan, 19^2)* Corner (1915) found 

irregularity in the structure of the corpus luteum. The 

luteal cells in seals are spherical, oval or polygonal in 

shape (Harrison et al#, 1952)* This was also noted by 

Craig (19610* Hansson (19U7) states that the histological 

picture of the corpus luteum varies somewhat from body to 

body of the corpus and within a body from periphery to the 

center*

Robinson (1918) said that the siae of the corpora lutea 

varied greatly in the same and in different ferrets* The 

sice and the state of development of the corpora lutea in 

mink are related to the length of the day rather than to 

the age (Enders, 1952)* The corpora lutea of the ovulation 

are smell* Bramhall (1956) states that the site of the corpus

luteum is related to the size of the Graafian follicle frost
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which it was formed and indirectly also to the body site* 

Thia relationship may not be precise In different species 

and at different periods of pregnancy# Harrison and Heal 

(1959) observed th® similarity in the appearance of corpora 

lutes In 19 badgers. They could not differentiate the 

corpora lutes into age groups. Weal (1957) noticed variations 

in the size of the corpora lutea of the badger. Deaneely 

(19kU reported the continuous growth of the corpora lutea 

in the weasel.

Hamlett (1935) found corpora lutea in marten, but no 

vesicles during the summer and hence concluded that it was 

a ease of delayed implantation. Wright (19^2), and 

Watzka (19^0. quoted by Hansson. 19U7) suggested that the 

so»called unfertile matings associated with the smaller 

corpora lutes, indicated delayed implantation.

Weal (1957) said that the youngest corpora lutea were 

enclosed in a thin capsule; whereas the older ones had 

organized central core of the connective tissue and thicker 

capsule In the non»lactatlng end non-pregnant adult badger. 

The failure to recover ova or blastocysts from the animals 

suggests that the corpora lutea are either the result of 

infertile matings or of the spontaneous ovulation. The 

corpora lutea were poorly developed to be those of the 

previous pregnancies and were of an age beyond which the 

unfertilized ova could not survive. The inactive corpus
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lu teum  o f  th e  w o lverine  has m i l  c e l l s  acco rd in g  to 

W right and Rausch (1955)* In  th e  fu r  s e a l  the  l u t e a l  c e l l s 

co n tin u e  to  h ypertrophy  u n t i l  the  tim e o f  the im p la n ta tio n 

(C ra ig , 19610.

Mossman and Judas (19)^9) found ac c e sso ry  co rp o ra  lu te a 

In  la rg e  numbers tn  th e  porcupine# They a re  in  c lo s e 

c o r r e la t io n  w ith  th e  c y c l ic  occurrence  o f th e  prim ary 

corpus l u t e  urn. The lu t e in  c e l l s  a re  formed from th e 

g ranu losa  c e l l s  o f  th e  a t r e t i c  f o l l i c l e s ,  o r  o f  th e  o v u la ted 

f o l l i c l e s  and a ls o  from th e  embryonic strom al c e l l s  o f  th e 

l u t e a l  rem nants o r  c a p su le  o f  th e  corpus lu te o a .  The th e c a l 

g land  c e l l s  never form tru e  l u t e i n  c e l l s  and m y  rem ain as 

• th e c a l  l u t e i n  c e l ls *  in  th e  d e f in i t i v e  co rpus l u t e m .

P esn esly  (1935) s a id  t h a t  the  l u t e a l  c e l l s  a re  sm all 

in  the  corpus lu te in s  of th e  s t o a t .  I t  has a r e s t r i c t e d 

b reed in g  se a so n , in  which th e  an im al i s  s e a s o n a lly  p o ly e s t ru s , 

hence a l l  th e  co rp o ra  lu te a  belong to  the  same cy c le#

D eeine ty  (1877# quoted by C o m er, 1915) b e lie v e d  th a t 

th e  corpus lu te u a  o f  pregnancy and th a t  o f  o v u la tio n  a re 

s t r u c t u r a l l y  a l i k e .  M arshall (1910) su p p o rts  t h i s  Idee* 

C orner (1915) s a id  th e  co rp o ra  lu te a  o f  o v u la tio n  have 

i r r e g u la r  l u t e a l  c e l l s ;  w hereas th o se  o f  pregnancy have 

re g u la r  c e l l s .  C orner (1921) was n o t a b le  to  d is t in g u is h 

between th e  co rpo ra  lu te a  o f  pregnancy and those  o f  o v u la tio n 

d u rin g  the f i r s t  two weeks a f t e r  o v u la tio n  in  th s  sow. The
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corpora lu te a  o f ovu lation  are  s m i l e r  than those of 

pregnane? in  the mouse and In  the s to a t  (Dean©sly, 1930, 

1935)* In mink the corpora lutes, o f ovu la tion  are  s m i l e r 

than those o f pregnancy (Enders, 1952)* Provost (1962) 

sa id  th a t  the corpora lu te s  o f ovulation  in  the beaver ar© 

in d is tin g u ish ab le  during the form ative stages from th© 

true corpora lu te a  o f the pregnancy*

Loeb (1911) s ta te s  th a t the corpus luteum o f pregnancy 

d if f e r s  from the ordinary  corpus lu ta tw m dthe presence o f a 

v e i l  function ing  corpus lutem# in h ib its  ovu la tion  in  the 

guinea p ig . The corpora lu te*  of ovulation  markedly d i f f e r s 

in  s iz e  and h is to lo g ic a l  appearances from those o f the  sp ring 

pregnancies in  the s to a t  (Deanealy, 1913)♦

C o rg u s ju te u m -o f^

Comer (1915) no ticed  th© re g u la r i ty  in  the s tru c tu re  of 

the lu te in  c e lls#  They a re  rounded and o f uniform s iz e 

having v e s ic u la r  n u c le i r ic h  in  chrom atin. Ths lu te a l  c e l l s 

are la rge  and fu n c tio n a l during pregnancy in  the f e r r e t 

(Hammond and Marshall* 1930)* P ertw acus (Brown and Conaway* 

19610. These © ells in  the c a t  have fin e  and uniform 

vacuolation  with e c c e n tr ic a lly  located  n u c le i (Dawson* 

19UD. The lu te a l  c e l l s  in  th® weasel (W right, 19U2) are 

l ik e  those of the c a t (Dawson* 19^1). The vacuoles in  th© 

lu te a l  c e l l s  have been described fo r  Gul© and the weasel*



(Wright, 19U2J Wright and Rauah, 1955) and for th® fisher 

(Eadie and Hamilton, 1950)* The vacuolations in the wolverine 

luteal cells disappear after implantation of the embryos 

(Wright and Rausch, 1955)*

Deanesly (1935) said that corpora lutea resettling those 

of pregnancy are not formed until the last week of February, 

The corpora lutes in the stoat are small in size during the 

free vesicle stage and attain full development during im­

plantation (Watska, 19U0» quoted by Hansson, 19U7), In 

Peronyscus there is a gradual increase in the size of corpora 

lutea throughout most of gestation (Brown and Conaway, 19&U), 

The corpora lutea during delay have large central 

cavities and poor vascularization, whereas after implantation 

the gland ia very hyporamie (Mathews and Harrison, 19^9)• 

Hamlett (1935) observed large corpora lutea during the free 

vesicle stage, which did not undergo noticeable change at 

implantation. The weasels and martens with unimplanted 

blastocysts have small conspicuous corpora lutea, which 

appear inactive (Wright, 1^2), Corpora lutea in the fisher 

(Eadie, Hamilton, 1958) and wolverine (bright and Rausch, 

1955) resembled those of the weasel, Meal and Harrison 

(1958) said that the corpora lutea wars ill developed, 

poorly vascularized and showed little evidence of secretory 

activities daring the delay in the badger. Thia has also 

been noted in seals (Harrison ®£ al,, 1952), The corpora



lu te a  o f  pregnancy a re  la r g o ,  a c t iv e ,  and w e ll v a sc u la r iz e d * 

The co rp o ra  lu te a  o f  o t t e r  w ith  unim planted  b la s to c y s t  a re 

stsa 11 (H am ilton and S a d ie , 19610 ®s  1® w easels (V r i^ h t , 

19^2). The co rp o ra  lu te a  o f  o t t e r  w ith  im plan ted  b la s to c y s ts 

have la rg e  s e c re to ry  l u t e a l  c e l l s .

H arriso n  (19U®) s a id  th a t  th e  phases o f  th e  co rp o ra  lu te a 

developm ent in  g o a t were r e l a t e d  to  th e  developm ent and 

a c t i v i t i e s  o f  th e  p la cen ta*

D eanesly (193U) n o tic e d  th a t  in  hedgehogs the  co rp o ra 

lu te a  o f  pregnancy d id  n o t exceed in  s iz e  th o se  from s t e r i l e 

m atings* The co rp o ra  lu te a  o f  th e  w easels show co n tin u o u s 

growth up to  t h e i r  maxi-wan s iz e  and r e g re s s  v e ry  g ra d u a lly 

u n t i l  th e  end o f  th e  b re e d in g  season  (D eanesly , 1 W J .  They 

a re  w e ll v a s c u la r iz e d  and reac h  f u l l  s iz e  when th e  fo e tu s 

m easured 2*5 to  U»0 mm. Pearson (1952) n o tic e d  a corpus 

luteum  In  p reg n an t sea  o t t e r ,  m easuring 5*5 to  3 mm* in 

d iam eter*  In  dogs th e  c o rp o ra  lu te a  o f  pregnancy a re  r e ta in e d 

u n t i l  th e  end o f  g e s ta t io n  (M u llig an , 1 ^ 2 )*

The co rp o ra  lu te a  a re  g e n e ra lly  f u l l y  developed  a t  th e 

tim e o f im p la n ta tio n  o f  b la s to c y s ts  (H a rr iso n , 1 ^ 8 ) . 

Mossman and Judas (19U9) sa id  t h a t  th e a c c e sso ry  co rp o ra 

lu te a  were formed by th e  lu t e in i z a t i o n  o f th e  a t r e t i c  f o l l i c l e s * 

They can be d iv id e d  in to  th re e  g ro u p s, 1* e * , th e  t r a n s i t i o n a l , 

l u t e in  and h y a lin iz ed *

Melson and G reene(1958) s a id  t h a t  in  the  human fem ale



the corpora lutea of the pregnancy might be distinguished 

by their greater else and central fluid filled cavities*

Corpus Luteum of Pseudopregnancy

Deanesly (1935) said that the corpora lutea of pseudo* 

pregnancy in the stoat have small lutein cells* having an 

area of 80*120 sq* mlera* while at implant®tion they are 

about 2*>0 sq. micro and in the fully formed corpora lutea 

they assure about 300*1̂ .00 sq* micra. The corpus luteum 

of pseudopregnaney is small like that of non-pregnaney. It 

is large in the hedgehog (Dea ne sly* 193M# In mink the 

corpora lutea of pseudopregnancy and pregnancy are alike 

(Enders* 1952).

Hammond and Marshall (1930) observed that the duration 

of corpora lutea in pseddopregnancy was approximately the 

same as that of pregnancy in the ferret* In the ferret* 

there is no post-par turn eatrus* so the corpora lutes are 

either of pseudopregnancy or pregnancy* This was later 

supported by Hammond and Walton (193U).

Corpus Luteum Following Parturition and In Lactation

Loeb (1911) said that degenerative changes set in the 

corpus luteum before the end of pregnancy in guinea pigs* 

The corpus luteum in the stoat begins to retrogress soon 

after mid-pregnancy (Deanesly, 3935). It m y  disappear



b e fo re  p a r tu r i t i o n  in  B ig rin a  (P e a rso n , 19M 0, B rew bell 

(1956) n o tic e d  th a t  co rp o ra  lu te a  in  th e  shrew , s t o a t ,  c a t 

(Dawson, 19^1, 19U6), and in  nan began re g re s s io n  d u rin g 

g e s ta t io n ,  and e x h ib ite d  marked sh rin k ag e  by p a r t u r i t i o n , 

M ulligan  (19^2) s t a t e s  t h a t  eo rpo ra  lu te a  in  th e  dog 

a re  r e ta in e d  u n t i l  th e  end o f  g e s ta t io n  and re g re s s  a f t e r 

p a r t u r i t i o n .  Corpora lu te a  r e g r e s s  r a p id ly  in  th e  Rocky 

M ountain p ik a  (Duke, 1952), and in  th e  badger (H a rriso n  and 

Weal, 19591 C an ivec , 1957, quoted  by H a rr iso n , 1962) 

fo llo w in g  p a r t u r i t i o n ,  Brainbell (1956) s a id  t h a t  th e 

co rpo ra  lu te a  in  r a t ,  mouse, sow, cow, hedgehog, f e r r e t , 

sp o tte d  hyena (Mathews, 1939) and c a t  d id  n o t  r e g r e s s 

a p p re c ia b ly  b e fo re  p a r t u r i t i o n .  R eg ression  d id  fo llo w 

p a r t u r i t i o n .  In  PeroBtysouja, the  d ec rease  in  s iz e  o f 

p o e t - l a c t a t io n a l  corpus luteum  was very  g rad u a l (Brown and 

Conaway, 196b),

Mathews and H arriso n  (19119) s a id  th a t  in  s e a l  th e 

corpus lu teum  showed s ig n s  o f  r e g re s s io n  when the embryo 

was 70 mm, lo n g . The l u t e a l  c e l l s  were sm all and sh runken . 

Weal (1957) observed  la rg e  and h ig h ly  v a c u o la te d  l u t e a l 

c e l l s  (p robab ly  o f  th e  p rev io u s  pregnancy) in  l a c t a t in g 

badgers w ith o u t b la s to c y s t s .  On th e  o th e r  han d , in  badgers 

t h a t  had r e c e n t ly  o v u la ted  b u t were a ls o  l a c t a t in g  and had 

b l a s to c v s t s ,  th e  l u t e a l  c e l l s  were f in e ly  v a c u o la te d . The 

corpus luteum  o f th e  p rev io u s  pregnancy re tro g re sse s?  r a p id ly



after the po«HsFt«» ovulation* The corpora lutea during 

the delay also show retrogressive signs# In the female 

otter* two sets of corpora lutea are present* one set of 

the lactation* which is regressing end the other set of the 

freshly ovulated corpora lutea (Hamilton and Eadie* 19610 • 

This indicates that the adult fenale exhibits a post-partus 

estrus# In the event of post-parturitional pregnancy* 

corpora lutea of the preceding gestation period degenerate 

rapidly to corpora elbicantia in Peroayacvs (Brown and 

Conaway* 19610#

Hammond and Marshall (1930) noticed that corpora lutea 

of ferrets did not remain large during suckling* as had been 

described for the rat (Long and Evans* 1922)* but regressed 

rapidly like those of the rabbit (Hammond and Marshall* 

1925)# In Peromyseue the lutein cells in early lactation 

appear normal and secretory (Brown and Conaway* 19610# 

In badgers* corpora lutea degenerate rapidly during 

lactation (Harrison and Heal* 1956)# After parturition the 

luteal cells loss is rapid and the connective tissues soon 

predominate the corpus of the fur seal (Craig* 19610*

Dawson (19100 states that in the eat during post-partum 

involution* there is a fatty infiltration of the luteal 

cells* which marks the end of the functional activity 

period of the gland# The vacuoles in the luteal cells 

mostly disappear in the corpora lutea of lactation (Dawson*



1 ^ ) <  There is a considerable reconstitutien of the 

cytopU«at with no reduction in the cell else; whereas in 

corpora lutea of lactation a gradual reduction in cell else 

la noticed* Weal and Barr icon (1958) said that Involuticnary 

changes in the corpora of the badger Involved shrinkage* 

fragmentsfelon and heavy vacuolation of the luteal cells* 

Nuclei become pycnotic and this is followed by invasion 

with connective tissue and small round leucocytes*

Bramhall (1956) concludes that in many species the 

retrogressive processes are essentially similar* whether the 

corpora lutea are of ovulation* pseudopregnanoy* pregnancy or 

lactation* The first stage of retrogression is marked by 

fatty degeneration in the luteal cells* followed by vacuola­

tion, shrinkage and the disappearance of luteal cells*

Corpus Albicans

The formation of corpus albicans from the corpus lutewa 

has been mentioned by many workers* especially those who have 

studied the structure of the latter* The systematic studies 

have been taken up recently by Joel and Foraker (1959* I960)*

Loeb (1911) said that the degeneration of the corpus 

luteum starts in Its periphery and proceeds to the center* 

The connective tissue in the cortex and the periphery 

becomes hyaline and forma a relatively prominent part 

enclosing a small number of vacuolar cells* Long and Evans



(1922) observed an abundance o f macrophages In  reg ress in g 

corpora lu te a ,  Hie breakdown of the  owpiw lu te w  in  the 

sow is  ra p id  (Corner, 1921) and as re tro g re ss io n  proceed* 

the r e t i e t i l a  g radually  becooes more dense and th ick  u n t i l  i t 

gains an appearance l ik e  th a t  o f the  collagenous t i s s u e , 

which i s  c h a ra c te r is t ic  o f the corpus alb icans*  In  the opossum 

the corpus J a recognised as a sm all fib rosed  remnant fo r 

th ree months (Martinez:, 1962)*

Deanesly (1935) sa id  th a t  the  corpora lu te a  o f 

ovulation  o r pseudopregnaney underwent e a rly  reg ressio n  and 

had disappeared by the time o f the succeeding ovulation  in 

the s toa t*  The corpora lu te a  o f g e s ta tio n  begin to re tro g re ss 

soon a f te r  raid-pregnancy. The corpora lu te a  re g re ss  very 

ra p id ly  in  the weasels (Denn©sly, 19UU)« teach (I960) sa id 

th a t the th ree  days post parties ovary showed lu te a l  degenera­

tion  in  the  s tr ip e d  skunk* In  the $6 days poet parties ovary 

the see r t is s u e  o f the corpus a lb icans m s  well developed 

and w e  being incorporated  In to  the s t ro m  of the ovary* 

In  beavers, the shape and s ize  o f the corpora a lb ic a n tia 

vary g rea tly^  however, they p e r s is t  a t  le a s t  u n t i l  the next 

breeding season (P rovost, 1962)*

DeketeIn (1962) concludes th a t  as a ru le  corpora 

a lb ie n n tia  p e r s is t  h is to lo g ic a lly  fo r  only a few c y c le s , 

but in  whales they re m in  recognisab le fo r  m ny years 

(Mackintosh, 19^6j g a rr iso n , 1W9)#



Dawson (19^6) s a H  that the luteal calls ar® rodeoed fey 

a diffuse but progressive cytolysis* A!eh is usually not 

accompanied by an invasion of the leucocytes or tissue 

macrophages* The adventi&l cells associated with the 

luteal blood vessels* gradually infiltrate the luteal 

parenchyma to replace the degenerating luteal cells*

Cambell (1956) observed that the disappearance of the 

luteal cells took place gradually* Polymorphonuclear 

leucocytes are abundant in the r»^v»alng corpora lutes* 

The corona flbrosum gradually becomes merged with the surround 

ing tissues of the stroma* but it remains distinct for * very 

long time before it finally disappears,

Craig (19610 said that the luteal degeneration in the fur 

seal takes two forms; namely* vacuolization and pyknosis* 

Vacuolization la a characteristic sign ©f luteal degenera­

tion and the nuclei in the luteal cells may remain healthy 

for some time# Pyknosis is characterized by degeneration of 

the nuclei to a hyperchromatic mass* The final degeneration 

of the luteal cells result in their resorption and their 

replacement by proliferation of vascular and connective 

tissue net work surrounding each cell* The connective 

tissue elements of the peripheral margin proliferate and 

penetrate into the body of the corpus lutewu The corpus 

luteun is now termed an ’’amorphous" corpus albicans* The 

fibroblastic tissue eventually consolidates around the core



to fora the characteristic ’’stellate" or "strai^it scar" 

corpus albicans* This can be seen in the ovary for two to 

four years*

Mossman and Judas (19h9) said that the corpora albi- 

cantia are usually located deep in the ovary with yellow to 

brown pigments, fibrous connective tissue, a glandular 

adreno-cortex-llke interstitial tissue with reticulum, 

hyalinlaed vessels and connective tissue* Fibroblasts are 

more numerous in the younger corpora albieantia*

Joel and Foraker (1959) observed the same number of 

corpora albieantia in the pre and post menopausal ovaries, 

where no quantitative difference was found* During the 

ovulatory period of 25 years In humans the ovary should be 

packed with corpora albieantia* Since this does not occur 

it appears that there are two possibilities concerning the 

apparent disappearance of many corpora albieantia during the 

productive life span of the ovary in average women, l*e* 

each corpus luteum does not form a corpus albicans or the 

corpus albicans undergo a form of resorption* The available 

literature contains no reference to the disappearance of the 

corpus luteum without th® formation of corpus albicans* It 

seems that the resorption of the corpus albicans somehow 

stops at or near the menopause period*

Joel and Foraker (I960) sometimes had difficulty In 

differentiating between the corpus albicans and the hyalinlsed



form of th® &treble follicle and the corpus fibrosum* In 

the pre-menopaueal ovary, fragmentation of the corpus 

albicans, fibroblastic activity and the blending of the corpus 

at the periphery were observed* There is complete replace­

ment of the corpus albicans by the fibroblasts* They do 

not appear to be a static structure and hence are assimilated 

in the strom* In the post menopausal ovary th® corpus 

albicans is well circumscribed in relation to the surrounding 

stroma, although fragmented and hyalinised. The absence of 

fibroblastic activity has been noticed in the corpus albicans 

and hence they are not assimilated*

It seems that at or near the menopause, the stimulus 

for the corpus albicans replacement by fibroblasts begin to 

decrease, and eventually ceases* Ringrose (1962) said that 

the abilities of the ovary to resorb corpora alblcantla 

decrease with age.

The Polyovular Follicles

Leach (I960) in his thesis entitled “Origin and Fate 

of the Polyovular Follicles in the Striped Skunk (Fmphltls 

memphitis)" extensively reviewed th® literature on this 

topic* In this chapter, it is intended to review the 

abnormalities in the follicles*

Arnold (1912), Finland (1928), Hartman (1926), 

Brambell (1956) and Leach (I960) reviewed the literature cm



the polynuclear oocytes and the polyovular f o l l ic le s .  Since 
the f l r a t  report on the abnormalities in  ova by Von Baer 
(1827, quoted by Mainland, 1928) and the la te s t  by Leach 
and Cutaway (1963), these abnormalities f a l l  in to  one of the 
three categories as mentioned below.

The Polynuclear .Oocytes

The polynuclear oocytes have been described in  man, 
monkey, lemur, dog, ca t, p ig , rab b it, mouse, guinea pig, and 
opossum (Hartman, 1926? Engle, 19271 Harrison, 19U8, 19U9). 
3rambell (1956) said th a t the binuclear oocytes are more 
frequent than those with more nucle i, yet numbers up to 16 
have been recorded for an ovum.

The Folyovular F o llic les

The polyovular fo ll ic le s  have been described in  man, 
monkey, lemur, dog, fe r re t ,  pig, rab b it, mouse, opossum 
and mink (Hartman, 1926j Engle, 192?; Mainland, 1928} 
Evans and Swesy, 1931J Ota, 193Ul Dawson, 19511 Harrison, 
19M, 19^9} and Enders, 1952).

The occurrence of biovular fo l l ic le  is  by fa r  the most 
common in mammals (Hartman, 1926} Mainland, 1928} Enders, 
1952). O’Donoghue (1912) observed a ripe fo l l ic le  containing 
more than one ovum* As many as 7 uggs arranged in a row 
occur in  opossum, which is  unique in the abundance of



51
polynuclear ova and polynuclear follicle#* Bonin and 

Bonin (1900) observed a# many a# 10 eggs in a single follicle 

of the dog’s ovary* Mainland (1928) eaid that in ferret# 

the pluriovular follicles were much wore frequent in 

immature animals than in adults* Be found 14 egg# in a 

pluriovular follicle of a ferret, but did not find mature 

plurIovular follicle#*

The Anovular Follicle#

The anovular follicle# have been described in the 

ovaries of bat# (Van Beneden, 1880, quoted by Mainland, 

1928), opossum, dog, monkey (League and Hartman, 1925), and 

skunk (Leach and Conaway, 1963)* League and Hartman 

(1925) said that these always degenerate* Leach and 

Conaway (1963) state that the ova may degenerate without 

the degeneration of the follicular granulosa cells, which 

remain as anovular medullary cords* When the entire 

follicle degenerates which is the usual ease in skunk, the 

thecal interstitial gland is formed and it contributes to 

the maBE of the medullary interstitial tissue*

Interstitial Tissue .

The literature on the interstitial tissue in mammalia 

is extensive and has been reviewed several times (Popoff, 

19111 Rasmussen, 1918; Kingsbury, 1914; Athias, 1920;
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Wilkerson, 19265 Comer, 1932 J Kingsbury, 1939 and Bramhall, 

1956 k

Plufger (1863, quoted by Wilkerson, 1926) said that 

these cells in the cat ovary contained fine lipoid granules* 

His (1865, quoted by Wilkerson, 1926) applied the term 

•Kornzellen* to the lipoid cells* Tourneaux (1879, quoted 

by Wilkerson, 1926) compared these cells with the interstitial 

cells of the testis* MacLeod (1880, quoted by Wilkerson, 

1926) used the term interstitial cells for the lipoid cells* 

Bouin (1900, quoted by Kingsbury, 1939) introduced the term 

•interstitial gland’ finally embracing under that tern the 

large cells which are characterized by the rich lipoid 

contents*

Morphology of the Interstitial Tissue

Wilkerson (1926) states that in rabbit, mouse, and rat 

the interstitial cells are polyhedral with clear vesicular 

nuclei and they are not believed to be the gland of internal 

secretion* Hamilton and Gould (1^0) noticed that the 

resting ovary of ferret contains many Interstitial cells, 

which are polygonal and finely vacuolated with moderately 

large nuclei end prominent nucleoli* The interstitial cells 

In the guinea pig are polyhedral, but sometimes spindle 

shaped with large vesicular nuclei (Stafford and Mossman, 

1^5). The interstitial cells in the dog are spindle shaped
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(Mulligan, 19^2). Athias (1920) described the structure of 

interstitial cells of a bat. Heal and Harrison (1958) said 

that in the badger the interstitial cells are polyhedral.

Bramhall (1956) said that mammalian ovarian interstitial 

cells are large polyhedral or globular elements which 

possess the eytologioal characteristies of glandular cells. 

There is a relationship between the theca interna of the 

atretic follicles and interstitial cells* Both systems to 

some extent are functionally interchangeable.

The location and the arrangement of the interstitial 

cells vary greatly in different animals. Robinson (1918) 

states that the interstitial cells form the main mass of 

the cortex of the ferret and ferret-polecat’s ovary. They 

are divided Into columns and nests by the lamellae of spindle 

cells of the tunica albuginea. Hammond end Marshall (1930) 

noticed large amounts of interstitial cells in the ferret, 

but not as much as in the rabbit. The mink has a large 

amount of interstitial cells in the cortex of the ovary 

(Hansson, 1947)# which is also true in the weasel (Deanesly, 

1944)# fisher (Eadie and Hamilton, 1958), and badger 

(Hamlett, 1932; Harrison and Heal, 1956). The badger’s 

cortical region is invaded by numerous cornmuniC Rting 

epithelial tubes. The fetuses of elephant seals have large 

amounts of interstitial cells. The interstitial cells are 

well developed in the wolverine cortical region (Wright and



R ausch, 1 9 5 5 ).

Mossman (1937) d e sc r ib e d  fo u r  ty p es  o f  th e  i n t e r s t i t i a l 

t i s s u e s  in  th e  pocket gopher’s  o v a ry .

1 . G ranular ty p e , 'where th e  I n t e r s t i t i a l  c e l l s  a re 

sm all and i r r e g u l a r .

2 . Large i r r e g u l a r  v a c u o la te d  c e l l s ,  o f te n  shrunken 

and have p y cn o tic  n u c le i ,  p robab ly  d e g e n e ra tin g  c e l l s .

3 .  M ature c e l l s ,  which a r e  la rg e  v e s ic u la r  w ith 

d e f in i t e  c e l l  membrane and la rg e  v a c u o le s .

U. Orange ’ G» c e l l s  which a re  o f  u n c e r ta in  r e l a t i o n 

to  th e  i n t e r s t i t i a l  c e l l s ,  l e s s  th an  1^ i n  am ount. They 

a re  most numerous n e a r  th e  e s t r u s  and pregnancy o f  th e 

an im a l.

S ta f fo rd  end Mossraan (19U5) s t a t e  t h a t  the  i n t e r s t i t i a l 

c e l l s  in  th e  guinea p ig  a re  grouped in to  d i s c r e te  clumps 

o r  m asses in  th e  c o r t i c a l  re g io n  o f  the  o v a ry , u s u a l ly 

su rro u n d in g  ova and the rem nants o f  the  In v o lu tin g  f o l l i c l e s . 

They a re  most numerous sround th e  s m i l e r  a r t e r i o l e s  and 

c a p i l l a r i e s .

C yclic  V a r ia t io n s  in  th e  I n t e r s t i t i a l  C e lls

Asami (1920) s a id  t h a t  the  o v a r ie s  o f  8-w eek-o ld 

r a b b i t s  co n ta in e d  medium s iz e d  f o l l i c l e s ,  b u t  no i n t e r s t i t i a l 

g la n d s . The p rim ary  i n t e r s t i t i a l  t i s s u e  occup ies most o f  th e 

i n t e r f o l l l c u l a r  a re a s  in  th e  ju v e n ile  r a t  (Dawson and McCabe, 

1951).



Hasmusaen (1918) review ed th e  c y c l ic  changes o f  th e 

i n t e r s t i t i a l  c e l l s  o f  the  ovary and t e s t i s *  In  th e  wood­

chuck , which la  a se aso n a l b re e d e r , the i n t e r s t i t i a l  c e l l s 

a re  s a s i r a  a t  th e  time o f  o v u la tio n  and b eg inn ing  o f  th e 

pregnancy# T his i s  a l s o  t r u e  in  th e  European mol®, c e r t a in 

b a t e ,  hedgehog, b a d g e r , long t a i l e d  w ea se l, Canada p o rc u p in e , 

g rey  s q u i r r e l ,  fox  s q u i r r e l ,  and p ocke t gophor (S ta f fo rd 

and H oasm n, 19^5)# B ra a b a ll (1956) s a id  t h a t  the  in c re a s e 

in  number and th e  h y p ertro p h y  o f  th e  i n t e r s t i t i a l  c e l l s  d u rin g 

th e  l a t t e r  p a r t  o f  th e  pregnancy has been d e sc rib e d  f re q u e n t ly 

such as in  b a ts  (A th ia s , 1920) and w a te r shrew ( P r ic e ,  1953)* 

Thia in c re a s e  i s  a s s o c ia te d  w ith  th e  in c re a se d  f o l l i c u l a r 

a t r e s i a ,  which commonly occur d u rin g  th e  second h a l f  o f  the 

g e s ta tio n #  These c e l l s  m y  assume th e  appearance o f  th e 

l u t e a l  c e l l s #  W ilkerson (1926) s t a t e s  t h a t  the  i n t e r s t i t i a l 

c e l l s  in  th e  woodchuck d isa p p e a r  annua lly#  I n t e r s t i t i a l 

c e l l s  a re  abundant a t  the b eg in n in g  o f  sex u a l m a tu r i ty  in 

r a t  and mouse#

K ingsbury (191U) s a id  th a t  in  c a t  the developm ent o f 

the  i n t e r s t i t i a l  t i s s u e  was c o r r e la te d  w ith  the a c t i v i t y 

o f  th e  f o l l i c l e  c e l l s  in  th e  absence o f  germ c e l l s #  Cole 

r t  a l#  (1933) observed  th a t  th e  i n t e r s t i t i a l  c e l l  m a s 

reached  i t s  maximum s iz e  a f t e r  the  gonad s t im u la t in g 

hormone i s  no lo n g e r  dem onstrable in  th e  m a te rn a l b lood­

stream  o f th e  horse#  The th eca  in te rn a  and i n t e r s t i t i a l



c e l l s  m y  c o n s titu te  the ’Oestrogen producing c e l l  system of 
the ovary*, (Falack, 1959# quoted by E ck ste in , 1962).
Falack a lso  in d ica ted  th a t the ch o le s te ro l conten t of both 
the theca in te rn a  and i n t e r s t i t i a l  c e l l s  i s  gonadotrophically 
regu la ted  and appears to be c o rre la te d  with the  se c re tio n  o f 
the estro g en . Loach (I960) sa id  th a t  in  the s tr ip e d  skunk 
the i n t e r s t i t i a l  t is s u e  development showed a c y c lic  response, 
which 1# p o s itiv e ly  c o rre la te d  with the f o l l i c l e  growth. 
Mossman (1937) sa id  th a t the i n t e r s t i t i a l  t is s u e  has unknown 
fu n c tio n . Claassen and Hi H arp  (19U7) sa id  th a t  the 
i n t e r s t i t i a l  c e l l s  a re  concerned with estrogen s e c re tio n . 
’Th® i n t e r s t i t i a l  c e l l s  and the theca in te rn a  may function 
independently.

Mulligan (19h2) sa id  th a t  the i n t e r s t i t i a l  c e l ls  in 
the dog are  prominent during a n e s tru s . The re s t in g  ovary of 
the f e r r e t  has well developed i n t e r s t i t i a l  c e l ls  (Hamilton 
and Gould, 19^0). Deanesly (1935) s ta te s  th a t  the i n t e r ­
s t i t i a l  c e l l s  in  s to a t  reach th e ir  maximum growth in  the 
p o s t- la c ta t io n  p erio d . I t  seems th a t  they shrink  and 
degenerate in  la rg e  numbers ju s t  before the  breeding season 
and during the pregnancy, During la c ta t io n  in  wolverines 
the i n t e r s t i t i a l  c e lls  form the m in  m a s  in  the  o v a r ie s , 
otherw ise they are  considerably  reg ressed  (Wright and 
Rausch. 1955).

Fobinsec (1918) s ta te s  th a t  the animals which ovulate
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following insemination smh a# eat and f « m t |  the In te rs tit ia l
tissue forms a preponderant part of the cortex# In the
spontaneous ovule tors such as h u w , monkeys, mares, asses.

the in te rs t i t ia l  tissue is  either
absent or present in small quantities and is not glandular* 
Patselt (1955, quoted by Harrison, 1962)- Hain tains that 
wild carnivores (wild ea t, fox) eahibit more extensive
in te rs ti t ia l  ce ll development than do ths domestic animals#
Holmstrom (1920, quoted by Hansson, 1^7? said that ths 
in te rs t i t ia l  tissue is  present chiefly in the lower forme 
of mamals, which have non*periodlc ovulation# Rasmussen 
(1918) indicated that the review of earlier lite ra tu re 
showed that hypertrophy of the in te rs t i t ia l  sa ils  during ru t
and pregnancy was comon#

Rasmussen (1918) said that regression of in te rs t i t ia l 
cells was effected by a decrease in sice and number of the 
cells# The in te rs t i t ia l  ©ells undergo changes in else and 
in cytological characteristics during the estrous cycle and 
pregnancy (Harrison, 1962), These changes ere such as to 
suggest that they are s t least, a t some tin s, secretory 
elements# Harrison end Weal (1956) found that the cor tied!
in te rs t i t ia l  tissues pass through a d istinct series of 
cytological changes during the unimplanted period in the 
badger# Histochemical techniques suggest that they are 
active during this period#
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Mossman (1937) said that the interstitial sells have 

no obvious cyclic variation in the pocket gopher* There is 

no degenerative phenomenon seen In the interstitial cells* 

during any phase of the ovarian cycle of the guinea pig 

(Stafford and Mossman* 19U5)» Mossman and Judas (19U9) obser 

ved no cyclic variation in the interstitial cells of the 

porcupine* Harrison (1962) said that the cyclic nature of 

the interstitial cells is not yet fully known*

Epithelial Origin of the Ovarian Interstitial nelly

Among the many workers* who have supported the 

epithelial origin of the Interstitial cells are Schron* 

Janoslk* Fopoff* Kohn (1862* 1887* 1911# 1926* all quoted 

by Brambell* 1956) and Rasmussen (1918). Bramhall (1956) 

has given a detailed review of the literature on this 

aspect* Rasmussen (1918) states that in the woodchuck the 

interstitial cells* which disappear annually* were replaced 

from the germinal epithelium as well as from the stroma 

(directly or indirectly from the theca interna)*

Medullary Cord Origin of the Inte^titinl (Tells

There are relatively few* who have supported the 

medullary cord origin of the interstitial cells (Popoff* 

1911* quoted from Bramhall* 1956; Kingsbury* 191^1 Vellose 

de Pinho* 1925)* Kingsbury (191U) states that In the 

Immature and the newborn cat, the interstitial cells appear
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to be associated with medullary cords* In the ll-month-old 

badger the medullary interstitial cells contain numerous 

vacuoles (Weal and Harrison* 1953)*

Stafford and Mossman (19U5) state that the medullary 

interstitial cells are derived from the cortical interstitial 

masses* Which migrate to the medulla* In the wolverine the 

medullary interstitial cells are well developed in October 

(Wright and Rausch* 1955)* Leach and Conaway (1963) said 

that the theca Interna from atretic medullary polyovular 

follicles and the theca interstitial gland of medullary and 

cortical follicles eventually contributed to the medullary 

interstitial tissue in the striped skunk. 

Dual Origin of the Interstitial Cells

Ha sinus sen (1918) said that the interstitial cells have 

a dual origin* l,e** the germinal epithelium and the stroma 

(theca interna)* Dawson and McCabe (1951) found that the 

primary interstitial tissue in neonatal end juvenile animals 

was geminal epithelial in origin and it was replaced by 

the secondary interstitial colls derived from the theca 

interna* Kennels (1951) concluded on the basis of histo» 

chemical characters that in rat the interstitial cells have 

a dual origin* The primary interstitial cells of the juvenile 

ovary are formed from the epithelial cells of the cortical 

ingrowths or from the granulosa cells of the follicles*
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The secondary  i n t e r s t i t i a l  c e l l s  f o i l e d  l a t e r  a r e  d e riv ed 

from tile  th eca  In te rn a  c e l l s  o f  th® a t r e t i c  f o l l i c l e s .

The C onnective T issu e  O rig in  o f th e  I n t e r s t i t i a l  C e lia

Thia th e o ry  has re c e iv e d  w id er su p p o rt b o th  from th e 

e a r l i e r  and r e c e n t  w orkers (P f lu g e r ,  1363; H is , 1863;

Van Benedon, 1830; R ab i, 1898; bim on, 1902; Bonin and 

A ncel, 1909# a l l  quoted by B ram bell, 1956; O’Donoghue, 

1916; A th ia s , 1920; Long and E vans, 1922; D eanesly , 1935; 

Mossman, 191)6; and W right and R ausch, 1955)*

A th ia s  (1920) s tu d ie d  th e  i n t e r s t i t i a l  c e l l s  in  s e v e ra l 

sp e c ie s  o f  b e ta  o f  th e  age ran g in g  from embryos to  parous 

a d u l ts  k i l l e d  a t  a l l  seasons o f  the  y e a r .  He concluded 

th a t  in  th e  young anim al the I n t e r s t i t i a l  c e l l s  were 

d e riv e d  e n t i r e l y  from th® c o n n e c tiv e  t i s s u e  elem ents o f  th e 

s t r o m ,  b u t in  th e  o ld e r  an im als they  were d e riv e d  m ainly 

from th e  th eca  in te rn a  c e l l s  o f  th® a t r e t i c  f o l l i c l e s , 

a lth o u g h  some were d e riv ed  from the  s tro m a l e le m e n ts . The 

i n t e r s t i t i a l  c e l l s  ar® m odified  strom a c e l l s  and hence a re 

o f  the co n n ec tiv e  t i s s u e  o r ig in  (K ingsbury , 191U, 1939).

Mossman (1937) e a id  t h a t  th e  i n t e r s t i t i a l  c e l l s  o r ig in a te d 

from th e  theca in te rn a  o f  th® a t r e t i c  and ru p tu re d  f o l l i c l e s . 

In  the  pocket gopher some o f  th e c a l  c e l l s  o f  norm al f o l l i c l e s 

tran sfo rm  in to  i n t e r s t i t i a l  c e l l s .  W ilkerson (1926) n o t ic e d

th a t  the  sp in d le  shaped c e l l s  o f  th e c a  in  th e  r a b b i t ,  m u se



and r a t  transformed in to  i n t e r s t i t i a l  ee lla*  Most o f the 

i n t e r s t i t i a l  gland tis s u e s  a re  derived from the degenerating 

f o l l i c l e  o f the theca in te rn a  o f the porcupine ovary 

(Mossman and Judas* 1 ^ 9 )*  The i n t e r s t i t i a l  t is su e s  in  the 

s to a t  (Deanesly* 1935) and wolverine (Wright and Rausch* 
1955) are developed frees the theca o f the  a t r e t i c  fo l l ic le s * 
Mossman (19^6) concluded th a t the i n t e r s t i t i a l  gland 

develops in  most m a u l #  from the theca in te rn a  o f a t r e t i c 

f o l l i c l e # .

Wilkerson (1926) agreed w ith Saintmont (1905) and 

Kingsbury (191#) th a t  the i n t e r s t i t i a l  c e l l s  r e v e r t  to 
th e i r  o r ig in a l  stroma c e ll#  apparen tly  by the process o f 

d e d if fe re n tia t io n . They a la s  n o ticed  in term edia te  s tages 

of d e d if fe re n tia t io n . Kingsbury (1939) suggested th a t 

th e re  was a phenomenon o f degeneration and regen era tion  in 

the i n t e r s t i t i a l  c e lls*  S ta ffo rd  and Mosman (19U5) sa id 

th a t occasiona lly  the i n t e r s t i t i a l  © alls may re v e r t  to 

f ib ro b la s ts*  They s ta te  th a t  the c e l l s  fu m ing  theca 
in te rn a  of developing f o l l i c l e s  a r is e  from the ad jacent 
strorasa and they might transform  in to  i n t e r s t i t i a l  c e lls* 
The i n t e r s t i t i a l  c e l ls  might possess the cap ac ity  of 
re v e rtin g  again to  the connective t is s u e  type*. The process 

i s  apparen tly  no t o f degeneration or regenera tion  as 

suggested by Kingsbury (1939).
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T hecal G ian t

Robinson (1916) s a id  th a t  th e  theca  in te r n a  in  th e 

f e r r e t  WHS in te r s p e r s e d  w ith  b lood  v e s s e ls  and i n t e r s t i t i a l 

c e l l s *  The th eca  e x te rn a  was l e s s  v a s c u la r  and composed o f 

dense compact co n n ec tiv e  t i s s u e  and few er I n t e r s t i t i a l 

c e l l s *  The norm al theca  i s  formed from th e  s tro m a l c e l l s 

o f  th e  ra t*  mouse* and r a b b i t  (W ilkerson , 1926)* The 

th eca  and membrane g ran u lo sa  c e l l s  a re  se p a ra te d  by a 

basem ent membrane* which can be seen  d i s t i n c t l y  in  some 

eases*  The theca  m ostly  forms th e  i n t e r s t i t i a l  c e l l s . 

W arb ritto n  (193M s t a t e s  t h a t  th e  th eca  in te rn a  c e l l s  in 

th e  ewe te m p o ra rily  take  p a r t  in  th e  fo rm atio n  o f  th e 

corpus luteum  and l a t e r  i t  d eg en era te s*  C om er (1932) s a id 

th a t  the  th eca  l u t e i n  c e l l s  cou ld  be found f i r s t  around th e 

p e r ip h e ry  and l a t e r  in  th e  co rp u s lu te m *  where th ey  cou ld 

be d is t in g u is h e d  by t h e i r  sm a lle r  s iz e  from th e  t ru e  l u t e a l 

c e l l s *  They p e r s i s t  in  th e  r e g re s s in g  co rpus lu t e  urn a f t e r 

the  tru e  l u t e a l  c e l l s  have d isappeared*  He found no ev idence 

th a t  th e  c e l l s  o f  th e  th eca  in te rn a  a re  ev e r co n v e rted  i n to 

f ib r o b l a s t s  o r  t h a t  th ey  la y  down the  f i b r i l s  o f  th e  co n n ec tiv e 

t i s s u e  re ticu lu m *

Mossman (1937) co n s id e red  t h a t  th e  h y p e rtro p h ied  theca 

in te rn a  in  th e  pocket gopher a t  o v u la tio n  resem bled an 

en d o crin e  gland* He c a l le d  i t  " th e c a l  g la n d ."  I t  b e g in s 

to  d eg en era te  r a p id ly  fo llo w in g  o v u la tio n  and by th e  tim e
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the corpus luteus is formed. It is almost gone* Some of its 

cells differentiate into the Interstitial cell clumps of the 

stroma* By the time the embryos begin to implant in the 

uterus only nonfunctional thecal gland is left in the ovary* 

The fully developed theca interna or thecal gland of both 

the large normal and atretic follicles is highly vascular* 

The thick zone of the epitheloid polyhedral gland cells is 

separated from the granulosa cells by a delicate membrane* 

At the time of estrus the thecal gland tissues surround 

both large normal and atretic follicles* This suggests that 

the estrous hormone is produced here, rather than in a non* 

glandular follicular epithelium** The thecal gland never 

remains in the confines of the corpus luteum proper or form 

any of its elements*

Harrison (1^8) observed the thecal gland in the goat 

as described by Mossman (1937)* He could not differentiate 

it from the corpus luteum after 15 days of the ovulation* 

It probably degenerates* The ripe follicles of the porcupine 

possess a thin but definite thecal gland (Mossman and 

Judas, 1^9)» Dawson and Friedgood (19U0) said that the 

theca interna cells are hypertrophied and may be in patches 

around the periphery of the follicle*

Duke (1952) said that the theca Interna is poorly 

developed in lagomorpha* He also noted the presence of

adreno*cortex*like tissue in association with the parts



of the old mesonephric duet* Stafford et al, (19U2) state 

that there is no evidence of thecal gland formation around 

the atretic follicles of the guinea pig*

white et al, (1951) distinguished in the human theca 

interna, a second type of cell in the maturing follicles. 

This cell has a small, dense, irregular, hyperchromatic 

nucleus and strikingly eosinophilic cytoplasm, They called 

it the *K* cell and thought that it secretes progestins,

Strasaman, (19UD and Harrison (191|8) state that the 

theca interna shows a hypertrophied region in the form of a 

cone projecting towerds the ovarian surface. The cone may 

play a part as a ‘pathmaker’ for the ascent of the growing 

follicle to the surface of the ovary, Bramhall (1956) said 

that the theca Interna also thins or disappears at the site 

of Impending rupture in mature follicles and may also be 

hypertrophied in the region of cumulus,

Harrison (1962) concludes that in late matwing follicles 

the theca interna cells rapidly enlarge, become highly 

vascularized and assume a polygonal shape with vacuolated 

cytoplasm and vesicular nuclei. The degree of development 

of the theca interna varies in different placental mammals, 

but it is always maximal just before ovulation.

The role of the theca interna in the formation of 

various components of the corpus luteurn has been described 

in the chapter of the corpus luteam. The recent works
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indicate that the theca interna calls of ths maturing follicles 

are glandular tissues and they are involved in the production 

of estrogen (Mossman, 1937J Corner, 1933J Dempsey and 

Bassett, 1W3> Deane, 1952J and Hlshlaulca, 195U, quoted by 

Harrison, 1962)*

(hanulosa Celia

The raembrana granulosa cells of the multilayered 

follicles are small, polygonal or cuboldal with granular 

cytoplasm and densely stained nuclei (Harrison, 1962). 

Robinson (1918) observed mitosis frequently during follicular 

growth. Lane and Davis (1939) supported Robinson*

Pearson and Ender® (19U3)# Evans and Cole (1931), and 

Mulligan (19^2) observed marked foldings in the granulosa 

layer of the mature follicles* The folds of granulosa 

invagina te into the antrm and eon tain connective tissue 

and blood vessels from the thecal plexus* Doane (1952) 

described the growth changes in the granulosa of rats* He 

also gave the cytological details of the granulosa cells* 

Knigge and Leathern (1956) described the growth changes in 

hamsters*

The Bursa Ovarii

Agduhr (1927), Alden (19^2), Enders (1952), and Franchi 

et al* (19&2) reviewed the literature on the bursa ovarii*
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In sera® m m l a  ovaries may be enclosed in  a perl toneel 
capsule (the ovarian bursa) which may or m y not eomtmicete 
with the coelomic cavity# through a s l i t#

Trevernius (182k# quoted by Enders# 1 ^ 2 ) ,  Weber (1826# 
quoted by Enders# 1952) and Hartman (1932) said th a t the 
ovaries in Mustelidae are enclosed in  an ovarian bursa* 
Weber (1826# quoted from Robinson# 188?) described the 
ovarian bursa completely shut off from the abdominal 
cavity in  Lutra vulgaris end Mantels putorjue.  The tube and 
the cornu u te ri did not open d irec tly  in to  the bursa as 
shown by Treviranus (1 0 # # quoted by a iders, 1952) in 
Mustola foina# The ovarian bursa when i t  completely enclose# 
the ovary prevents loss of ova- in to  the peritoneal cavity 
and insure# th e ir rapid passage through the oviduct (Robin* 
son# 1887)# Sobotta (quoted by Hartman# 1939) said th a t in 
laboratory rodents- the flu id  in  the ovarian capsule served to 
carry the ova in to  the infundibulum. PiMhel (191k# quoted 
by Alden# 19U2) s ta te s  th a t the contraction of the smooth 
muscle present in  the capsule em presses the periovaria l 
flu id  and thus aid in  the transfer of the ora to the oviduct# 
Westman (1926) concluded th a t the presence of the bursa 
enclosing the ovary was not essen tia l fo r the t r a n s i t  of the 
ovum in rabbit#

Gerhardt (190k# quoted by Kellogg# 1^1} said th a t the 
bursa ovarlca in weasels# wolves and shrews are incomplete.
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Roblnuoa (1918} noted the presence of an ostium in the 

burn* ovarii of the ferret* Hansson (19b7) end Ender# 

(1952) observed the ostium in mink* Alden (19b2) said that 

the ret has an incompletely closed bursa* The slit-like 

opening in bursa is located antImesometrially near the 

uterine cornua* Thia slit is closed periodically during 

the estrous cycle by the fInbrae of the oviduct. Kellogg 

(19UD states that in dog# bear* sea lion, and raccoon a 

small opening exists in the wall of the sac. In a large 

number of animals such as the set, hyena, guinea pig, mole, 

pig, a wide ope® capsule la present. It is totally absent 

in whales* Porcupine has no ovarian bursa (Mossman and 

Judas, 19119 )•

The periovarian space is closed in species like the 

weasel, otter, and shrew, but eomunicRtes with the peritoneal 

cavity by a narrow slit or ostium (Harrison, 19621.

Hammond and Walton (193U said that th® amount of the 

fluid varied in the capsule of the ferret. This la also true 

In mink (Enders, 1952). Enders (1952) said that when fluid 

is injected into the bursa, it does net escape into the 

peritoneal cavity regardless of the stage of the cycle 

because the opening of the bursa is blocked by the long 

fimbriae. During or following the copulation the bursa fills 

slowly with fluid until the capsule Is greatly distended.

Westman (1926) observed a negative correlation between
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the development of the bursa ovarii and development of the 

fimbriae of the oviduct# Th© animals with well developed 

bursa ovarii, i<e*# mink, Mee# dogs, rate# guinea pigs# and 

rabbits, have slightly developed fimbria®, while animals 

with slightly developed bursa ovarii such as apes# cows, 

mares, and sows, have well developed fimbriae (Hansson, 1^7) 

Agduhr (1927) said that in mouse the thickness of the 

wall of bursa ovarii varied at different places, Dorsally 

and caudally it is thicker and muscular. The histological 

structure of the bursal wall shows changes connected with ' 

the activity of the genital apparatus. This has also been 

noticed in rat (Kellogg, 1^1) end Mite (Enders, 1952), 

Kellogg (1^1) said that the periovarial sac is a double 

layer of laesothelium completely surrounding the ovary and 

contain within its cavity the opening of the- oviduct, 

Enders (1952) said that the periovarial sac in M n k  consists 

of thicker inner and thinner outer layer of the mceothellwo 

and a layer of connective tissue, Both layers arc separated 

at every place except at the hilus, The adipose tissue 

around the hilus of the bursa is maximum in the fall and 

minimum during estrus*

B J ^ i

Snyder ( M ) ,  Agduhr (1927)# Kellogg (19U^ Alden 

(19U2) and Braiabell (1956) reviewed the literature* The
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e p ith e lia l mwoii of the oviduct thowa cyclic changes which 
arc correlated with the sexual cycle (Sehafh?, 1908? 
Kats, 1911J Treacher, 1917, a l l  quoted by Snyder, 192Uf 
Moreaus, 1909, 1913)* These changes have been reported la 
a wide varie ty  of an iaah  each as the rab b it, guinea pig, 
mouse (Allen, 1922), Mink (Hansson, 1^7$ Inders, 1952), 
r a t  (Long and Wans, 1922), Mouse (Agduhr, 1927# Bapinasse, 
1935), sew (Snyder, 1923), man (Snyder, 1 9 ^ 0 , s toa t 
(Deanesly, 1935), and weasel (Deanesly, 1944)•

Snyder (1923) said that the periodic changes in  ths 
oviduct of the sow involve the height of the epithelium, 
the nucleus and the flu id  content of the s tro m . Fregnaney 
in h ib its  cyclic alternations in  the tubes of sow and 
man (Snyder, 19210,

Active a i l ia  were seen a t  a l l  stages of the cycle* 
The cyclic varia tion  of the oviducts in  man is  closely 
associated (during the menstrual cycle) with the a lte ra* 
bion in  the endometrium (Snyder, 19210* The fallopian 
tube enlarges in  the weasels as astraa approaches and 
gradually regresses a f te r  ovulation (Deanesly, 19M0* 
This is  a lso  true in  the s toa t (Deanealy, 1935), Safes 
(1963) s ta te s  th a t the marsmlian uterine tube undergoes 
profound changes in  histology and secretory a c tiv ity  during 
the d iffe ren t phases of the reproductive cycle,

Marshall (19010 said th a t the oviduct in  the fe rre t
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i s  a s le n d e r  and ®aeh c o l le d  s t r u c tu r e  which opens In to 

th e  bu rsa  by fim bria® , long  and Evan# (1922) n o t ic e d 

8 to  IO fo ld s  In  th e  r a t* s  o v id u c t .  Th® o v id u c t e n te r s 

th e  b u rsa  n e a r  th e  cau d a l en d , w hile  th e  opening o f  th e 

o v id u c t i n to  th® u te r in e  cornu  o f th® m u s e  co rresp o n d s to 

th a t  o f  th e  c a t ,  dog, and h o rse  among th e  dom estic  an im als 

U ^ Ju h r , 1927), The o v id u c t i s  n o t c o i le d  in  the  s t o a t 

(D eanssly , 1935)*

Hanssen (191|7) d e sc rib ed  th s  o v id u c t In  th e  m ink. The 

o v id u c t r a s  around th e  v e n t r a l  su r fa c e  o f  the o v ary  in 

th e  enmio-m® d i © •caudal d i r e c t io n  and d u rin g  t i a  co u rse 

forms 10-11 r e g u la r  c o i l s .  Th® infundibulum  th u s co m s to 

l i e  in  th e  imm ediate p ro x im ity  o f ,  b u t m edial to ,  the 

u te ro - tu b a l  ju n c t io n , a id e r s  (1952) s a id  th a t  th e  o v id u c t 

p a sse s  a long  th e  l a t e r a l  a s p e c t  to  th e  a n te r io r  end and then 

to  th e  m edial s id e  eround th e  p e r io v a r ia l  sac  and through 

the  in n e r  m e s o th e l ia l  l a y e r .  I t  opens in to  th e  b u rsa  by an 

ostium  a t  th e  p o s te r io r  p o le  o f  th e  o v a ry . F im b riae  ar® 

w ell devsloped  a t  e s t r u s ,

S obo tta  ( 1893, quo ted  by A gduhr, 192?) d iv id e d  the 

o v id u c t o f  the  r a t  in to  4 s u b d iv is io n s ,  b u t Agduhr (1927) 

d e sc r ib e d  7 su b d iv is io n s  on th® b a s is  o f  th® lum en, fo ld s  o f 

th e  mucous membrane and th e  c o n d it io n  o f  th e  e p i th e l iu m . 

V ariation®  o f  the  o v id u c t a re  p a r t l y  due to  v a r ia t io n s  in 

th e  s t r u c tu r e  and p a r t ly  due to  th e  fu n c t io n a l  c o n d i t io n  o f 

th e  o v id u c t .
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fapinasse (193$) subdivided the oviduct of the mouse 

into three parts, i.®., the fimbriated funnel, the ampulla 

with ciliated epithelial cells (which show nuclear displace­

ment), and the isthmus, which has nm-eiliated secretary 

eelle without any sign of the nuclear displacement* Bea idee 

the ciliated and non-ciliated cells thin dense calle, so- 

called “Peg Cells’* ere found between the lighter ones. 

The non-et listed eelle probably fora the majority of the ao- 

ealled “Peg Cells* and show a phenomenon of nuclear dis­

placement. Prowael (1896, quoted by Snyder, 192(0 said that 

the fallopian tubes are lined with a single layered 

epithelium consisting of ciliated cells and non-cIllated 

cells* (Mgs (190U, quoted by Alden, 19^2) reported that the 

ciliated cells are numerous in the infundibular and ampullar 

region of the oviducts, while in other parts there la 

columnar epithelium*

Aldan (19U2) subdivided the oviduct of rat into U 

parts such as the infundibulum with its fimbriae, the 

dilated ampulla, ths narrow isthmus, and the Intramural 

portion of ths isthmus as described for larger mammals by 

Huber (1915)* He could not demonstrate clearly cyclic 

changes in the histological picture of the oviduct* The 

histological structure of the oviduct la like that of the 

mouse (Agduhr, 1927)*

Hansson (19U7) noticed columnar cells of the oviduct



which have b w ap h llie  nuclei during the anestrus period of 

the Mak# The lumen of the oviduct f t  completely f i l l e d 

with secretions during proastrue and e i t m »  Following 

o w h tlsm  decreased secretion  was noticed#

Bloom and Fawcett- (1 ^ 2 ) described the structure o f 

the w m l l t t i  oviduct# The wall o f the oviduct co n sists  o f 

& mucous mesbreno# a muscular layer and external serous 

coat# The mucous membrane in  the ampulla la  th ick  and forma 

highly branched folds# The epithelium la  a simple columnar 

type# which may appear pseudostratified# The lamina propria 

has thin fib ers end numerous fa s! form or angular c e l l s  # 

There i s  no true muscular!» mucosa.

The Tubo-nterine Ji3 E

Anderson (1928) and Lee (1928) studied the tubo-uterine 

junction in  w m l i «

Bischoff (1852# quoted by Lee# 1928) described the 

gradual transition  of tube and uterus in  the guinea pig# 

Be did not note any Mucosal fo ld  a t th is  point# Talvo^llbe 

fo ld s guard the tubo-uterine junction in  the mouse (Allen# 

19^2)# Wmerous fo ld s were observed In the guinea pig by 

K elly (1927)# Leo (1928) observed amorous polyp«liko fo ld s 

at the tubal o s t im  o f the rabbit# The tube joined the 

cornua o f the uterus obliquely in  the nm*pr»gnant cat# dog# 

Mouse and rabbit whereas in  the ra t and guinea pig the tube
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Joined at the apex of the cornua. The histological structure 

showed a transition from the tube to the uterine horn, 

Uterine glands are absent at the Junction,

Anderson (1928) said that the tube in the eat opened 

into the uterus through a low papilla formed of mucosa, 

which protrudes into the uterine cavity, No villi are 

present. The presence of a special thickening at the 

junction was noted in the eat, like that of the non-pregnant 

guinea pig, cat, dog and lion (Lee, 1928), At this point 

the circular muscle layers of the tube and the uterus ware 

continuous. In sheep and cows the tube opening la protected 

neither by the mucosal fold nor by the sphincter. It is 

protected in other animals either by the sphincter or by 

villi or by mucosal folds of some sort. The tube in the 

cat, hedgehog and mink (Hansson, 19^7) opened at the end of 

a papilla,

Enders (1952) states that the tubal ostium in the mink 

is circumscribed by a simple fold, which projects into a 

pocket formed in the uterine wall. The tubal projection 

lies within this pocket so that no elevation within the 

uterus is formed. The muscles are not well developed at 

the junction and the opening is not guarded by the utero­

tubal sphincter. Contrary to this Hansson (19U7) stated that 

the tube opens on a papilla, Hafez, (1963) said that the 

increase in the degree of the flexure of the utero-tubal
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Junction (during the follicular phase) is brought about by

edema in the horn*a wall*

Anderson (1928) recognised three distinct anatomical 

patterns in the utero-tubal junction of mammals*

1* The first is characterized by tortuous isthmus 

and wide lumen* found only in Marsupials*

2# All the Monodolphla with bioornuate uteri have an 

isthmus part either straight or tortuous with thick muscular 

walls and a narrow lumen*

3* In all mammals with the simplex typo uterus the 

tube joins the uterine cavity*

The Cervix

The literature on the structure of the cervix and the 

corpus uterus of the family Musto11dae is scanty*

Tatarian (1962) traced the historical aspects of the 

cervix dating back to the 16th B.C* in the ^Papyrus Ebere”*

Hansson (19U7) states that in mink the cervical canal 

opens into the vagina on a somewhat dorsally projecting 

papilla* Harrison at al* (1952) said that the cervix In the 

seal projects on a prominent dome* In the monkey the dorsal 

fornix of the cervix is deeper than the ventral while the 

external orifice of the cervix is oblique in relation to 

the axis of the vagina (Sandys and Zuckerman* 1938)* Endors 

(1952) said that in mink the external orifice of the cervix 

Is a transverse slit* where the ventral fornix is far deeper
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than the dorsal fornix# A transverse fold (which la small 

In anestrus and enlarged In estrus) of the vaginal wall 

covers much of the dorsal lip# The cervical canal is 

straight and simple# During estrus and pregnancy both the 

dorsal end ventral fomieea deepen and the infra-vaginal 

protruding segment of the cervix is greatly flexed, »o that 

the canal is bent at right angles to the entero-posterior 

axis, and the opening of the cervix is directed ventrally 

instead of posteriorly# At parturition ths cervical canal 

is once again straight*

Comer (1921) observed mitotic figures in the cervix 

during a a true of sows# Grant (19M) described the histo* 

logical changes occurring in the epithelium of the ewe# 

Deanealy (1935) states that the cervical canal in the stoat 

is lined by the uterine endometrium almost to the vaginal 

opening# Hamilton and Gould (l^O) noticed cyclic variation 

in the structure of the cervix# During anestrus the 

epithelium in the cervix is low cubical# This becomes 

columnar and later pseudo-stratified until it is about 6-8 

layers in thickness during the estrus period of the ferret# 

Hamilton and Gould (19^0) state that the lumen of the 

fused horns is continued into the cervix, which is ’multi- 

dlverticolar* and invaginated into the upper part of the 

vagina# Pearson (1952) said that the lumina of the two 

horns of the sea otter are separated by a membrane, so that
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there is a common uterine and cervical canal only for 

20 m »  The fusion of Wie horns to the tip of the cervix 

measured about 8$ mn.

The Uterus

Eckstein and Tuckerman (1956) aald that the uterine 

changes which occur during the estrous cycle vary from 

species to species* In general there is a phase of glandular 

proliferation during proestrus and estrua, when the Graafian 

follicles are maturing? and a phase of secretory differentia­

tion during metestrus (or pseudopregnancy)* when the corpora 

lutes are present*

The cyclic changes in the uterus have been observed in 

a wide variety of animals such as the dog (Friedlander* 1870 

quoted by Eckstein and Zuckerman* 1956? Marshall and Jolly* 

1906; Hetterer* 1892} Evans and Cole* 1931 and Mulligan* 

1962), in the stoat (Desnealy, 1935)* in the weasel (Deanesly* 

l ^ ) i  in the ferret (Marshall* 1906? Hammond and Marshall* 

1939? Hill and Parkes* 1933? «nd Hamilton and Could, I960), 

In the eat (Dawson and Fosters* 1966)» in the mink (Hansson* 

1967), In the sow (Corner* 1921), in the rat (Long and 

Evans* 1922), In the guinea pig (Stockard and Papanicolaou* 

1917? Loeb* 19110* in whales (Mathews* 196-8)# in the seal 

(Harrison et al** 1952) and the badger (Harrison and Weal* 

1956).
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S tru c tu re  o f  th e  0 te ru s  D uring th e  E s tro u s  Cycle

M arsha ll (190k) observed  fo u r  phases in  the u te ru s  o f 

th e  f e r r e t  such as th e  p e r io d  o f  r e s t  ( a n e s t r u s ) ,  th e  p e rio d 

o f  growth ( p r o e s t r u s ) ,  the p e r io d  o f  d eg e n e ra tio n  (p ro s e tru s ) 

and th e  p e rio d  of re g e n e ra tio n  ( e s t ru s )*  The u te r in e 

s t r u c tu r e s  d u rin g  the above phases as  w ell as  fo llo w in g 

p a r tu r i t i o n  and d u rin g  l a c t a t io n  w i l l  bo d isc u sse d  in  th e 

p re s e n t  rev iew  w ith  s p e c ia l  r e fe re n c e  to  th e  M ustelidae*

The P eriod  o f  R est (A n estru s)

M arsha ll (19010 s a id  t h a t  the  o u b o id a l e p ith e liu m  o f 

th e  f e r r e t* s  u te ru s  d u rin g  a n e s tru s  i s  composed o f  a s in g le 

row b i  th  numerous g lands*  In  dogs th e  immature and a n e s tru s 

u t e r i  have a s im i la r  s t r u c tu r e  (Evans and C o le , 1931)* The 

e p ith e liu m  i s  th in  and a lm ost devoid o f g lands ( H i l l  and 

Tarices, 1933)* T his i s  a l s o  tru e  in  the  f e r r e t  (Hammond and 

M a rsh a ll, 1930)* H am ilton and Gould (19^0) s t a t e  th a t  the 

e p ith e liu m  in  the  f e r r e t  i s  low e u b o id a l w ith  la rg e  n u c le i 

artd chore a r e  s h o r t  g lands which a re  w idely  se p a ra te d *  The 

aubmucosa i s  n o t oedema tons and i t  i s  th in *  In  th e  c a t 

(Dawson and K o s te rs , 19U0 the  a n e s tru s  u te ru s  i s  l i k e  th a t 

o f  th e  f e r r e t*  M ulligan (19U2) s a id  t h a t  the e n d o m e tr iw  in 

th e  dog i s  r e l a t i v e l y  conspicuous* T here i s  a  colum nar 

e p ith e liu m  and m acrophages a re  p rese n t*  The u te ru s  in  th e 

badger (Meal and H a rr iso n , 1958) i s  l ik e  th a t  o f  th e  f e r r e t



(Marshall, 19010# In the fur seal the raiele layer# are 

thin and are composed of sparse cytoplasm (Craig, 19610# 

Vessels are regressed, The mucosal epithelium is inactive 

and glands are straight*

The Period of Growth | > w w t w » l

Marshall (19010 observed mitotic figures in the 

nuclei of stromal cells of the ferret’s uterus during 

proostrus yet it had no marked changes in the epithelial 

lining when compered to that of the anestrus animal * 

It is similar in the ease of dogs (Brans and Cole, 1931) and 

cats (Dawson and Kosters, 19W0# Hamilton and Gould (19110) 

noticed low columnar epithelium, but hypertrophied glands and 

thick ©edematous submucosa in the ferret# In the period 

of degeneration (Pros#true) as reported by Marshall (19010 

there is a slight breakdown of the epithelium and stroma of 

the ferret#

The Period of Hegenera tlen (Be true)

Marshall (19010 said that the uterine cavity during 

estrus is relatively large and has a complete uterine 

epithelium* Harmond and Marshall (1939) noticed columnar 

epithelium mucosal folds and an oedematons stroma in the 

ferret. Hill and Parkes (1933) reported about the well- 

developed uterine glands and the oedematons stroma of the
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ferret# Hamilton and Gould (19U0) agreed with Kill and 

Parkes (1933) and Hammond and Marshall (19UG) in regards 

to the uterine structures#

Ketterer (1892) observed the growth of the endometrium 

In dogs preceeding estrus (Evan# and Cole# 1931)• This has 

since been found to be a regular occurrence in all species# 

Svens and Cole (1931) said that in estrus the dog uterus la 

like that of the proestrus ferret (Marshall# 190M* They 

noted mitotic figures in the uterine gland during metestrue# 

In the cat# estrus la marked by hypertrophy of the epithelium# 

which may appear pseudostratified (Dawson and Kosters# 19UU)# 

The maximum growth of the corpus luteum coincides with the 

growth of the endometrium preceding implantation# Weal and 

Harrison (1958) said that the mucosa in badger is thick 

during estrus# The uterus during pregnancy and pseudo* 

pregnancy are alike (Hammond and Marshall# 193®)• The glands 

are straight# The columnar epithelial cells are 'palisade 

typ©’» with centrally located nuclei# The glands become 

coiled and secretory at the time of pregnancy In the badger# 

Hamilton and ladle (19&U) state that the uterine home in the 

river otter at the first estrus are 3 ’® »  in diameter and 

50 ram# in length# In the multiparous female# which had 

recently ovulated# the horns measured 12 ran# in diameter 

and 90 mm# in length#

Hamlett (1932) said that the uterine mucosa in the 

badger showed no Influence of the corpus luteum during the
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unimplanted period* The lumen was expanded at the site of 

the blastocyst# The uterus has straight glands like that 

of anestrus during the delay in badgers (Barrisms and Meal* 

1959). The stroma Is cellular and non-oedematous# There is 

a recession of glands during delayed implantation in seals 

(Harrison et tlM  1952)#

Hammond and Marshall (1930) state that the uterus of 

the lactating ferret is racier long and flattened in outline* 

In the deg macrophages are w e t  evident during proas true 

and following parturition* and least obvious in pregnancy 

(Mulligan* 19U2)* The glandular and submucosal changes a r e 

like those found in other animals* Weal and Harrison (1958) 

said that ths horns in the post parturn badger exhibit 

swellings at the placental sites*

Deanesly (1935) said that uterine changes in the stoat* 

during estrous* pregnancy, parous* nonpsreua* and post* 

parton stages are like those of the f erret# Generally M 

endometrial folds are present# The uterine epithelium in 

weasels (Deanesly* 191^) resembled that of the stoat and 

ferret* The glands increase enormously in size and form a 

labyrinthine complex during implantation in the for seal 

(Craig* 1 W 0 *  Deanealy (19MI) divided the uteri in the 

weasel into parous and non parous groups on the basis of the 

presence or absence of the fibrosed blood vessels* She then
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classified the uteri into anestrus, estrous, pregnant and 

post parturn groups. The uterine changes in th© sink (Hans­

son, 19^7) are like those of other mammals. The uterus is 

true uterus bicornis and it la thread-like in the nonparous 

anestrus mink (Enders, 1952),

Corner (1921) states that the uterus of sows undergoes 

regular alternations in the structures. The changes are 

correlated with the ovarian cycle. This cycle is interrupted 

only during pregnancy. This phenomenon has also been 

observed In the badger (Harrison and Neal, 1956), 

The Vagina

The cyclic changes in the vaginal epithelium have been 

observed during the estrous cycle in the guinea pig 

(Stockard and Papanicolaou, 1917)# the rat (Friedlander, 

1670, quoted by Eckstein and Zuckerman, 1958j Retterer, 

1892J Marshall and Jolly# 1906I Long and Evans, 1922), 

the dog (Evans and Cole, 1931; Mulligan, 19U2), the ferret 

(Marshall, 1933s Hamilton and Could, 19^0), the stoat 

(Deanesly, 1935), the mink (Hansson, 19U7I Enders, 1952), 

the cat (Dawson and Kosters, 19UM# the weasel (Deanesly, 

19UU), the badger (Neal and Harrison, 195?S Harrison and 

Neal, 1959) and the seal (Harrison et al,, 1952), The vaginal 

smear techniques have also demonstrated these cyclic changes 

in the vaginal epithelium.
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Evans and Cole (1931) said that the vaginal epithelium 

in the dog is low columnar during anestrus. It is high and 

stratified squamous during prosetrue. The epithelium 

becomes squamous and superficially cornified in estrus. 

In the post estrua period it is low again Hite that of 

anestrus. Mulligan (19’'2) also observed these changes in 

the dog. Be said that the outer columnar layer of cells 

during pregnancy contained mucin. Th® mucin disappears in 

the post-parturn animal. Marshall (1933) also noted these 

changes in the ferret. Th© vagina and vulva undergo well 

marked cyclic changes in the ferret in correlation with thos© 

of the ovaries and the uterus. The cyclic changes in the 

stoat (Deanesly, 19UU) and in the mink (Hansson, 191|?J 

Enders, 1952) ar® like those of ths ferret and the dog.

heanesly (1935) states that the vaginal epithelium in 

the stoat shows a well defined cyclic change in growth, 

stratification and cornification before estrus. The vaginal 

epithelium (during the latter phases of pregnancy) consists 

of a single row of columnar cells with basal nuclei. The 

epithelium varies in thickness from the cervix to the vulva. 

The vagina in the stoat shows marked cornifies ties at astrue 

(Deem sly, 19UU).

Hamilton and Gould (19U0) described the histology of the 

vagina of the ferret. The epithelium in anestrus is strati­

fied and it has a basal sone of columnar cells and a luminal
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zone of rounded cells (3-8 layers in thickness) with 

leucocytes, but no cornification. The submucosa does not 

show vascularized areolar connective tissue and smooth muscles. 

During proestrus, there is slight cornification of the 

epithelium and some Increase In the vascularity of the 

submucosa. In estrus, there is distinct cornification of 

the epithelium with papilla, which are deep and tooth-like 

in appearance. The submucosa is oedematous and contains 

abundant areolar tissue. They also noted that the ferret 

came Into estrus slowly. Vaginal cornification is more 

marked at first in the upper part of the vagina and then 

in the lower part. During lactation and pseudopregnancy the 

epithelium consists of narrow and low columnar cells. 

Hansson (19b7) and Enders (1952) said that the changes In 

the vaginal epithelium of mink were like those of the ferret. 

The proestrus period is long and the changes from anestrus 

to estrus are slow as in the ferret. Enders (1952) noticed 

that mink had long, distensible and muscular vaginae.

The mucosa is thrown into longitudinal folds which disappear 

before the cervical sapient is reached. Transverse folds 

become prominent as the longitudinal folds disappear near 

the cervix. The entire dorsal wall of tae vagina is thickened 

at estrus, and the muscular bands at this time show hyper­

trophy. The vaginal wall of the river otter is very thick 

during estrus (Hamilton and Eadie, 196b)*
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Heal and Harrison (1958) stat® that th® vaginal 

epithelium in the badger passes through a striking cycle* 

This is correlated with the ovarian events* The vaginal 

epithelium of the badger is more sensitive to the prevailing 

hormonal environment than the uterine mucosa (Harrison and 

Heal (1959).

The Blastocyst

Ballard (196M states that In the placental M W IB 

the hollow ball of cells show a thickening at one pole called 

the inner cell mass from which the later embryo arises. It 

could perhaps be compared with the biastodies of the early 

reptile or bird embryo. The rest of the sphere of cells is 

& thin layer called trophoblast which soon serves to attach 

the little embryo to the wall of the uterus and initiates the 

formation of the placenta* This mammalian stage is called 

the blastocyst*

Mossman (1937) said that the cleavage up to and 

including the blastocyst stage is alike in all the Eutherian 

mammals* The trophoblast regardless of its possible 

phylogenetic origin* is classed as an extra-embryonic 

ectodermal layer and the inner cell mass is classed as 

undifferentiated tissue* The trophoblast la probably the 

most important single tissue in the placenta of higher 

mammals (Wimsatt* 1962). The blastocysts of the animals
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belonging to the family Mustelldae are reviewed here.

Fries (1880, quoted by Neal and Harrison, 1958) was 

th© first to notice the unimplanted blastocysts in the 

badger. Hamlett (1932) said that the blastocysts in badger 

are completely quiescent during the delay which was also 

supported by Neal and Harrison (1958). This is also true in 

mink (Enders and Pearson, 19U&J Enders, 1952). Notint (19U8, 

quoted by Harrison and Neal, 1956) said that the blastocysts 

show some evidence of slow but steady increase in size.

Robinson (190U) noticed that the blastocysts in the 

ferret differentiate into the inner cell mass and th® 

trophoblastic ectoderm, which has polygonal cells with 

circular nuclei (Robinson, 1893). The zona pellucida is 

uniformly thin. In the germinal area the nuclei are large 

and closely packed. The trophoblastic cells are greatly 

attenuated in the badger (Hamlett, 1932). The inner cell 

mass is small and undifferentiated into the germ layers. 

Hamilton (193U) said that the trophoblast in the ferret has 

a single layer of flattened cells which cover the inner 

cell mass. The disappearance of the covering trophoblast 

takes place relatively early in the ferret. The blastocyst 

in the marten (Marshall and Enders, 19U2) is like that of 

the ferret and badger, but the zona pellucida is conspicuous 

and collapsed possibly due to the preservation. The blasto­

cysts of the long-tailed weasel, short-tailed weasel and
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marten (Wright, 1942), fisher (Enders and Pearson, 1^3), 

wolverine (Wright and Rausch, 1955) and stoat (Deanesly, 

1943), are like that of the ferret and badger. Harai 1 ton and 

Eadie (1964) said that the blastocyst in the otter was semi* 

transparent and had an inner cell mass and the outer 

trophoblast.

The size of the blastocysts varies in different animals# 

It has an average diameter of 378 micra in the long-tailed 

weasel, 318 mlera in the short-tailed weasel and 409 micra 

in the marten. The zona pelluclda is much thicker In the 

fisher (Enders and Pearson, 19435 Eadie end Hamilton, 1958) 

than in the weasel*

The Truer Cell Wass

The number of cells in the inner cell mass varies in 

different animals of the same species and in different 

species* Cell number depends on the developmental stages of 

the blastocyst* The cells in the inner cell mass have been 

reported as from 46 to 55 in the badger (Hamlett, 1932), 

798 to 807 in the fisher (Enders and Pearson, 1943), 28 to 

164 in the mink (Enders, 1952), 313 to 393 in the marten 

(Marshall and Enders, 1942) except a few which had 508 to 

589 cells, possibly an indication of the active blastocyst, 

and 147 to 151 in weasels (Wright, 1942)* The wolverine 

blastocyst has more cells in the inner cell mass than the 

marten*
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The Fetus

The literature eontains no detailed description of sea 

otter embryos# Brandt (1865, quoted by Barabash-Nikiforov, 

19117) deseribed the fur color of a 310 m *  long embryo# 

Allen (1910, quoted by Barabash-Nikiforov, 19H7) said that a 

newborn sea otter is about 380 an# long# Barabash-Nikiforov 

(19U?) states that the anatomical charactertsties of the 

sea otter can be described sketchily due to the absence of 

detailed data in the literature# He described the hair 

color, body curvature#, tail, eyes and sere of four embryos, 

measuring U5 « • #  90 mm., 130 mm# and 190 w »  in length# 

Apparently he described the internal anatomy of the largest 

fetus# The ovaries are lenticulate with oviduct at the 

posterior edges of the ovary# Normally the sea otter has 

one cub, although two embryos have been found in the uterus 

(Barabash-Nikiforov, 19U7)# Snow (1910, quoted by Barabash- 

Nikiforov, 19b?) observed a female with two cubs# Fisher 

(19110) said that the young sea otter birth is about 3B0 mm# 

in length and thus supported Allen (1910, quoted by Barabash* 

Nikiforov, 19H7)# Pearson (1952) noticed a U61j. « #  long fetus 

of the sea otter which had 82 mm# long tail and it was near 

birth# Sea otters usually bear but ©ne young at a time, a 

characteristic in common with nearly all other marine 

ma-mis rather than other Mustellds (Asdell, 19h6).
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Gee ta t  I m

Th# gestation period in sen* carnivores has been greatly 

complicated by the delay in the implantation! it could be 

divided into two distinct periods, i*e*, one of true gesta­

tion and growth of the implanted blastocyst and the other of 

the delay in the unimplanted stage of the blastocyst, where 

the latter remains quiescent* It seems that the actual 

period of growth of the blastocyst in most of the carnivores, 

is rather short*

Gestation in the Mustellds have been reported as 103 

days in the pine marten (Cooks, 1900), U2 days In the ferret 

(Cocks, 1891, quoted by Deanesly, 1935), U0-U2 days in the 

ferret-polecat hybrid (Harting, 18911 Cocks, 1891, both 

quoted by Deanesly, 1935), UO-75 days in the mink (Hansson, 

1W7; Pearson and Enders, 19UU1 aud Inders, 1952), UO-55 

days in the Melee (Fischer, 1931 end Hamlett, 1932), 61 

days in the European otter (Cocks, 1881), 61-67 days In the 

striped skunk (leach, I960), 50-55 days in the stoat (Watska, 

19U0, quoted by Hansson, 1^71 Deanesly, 1935)*

Enders and Pearson (1W3) said that the fisher has 

fifty-one weeks total gestation period* This has also been 

supported by Laberee (19UD and Hall (1^2)* Barabash- 

Nikiferov (19t7) states that the gestation period in the sea 

otter is about eight to nine months* Observations in 

captivity supported this* lensink (I960) states that the
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gestation period m y  normally be from ei#it to nine men the* 

He conoludec that the delayed implantation, which same to 

occur in sea otters, as it does In many other mustelids, 

does not completely regulate the period of birth. Hamilton 

and ladle (1%U) paid that the embryos of the river otter 

implant in February, March and April* The implantation is 

delayed for eight months and the total gestation period is 

approximately twelve months* Wilson €1959) said that the 

Forth Carolina otters have gestation periods of sixty-one 

days. The period of delayed implantation in the fur seal is 

three and one half to four month®, extending from July to 

November (Craig, 196U)«

The .Weeding Season of the Sea Ottey

Barabash-Nikiforov (19U7) observed copulation of sea 

otters in January, March, May, November! Jones (1951) in 

February} Kenyon and Wilke (1956) In May, August and September, 

and Lensink (l«60) In February, March, April, June, July and 

August* It seems that coitus takes place throughout the year# 

Malkovich (1937, quoted by Berabash-Wikiforov, 19U7) and 

Shldlovekaya (1938, quoted by Barabash-Nikiforov, 19^7) and 

Lensink (I960) observed normal active spermatogenesis 

throughout the year# Users was no sign of degenerative 

changes* Kenyon (l^^) has observed mating behavior in all 

months except October and November# Barrbaah-Nlkiforov (19U7)
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did not observe copulation during October and December# 
Kenyon (19610 observed the meting cycle of several daya 
duration# He concluded from his observations tha t the females 
enter in  estrue only when they are not accot^anhd by a pup#

Kenyon and Wilke (1956) and Lensink (I960) said  th a t the 
peek of breeding is  in August or September# More recently# 
however# Kenyon (19610 concludes from behavioral observations 
that the peak of breeding a c tiv ity  is  in  la te  spring and 
early  summer# Be also points out that breeding and b ir th 
may occur a t  any season#

Th® breeding seems to occur throughout the year and the 
pups are bom in  ©very month (S tellar# 1751# quoted by 
Barabash-Nikiforov# 191*71 Fisher# 191*0; Murie# 191*0J Lensink# 
I960; and Kenyon# I960* The peak of pupping seems to occur 
during March and April (Lensink# I960)* The pups when bom 
are completely formed# but dependent on th e ir  mother 
(Barabash-Nikiforov# 191*7# and Lons ink# I960),
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MATERIALS AND METHODS

Over a period of ten years the reproductive tracts of 

the sea otter (Enhydra jutris L,) were collected around 

Amchitka, Sand, Sameonof, Little Koniuji, Amk, Shumagin 

and Aleutian Islands, One hundred and forty female tracts 

were made available to me by Dr, C, H, Conaway, University 

of Missouri, Dr, C, M. Kirkpatrick, Uhlvarsity of Purdue 

made available 1953-5U collections of the sea otter to Dr, 

Conaway, Karl W, Kenyon, Biologist, United States Fish 

and Wildlife Service, Seattle, Washington, collected all 

the tract® from 1955 to 1962,

Kenyon recorded the animals as "immature" or "sub­

adult*, adult", and "old adult". Using the field notes and 

the morphology of the ovary and uterus, these animals were 

grouped as anestrus, procstrue, estrus, pregnant and poet 

part ma anestrus (Appendix Tables I, II and III), The 

collections Include U sub-adult female®, 20 anestrus females, 

6 proestrus females, U estrous females, 39 pregnant females, 

Uh assumed pregnant females and 23 post partum anestrus 

lactating females. Most of the animals were killed by 

Fish and Wildlife Service personnel, but a few were found 

dead on the beaches# The tracts were fixed in AFA (alcohol, 

formalin and acetic acid) or ten per cent formalin, They
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were later stored in 7 ^  ethyl alcohol or 7(# isopropyl 

alcohol*

Both ovaries of 110 sea otters were sectioned at eight 

or ten micra* Sample seolions were mounted and stained in 

a modified Schorr stain* Sample tissues from uteri* oviducts* 

bursa* corpora uteri* cervices and Taclnas of the representa­

tive groups were sectioned and stained in a modified Sctorr 

stain* The ovaries* corpora lutea* uterine horns and 

fetuses were measured with a millimeter scale* The micro­

scopic structures of the ovaries* horns and oviducts were 

measured with an ocular micrometer* All the measurements 

were taken at the greatest diameter*



CHOW IV

RSS^TS

I ,  SUB-ADULT SEA OTTER

The ovary of the sub-adult sea o tte r  la  e ith e r emoth 
or tabulated# I t  i s  covered by a single layer of cuboidal 
or low colw aar germinal epithelium* The covering epi the litis 
invaginatea in to  the subjacent tunica albuginea to fora 
shallow crypts# The crypts ere unbranched and simple# The 
tunica albuginea is  a narrow band of collagenous fib ers 
situa ted  under the germinal epithelium# Connective tissue 
lamellae leave the tunica a t  rig h t angles and divide the 
cortex into irregu lar column® and nests giving a labyrinthine 
appearance# The lamellae converge in the medulla where they 
blend with the medullary connective tissues (Plate I , 
Figure 1)#

The immature ovary haa large numbers of undifferentiated 
oocytes and small fo ll ic le s  in the cortex# Small medullary 
fo ll ic le s  occasionally are seen# Many of the small fo l l ic le s 
are a tre tic#  There is  a small amount of i n t e r s t i t i a l  cells# 
usually around a tre tic  fo l l ic le s  and sometimes in  the stroma# 
The ovary i s  re la tiv e ly  avascular and the stroma i s  abundant#



W
Uterus

The uterue in the sea otter is bipartite* In the 

immature animal the horn is short, slender and thread-like* 

The two homa fuse to form the corpus uterus which is 

approximately one third the length of the horn (Plate VII, 

Figure 51)* The cornua are round in cross section whereas 

the body is dorso-ventrally compressed* The two horns, in 

the body are separated by a muscular membrane end they later 

unite to form the common uterine and cervical canal*

The myometrium is composed of inner circular and outer 

longitudinal smooth muscles* The endometrium is thin and has 

vary shallow rugae* The mucosa contains simple straight 

tubular glands, which are very few in number* Occasionally 

a few glands open on the mucosal epithelium* The mucosal 

epithelium is squamous or low euboidal, whereas the glands 

are formed of euboidal cells (Plate I, Figure 2). The 

uterus is non-oedamatous*

II* ADULT ARESfRUS SEA 0TT8R

Ovary

The ovary of the sea otter is roughly lenticulete, 

compressed oval or bean shaped* The craniocaudal length 

of the ovary usually exceeds other measurements* The size 

of the left and right ovaries do not differ significantly
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throughout the year# The sm allest ©very was eleven 

m ill line ter# long while the la rgest w e twenty-three millimeters 
The s ise  of the ovary in adult animals does not vary with 

the d ifferen t periods of the cycle# targe and email ovaries 

have been seen in the anestrus and pregnant animals 

(Plate I ,  Figures 3» 4 « ^  51 Plate I I I ,  Figure 23)#
The surface of the ovary is  e ith e r smooth or tabulated* 

Smooth and tabulated surfaces have been seen in  the anestrus, 

estrous and pregnant animals* Occasionally a lobule m y 

contain a large fo ll ic le  or a corpus luteum giving the 
appearance of the projecting lobe# The ovarian surface 
elevations are frequent in estrous and pregnant animals*

Germinal Bpitheljua

The gem inal epithelium is  supported on a d is tin c t 

basement membrane and invests the contours of the ovary, 

whether smooth or lobuleted* The cuboldal or low columnar 
c e lls  have large elongated vesicular nuclei and d is tin c t 

nucleon*
A multilayered germinal epithelium has been seen in 

animals of d iffe ren t periods* The occurrence of the 

multilayered epithelium is  common in  anestrus, estrous, 
pre^iant and post partum anestrus animals* These multilayered 
ep ith e lia l thickenings are not continuous in a given ovary* 
The thickenings p ro ject e ith e r into the cortex or on the outer



surface of the ovary# Many ovaries were examined for the 

outer surface thickenings# Mi tesla la common at the 

thickenings and the resulting daughter cells are email and 

cuboidal# These cells have vesicular rounded nuclei instead 

of the elongated type so seen in the single layer germinal 

epithelium (Plate II, Figure 16). The germinal epithelium 

at the thickenings are a proliferating cell layer# Usually 

the tunica albuginea is disrupted at such thickenings# 

Proliferation of the germinal epithelium at the site of 

crypt formation has also been seen# (hie ovary (62-135) shows 

streaming of the epithelial cells into the cortex, where 

the staining reaction of these cells is different from that 

of the adjacent stromal cells,

ISB&Ol&iMm

The tunica albuginea is a narrow band composed of 

collagenous fibers and connective tissues like that of the 

sub-adult ovary# The tunica is occasionally disrupted in the 

ovary# In the regions of multilayered geminal epitheli tat 

the loss of the tunica is very apparent (Plate II, Figure 16)» 

The tunica at this point cannot be distinguished from the 

adjacent stroma# Like the sub-adult ovary, the cortex is 

divided into irregular columns and nests giving the ovary a 

labyrinthine appearance (Plate I, Figure 3)# The formation 

of the columns and nests have been seen in the estrous,
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pregnan t and p o s t parturn a n e s tru s  anim als*

g u b -su rface  C rypts

S u b s u r fa c e  c ry p ts  have been seen  in  a l l  p e r io d s  o f 

the  e s tro u s  cyc le*  There i s  no p a t te r n  in  th e  com plex ity 

o f  th e se  c ry p ts*  The sim ple unbranched and complex 

branched types o f  c ry p ts  have been observed  in  a n e s tru s* 

e s tro u s  and p reg n an t an im als (P la te  I* F ig u re s  3* £ and 

6 j P la te  I I I*  F ig u re s  21 and ^ |  P la te  IV* F ig u re  UO). 

These c ry p ts  le a v e  the o v a r ia n  su r fa c e  and u s u a l ly  ex tend 

up to  the  o u te r  m argin o f th s  m edulla*

C rypt Form ation

The ovary i s  more o r l e s s  smooth in  young an im als* 

At f i r s t  a sha llow  in v a g in a tio n  i s  seen  on the  o v a ria n 

s u rfa c e  in v o lv in g  th e  germ inal e p ith e liu m . The germ ina l 

e p ltn e liu m  u s u a l ly  has m ito t ic  f ig u re s*  O cc as io n a lly 

m u lt i la y e re d  th ic k e n in g s  o f th e  germ inal e p ith e liu m  a re  seen 

a t  the  s i t e  o f  th e  c ry p t fo rm ation*  The su r fa c e  in v a g in a ­

t io n  co n tin u e s  to  grow in to  th e  co rtex *  The c ry p t i s  l in e d 

by low colum nar c e l ls *  which are  con tinuous w ith  th e 

g e m in a l  ep ithe lium *  C rypts a re  sim ple and unbranched a t  th e 

beg inn ing  o f  t h e i r  form ation* The sim ple c ry p t te rm in a te s 

In to  a rounded bu lb  o r  rem ains p o in ted  a t  th e  te rm in a l t ip * 
A c rv p t has a bu lb  o r  t ^ ^ i n a l  t i p  and neck through which
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It is connected to the surface (Plate I, Figures 3* 5 and 6), 

The crypt usually extends to the medulla* Branching of the 

crypts results in the formation of complex crypts* which 

may have a single layer ©r multilayered lining* Occasionally 

these complex crypts extend into the medulla* One ©very 

(62-l$U) is of special interest in showing th© process of 

budding ©f the crypt (Plate II* Figure 19)* These budded 

crypts ar® located in the cortex* and others are in the 

process of budding*

The epithelial cells in another ovary ($9-86) are seen 

leaving the crypt and migrating into the stroma of the 

cortex (Plate II* Figure 1$)* The staining reaction in the 

epithelial cell® and the adjacent stromal cells is different* 

Usually primary oocytes are seen adjacent to the crypts* 

Large numbers of atretic and small normal follicles are 

also present around these crypts* Occasionally the crypt 

encloses within its lumen oocytes and stromal cells which 

may be normal or degenerating*

t e l M  ' ’

Th® anestrus ©varies have primary follicles and some 

small and medium sized Graafian follicles. These follicles 

are either normal or atretic* Graafian follicles which do 

not reach ovulation sise become atretic* Atresia in the

sea otter ovary Is characterised by the formation of a
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’glassy membrane* (Plate II, Figure U)» located between the 

theca interna and the wembrana granulosa# With the resorp­

tion of the follicular elements the "glassy membrane" 

thickens and folds back like knotted ribbon# Wo luteinized 

atretic follicles have been observed*

In types I and III follicles of Pincus (1936) the ova 

show degeneration of the nuclear membrane* Sometimes it is 

difficult to distinguish early atretic follicles from normal 

follicles* Signs of atresia in small Graafian follicles 

have been seen in the granulosa and theca cells, where the 

nuclei are pycnotie* Ose ovary (62-13M shows the invasion 

of the ovum by the granulosa©ells* Occasionally precocious 

antrum formation is seen in small follicles* The old 

atretic follicles usually have large amounts of connective 

tissue differentiated around them* The zona pallueids is 

usually seen shrunken in them*

?olyovular Follicle

The occurrence of polyovular follicles seems infrequent*

Some biovular, triovular and tetra-ovular primary follicles 

have been seen*

Corpus Albicans

Six ovaries in this group have old corpora albicantia*

Sach has dense collagenous fibers, some fibroblasts and
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ad v en tia l vesse ls  on the p eriphery . Three animals have two 

corpora a lb ic a n tla  in  the same side o f the ovary. One i s 
la rg e r  than the o th er (P la te  I .  F igure 5)« The la rge  one i s 

o f the l a t e r  pregnancy, whereas the s m i le r  i s  apparen tly 

of the previous pregnancy. Since no pupa were seen w ith 
these females and they were no t la c ta t in g ,  and the 

ovaries were In a c tiv e , i t  i s  assm ed th a t the la rg e  corpus 

a lb icans was a t  l e a s t  a year o ld . The old corpus a lb icans 

i s  g radually  reduced and incorporated  in  the ovary and 

becomes in d is tin g u ish a b le .

I n t e r s t i t i a l  Tissue*

The lo ca tio n  and the arrangement of the  i n t e r s t i t i a l 

t is su e s  vary g re a tly  in  d if fe re n t  anim als. In  th® anestrus 

animal the i n t e r s t i t i a l  c e l l s  are  u su a lly  loca ted  in  the 

c o r t ic a l  region and fo ra  around the invo lu ting  f o l l i c l e s . 

Often the i n t e r s t i t i a l  c e l l s  a re  grouped in to  d is c re te 
clumps or masses In  the c o r te x . A nim ls in  th is  group have 
la rg e  m ounts o f i n t e r s t i t i a l  c e l l s .

Mosemn (1937) d is tin g u ish ed  four types of i n t e r s t i t i a l 
c e l l s  in  the pocket gopher’s ovary: (1) the ’g ranular 

type*, where the i n t e r s t i t i a l  c e l l s  are  small and i r r e g u la r , 

(2) the * la rge  ir re g u la r  type*, with vacuolated c e l l s  which 
have shrunken and pyenotic n u c le i, (J) the ’mature ty p e ’ , 
where the c e lls  a re  la rg e  polyhedral having v e s ic u la r  n u c le i
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and (!|) th® ’©rang® 0 type* interstitial sells* The 

interstitial tissue® in the present study have been grouped 

lute th® first three types uniting the orange ’0* type#

Granular Type Interstitial Cells

The anestrus ovaries have large amounts of the ♦granular 

type* interstitial cello* They are-abundant In th® cortex 

and around the atretic follicles# The cells are small. 

Irregular having small and rounded nuclei. These cells often 

form discrete clumps around th# atretic follicles and in 

the stroma of the cortex (Plate II, Figures 12 and Up#

Mature Type Interstitial Cells .

Anestrus ovaries have small amounts of the •nature 

type* interstitial calls# Only six of th® twenty anestrus 

ovaries have relatively more of the mature type cells than 

the granular type (Appendix Table I)# These cells are 

located in the cortex or around the involuting follicles# 

The ’granular type cells*, differentiate into th® *mature 

type cells* (Plate II, Figure 12). An atretic follicle 

of one ovary (S243H) shows both granular and mature cells# 

The nature calls differentiate mostly from th® thecal elements 

©f th® atretic follicles and partly from the granulose 

cells (Plate II, Figure 13). The amount of connective 

tissues and fibroblasts Is less around the mature interstitial
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cells# These large# polyhedral cells have sinusoids eround 

them# In appearance they are like miniature luteal cells# 

There is a definite cell membrane and a large vesicular 

nucleus with a prominent nucleolus* These cells appear . 

secretory#

J h S il& J ^£ ^ i^ ^

The anestrus ovaries have very small amounts of the 

Qarge Irregular type* interstitial cells# Usually these 

cells ere seen when the other two types ere also present in 

the ovary# The interstitial cells classified as the 

large irregular type are in fact the degenerating mature 

interstitial cells# These degenerating mature interstitial 

cells are large irregular# highly vacuolated cells with 

pycnotic nuclei# Degeneration of the mature interstitial 

cells begins in the nuclei# The nucleoli cannot be distin­

guished in the large Irregular interstitial cells# Vacuo­

lation of the cell follows# Finally there Is shrinking of 

the cell and differentiation of the ’granular type’ inter­

stitial cell (Plate in. Figure 201.

Medulla

The medulla extends from the hilus into the body of 

the ovary forming only a small portion of the organ# Usually 

the medulla is sharply distinguished fro® the cortex# The
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medulla is  m l le i*  In  estrous and pregnant animals* and la rg e r 

in  anestrus and p e rt partwa anestru s animal#* I t  contains 

most of the vessels and connective tis su e s  o f the ovary 

(P la te  I* Figure 4)*

2S ££1£«JS M

Bech ovary i s  enclosed in  an ovarian b u rsa . The p eri* 
ovarian space between the ovary end the p e r ito n e a l l in in g  of 

the bursa i s  distended* The periovarian  sac co n s is ts 

e s s e n tia l ly  o f an Inner and an ou te r lay e r of Mesothelium 

and a c e n tra l  lay e r of dense connective t is su e s  and vessels* 

The th ickener o f the w all of the ovarian bursa v a rie s  a t  the 

d if fe re n t  places* The bursa i s  d o rea lly  and caudelly 

thicker* The oviduct passes between the m eso thelia l lay e rs 

o f th® bursa and p en e tra tes  the  inn er layer to  open in to  the 

p e r io v a ria l cavity*

Otaru#

The u te ru s  of the sea o t te r  i s  b ip a r t i te  (P la te  n i l * 
F igure 52)* The hem s are th in  and slender in  the anestru s 
animals* The u te ru s  i s  composed of f iv e  la y e rs : the 
outermost serosa  layer* the lo n g itu d in a l smooth muscle layer* 
the vascu la r lay e r (stratum  vasculare)*  the c i r c u la r  smooth 

muscle layer* and the mucosa* In  a quiescent horn the 

muscle layers  are th in  and composed o f c e l l s  sparse  in
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eytoplaaRi The vaaevUr layer Is located between the two 
m acle  layers and contains a d m t l t l  vessels# I t  is  a thin 
layer in  the anestrus horn (Plate V, Figure M)*

The endometrium usually has four to six  rugae# The 
strom  is  abundant and non ©edematous# The sucosel epithelium 
consists of cuboids! c e lls  Which have large cen tra l nuclei# 
The c e lls  are tm ifom  in height# The endometrium has 
s tra ig h t tubular uncoiled glands which are apparently non 

secretory# There are no differences in structure of the two 
horns#

Oviduct

The oviduct in  the sea o tte r  is  firm ly attached to th® 
ovarian capsule* Xt loops back and forth  over the periphery 
of the capsule between the crater end inner layers of the 
ovarian bursa# I t  extends from the uterus along the 
la te ra l  aspect of the ovary curving around the an te rio r end 
to pass along the median side# At the posterior pole of the 
ovary# the oviduct penetrates the inner layer of the 
ovarian bursa and opens in the periovarial cavity by a tubal 
oatiun# The tubal ostium is  surrounded by the long fimbriae 
The fimbriae are slender and free  in  the anestrus animals# 
Occasionally one or two of them swell to form a cyst like 
structure (Plate I# Figure 10)# These cystic  structures 
compress the ovary# The oviduct is  not free anywhere, but
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I le a  between the tuc lay ers  o f th© f a s c ia ,  which form the 
ovarian bursa*

The oviduct has muscular and mucosal lay ers  as seen in 
o ther carnivores* The muscular lay e r c o rs le ts  ©f en te r 
lo n g itu d in a l and inner c irc u la r  smooth muscles* The mucosa 
i s  compact end thrown in to  w ry  folds* The stroma i s  non 
oodamtous* The mucosal ep ithelium  c o n s is ts  o f euboldal 
c e lls*  having basa l elongated nuclei*

Corpus Uterus and Cervix

The u te rin e  horns are long and Join caudally  to form 

the body o f  th© u terus (corpus u terus)*  Both horns are 
separated  fo r  roughly two th ird s  of the e n tire  leng th 
of th© body (P la te  OXI* F igure 52). The comon u te rin e 
and c e rv ic a l canal i s  u su a lly  between 15 to  25 m illim eters 
long.

The ce rv ix  i s  about 20 m illim eters  long* I t  is  a 
muscular organ a ttached  d o raa lly  to the w all of the vagina 
and th® corpus uterus* leav ing  a sho rt unattached p o rtio n  o f 
ce rv ix  causally* On the v e n tra l side the ce rv ix  i s  free  and 
i t  i s  enclosed by the c ra n ia l p o rtio n  o f the vagina* The 
vagina i s  smooth and devoid of muscular rugae* The ootwe® 
c e rv ic a l canal opens v e n tra lly  by a s l i t - l i k e  opening in  the 
cervix* The s l i t  i s  u sually  guarded by fiv e  to  e ig h t
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papillae* The opening is usually in the middle of the cervix.

The horns in the corpus uterus are structurally similar 

to the horns already described for the anestrus animals* 

The glands in the horns are persistant at the cranial end 

of the common uterine canal but absent caudally*

Vagina

The vagina in the sea otter is conspicuously long and 

muscular* The mucosa is thrown into longitudinal folds, 

which are less at the cervical region* The vaginal 

epithelium has stratified cuboidal cells in the anestrus 

animals*

III. PROESTRUS SEA OTTER

Ovary

The ovaries with Graafian follicles measuring between 

1500 and 1̂ 000 miera are considered to be in the proestrus 

stage (Appendix Table I). The relative amount of interstitial 

cells and the structures of the horns have also been taken into 

account in grouping proestrus animals* The germinal 

epithelium, tunica albuginea and medulla in these ovaries 

compare with thoseof the anestrus ovaries* Both the simple 

unbranched and the complex branched crypts have been observed. 

Some of the ovaries have old corpora alblcantia* The 

ovaries have medium sized Graafian follicles* Some of these
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a re  normal* whereas o th e rs  ar® a t r e t i c *

I n h r e t l t U l  C e lls

The t o t a l  amount o f  the i n t e r s t i t i a l  c e l l s  in  th e se 

o v a r ie s  compare w ith  th a t  o f th e  a n e s tru s  o v a rie s*  The 

g ra n u la r  type I n t e r s t i t i a l  c e l l s  a re  i n  abundance, u s u a l ly 

lo c a te d  around th e  a t r e t i c  f o l l i c l e s *  A ll th® o v a r ie s  in 

th i s  group have sm all amounts o f  th e  m ature tvp® i n t e r s t i t i a l 

c e l l s *

U terus

The u t e r i  o f  th e se  an im als a re  n o t y e t s t im u la te d  and 

a re  e s s e n t i a l l y  l i k e  th o se  o f  a n e s tru s  u te r i*

IV . ESTROUS SKA OTTER

Ovary

O varies w ith  th® G raafian  f o l l i c l e s  l a r g e r  th an  1^000 

m iera a re  co n s id e red  to  be in  the  e s tro u s  s tag e*  The r e l a t i v e 

amounts o f  i n t e r s t i t i a l  c e l l s  and the  s t r u c tu r e  o f  th e 

horns have been taken  in to  account in  grouping th e  e s t ro u s 

anim als* The germ inal e p i th e l iu m , tu n ic a  a lb u g in e a , and 

c ry p ts  a re  l i k e  those  o f  a n e s tru s  o v a rie s*  Old co rp o ra 

a lb lc a n t ia  were a ls o  seen  in  th i s  group*
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Interstitial Celia

The total amount of the Interstitial ©ells do not vary 

greatly from those of the anestrus ovaries. The mature 

type interstitial ©ells predominate In thia group, instead 

of the granular type as observed in the anestrus and proestrus 

overiee. The increase of the mature type interstitial cells 

correlates with the increase in the size of the Graafian 

follicle (Appendix Table I). Small amount of the large 

irregular interstitial cells are also present in these ovaries 

One ovary (62-32$) has roughly equal amounts of 

granular and mature interstitial cells (Plate I, Figure 6)* 

The Graafian follicle shows the formation of the cone. The 

interstitial cells occur around the atretic follicles and in 

the stroma. Both types of interstitial calls are found 

between the atretic follicles. Another ovary (E. 1290) has a 

large ©mount of the mature interstitial cells. The numbers 

of granular interstitial cells are reduced. The ov&ry has 

a very large pre-ovulatory follicle with a cone# The 

entire ovary Is dominated by the mature interstitial cells 

(Plate II, Figure 11} Plate IV, Figure U0). Differentiation 

of these cells around the atretic follicles and in the 

stroma has greatly reduced the other types of ovarian 

cells and connective tissues. The ovary has an abundance 

of sinusoids, especially between the mature interstitial 

calls. These cells are large polyhedral with
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vesicular nuclei and granular cytoplasm. Th® large quantity 

of mature interstitial cells indicates ths increased 

requirements of the secretory products for the preovulatory 

follicle. The estrous animals show the Inverse relationship 

in the amount of the ’granular type’ and ’mature type’ 

Interstitial cells. This also indicates the differentiation 

of the mature interstitial cells from those of the granular 

interstitial cells.

Uterus

The horns in the estrous animals do not differ in length 

from those of the anestrus animals. The mucosal rugae are 

well developed and the uterine lumen is small. The mucosal 

epithelium and the glands have columnar cells and basal 

nuclei. The uterine glands show coiling near the myometrial 

region of the mucosa (Plate V# Figure k2), The stroma is 

oedematous.

In the estrous animals the oviduct folds become prominent 

The fimbriae are greatly enlarged and swollen, The 

epithelium of fimbriae is of the euboldal type. The 

mucosal folds are prominent and complex. The mucosal 

epithelium has mostly columnar cells and occasionally 

pseudostratified cells (Plat® V, Figure U3), The epithelial 

cells are usually ciliated in the first half of the oviduct, 

The cilia greatly decrease in number at the posterior portion
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o f  th e  o v id u c t o r may be absen t#  The o v id u c t shows th e 

s t im u la t io n  com parable to  the  horn#

V# FREGWAWT SEA OTTER

Ovary

The germ ina l ep ith e liu m #  tu n ic a  a lb u g in ea  and the c ry p ts 

a re  as in  a n e s tru s  o v a rie s#  Both a t r e t i c  and h e a lth y 

G raafian  f o l l i c l e s  occur in  p reg n an t anim als# The m edulla 

I s  sm a lle r  in  th e  im plan ted  s ta g e  than  in  o v a r ie s  from 

a n e s tru s  anim als#

Corpus Lu touts o f  O vu la tion

F ive  o v a r ie s  have co rp o ra  lu te a  o f  r e c e n t  o v u la tio n s# 

Each corpus lu teum  has a la rg e  antrum  w ith  f l u i d  in  i t# 

The g ran u lo sa  c e l l s  show m ito t ic  a c t i v i t y  and some l u t e i n i ­

za tio n #  The l u t e a l  c a l l s  a re  s m a ll  and few er In  number# 

Each l u t e a l  c e l l  has a v e s ic u la r  n u c leu s and a d i s t i n c t 

n u c le o lu s . The cy top lasm  in  th e se  c e l l s  i s  sc a n ty  and 

o c c a s io n a lly  shows v acu o la tio n #  The l u t e a l  c e l l s  s tream 

on th e  co n n e c tiv e  t i s s u e s  netw ork from the  p e rip h e ry  to  the 

c e n te r  o f  th e  corpus luteum# The l u t e a l  c e l l s  in  th e  corpus 

luteum  a re  d isp e rse d  and a re  I r r e g u la r l y  a rran g ed  (P la te 

I I I#  F ig u re  20)#
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I n t e r s t i t i a l  Celia In Recently Ovulated A n laa |i

The to ta l  amount of the i n t e r s t i t i a l  c e l ls  compares w ith 
the amount p resen t in  the es tro u s  ovaries* The ovaries in 
the re c e n tly  ovulated animals have la rg e  amounts o f mature 

i n t e r s t i t i a l  c e lls*  A ty p ic a l ovary ( 6 M D  shows d if fe re n t ia 
t ia n  o f the mature i n t e r s t i t i a l  s e l la  from the granulosa 

c e l l s  o f the a t r e t i c  f o l l i c l e  as w ell as from the thecal 

elements (P la te  II*  Figure 13)* Granulosa c e l l  lu te in is a ­
tion  has s ta r te d  and the antrum o f the corpus luteum Is 

very large* The mature c e l l s  do not show degeneration as 

y e t and appear hea lthy  as seen in  the  estro u s ovary (P la to 

IV* Figure UO)* Another ovary (6 2 -2 ^ )  shows store lu te in i ­

sa tio n  of the granulosa c e l ls  than in  the ovary number 

62-51* In  the former ovary a la rg e  percentage o f the mature 

i n t e r s t i t i a l  c o l ls  show vacuola tion  in  the cytoplasm and 

pyenotic nuclei*  thus re su lt in g  in  the form ation of the ’la rg e 
ir re g u la r  type* i n t e r s t i t i a l  c e l l s  (P la te  I I I*  Figure 20)* 
Granular and mature I n t e r s t i t i a l  c e l l s  are  a lso  present* 

The degeneration o f the mature c e l l s  i s  a rap id  process and 
la  g re a tly  acce le ra ted  a f te r  the granulosa, c e l ls  have 
p a r t i a l ly  lu te in iz e d  the fo l l ic le *

The la rg e  amount of mature i n t e r s t i t i a l  c e l ls  in  the 

ovaries (81290 and 62-51) suggests a ro le  of these c e lls* 
P rio r to ovu la tion  estrogen production by the ovary i s  high* 
Following ovulation  estrogen production i s  g re a tly  reduced



112 

and thia cowBiponde with the rapid degeneration of the 
mature in te r s t i t ia l  c e lls#

Corpus Luteum in Animals with B lastocysts

The corpora lu tes  in the animals with b lastocysts are 
s m ile r  than the ones with the implanted embryos* The number 
of the trabeculae in corpora lutea varies between ten and 

twenty-eight. These trabeculae carry the connective t is su e s , 
the thecal elements and the vesse ls  into the corpus luteum. 

Zach trabecula grows from the periphery of the corpus to the 
central portion of the antrum* The collagenous fibers and 
the fibrob lasts rapidly lay  down the network o f the connective 

tissu es in  the antrm* There i s  an in i t ia l  p ro liferation  of 

the v esse ls  in  the early corpus luteum (Plato III* Figure 21)* 

The e lse  of antrum varies in  d ifferen t corpora lutea and 

may be absent (Plato III* Figure 22)*

The lu tein ized  granulosa c o l ls  stream toward the center 
of the corpus luteins. This streaming takes place along the 

network of connective tissues*  The lu tea l c e l l s  are 
arranged in  the ’e p ith e lia l cords’ * These cords are very 
d istin c t near the trabeculae* The lu tea l c e l l s  around the 
trabeculae are regular in  arrangement* but become Irregular 
between the trabeculae (Plate III* Figure 25)* The e p ith e lia l 
eords of the lu tea l c e l l s  occasionally  extend from the 

peripery of the corpus lutoum to the center* Usually these
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though b la s to c y s ts  were no t dem onstrated. The lu te a l  c e l l s 

in  these a n lm h  are comparable to  those a lready  described 

in  unimplanted stages (P la te  I I I ,  F igures 25 and 2 6 ). One 

animal (62-268) has two corpora lu te s ,  one In each ovary. 

The lu te a l  c e l l s  a re  l ik e  the o thers described in  th i s 

group.

Two of the fo rty -fo u r animals were described as la c ta t in g 

in  the  f ie ld  notes* The reproductive t r a c ts  o f these two 

conform to  the unimplanted t r a c ts  in  a l l  re sp e c ts . I t  may 

be th a t  these rep resen t in stances of a post partum e s t ru s .

M*&lMM&lJ£U£d^

The to ta l  amount of the i n t e r s t i t i a l  c e l l s  i s  le s s  than 

In the estrous and in  the anestrus ovaries* The granu lar 

i n t e r s t i t i a l  c e l l s  predominate. Ths mature c e l l s  are  u sua lly 

lo c a lise d  around the  periphery o f the corpora lu te a .  Many 

m l t in u d e e te  i n t e r s t i t i a l  c e l l s  form d isc re te  masses in  the 

connective t i s s u e s .  The m ultinucleate  c e l l s  u su a lly  have 

two to twelve n u c le i . The i n t e r s t i t i a l  c e l l s  in  the r e ­
covered and the unrecovered b la s to c y s t t r a c ts  are  a l ik e .

£££M J2J&2M U J £1£^

The u te r i  in  the animals with recovered b la s to c y s ts  and 

in  the aM m ls  with assumed b la s to cy s ts  a re  a lik e  in 

s tru c tu re  (P la te  V. F igures UU# US and U6). This in d ic a te s



th© presence of th® blastocyst® in  those tract® in  which no 
a t t e s t  ma made to recover b lsetoayste .

The muscle layer® In those animal® are th icker than 
those of the anestrus horns* The stratum vasculare occupies 
the major portion of the myometrium* The mooes usually has 
five to e ight well developed rugae. The endometrium is  con­
gested with colled glands* The strom  is  g reatly  reduced, 
and is  oedamtous, Usually the glands have a l l  columnar 
ce lls  where the basal nuclei are rounded or oval*- The 
uterine glands on the side of the blastocyst have s lig h tly 
ta l le r  columnar c e lls  than in the side without the blastocyst 
(Appendix Table I I ) .  In both the horns occasionally the 
glands open on the mucosal epithelium. Th© surface mucosal 
ep ith e lia l ce lls  have oubddal or low columnar c e lls  and 
elongated nuclei. The ep ith e lia l s e l ls  of the horn containing 
the blastocyst are s lig h tly  ta i lo r  than those of the other 
horn. Two animals (79*56 and 62-UD have blastocysts ready 
to toplaht# The endometrium can be sub-divided in to  an 
inner complex son® and an outer spongy sone (Plate V* 
Figure &7), The glands are greatly  colled and have an 
enlarged lumen. The stroma is  greatly  reduced* The horn 
is  highly vascular!sad*

B S 8 |O£X®1

Eleven unimplanted blastocysts were recovered between
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January and September* Wine blastocysts have * thick stmt 

pellvcIda, Aeneas two are ready to implant* Moat of tha 

blastocysts have shrunken and broken sons pellvctda (Appendix 

Table V)* Three of the blastocysts are oval and have intact 

zona pellucida# The size of these three blastocysts varies 

free* 97 micra to 202 ml era* It suggests an increase In the 

size of the blastocyst during the quiescent period*

The blastocyst In tha sea otter differentiates into 

the inner cell mass and the trophoblastic ectodem# The 

trophoblast layer is composed of flattened cells* closely 

attached with the sons pellucid## The Inner cell mass is 

undifferentiated In the blastocyst not ready for the 

implantation* The cells in tha inner mass are polygonal# 

The sons pellueida is thick and usually differentiated into 

two distinct layers* The outer layer is danse and thin* 

whereas the inner layer is homogeneous and thick (Flats V* 

Figure U5 and U6)« The blastocyst in the horn of 59-1U 

shows cell division in the inner cell mass* The blastocysts 

near implantation have approximately £00 cells in the inner 

cell mass*

g2O22&J&MiBj^Oli2Ji^^

Two animals with blastocysts ready to implant have 

compact corpora lutes (Plate III* Figure 22). The ovary of 

an animal (62-UO) with a recently implanted embryo of about
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fifteen millimeters has a compact corpus luteins (Plate III, 

Figure 23)* All other animals having implanted embryos 

have loosely packed luteal cells* The corpora lutes In the 

Implanted animals are roughly two times larger than the 

corpora lutea in the unimplanted ones* The animals with the 

blastocysts ready to implant have compact corpora lutea* 

Once the embryo has implanted and reached about ten milli­

meters in else, the corpus luteum as a whole hypertrophy* 

The Increased site of the corpus luteum results in the 

formation of secondary cavities* The secondary cavitations 

in the corpus luteum are filled with fluid (Plate III, 

Figure 210* The else of these cavities varies in different 

animals* These cavities are present in the animals having 

fetuses measuring from US to UUO millimeters long* The 

extent of the cavitation in the corpora lutea varies from 

animal to animal* Occasionally the secondary cavities or 

the antra have networks of connective tissues* These 

cavities seem to increase in the late pregnant animals*

There is no difference in the luteal cells of the early 

and the late pregnancy (Plate III> Figures 29# 30 and 3D* 

The corpora lutea in the implanted animals are highly 

vascularized*

The luteal cells are large and polygonal in shape* 

Each cell has a vesicular nucleus and a prominent nucleolus* 

The cytoplasm is uniform and granular, Very few vacuolated
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cells are noticed* The luteal cells are arranged as epithelial 

cords, which have at least one surface in contact with 

capillaries* These epithelial cords ar© regular at the 

trabeculae* Th® luteal cells remain hypertrophied until 

parturition* Following parturition the luteal cells 

degenerate rapidly*

Interstitial Cells in Implanted Animals

The ovaries in this group have small amounts of 

interstitial cells (Appendix Table I)* All the ovaries have 

mature interstitial cells, usually located close to the 

corpora lutes* The iwltiaucleate mature cells are dispersed 

in the connective tissues* The granular and mature 

interstitial cells are roughly equally abundant* The 

granular cells are usually located around the atretic 

follicles* Small quantities of the large irregular 

degenerating interstitial cells are also present in these 

ovaries*

Uterus in Implanted Animals

Structurally both the horns are alike in the regions 

away from th® placenta (Plate IX, Figure 53), The endometrium 

has an inner complex folded zone and an outer spongy zone* 

Usually the horns are similar to the animals having blasto­

cysts ready to implant (Plate V, Figure U7)» The stroma is
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highly oeta&tous* The glsnds are colled end complex* 

The height of the glandular columnar cells of these animals 

compares with the height of the gland cells in th® unimplanted 

animals* The same is true for the mucosal epithelial cells*

Fetus

The fetuses of ths sea otter are similar in the 

morphological characters, such as the hair color, shape and 

else to those described by Barabasb-Kikiforov (19U7).

VI* POSTPARTUM SKA OTTER

Ovary

The ovaries in this group are similar to the anestrus 

ovaries yet all the animals are either lactating or have 

pups or both (Appendix Table I)* The estimated age of the 

pups varies from about a week to ten months. The germinal 

epithelium, tunica albuginea, sub-surface crypts and the 

medulla are as in anestrus ovaries* Rone of these animals 

show ovarian activity.

Interstitial Cells

The total amount of the interstitial cells in these 

ovaries corresponds closely to the amount of the interstitial 

cells in the anestrus ovaries. The granular type inter­

stitial cells ar® abundant* These cells are located around
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the atretic follicles, which usually form discrete clumps 

or masses* Almost all the ovaries have some large Irregular 

vacuolated and mature Interstitial cells (Appendix Table I)* 

The ovary (Plate I, Figure 9) has roughly equal amounts of 

the granular and the mature Interstitial cells, located 

around the atretic follicles*

Corpus Albicans

The old corpora albic&ntla are similar to those described 

in anestrus ovaries* This group has two animals (60*16 and 

60*19) with the pups estimated as less than a week old* 

These ovaries have large corpora albicantia (Plate I, 

Figures 8 and 9)*

At the time of killing one of these animals (60*16), 

a female pup was recovered, which was about two to four 

days old* The umbilical sear was still frosh and claws 

were similar to the large unborn fetus* The ovary has a 

large corpus albicans with the degenerating luteal cells 

and a central core of the connective tissues* The degenera* 

tian of the corpus seems to proceed from the center to the 

periphery* More than eighty per cent of the luteal cells 

have already degenerated (Plate II, Figure 17)* The remaining 

luteal cells have greatly shrunken, and have pyenotic nuclei* 

Very few luteal cells have vesicular nuclei* The luteal 

©ells show vacuolation followed by resorption and replacement
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by connective t is s u e s . As the lu te a l  c e l l s  degenerate 

the connective tis su e s  sad f ib ro b la s ts  rep lace  them. The 

presence of the  la rg e  corpus a lb icans w ith degenerated 

lu te a l  c e l ls  in  an animal accw ^anlsd  by a very young pup 

in d ic a te  the ra p id  re so rp tio n  o f the corpus l u m s .

Another animal (60-19) had a pup le a s  than a week old# 

The corpus a lb icans i s  la rg e  and s im ila r to  th a t a lready 

described above# Ths c e n tra l core of the corpus a lb icans 

has a la rg e  amount of the collagenous fib e rs#  Luteal 

degeneration and the replacement o f the c e l l s  have occurred 

(P la te  I I  t  F igure 18). The adv en tia l vesse ls  are  loca ted 

around the periphery of the corpora a lb iean tia#  Some c a p il­

l a r i e s  are a lso  p resen t around the degenerating lu te a l 

c e lls#  This ovary has another ’ s t e l l a t e  sear* o f a corpus 

a lb ican s . The p e rip h e ra l arrangement o f the v esse ls  and the 

c e n tra l  collagenous f ib e rs  in  the recen t as well as the old 

corpora a lb ie a n tia  In th is  group corresponds to  the corpora 

a lb ie a n tia  a lready  described in  the e a r l ie r  section# Ths two 

recen t corpora a lb ie a n tia  show the rap id  lu te a l  degeneration 

and th e ir  subsequent transform ation in to  the ’s t e l l a t e  scar*# 

These ♦ s t e l l a t e  s c a rs ’ g radually  blend w ith the connective 

tis su e s  o f the ovary#

Ths recen t postpartum u te r i  are  th ick e r than those
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classed a* anestrus* The stratum vasculare la well marked 

and has many adventlal vessels* In the recently parturated 

animal the mucosal rugae are prominent* The horn (Plate V, 

Figure U8) has coiled glands and highly oedematous stroma* 

The gland and the epithelial cells show decrease in the 

height of the cells* The horn In the older post partun 

animal is like that of the anestrus horn*

VII. TUB GROWTH OF W  OVUM

In forty randomly selected ovaries# the diameter of 

one hundred follicles and ova were measured (Appendix Table 

IV). The relationship of ovum growth to follicle growth 

was plotted on millimeter graph paper (Plate VI# Figure 50).

The growth of the ovum and the follicle is divided 

into two phases as suggested by Bramhall (1928). In the 

first phase the ovum grows rapidly until almost the adult 

sice# while the follicle increases slowly* The full growth 

of the ovum is attained before the follicle reaches 200 miera 

in diameter (Plate VI# Figure 50)* The sice of the ovum 

in the follicle larger than 200 micro remains relatively 

stationary* The ovum is approximately 123 micra in diameter* 

In the second phase the follicle grows rapidly# chiefly by 

the enlargement of the antrum and by the differentiation of 

the thecal elements* The primary follicles are located in

the cortex# Whereas the growth in the secondary follicles
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tends to bring them closer to the medulla. The presence of 

a large Graafian follicle or a corpus luteum Inhibits the 

differentiation and the growth of the primary and the 

secondary follicles* Many of these follicles become 

atretic in the anestrus, estr us end the pregnant animals* 

The follicles in the present study have been classified 

into nine types as suggested by Pincus and B a u m s  (1937)* 

The follicular growth during the vesicular stages and the 

antrum formation have also been studied as indicated by 

Robinson (1918) in the ferret*

The ovum is surrounded by a single layer of flattened 

disconnected epithelial cells* The eve arc located in the 

cortex closer to the tunica albuginea (Plate IV, Figure 32).

Type Two Follicle

The ovum has a single layer of follicular cells* These 

cells are connected to form a definite cell layer around 

the ovum (Plate XV# Figure 33)*

Type Three Pellicle

A single layer of the cuboidal cells surrounds the ovum* 

These cells are compact* The zona pellucida is observed for

the first time* The connective tissues and stromal cells
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also show some differentiation from the adjacent strom. It 

marks the beginning of the thecal differentiation* The ovum 

has a large vesicular eccentrically placed nucleus and a 

prominent nucleolus (Plate IV, Figure 3^),

Type Four Follicle

Two rows of cubed dal cells are present around the 

ovum. The inner row may be completely or incompletely 

formed* It Indiestea the proliferation of the inner cells 

from the outer row cells* The follicle is slightly oblong 

in shape* instead of the oval shape as observed in the 

earlier types* The ovum shows an increase in size and volume 

The thecal cells have differentiated from the surrounding 

stroma. The theca interna and the theca externa could be 

roughly demarcated (Plate IV, Figure 35)•

Type Five Follicle

The follicle has a multilayered layer of cuboldal cells 

around the ovum. The oblong follicle shows two poles, where 

the cuboldal cells are actively proliferating* The cells sre 

small and have large nuclei* The ovum is surrounded by a 

well demarcated coma pellueida* The theca show# further 

differentiation of its elements (Plate IV, Figure 36).
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Ths follicle in this stage shows the formation of antra 

In the poles* The antra are snail in the beginning and 

eventually two of them coalesce to for® a larger antrwi 

(Plats IV, Figure 37)* The sons pelluolda is thick and 

distinct around the own* The cuboidal cells have increased 

in number* The entran has follicular fluid of uniform 

texture* This follicular fluid may be called ♦primary 

liquor fol11cull*, as Indicated by Robinson (1918)* The 

granulosa and thecal cells are wall marked In the follicle*

Type Savon Follicle

The seventh stage is usually designated as the beginning 

of the vesicular phase, which coincides with the cessation in 

the increase of the ovum else* The ovum has a distinct layer 

of the corona radlata cells* Many small antra coalesce to 

form a large antrum (Plate IV* Figure 38), In the follicle 

except at the cumulus sophoras region* A secondary vacuola­

tion can be noticed in the cumulus oophorua. These cavities 

have follicular fluid, designated as the •secondary liquor 

folllculi’*

TX2e^ l j & t J ^

The OVUM is suspended in the follicle giving an appearance 

of the ’spider web’* The corona radiate cells have farther



126

differentiated (Plate IV, Figure 39). The zona pellucid# le 

thick and the ovum has a vesicular nucleus• The corona 

cells are of the columnar type* The membrane granulosa 

layer shows some mitotic activities, usually two to four 

layers of the granulosa cells are observed in this type of 

follicle* The theca interna shows vascularization.

Type Hine or Preovulatory Follicle

The follicles show formation of the ovulation cone. 

The ovum la detached from the follicle and floats in the 

antrum. The granulosa cells have increased mitotic activity 

(Plate I, Figure 6 and Plate IV, Figure UO). The ovum in 

this follicle was not recovered. The theca interna is 

highly vascularized with the advential vessels and the 

capillaries. The membrane granulosa layers in the types 

eight and nine follicles are occesicrilydetached from their 

anchorage. At the time of ovulation, such detached granulosa 

would facilitate the collapse of the follicle. It would not 

be extruded out of th® follicle because of its attachment 

with the basement membrane and theca interna layer. Some 

granulosa cells might be lost with the collapse of the 

follicle. These granulosa cells apparently drag with them 

some filamentous fibers, and thus result in the formation of 

the 1 tertiary liquor folliculi*. The preovulatory follicles 

in the sea otter are about eight millimeters in diameter. The 

size of the ovum is approximately 123 micra in diameter.



CHAPTER V

DISCUSSION

The ovaries of one hundred and forty animals were 

studied to Investigate the reproductive cycle of the see 

otter (Snhydra lutrig), Uteri and oviducts were studied 

from representative specimens in different stages of the 

reproductive cycle. The reproductive tracts were collected 

throughout the year and thus form an adequate sample to study 

the gross and microscopic structures*

The sea otter ovaries are roughly lenticulete or comprea 

sed ovale. They usually have lobulated surfaces. The sice 

of the sea otter ovary does not vary greatly during the 

estrous cycle. This is contrary to the findings in mink 

(Hansson* 19^7 J Enders, 1952), in the ferret (Robinson, 

1918} Hamilton and Gould, 19M), and in the weasel (Deanesly, 

19UM, where the variations in the site of the ovaries are 

greater.

The adult ovary is covered by the germinal epithelium, 

as seen in other mammals (Harrison, 1962), The germinal 

epithelium consists of a single layer of the euboldal or 

low columnar cells. Occasionally, in local areas multi­

layered germinal epithelial cells project into the cortex or 

out from the ovarian surface. Ferrets also have multi­

layered geminal epithelial cells (Hamilton and Gould, 19U0),
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The geminal epithelium shows active mitosis in these areas

and the tunica albuginea is usually disorganised or disrupted. 

Occasionally the sub-surface crypts are lined with multi- 

layered epithelial cells. The proliferation of the geminal 

epithelium indicates the addition of epithelial sells to the 

cortex. In the sea otter the formation of the multilayered 

sells apparently is not in response to the estrogen stimula­

tion as in some other mammals (Builough. W ) ,  since it 

occurs throughout all phases of the cycle.

The tunica albuginea in the sea otter is composed of 

collagenous fibers like that of the ferret (Kobineon. 1918). 

and the mink (Hansson. 19U7)» The cortex is divided into 

irregular oolums and nests, giving the ovary a labyrinthine 

appearance similar to that of the mink (Hansnon. 19U7). The 

cortex and the medulla of the see otter do not differ from 

other mustelids (Robinson# 1918j Hansson. 19^7J Wrl#at and 

Rausch# 1955 k

Sub-surface crypts of the simple and the complex types 

do not show cyclic patterns of development in the ovaries 

of the sea otter in contrast to the findings in the Pinnipedia 

(Harrison and Mathews# 1951)• Pearson (1952) called these 

sub-surface crypts the ^fissures*. Sometimes the sea otter 

crypts show budding of *epithelial tubes* into the deeper 

cortex. The budding shows the addition of the epithelial 

elements into the cortex# either by the streaming of cells
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from the crypt or by detaching the ’epithelial tubes* from 

the crypt# The budding of the crypts has net been reported# 

This shows the functional utility of the crypts, which has 

also been suggested by Harrison and Mathews (1951)*

The oocytes have been seen along the crypt® or occasional 

ly in the lumen# Craig {19&U showed the presence of 

oocytes in the cryptic lumen of th® fur seal# Mossman 

(1938) said that the surface epithelium encloses surface 

oocytes of Erethiaon dorsatun# Harrison and Ite thews (1951) 

did not report the association of the oocytes with the 

crypts#

The sea otter ovaries show atresia both in the primary 

and the Graafian follicles, like those of other M M IS 

(Asami, 1920) Clark, 1923J Kingsbury, 1939J Grambell, 1956) 

Ingram, 19628 and Craig, 19610# Atresia in the sea otter 

is characterised by the formation of the ’glassy membrane’ 

as seen in the fur seal (Craig, 19610• The atretic follicles 

do not luteinize, as do those of the badger (Heal and 

Harrison, 1958)# The signs of the atresia ar® seen in the 

granulosa and theca cells, besides the ova themselves, as 

reported earlier by Asami (1920), Mossman (1937)# and Clark 

(1923)*

Th# luteal cells in the sea otter’s corpus lute tan 

degenerate very rapidly after parturition like those of the 

eew (Comer, 1921) and the striped skunk (Leach, 1960)#
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They degenerate by vacuolation and fragm entation as seen in 

the badger (Meal and H arrison, 1958). The nucle i become 

pyenotic and the c e l l s  f in a l ly  shrink# Degeneration of 

the lu te a l  c e l l s  sem s to begin in  the cen te r o f the  corpus 

lu te m  and then ext end to th® periphery , con tra ry  to the 

guinea pig (Loeb, 1911)* A fte r th® lu te a l  c e l l s  have complete 

ly  degenerated and been replaced by collagenous f ib e r s  and 

f ib ro b la s ts ,  the  corpus albican® gives the  appearance of a 

’s t e l l a t e  soar*# This has a lso  been reported  in  the  fu r 

sea l (C raig, 19610 • These corpora a lb lc a n tla  have p e r i ­

phera l h ya lln ised  v esse ls  and the dense i r re g u la r  co llag e ­

nous f ib e rs  s im ila r  to  th® m e reported  by Mosman and Judas 

(19U9), and Corner (1921), The old corpus a lb icans w ith I t s 

p e rip h e ra l vesse ls  ean be d istingu ished  In  th® ovaries fo r 

about two y ea rs , b a te r  i t  blends with the ovarian tis su e s 

and becomes in d is tin g u ish ab le  as ind ica ted  by arembell (1956), 

and Joe l and ^oraker (I960),

The lu te a l  c e l l s  in  the sea o t te r  are  derived from the 

granulosa c e l ls  as in  the ra b b it  (Deanealy, 1930), and the 

pocket gopher (Mossman, 1937). The granulosa o r ig in  of lu te a l 

c e l ls  has Wen supported by Comer (19^3) end liar r is e n  (1962), 

The connective t is s u e  elements o f the corpus lu te m  ar® 

supplied by the theca in te rn a  as seen in  the  pocket gopher 

(Mossman, 1937)# The connective t is su e s  lay  down a network 
in  the ovulated f o l l i c l e ,  along which the lu te a l  c e l l s
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stream  to  the een te r o f the corpus. This network of 
connective tis su e s  possib ly  keeps the ovulated f o l l i c l e  tn  a 

distended cond ition  u n t i l  the lu te a l  c e lls  f i l l  the a n tra , 

Robinson (1918) sa id  th a t  the rup tured  f o l l i c l e s  rsd is te n d , 

which is  the beginning of the corpus luteum formation#

The corpora lu te s  in  the sea o t te r s  can be sub-div ided 
in to  th ree  groupsi the  corpora o f o v u la tio n , corpora o f th e 

free  b la s to c y s t stage and corpora o f implanted pregnancies#

The corpora lu te s  of ovu la tion  are s m i le r  than those 

of the Implanted pregnancies. These corpora have a very 

la rge  antrum and p a r t i a l ly  lu te  liaised granulosa c e lls #  The 

lu te a l  c e l l s  a re  sm all and have v e s ic u la r nuclei#  Th® lu te a l 
c e l ls  in  the corpus lu teun  lack  re g u la r i ty  in  th e i r  arrange­

ment as in  the pig  (Corner, 1915) and th® dog (Evans and 

Cole, 1931)♦ Th$ granulosa c e l l s  in  the p re-ovu lato ry 
f o l l i c l e  of the sea o t te r  show m ito tic  a c t iv i t i e s  as no ticed 

in  the mink (Hansson, 19U7)*

The corpora lu te s  In  animals w ith recovered and unre­
covered b la s to c y s ts  are s t ru c tu ra l ly  a l ik e , and are  sm aller 

than the corpora lu te a  o f the implanted animals# The lu te a l 

c e l ls  ar® polyhedral and have uniform granular cytoplasm with 
v es icu la r n u c le i ,  as seen in  the r iv e r  o t te r  (Hamilton and 

Eadie, 196k). The corpora lu te a  in  the b la s to c y s ts  ready to 
implant have no an tra  bu t they show hypertrophied lu te a l 
c e lls#  Deanesly (19UU) reported  continuous growth of the
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corpus luteum In the weasel* which is also true for the fur 

seal (Craig* 19&U* The luteal cells are regular at the 

trabeculae and irregular in the intertrabecular spaces# 

These luteal cells are arranged in the form of cords which 

show branchings and rebranchings in the corpus luteuw#

The corpora lutes in the implanted animals are approx!- 

stately twice as large as the corpora lutes of ovulation or 

of blastocyst stages# The corpora lutes in the e^ly 

Implanted animals have no cavities# The cavitation in the 

corpora lutes increases in the animals with the larger 

fetuses# These cavities have some fluid precipitate and a 

connective tissue meshwork# In the pregnant sea otter the 

cycle of the corpus lutaua as a whole appears like that of the 

human corpus lute via (Nelson and Greene* 1958)# The 

cavitation of the corpus luteum is associated with the 

Increase in size of the corpus# The corpus luteura of 

pregnancy is a highly vascular structure# The luteal cells 

have a granular and uniform cytoplasm with vesicular nuclei 

as seen in the ferret (Hammond and Marshall* 1930) and the 

river otter (Hamilton and Sadie* 19&U» These cells 

apparently remain secretory until parturition# After 

parturition the luteal cells regress rapidly like those of 

the Rocky Mountain pika (Duke* 1952) and the badger (Harrison 

and Neal* 1959).

The structural similarities of the luteal cells in
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animals with blastocysts and implanted stages suggest their

functional relations# The corpus luteum with the unim­

planted blastocysts m y  secrete some progesterone, which 

maintains the uterine glands and the mucosal epithelial 

cells in the differentiated form# The amount of the 

secretion increases rapidly in the hypertrophied luteal 

cells at implantation# The sea otter has no accessory 

corpus luteum.

The interstitial cells form the main mass of the cortex 

and are usually arranged in discrete clumps as reported by 

Stafford and Mossman (19U5) in the guinea pig* The type and 

the relative amount of the interstitial cells indicate a dis­

tinct cycle in the sea otter* The interstitial cells were 

grouped as suggested by Moseraan (1937)* The granular type 

interstitial cells were more abundant in anestrus and post par­

turn animals than in the estrous and pregnant ones# Interstitial 

cells are abundant in the anestrus ovaries of the dog (Mulli­

gan, 19U2) and the ferret (Hamilton and Gould, l%0)« There is 

a distinct increase of interstitial cells of the mature type 

in the estrous ovaries# Graafian follicles in the estrous 

ovaries grow and reach the pre-ovulatory stag© during the 

follicular phase, when the production of estrogen is at its 

peak# Leach (I960) said that the interstitial cells in the 

striped skunk show cyclic response, which is positively 

correlated with the growth of th© follicle# The mature cells
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have im lfo ra  cytoplasm end v es icu la r n u c le i, g iv ing  them the 

appearance o f m iniature lu te a l  c e lls*  The s tru c tu re  o f these 
c e l l s ,  end th e i r  abundance c o rre la te d  with the estrous o v a rie s , 

and the p reovula tory  f o l l i c l e s ,  suggests a sec re to ry  func­

tio n . These c e l l s  nay se c re te  estrogen or a l l i e d  p roducts, 
Harrison (1962) ea id  th a t the i n t e r s t i t i a l  c e l l s  undergo 

changes in  the s iz e  and th s  c y to lo g ie s! c h a ra c te r is t ic s 

during e s tru s  and pregnancy, Falack (1959* Quoted by E ckste in , 
1962) sa id  th a t the theca In te rn a  end the i n t e r s t i t i a l  c e l l s 

may c o n s titu te  the estrogen producing c e l l  system of the 

ovary. Recent s tu d ies  have in d ica ted  the c lo se  h is to - 

genetie  re la tio n sh ip  between the these  in te rna  o f the 

a t r e t i c  f o l l ie le e  and the I n t e r s t i t i a l  c e l ls  (Bramhall, 

1956), I t  is  ala© considered th a t  both o f the systems are 
to  some ex ten t fu n c tio n a lly  in terchangeable . Cleasson and 

H illa rp  (1M?) showed th a t the i n t e r s t i t i a l  c e l l s  are 
concerned w ith estrogen  se c re tio n . The i n t e r s t i t i a l  c e l l s 

and the theca in te rn a  m y  a lso  function  independently , 

Most o f the mature i n t e r s t i t i a l  c e l ls  d if f e r e n t ia te

from the theca in te rn a  o f the a t r e t ic  f o l l i c l e s  (A th ias, 
1920j and Mossman, 1937), and occasionally  from the granu­
losa  c e lls  o f the a t r e t i c  f o l l i c l e s  (as shown in  P la te  I I , 

F igure 13), These c e l l s  d i f f e re n t ia te  from the granular 
type i n t e r s t i t i a l  c e l ls  loca ted  around the a t r e t i c  f o l l i c l e s . 

The granulosa and the theca l o rig in  of the  I n t e r s t i t i a l  c e l l s
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have been shown by Dawson and McCabe (1951) and Kennels 

(1951)* ^h® d if fe re n t ia t io n  o f the  la rg e  amount o f the 

n a tu re  c e llo  from the granular c e l l s  in  the estro us ovr.rles 
suggests the fu n c tio n a l need fo r  these c e lls*

A fter ovulation  end the p a r t i a l  lu te in iz a t io n  o f the 

fo l l ic le *  the mature i n t e r s t i t i a l  c e l l s  degenerate ra p id ly 
(Appendix Table I)  re su lt in g  In the form ation o f the la rg e 
i r re g u la r  vacuolated type i n t e r s t i t i a l  c e l l s .  These c e l l s 

show cytoplasmic vacuolation  and pycnotic nucle i as in  the 
pocket gopher (Mossman* 1937)* The la rg e  vacuolated c e l ls 
shrink  end fo ra  the g ranu lar type i n t e r s t i t i a l  c e l l s .  The 

rap id  degeneration o f the mature c e l l s  a f te r  ovu la tion 
would in d ic a te  the sharp reduction  o f the estrogen requirem ent 
by the anim als. This fa c t  I s  co n s is ten t with the sugges­

tion th a t the mature I n t e r s t i t i a l  c e lls  of the sea o t te r  a re 

involved in  se c re tio n  o f estrogen o r a l l i e d  products* The 

sharp dec line  in  the estrogen m i ^ t  be due to  d ec line  in  the 
fo l H e le  s tim u la tio n  hormone from the a n te r io r  p i tu i ta r y  in 
the post ovulatory  phase. The i n t e r s t i t i a l  c e l l s  in  the 
woodchuck are  maximum a t  the time o f ovu lation  and e a rly 
pregnancy (Rasm seen, 1918), Thia i s  a lso  true in  the 
badger* weasel and the pocket gopher (S taffo rd  and Mossman* 

1 9 W .
The ovaries with u te rin e  b la s to c y s ts  have more in te r ­

s t i t i a l  c e l ls  than those fro® implanted animals* The
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ovaries f w m  animals with implanted fetuses have a small 

amount of th® mature interstitial cells, suggesting a source 

of estrogen during the pregnancy# These cells are usually 

around the corpora lutea and also among the connective 

tissues of the stroma# Multinucleate mature interstitial 

cells have been noticed in the ovaries of pregnant animals*

The uterus of the sea otter shows structural changes 

correlated with the ovarian structures as seen In other 

mammals (Evens and Cole, 1931J Mulligan, 19^2 J Deaneely, 

1935? Hamilton and Could, 19^0; Hansson, 19U7? and Weal 

and Harrison, 1958). The anestrus uterus has simple tubular 

glands and non-oedans tous stroma, whereas the estrous uterus 

has coiled tubular glands and oedematows stroma# The 

endometrium in the pregnant animal has an inner complex 

sone and an outer spongy sone# The height of the mucosal 

epithelium and of the uterine glands in both the horns is 

essentially alike, contrary to the condition shown by Craig 

(1961$.) in the microphoto of the fur seal horns, which he did 

not discuss in the text#

The relationship of ovum growth to the follicle growth 

in the sea otter is like that of other mammals (Pincue and 

tnewann, 1937? Bramhall, 1928? Parkes, 1931? Mathews, 1939? 

and Harrison, 1962)# The ovum of the sea otter attains a 

nature site of approximately 123 micra in diameter, when the 

follicle Is loss than 290 micra In diameter# The pre-
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ovulatory fo ll ic le  of th# sea o fetor la  approximately eight 
m illimeters in diameter* Th# primary# secondary and th# 
te rtia ry  liquor fo l l ie u ll  are aloe present in  th# sea o tte r 
sim ilar to th# fe r r e t  (Robinson, 1918)* The sea o tte rs 
have blastocysts throughout the year, which are a t  the d iffe r­
ent stages of th e ir  growth. The sm allest b lastocyst is  97 
miora In diameter with 10 c e l ls ,  whereas the la rg est b lasto ­
cyst is  approximately ^72 a i m  in diem  te r  with an estimated 
$00 cells*  This indicates the growth of the blastocyst 
during the unixaplantod stage, a lso  observed by Not in i  (19M# 
quoted by Harrison and Wal# 19%)* Completely quiescent 
blastocysts during delay have been seen in  the m a te lid s 
(Hamlett, 1932| Aiders, 1952J and Neal and Harrison, 1953), 
The blastocysts d iffe ren tia te  into the Inner co ll mass and 
the trophoblastic layer as in  a l l  Eutherian M M I* (Mossman# 
1937)* Most of the blastocysts have collapsed and hove 
broken zona pelluolda, possibly due to the poor preservation* 

The presence of the blastocysts end the corpora lu te s 
throughout the year, indicates the absence of a d is tin c t 
breeding season In the sea otters* This has also been 
reported by the e a rlie r  workers (Fisher, 19U0j Muri#, 19*01 
Barabash-Nikiforov, 191̂ % and Lensink, I960)* The unimplanted 
blastocysts indicate that delayed implantation occurs in  the 
sea o tte r , but the delay does not seem to synchronize the 
time of b ir th  in  the animal#* This is  a lso  supported by
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Lensink (1960)# Usually one f o l l i c l e  ovulates at a given 

t h e ,  which Is followed by the delay* replantation and the 

parturition* Only two anim la show the presence of one 

corpus luteum In eeeh ovary*



CHAPTER V I

SUMMART

The reproductive tracts from U4O female sea otters were 

studied# Histological structures of the ovaries and the 

uteri are described and related to the estrous cycle of the 

animal#

The sea otter ovaries are roughly lenticulate or 

compressed ovals* having lobuleted surfaces# The else of 

the ovary does not vary greatly during the estrous cycle#

The multilayered germinal epithelial cells project 

both into the cortex or upon ths ovarian surface# The tunica 

albuginea is usually disorganised or disrupted at these 

thickenings# The cortex la divided into irregular columns 

and nests* giving the ovary a labyrinthine appearance#

There is no cyclic pattern In the formation of the 

simple or complex sub-surface crypts# These crypts are 

formed by the Invaginations and branchings# Occasionally 

buddings of the crypts are seen to form epithelial tubes 

projecting into the cortex# The crypts may have single or 

multilayered epithelial cells# The streaming of the epithe­

lial elements from the crypts* the budding of the epithelial 

tubes and the proliferations of the geminal epithelium 

indicate the addition of epithelial elements to the cortex#

Follicular atresia in the sea otter is like that of



other mammals* Atresia Is characterised by the formation 

of the ’glassy membrane** Atretic follicles in the sea 

otter do not luteinize*

The luteal cells in the sea otter are derived from 

the granulosa* The theca Interna supplies the connective 

tissues to the corpus luteum* The formation of the 

connective tissues network In the recently ovulated 

follicle possibly keeps the ovulated follicle distended*

The corpora lutes of unimplanted pregnancies are smaller 

than those of implanted pregnancies* There is secondary 

cavitation in the corpora lutes during mid and late preg­

nancy* These cavities may be .formed by the hypertrophy 

of the corpus luteum* The cavities have fluid precipitate*

The luteal cells immediately after ovulation end 

during unimplanted stages are either polygonal or cylindrical 

in shape and mailer in size than those of the implanted 

pregnancies* The luteal cells in implanted stages are 

greatly hypertrophied and highly secretory* Cytoplasm is 

granular in the luteal cells of corpora lutes in both 

implanted and unimplanted pregnancies* Since the luteal 

cells of unimplanted pregnancies are similar histologically 

to those of Implanted pregnancies* it may be that progesterone 

is produced during both periods*

The luteal cells do not degenerate until parturition*

The degeneration of the cells is rapid and extends from the



center of the corpus to the periphery. A completely retro­

gressed corpus luteum or corpus albicans gives the appearance 

of the * stellate sear1. The latter is mostly composed of 

central collagenous fibers and peripheral hyallnized 

advential vessels. The corpus albicans in the sea otters 

ovary la probably distinguishable for about two years.

The interstitial cells of the sea otter show a distinct 

cycle. Three types of interstitial cells have been observed.

1) The granular type interstitial cells uro small and 

irregular. They are found mostly around the atretic 

follicles, and are thecal in origin. These cells are 

abundant during the anestrus period.

2) Th® mature typo Interstitial cells are large poly­

hedral cells with vesicular nuclei. They are abundant 

during estrus and in recently ovulated animals. They are 

mostly thecal and partly granulosa in origin.

3) Th© largo irregular type Interstitial cells are 

vacuolated, shrunken and have pycnotic nuclei. These are 

degenerating mature type cells, and are abundant in ovulated 

animals.

The anestrus animals have more of the granular typo 

interstitial cells than the pregnant animals. The amount 

of the granular cells decreases as the animal approaches 

estrus and at the same time the mature cells Increase in the 

ovaries having pre-ovulatory follicles. The sharp increase



in the amount of nature interstitial cells in the estrous 

animals and the deerease in the granular interstitial sells 

suggest their possible functions during the follicular 

phase* The nature Interstitial cells may secrete estrogen 

or allied products required by the large Graafian follicles#

The nature interstitial cells are polygonal in shape* 

with uniformly granular cytoplasm and vesicular nuclei* 

giving them the appearance of miniature luteal cells# 

These cells are neatly differentiated frats the granular 

interstitial cells* which are located around the atretic 

follicles and partly fra® the granulosa cells of ths 

atretic follicles# Small amounts of the mature interstitial 

cells are present in pregnant animals#

The mature interstitial cells become vacuolated and 

have pycnotio nuclei in the recently ovulated animals# 

These cells form the large irregular vacuolated type 

interstitial cells and are therefore probably non-saerstory# 

Thia may corrals to with the decrease of the estrogen in the 

ovulated animals# The large vacuolated cells shrink and 

red!fferentlate into the granular type interstitial cells#

The uterus in the sea otter is bipartite# The changes 

in the mucosal epithelium and the uterine glands correlate 

with the changes in ths ovarian structures# The endometrium 

has a complex inner zone and a spongy outer sone In the 

pregnant animals# The cyclic changes in the oviduct oorres-
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pond with the changes in  the ham s and in  the ovaries*

Both the horns in  the corpus u terus are separated  by a 

muscular membrane o r  septum* They la te r  u n ite  to fo ra  the 
common u te rin e  and the c e rv ic a l cana l, which open® v e n tra lly 
on the cervix#

The re la tio n sh ip  o f the ovum growth and the f o l l i c l e 
growth in  the sea o t t e r  i s  l ik e  th a t  o f o th e r mammals* The 

ovum reaches the mature e lse  of approxim ately 123 ml era 

before the G raafian f o l l i c l e  reaches the sl»e  o f 200 micra# 
The preovulatory  f o l l i c l e  in  the sea o t te r  i s  about e ig h t 
m illim eters  in  diameter#

The sea o t te r s  have b la s to c y s ts  throughout the year* 
the sm allest recovered b la s to c y s t being 97 miera and the 
la rg e s t  being U72 M ora* The presence o f many u te r i  w ith 

unimplanted b la s to c y s t in d ica te s  a delay in  im plantation#
Pups o f a l l  s izes  have been repo rted  throughout the 

year* This in d ic a te s  th a t  the delay in  the im plan ta tion  of 

the b la s to c y s t doos not re g u la te  the b ir th  time# The sea 
o t te rs  do not show d is t in c t  breeding seasons#
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PLATE I

Figure

Figure

Figure

Flpure 

Flgure

Figure

Figure

Figure

Figure

Figure

1# Sub-adult ovary showing many oocytes and 
atresia* X 14.

2* Sub-adult horn is showing the mucosa. the 
uterine glands, the non-oedamatous stroma 
and the muscle layers* X 100*

3* Anestrus ovary* Large number of oocytes and 
small Graafian follicles are seen* Note the 
columns and nests in the cortex* X 12.

U* Inactive anestrus ovary showing large central 
medulla with vessels* X 6.5*

5* Anestrus ovary showing the deep sub-surface 
crypts. Note the old corpora albicantia with 
peripheral adventlal vessels* X 6*5*

6* Estrous ovary. A large pre-ovulatory follicle 
with the ovulation cone is seen. Note an old 
corpus albicans with peripheral adventlal 
vessels* X 8.

7* Post parturn anestrus ovary* Many small and 
medium sized Graafian follicles are atretic. 
Also note an old corpus albicans with the 
adventlal vessels* X 8.

8* Post parturn anestrus ovary. A recent corpus 
albicans showing the central core of collagenous 
fibers and the peripheral degenerating luteal 
cells* X 7.5.

9. Post partis anestrus ovary. A recent corpus 
albicans showing the central collagenous fibers 
and the peripheral degenerating luteal cells.
Also note the peripheral adventlal vessels. X 8

10* Anestrus ovary showing interstitial cells* 
Note the large cyst in the fimbria of the 
oviduct. X 8.
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Figure 11*

Figure 12.

Figure 13#

Figure 1U<

Figure 15.

Figure 16.

Figure 1?#

Figure 18.

Figure 19.

Detail of the estrous ovary (Figure Uo)« Note the 
large amount of mature interstitial sells. X 100.

Both granular and mature Interstitial cells are 
seen around an atretic follicle. X 2^0.

The mature interstitial cells are being dif­
ferentiated from the thecal elements of the 
atretic follicle and from the granulosa cells 
of the atretic follicle. Note the polyhedral 
Interstitial cells with the vesicular nuclei 
and the sinusoids. X 2^0.

The atretic follicle showing the glassy membrane, 
the sons poliosIda and the degenerated ovum. 
Discrete clumps of the granular interstitial 
cells are seen. Note the mature interstitial 
cells. X 100.

The epithelial cells are seen leaving the 
sub-surface crypt. X 2?0.

Ovary showing the multiple layered germinal 
epithelium. The epithelial cells are pro­
jecting into the cortex and on the ovarian 
surface. The tunica albuginea is disrupted and 
disorganized. The stromal cells are seen migrat­
ing to the epithelial cells at the disorganised 
tunica albuginea. Note mitotic figures In the 
epithelial cells. X U^O.

Detail of the recent corpus albicans shown in 
Figure 8. The degenerating luteal cells show 
vacuolation, fragmentation and pycnotio nuclei. 
The luteal cells have greatly shrunken. X U00 oil

Detail of the recent corpus albicans shown in 
Figure 9. The luteal cells are greatly 
shrunken and have pycnotic nuclei. X h00 oil.

A sub-surface crypt showing budding of the 
epithelial tubes into the cortex. X 100.





PLATE I I I

F ig u re  20# Ovary w ith  a r e c e n t  corpus lu teum  in  an anim al 
w ith  unrecovered  b la s to c y s t .  Note th e  la rg e 
i r r e g u l a r  v ac u o la ted  and m ature i n t e r s t i t i a l 
c e l l s .  X 8 .

F ig u re  21* Corpus luteum  w ith  antrum  in  an anim al w ith  a 
reco v ered  b la s to c y s t .  Also n o te  the  deep 
su b -su rfa c e  c r y p t s .  X 8 .

F ig u re  22* Ovary from an anim al w ith  a reco v e red  b l a s t ­
o c y s t ,  The corpus luteum  i s  com pact, X 8 .

F ig u re  23 . Ovary o f  an  e a r ly  Im planted  pregnancy showing 
a compact co rpus lu teu m . X 8 .

F ig u re  2H. Corpus lu teum  o f  m id-pregnancy showing c a v i t a ­
t io n .  A lso n o te  th e  deep su b -su rfa c e  c r y p t .  X 8

F ig u re  25 . D e ta il  o f  th e  corpus luteum  shown in  F igu re  2 1 . 
Note th© r e g u la r i t y  in  th e  co rd s o f  the  l u t e a l 
c e l l s .  The c e l l s  a re  p o ly h e d ra l and e lo n g a te d . 
X U00 o i l .

F ig u re  2 6 . L u tea l c e l l s  in  an anim al w ith  un recovered 
b la s to c y s t  a re  s im i la r  to  th a t  o f  the l u t e a l 
c e l l s  in  F ig u re  2 5 . X H^O o i l .

F ig u re  27 . Ovary showing an In te rm e d ia te  e l s e  o f  th e 
l u t e a l  c e l l s  in  an anim al w ith  b l a s to c y s t , 
x hoo o i l .

F ig u re  28 . The anim al read y  to  im p lan t has g r e a t ly 
h y p e rtro p h ied  l u t e a l  c e l l s .  The corpus luteum 
i s  h ig h ly  v a s c u la r iz e d .  X l|00 o i l .

F ig u re  29 . Note the h y p e rtro p h ied  and po lygona l l u t e a l 
c o l l s  In  th e  anim al w ith  ab o u t 20 m il l im e te rs 
long  embryo. X U00 o i l .

F ig u re  30 . Note th e  l u t e a l  c e l l s  in  the  anim al hav ing 
l r<0 m il l im e te rs  long f e t u s .  X 1^00 o i l .

F ig u re  31 . Note the l u t e a l  c e l l s  i n  the  an im al having 
U|.O m il l im e te rs  long  f e t u s .  X H^O o i l .





HATE IV

F ig u re 32 . Ovary showing f o l l i c l e type 1 . X IpO o i l .

F ig u re 33 . Ovary showing f o l l i c l e type  2 . X 25o

F ig u re 3H. Ovary showing f o l l i c l e type 3 . x Hoo o i l .

F ig u re 35 . Ovary showing f o l l i c l e type U. X 250

F ig u re 36. Ovary showing f o l l i c l e type 5 . X 250

F ig u re 3 7 . Ovary showing f o l l i c l e type 6 . X 250

F ig u re 36 . Ovary showing f o l l i c l e type 7 . X 100

F ig u re 39 . Ovary showing l a t e  f o l l i c l e  type 8 .  Note
th e  g ra n u la r  I n t e r s t i t i a l  c e l l s .  X HO.

F ig u re  HO. E s tru s  o v a ry . A p re -o v u la to ry  f o l l i c l e 
type 9# w ith  the o v u la tio n  cone . Not® th e 
la rg e  amount o f  th e  m ature i n t e r s t i t i a l 
c e l l s  and th e  deep su b -su rfa c e  c r y p t s .  X 6 .5
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F igu re  MU An a n e s tru s  u te r in e  horn showing s u r fa c e 
e p ith e liu m , u te r in e  g lands end th e  s tro m a , 
X 100,

F ig u re  U2# E stro u s  u te r in e  horn  showing th e  e p i t h e l i  tan 
and th e  c o i le d  u te r in e  g la n d s . The ovary o f 
th i s  an im al i s  shown in  F ig u re  6 ,  X 100

F ig u re  U3» O viduct showing s t im u la t io n  co rresp o n d in g 
to  th e  horn  (F ig u re  U 2). X 100

F ig u re  M u Horn showing oedamatous strom a and compact 
u te r in e  g la n d s . The a s s o c ia te d  ovary  i s 
shown in  F ig u re  20# X 100

F ig u re  M>» U te rin e  hern  congested  w ith  u te r in e  glands# 
Note the  in n e r  c e l l  mass and th e  tro p h o b la s t 
c e l l s  in  the unim planted  b la s to c y s t#  The zona 
p e l lu c id a  has dense and th in n e r  o u te r  l a y e r , 
and homogeneous and th ic k e r  in n e r  la y e r#  The 
ovary  o f th is  anim al i s  shown in  F ig u re  21# 
X 100

F ig u re  Mu Horn congested  w ith  c o i le d  u te r in e  g lands# 
Note th e  In c re a se  in  c e l l  number o f  th e  in n e r 
c e l l  mass o f  th e  unim planted  b la s to c y s t#  X 100

F ig u re  U7. The b la s to c y s t  in  t h i s  an im al i s  read y  to 
im plant#  Nota the  in c re a se d  com plex ity  in 
th e  u te r in e  glands# The endometrium i s  h ig h ly 
v a sc u la r#  The a s s o c ia te d  l u t e a l  c e l l s  a re 
shown in  F ig u re  28# X 100

F ig u re  MU A re c e n t  p o s t partum  horn showing the  complex 
in n e r  zone o f  th® u te r in e  glands# The strom a 
i s  oedem atous. The ovary  o f  t h i s  an im al I s 
shown In  F ig u re  8# X 100

F ig u re  U9» A p o s t partum  a n e s tru s  horn  showing th e 
reduced  u te r in e  g lands and the  e p i t h e l i a l 
c e l l s #  Th® strom a shows some a d v e n t la l  v e s s e ls 
X 100





PLATE VI

Figure 50*. Showing the re la tio n  of ovum growth to fo l l ic le 
growth, Data on the sea o tter*
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PLATE V I I

Figure 51. Ovary, bursa, uterus and vagina of a sub* 

adult sea otter. Muscular membrane septum 

separating the two uterine horns In the corpus 

uterus. Wot® ventral slit-like opening of 

the cervix.





PLATE VIII

Figure £2# Ovary, bursa and u terus o f an an estru s  ad u lt 
sea o tte r*  Muscular membrane septum separa ting 
the two u te rin e  horns in  the corpus uterus* 

Mote v e n tra l s l i t* l lk e  opening of the cervix*





P U S  IX

Figure 53» Ovary# bursa, uterus and vagina of a pregnant 
sea otter# Uterus is shoeing fetus# sonary 
placenta, and the haaophagous organ.
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