Studies on Structure and Function of the Ovary of the

‘Domestic Fowl ( with reference to the Correlation of

Cell Changes with Physiological Activity)e

A thesis submitted for the degree of Doctor of
Philosophy of the University of Edinburgh

by
G.S. De°10

November 19550
Poultry Research Centre, Edinburgh 9.




_GONTERTS.

uateri?eas ‘ and."ﬂe‘theds

| General Histclogy
Histochemstry | -

Opera\.ive Procedures
~ a) ovariectomy
; . b) Adrenalectmw

Homone Aﬂﬁnist.ration
g , Genadotrophin -
Oestregen '

Ny Chemical exbracts.on, and assay of hormons subatemes

LXJ

.’.

L X
L X J
LN 4

i‘rom t;he Rﬂ.ght Genad of the Poulard

Q.gs A»ts and Diseuasionv

Large follicles

© The pearance of’ the Ovary in Bifferent Physiological States
Macroscepic appearance. -
Genera}.t ‘histology of, izmnature ‘and’ mature wa:ries

Assocla’on.on of Cell Changes in the Ovaxy with lesiological

St.ructm of the ovary of a. Mly Laying ‘Hen
-V Eacmae»pic appearance '
b) Substratm tisgie of the mrary
. . ) Cortical ‘compenents -

S i) Medullary camp«ment.s
g . Postmovulatory follicles,

L ee

Functien a.s revealed by Cymchemistm

Ovmectenw ine relauon to Apdrogen Productmn
Effects of Homones on Cellular Struct.ure of the, Ovary

a) Gonadotrcphin .
b) Oestrogen.

Adrenalectow in Relation te 8eeondary Sex.Characters and

the Structure of the Ovary
Sumnary angd conclusions

.References
Tables )
Index to mustrations

m&Strg'tionS'

[ X

KX

[ X I8

LX
LR 4

L X

_PAGE.

1,
8o
9

- 10.

16, :

' 1‘8_0:

21,
220

7
8lis
89.
9l
6.
97



1.
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As a result of selection throughout the ages, the domestic
|fowl has 1ost; the distinct, limited reproductive period ‘
characteristic of wild birds. In comparisen.witl.h. mammals, the
hen can be considered in active ‘oest'rons throughout the major
part of the year in so far as it is continuously ovulating.
This capacity for egg production has been increased by improved
breeding and management methods which aim to prevent wastages
and to allow normal processes to work maximally. In spite of |
improvements in husbandry methods, however, there is still a
great loss of follicles by atresia in the chicken ovarye The
total number of fellicles in the ovary of é chicken were
estimated by Pearl & Schoppe (1921), who counted 1,906
macroscopic and 12,000 microscopic ova in the ovary of a fully
laying heﬁs Later Faure-Fremiet & kauffhi‘aﬁ(lS’ZS) estimated
the number of follicles in a 2 day old White Leghorn chick to’
be 3 - 6 millions, but considered that only 1000 - 1500 were
potentially ﬁmctional, the others being destined for degeneré.t.ion-.
Observations on the Edinburgh flock of Brown lLeghorns show that
the greatest total mumber of eggs which has been laid by a
single hen is 1,515 (Greenwood 19L9), although higher individual
records have been report;ed since that time in Danish flocks
( Davidsen 195h4). The question of whether it is possible to
prevent this loss of eggs in ths ovary, or whether it is a part
of a natural physiological phenomenon in ovarian activity ‘are
interesting topics to which detaile;l microscopical examinationg
could contribute useful infomatioii;and part of the present -
work is devoted to an examination of this'points,

Work extensively quoted in papers by Rowson (1951)
and Marden (1953) show that it is possible to successiully
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-induce superovulation 1n ismature and mature mammals by the
admnistration of a combmation of gonadotrephic homones, thns‘
enabling one to obtain many more ova than WOlﬂ.d normally be

: provided. Attempts have been made to ;nducg mlationa in-
immature birds and low egg producing hens by similar treatment
(Nalbandov & Ca.rd 19h6) tut, the results were not satisfactory.
At. present an experiment. is in progress to observe the egg
ZLaying performance of Brown Leghorn hens kept under constant
:.onditions of temperature, light and humidity (Greemwood 1955,
persenal comnunication). Results to date show that compared
Eth the control birds, which are subject to usual seasonal

uctuat.ions of t.emperature and ught, the overall number of
ggs even’oually produced by the experimental birds is not
gnificantly greater, thus confirming earlier work by Warren

b al (1950) and Mualler et al(1951), These results could
dicate that the phenomenon of atresia in the chicken ovary is
ﬂmctional process and not a wastage.

Husbandry exper:i.meuts and the indiscriminate

gdministration of hormones to hens are likely to f£ail in the

L'btemp‘b to increase egg production, mthout a proper examination

<m

O

£ the p}vsielegical limitations and ﬁmctions of cells and

cther' tissue elements of the target organ. ‘An extensive study
of ‘b\hei celliilar changes and the activities of the different cell
céxﬁéonénts in t.he ovary could be an esgential 'bas::is' for the
proper appreciation of the results of experiments mentioned above,
and for Mhér iuvestigations into the bhysiélogy of the

" chicken ovary, Hawéver, no detailed studies of the chicken
évary have been reported in the literature from the point of view

Q

£ giv:mg any idea of the relata_on between st-ructure and function
of the various component cell types of the organ. A survey of
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the literature on the minute structure of the ovary reveals that
only deseriptive accounts of the morphology and embryonic
derivation of isolated cell components exists MNo attempt has
been made to correlate the activities of the various parts,
and inﬁestiga‘be their functional 'relatiehships in the physiology
of the gonad as a whole. : L

Bermett(1947) studied the ovary and testes of the.
fowl from hatching to sexuzl maturity reporting on the gross

changés in the weight , length and breadth of the gonads with

e

advancing ages; and Romanoff & Romanoff (1949, p 180) similarly
_véported . the changes,in weight of the ovary from hatching to
_"se:gnal‘maturity and f«hroughout the laying cycle; but no |
=fat£ention was given to the céllular structure of the gonads.
: Ea:fiy'work on the histology of the ovary was confined mostly
,_.1'-,0. a descx;iption 6_1‘ the embryon_’i.c ggnad, the origin of germ
‘cells and their role in the formation of follicles soon after
-hatching (D'Hollander 190L3 Swift 191k Firket 191h): Van.
Durme (1907 191h) described the form of the nucleus and
cytoplasm of the ovum during the process of oogenesis from the
begimming of the -intra-fellicular*_ growth peried up to
fertilisétion. Brambell (1926) paid special attention to
thel distribution of mitochondria and Gelgl elements in various
parts of the follicle as it matureds He described the part
playeid by the granulosa cell layer in the formation of the
vitéiline' membrane, The Golgi elements of the granulosa cells
wex?e conaideréd to be shed into the cytoplasm of the growing
oocyte t§ help in the formation of yolk material. All the
abovementioned workers devoted considerable attention to the |
‘yolk body of ‘Balbiani (a structure capping the nuclei of intra-
follicular oocytes) and its fate in subsequent yolk formation,
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Extra»fcllicular cell components of ths ovary have received
11ttle attention ,however, and those which were studied
Areceived,confllct1ng terminology mainly due to a failure to
study their functional relatiohships;,b | |

* " Van Durme (191L) maintained that cells from the

medulla of the ovary migrated into the cortex during
embryogenesis of the gonad and in appearance they resembled
the interstitial cells of the mamma;ian ovarys Nests of
clear cells in the cortex of the ovary, ﬁhich‘appcared to be
s&nonymous with'Van;Durme's meduilaxy cellsy were earlier
termed m’oerstitial cells by Ganfini (1908) and Poll (1911).

Pearl & Boring (1917), however, stated that the tern ,
'v“interstitial cells" signified hormone secretory cells and
should not be used indiscriminately. They described, as
,secretory elements, an abundance of interstatlal cells with
acldcphile, cytoplasmic granules in the cortex of the ma@ure
ovauy, which were absent from the cvaries of immature '
chickens. It appears that the 1ipid nature of ovarian
secretions was not well established at that time and it was
inQV1tab1e that cells with granules were to be consldered
. as secretory in function, Pearl & Bormng (1918) described a
corpus luteun, consisting of vacuplcted cells wlch shrunken
nuciéi, in discharged and atretic f¢11101e5, and it was
believed to develop as a result of aﬁ inward migration of
nests of clear cells from ﬁhe theca interna. The clear cells
were named "luteal cells", and a yellow pigment in the corpus
luteum, which was neither fatty nor protein in nature, wis
homclogised with similar material in the corpus luteum of

the cow ovary.
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Goodale (1919) considered that the interstitial cells
described by Pearl and Boring (1917) were blood eosinophils,
énd in support of his contention pointed to their irregular
distribution and presencé in othef glands like the thymus,
pituitary etc. In agreement with Poll (1911) and Ganfini
(1908) he referred to nests of clear cells as interstitial
secretory cells and was of the opinion that elther proper
stains were not available at that time to reﬁ;al the secretpory
granules of these cells or the secretions were not stored
as granules. Fell (192h) dealt with the histogenesis of

luteal
the so-called/cells in the ovary and described their
development from medullary cords in the embryonic and
postwembrybnié ovaries. The cells appeared to be similar
to those which were called interétitial or clear cells
by Van Durme, Poll and Ganfini. A cytological similarity
of luteal cells to mammalian jinterstitial/ wasl admitted
by Fell and she reported that they appeared to be secretory
in tyﬁe rather than just constituents of adipose tissue.
However, in view of the fact that the transformation of the
luteal cells was always associated with degenerative strugtures
(atresia) in the ovar&,shs concluded that they were not
actually secretory in function but developed as a result of 4
fatty degéneration of meduilary cords. Fell was unable to
corroborate the hypothesis of Pearl & Boring (1918) which
suggesied that the luteal cells were homologous to the
vacuolated cells inside atretic and discharged follicles
or the mammalian corpus luteum. The ﬁellow pigment on
which Pearl & Boring laid so much siress was shown to be
haemosiderin derived from aborting blood vessels of the

thecal layers of the follicles. In a further communication,
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Fell (1325) investigated the phenomenon of involution of
discharged and atretic follicles to re-examine the hypothesis
of Pearl & Boring (1918), regarding the homology of hypertro
luteal cells with mammalian corpus luteum. She demonstratead,
by employing special mitochondrial stains, that the luteal
cells appearing as nests of clear cells in the theca interna
of follicles and in the cortex were cytologically different

from the vacuolated mass of cells which ultimately occupy

atretic and discharged follicles. The latter were considered

to develop as a result of hypertrophy and fatty degeneration
of cells of theéa interna and membrana granulosa. Luteal
cells did not appear to play any part in the formation of
the so~called corpus luteum, Davis (1942) investigated
~the regression of discharged follicles in the chicken,
pigeon and Argentine Cow biré and found that unlike

ied

viviparous reptiles, there did not appear to be any proliferation

of granulosa in avian post-ovulatory follicles and so he

concluded that the latter were not homologous to the maumelisn

corpora lutea. In the present work, all the above-mentioned
details about ovary cells have been re-examined using modern
histochemical methods, and as a result the usée of the term

corpus luteum is not favoured.

Procedures of administering various hormones to birds

and observing gross gonad and secondary sex character changes,

or bioassays using extracts of various parts of the chicken

ovary have been used in attempts to correlate structure and '

function in the chicken ovary. Riddle & Schooley (1944)
chemically extracted avian post-ovulatory follicles, and were

unable t6 find any progesterone with the sensitive MeGinty

test which is another example of the dangers of homologising|
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discharged foliicles with the mammalian corpus luteum.
Marlow & Richert (19L0) detected oestrogens in the growing
chicken follicle, and reported more oestrogenic activity in
immature follicles than in mature ones. Tabér (1548,1951)
reported that FSH administration to young chiéks caused
hyperplasia of medullary cord cells and the formation of
basophilic granules within ﬁhem: She concluded that the
cells were activated and responsible for androgen secretion
as the combs grew at the sanme timeq. On administering

oestrogens, which inhibited endogenous gonadotroplin:secreti

on,

changes in the appearance of the medullary cells were reporied

which were similar to those observed after withdravial of

xogeiious gonadotrophic adiministration, namely the reversion

of gramular cells to lipeidal medullary cord cells.
In the present work,in an attempt to link structure and fungc
the chicken ovary has been studied continuously from the

time of hatching to an age of several years. During these

tiOn’

periods, changes in secondary sex characters have been obsenved

along with varied cell activities in the ovary to ascertain
where possible the source of secretions responsible for the
development of the reproductive organs. Techniques of

histop:-chemistry, polarising and fluorescence microscopy,

and other methods havg_béeﬁ used to locate sites of secretory

activity. Similar methods nave been applied to mammalian

gonads and other glands with some measure of success, but

the chicken ovary hes not been investigated in such a manner

Marza & Marza (1935-36) have used histochemical methods in g

study of £he chemical composition of the yolk of chicken
eggs. They studied the growth of the egg, and reported

§hangesii1!hﬁ, lipid, iren, protein and glycogen contents




during the different phasés of yolk formation, but they did
not examine extra~-follicular structures of the ovary.’

Marshall & Coombs (1952) studied changes of lipid distribution
in wild bird ovaries at different seasons of the year, using
Sudayn: black staining and the Schultz test to examine sites
of synthesis of cholesterol and its esters whicﬂwere considered

to indicate the presence of sex hormane precursors,

Material and Methods.

Brown Leghorn fowl maintained at the Poultry Research
Centre, Edinburgh, were used throuéhout this work. Detailed
microscopical studies were made of the ovary and for the
purpose a number of birds, usually 3 or L in each age group,
were sacrificed to gain a fair idea of the appearance of the
gonad at successive stages in growth., Ovaries were taken
on successive days from 1 to 7, and thereafter every week
until approaching sexual maturity which varied from 22 to
32 weeks amongst birds used. During the latter period ,
owing to the variation in maturity age the birds were killed
more often to provide representative ovarian pictures of all
stages leading up to the time of laying the first egg. Bixnds
were also killed frequently during the peak period of egg
laying, the declining periods, the mouléing pericd, and in
old age when eggsvare laid at very irregular intervals,
The bhirds were kilied by dislocation of the cervical vertebras
ovaries wére then dissected out and placed in appropriate
fixatives within a minute or two of the death. To imwvestigate
and interpret the cellular activity in the ovary and its
association with reproductive phenomeﬁa in the female fowl,

" the following methéds of preparing and examining the gonad

vwere used to provide material for'icytological study.
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GENERAL HISTOLOGY.

The usual histological procedure of preparing paraffin
embedded blocks was empiojed. © Sections were cut on a rock]
microtome at 5—7/’thickness. The following fixatives and
stains were used, »

a) Fixatives::

(1) Orth's fluid (McClung, 1950.p. 145) modified
. as follews.

"Dlstllled Water | lOOml.
Potassium &ichromaﬁé’ é;ngs. - Stock solutign,
" Sodium’ sulphate R 1.04gm.
.Sanurated wlth mercuric chloride
To 10 parts of stock solution, 1 part of formalin was add
before use, '
C(41) cémoy;z,ebrﬁn fluid (McClung, ~1950-.§ 56) modif
to have the f0110Wing‘composi£ion:-
'90% Ethyl ilcohiol  100ml.
Chloroform " 75ml.
Glacial acetic acid meig
Formalin  1om.
Picric acid 3.5gms.
Mefcuric Chloride’ 2ogms;'
(iii) sSwsa,
(iv) Flemming's finid iess acetic acid.
(v)  Champy's fluid. | |
In all caseélfixation‘lastéd for 12-2l hours,
depending on the size of the tissue to be fixed and the pene,
powers of the fixative used. |
b) Stains:

Osmic acid wag used to reveal Golgi elements and

ing

led

1ed

trating
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and mitochondria, and for this purpose sections of tissue
treated by fixatives containing osmic acid were stained in
Heidenhain's iron haematoxylin foliowed by orange G, and a
fevw excellentlywspgiggg prepgratiQQS'were also obtained with
Heidenhain's ironjhaematoxylin followed by Masson's trichrome
stain, Sections from tissues fixed in non-osmic acid fixatives
were routinely‘stained with Ehrlich's haematoxylin~eosin and
Masson's trichrome stain to reveal general microanatomy, and

connective tissue and muscle respectively .

HISTOCHEMISTRY.

1. Sterabd compounds..

Since both androgens and oestrogens have been reported
to be secreted by the chicken ovary (Domm 1929a,1933; Taber
1948), it was thought desirable to attempt to identify the

cellular source of these ster6id hormones, and to follow changes

|

in their distribution or formation with observed physiologica
changes in the egg laying activities of the hen, Several
‘histochemical tests have been used for :identifying ketostercid
conpounds in the ovaries and adrenals of mammals, and similar
tests were employed in the present work to investigate the
cellular basis of ovarian steroid secretions. No single
reliable method is available for localising ketosteroids in
tigsue sections, but a batfery of reactions which are described
below have been usefully employed to give good circumstantial
evidence as to the sites of production of these compounds.
Several tests depend on the fact that steroids are present a
sites of lipid metabolism and deposition, All the individusl
methods have their protagonists and antagonists with regard to

their specificity, and the subject has been adequately discussed
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by Pearse (1953).and Deane & Seligman (1953). It is generally

recognised that until a single specific method is developed ;
the application of the large number of tests on biological
mterial is the only satisfactory procedure for localising

the sites of steroid metabolism in orgéns; :‘Gross chemical

extraction tests of organs do not reveal the cells responsible

for producing the substancel. .

FPor all the fOIIGWing tests, ovaries fixed in 10% Fbrmol
(neutraiised with calcium carbonate) viere cuh on a freezzng
microtome at about 15 M.

)

(a) Sudan black B. This is not é'specific test' for steroids,

but is useful to reveal the sites of lipld-contalning compoun<
Compound llpids most llkely to be associated with steroid
compounds are revealed with this dye (Pearse 1953.p 176).

Frozen sections were'kept in a saturated solution of Sudan

black B in 70% ethyqalcohol for 5—10 mlnutes, rinsed in one or

i8..

two changes of dxstillea water and mounted on slides in glycerogel.

(b) Schultz Test. Data has accumulated during ‘recent years

to suggest thaﬁusitéslbf biosynthésis:of oestrogenic hormone
in the ovary are closely connected with the presence of B
cholesterol compounds. Choleéterol is considered a general
precursor of steroid hormones in adrenal glands and ovaries
(Bloch, 19L5; Sayers, et §;>19h6§ Everett, 19473 Claesson &
Hillarp, 1947 ab; Claesson et al 1949; Rennels, 1951).

Of 211 the mistochemical tests , the Schultz test for
cholesterol is the only test cbnsideréd quite specific, and

it was performed according to Glick (19h9.p Ll). Cholesterol

positive areas were revealed by the development of a blue-green

colour which changed into a brown'coibu; after some time.

(¢c) Fuchsin-Sulphurous acid staining (FSA), This method is




a general stain for protein-polysaccharide compounds,

The method recomnended by Hotchkiss (1948) was used both on
paraffln sections of tissues fixed in Orth's fluid, and on
frozep sections of formalln~£ized,material., Instead of
.§insiné'in sulphite water, after staining with decolourizéd
basic fuchsin, the sections were washed in distilled water

before mounting.

It is generally considered that under certain circumstangces

the aldehydes liberated from compound lipids are also revealed
by FSA reacticn (Pearse 1953. p 137). In the absence of a
positiveyrea¢tion in paraffin sections, the method could be
usefully'emﬁloyed on frozen sections for locating the cells
containing ‘the comﬁléxAiipids,which are generally associated
with ketosteroids and soluble in the wax solvents.

(d). Ashbel &vSeligman Method for Ketosteroids. This method

was developed by Ashbel & Seligman (19h9), and Seligmun &
Ashbel (1952): %ho claimed it to be specific for revealing
active carbonyl groups in tissue sections and thus sites of

ketosteroid;metabolism. -Recently the method has been

eriticised and showm to ié?eal sites where,uhsaturated fats ane

6xidised by formalin dur;ng fixation and subsequent washing
(Karnovsky & Deane 1955). ‘Howgver, Seligman (personal
communication) believes ;hatAéveﬁ though th;s_may be the case
it is highly probable that uﬁsdturated fats are associated
with compounds which are immediate precursors of steroids.
The procedure for the present work was similar to that
used by Seligman & Ashbel (1952) with the following modificati
The sections were washed in several changes of distilled water
for L4 to 6 hours to wash out formalin used for fixation.

The concentration ofrhphihoic acid hydrazide employed was
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0:15% and staining with it lasted for a period of 5 hours,

For coupling with the dye,diorthoanisidine, 0.1l gm of stain
was used in LO ml of alcohol-buffer. It was found that these
concentrations and timings gave the best result. PFast Blue

B Salt (prkins & Williams product) was found to be better for
chicken ovary than tetrazotised diorthoanisidine.

(e) Birefringence. It has been shovm by Cain (1950) that many

lipids become crystalline in fixed preparations, and spherocrys

showing black cross of polarisation are fbrmed‘by steroid ester

meterial in the ovary, unstained frozen sections were mounted ¢
slides in glycerine jelly and examined under ?blérised light,

(£) Fluorescence. Detection of substances in tissue sections

by subjecting them to ultra-violet light irradiation and
pbserving their auto- or secondary fluerescence is another

intereéting and useful method in histochemistry. For secondar

of Phosphine 3R as a suitable fluorochrome for revealing the
presence of lipids and cholesterol esters in ﬁV 1ight, Fatty
ncids, soap and cholesterol give a negaﬁive reaction. The
hdvantage -of staining seciions in agueous solutions of the dye‘

was that the finer droplets of lipids were not dissolved avay.

hosphine 3R for 3 minutes. They were then washed in Adistilled

rater and mounted in §0% glycerine on quartz slides. (It was .
oﬁnd that ultra-thin glass slides could:also be used instead
from a mercury vapour lamp was used for radiation.

Claesson & Hillarp (1947c) claimed that fluorescence in the

rat ovary was UV labile and revealed the presence of Vitamin A

and phosphatides, To study the distribution of such birefring

In this study frozen sections were immersed in 0.1% aquepué ‘

of quartz). Ultra-violet light of wave length 3700 AS emitted .

tals
s

ent

y

fluorescence Volk & Popper (19Lh) recommended 0.1% aqueous solution
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After Phosphine 3 R staining, sections of the chicken ovary
were irradiated by UV light for 20-L0 minutes without the loss

of fluorescence and so the reactive material here could not be

1oés of the fluorescing property of Vitamin A after exposure to
formalin for 6-2L hours, a treatment which was given to ovaries

in the present study without effect on fluorescence.

T3

(g) Control tests. In all the above procedures (2) - (£) cont

the various tests. This solvent dissolves out pure steroids,
but not phosphatides, so that the loss of a positive reaction

after acetone pre~-treatment would indicate a loss of steroids -

the presence of acetone-soluble substances, which give positive
reaction with tﬁe above tests, is presumptive evidence of the
presence of'compounds similar to biologically active steroid
hormones (Dempsey & Bassett, 1943).

2. Peroxidase enzynes,

cytoplasm are found in the ovary of the adult hen especially in

it was thought that the benzidine test for peroxidase would be

‘useful to détermine whether or not they were blood leucocytes,

conld be stained . a green~-blue colour with benzidine. For
histochemical localization of peroxidase activity in the ovary
sections, a method described by Glick (1949, p 90) was used,

in addition to a modification of the method developed by Jover,

wholly due to Vitamin A, Moreover Nicander (1952) reported the

(Greep. & Deéne; 1949). In organs known to produce sex hormongs,

Large mumbers of cells, with acidophile granules in their

since Jover (195L) showed that the granules of fowl oesinophils

ol

sectiong were immersed in acetone for half an hour before applying

the

cortical regions. In view of the conflicting reports about their

significance, and their mo:phological similaripy to bloed eosinophils,



3. -+ Iron pigment. -

Pearl & Bering (1918) considered the pigment in the

chicken ovary to be similar to that in the corpus luteum of cow

ovary. Fell, disagreeing with this view, reported that the
. pigment was Haemosiderin derived from aborting blood vessels,
To re-examine the nature and the mode of origin of this pigmel
the following tests for iron were applied:-

(a) Prussian Blue test for iron (Glick, 1949, p 20).

(b) Dinitroso-resorcinol test for iron (Glick, 19L49. p 21).
(¢) Lillie's (1954) method for differential diagnosis of
Haemosiderin, which depends on the solubility of formalin-
fixed Haemosiderin in dilute oxalic acid, thus distinguishing
it from other iron-containing pigments.

L. Hetachromasia.

Since cells with eosinophilic, cytoplasmic granules
appear in the ovarian cortex at certain periods in the growth
and activity of the ovary, it was thought useful to examine il
cells for metachromatic activity when stained with toluidine |
Mast cells are known to contain sulphated-mucopolysaccharides
which show metachromatic activity in thel.~ granules and the ¢
are sometimes attracted by cell damage in tissues, Thus it ¥
not beyond speculation to assume that the aggregations of
eosinophilic cells in the ovary might be associated with the
tissue damage that occurs in the chicken ovary as a result of
continuous ovulation and frequent atresia.

The method used for metachromatic staining was simila

oluidine

o z?at of Lison, (Glick, 1949, p 47). The sections were st
blue and then passed to a solution containing equal vdlu

Wit
of 5% ammoniim molybdate & 1% potassium ferrocyanide for 5

minutes. After washing in water the slides were transferred

17
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to tertiary-butyl alcohol before dehydration and clearing in
benzene and xylol;
5. Phospholipid compounds,

Since steroid hormones were most likely to be associated

with complex lipid compounds in the gonadal tissue, Baker's acid

haematin test was applied to frozen sections of ovaries to exdmine
the location of phospholipids in certain cell types (Pearse,,j:ZB.
p lh2). A pefsistent staining reaction with acid haematin,
after pyridine extraction of tissue sections to remove phospholipids,
is given by phosphnyn-prbteins, other acid proteiﬁs (Baker, 19u6H)
and possibly lipoproteins. This methed was‘hpplied to ovary sections
to further examine the nature of the cosinophilic granules in some

cortical cells of the ovary, since together with histochemical| tests
for iron, it is possible to examine the relationships between
pigment which appears in the ovary at certain times, degenerating

red blood cells, and eosinophilic cells. R

OPERAT IVE PROCEDURES.

(a) Ovariectomy. ‘It is well known that if the left ovary of
the bird is removed, am. organ develops on the right side which is
purported to be responsible for the development of male secondary
sex characters which follow the operation. if thé secretions
from the hypertrophied right gonad are respensible fer androgen
secretion, which modifies the secondary sex charaéters, it should
be possible to find the cellular basis of this secretion by a
histological and histochemical study of the gonad. Te obtain
this tissue, 3_few pullets were ovariectomised following the
method explained by Domm ( personal commmication).

For all surgical operations intravenous injections of

s = > 3
Nembutal were used for anaefthesia and im certain cases ether was
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given to complete the process. There was a tremendous variation

amongst birds with regard to their toleration of Nembutal and
is not possible to stipulate a dosage on a ‘dose-weight basis,
in general, 0.7 ul. per 500 gms. body weight was found to be

effective. Rigld antiseptic preceutions were mot teken durin

these operations, since birds have been reported to be fairly

it
but
quite

12

resistant to septicaemia. In all cases the poulards recovered

quickly after the operation without any subsequent illnesses. -

Ovariectomy in the chicken wag an intricate operation,
vecauge of the intimate connection of the ovary to the left
I TRy . ‘

¢ adrenal, end also its close proximity to the post-caval and

left iliac veins. These factors made the complete removal

of the gland difficult without causing haemorrhage. After per-

formlng a few initial incomplete ovariectomies, as revealed By

transztory secondary sex character changes, it was possible to

acquire considerable skill in'successfully removing the entir

gland, The operation was best performed on 6-8 week old birds

when the overy is not fully vascularised. The birds were prIT

pared by withholding food for 24 hours prior to the operatio

e

Py

which resulted in emptying of the intestines and facilitated access

to the ovary. Anaesthetised birds were secured to the operating

table by laying them on the right side and tying the wings and

legs with cords to the edges of the tsble as shown in fig. 13
Al} feathers in the thoracic region were plucked and the bar

area cleaned with absolute alcohol. An incision was made in

1]
=2

the skin above the spece between the last two ribs and this was

followed by cutting the intercostal muscles underneath, The

latter incision extended from the ventral extremity of the ribs

and as far towards the spinal column as possible. The ribs were

then separated by a retractor and the body cavity exposed.
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It was then necessary to puncture the abdominal air sac and
remove the membrane covering the ovary to expose the organ
(Fig. 2). Ovarian tissue was removed by gradually peeling
it away from its underlying attachments with cobton wool pelleis
held with curved forceps. To ensure the final removal of all
pieces of the ovary the attachment area was thoroughly seared
by electro-cautery. In.this latter step care had to be taken
to prevent burning‘the skin, body wall and the abdominal
viscera and élso %0 avoid:dehydration of the tissues. The
latter was prevented by the use of cotton swabs moistened with
physological saline. Following removal of the ovary, the
separated ribs and the skin.. were sutured separately and the
birds allowed to recover and feed in a warm rooms It was noted
that a large percentage of birds recovered iapidly and started
feeding within 1-2 hours of the operation. The operated birds
were kept in a warm room overnight and then transferred to
individual cages. The sinistrally ovariectomised pullets
(poulards) started developiﬁg male plumage after 1-2 weeks,
and the combs began to redden and enlarge af&gtﬁh~6 wgeks.»

The poulards were allowed to grow and develop male plumage

and head furnishings for 4~8 months and during this interval some
of them were killed and the regenerated right gonad removed for
histological and histochemical studiess In a few cases the
right gonad was extracted by chemical means (p. 23 ) to reﬁove

possible androgens for assay by the chick comb mgthod described
by Jaap & Robertson (1953).
(b) Adrenalectomy. Apart from the ovary the adrenal glands are

the only other organs known to produce steroids, Both ocestrone
and progesterone have been isolated from the adrenal cortex of

mammals by Beall & Richstein (1938); and work of Woolley et al




19
(1939), Wade & Haselwood (1941) and Weinstein et al (1950)

suggest that adrenals exert considerable oestrogenic activity.

was reviewed by Parkes (1945) and Zuckerman (1953). .

In the present work adrenalectomy was performed to asecert
whether or not the adrenals influenced the growth and differen
of plumage, cbﬁb and oviduct. Adrenalectomy in birds was mor
difficult than ovariectomy because of the close proxiwity of i
adrenal gland to the posterior vena cava, kidney and lungs.
The eperation is further complicated by the vascular nature
of the adrenal and the fact that the left gland is partially

young oness, a sgries of preliminary opegatiohs weve éerformad
birds of varying ages and it was found that birds survivel .
longest if apegated;gk 12-16 weeks after hatching. .

For right adrenalectomy the bird was anaesthetized and.

the right side, ' After removing the peritoneal covering, the
Firstly,to break the lateral vascular connection A (Fig. 3) a

adrenal between the anterior end of the kidney and posterior.

vena cava and the anterior lobe of the kidney., The greatea£

BRI
7

The close functional relatienship between the gonad and adrenall

|is thus well established, and the extensive worlk on this problem

covered by the ovary:. ° In view of the observations of Sisson &

opened as for ovariectomy except that the operation was done on
gland was gently separated from its four vascular connectioné.h
'small but hard pellet of cotton wool was placed laterally to the

forceps breaks the blood vessels.. Next, to break the posterior

connection}g cotton wool pellet was placed between the posterior

ain
biation
2

e

March (1935) that older rats survived adrenalectomies better than

border of the lung.” The pressure of the pellet and easing with

difficulty was encountered when removing- the vascular connection
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at the anterior apical end C, beasause this part of the gland
is rather drawn out and extended beneatl the junction of the
posterior border of the lung and post~caval vein. To separats
the medial border of the adrenal gland B-C, which is adherent
to the posterior vena €ava, extreme care had to be exercised
because haemorrhage as a result of puncture in the post caval
vein was difficult to control, After severing the above
vascular comneciions, iﬁ was quite easy to genily seﬁarate the
gland from the underlying tissue by rubbing with cotton veol
pellets and, provided the above-mentioned precautions were
carefully observed, the entire gland could be removed withoub
fragmenting ite To ensure complete destruction of the gland
tissue, the entire pockét which housed the gland was finally
electro-cauterized. If bilateral adrenalectomy was desired,
the second operation on the left glandi was performed 2-h weeks
later, and it was found then that injecting the unilaterally
adrenalectomized bird with two priming doses of 2 mg. of
Desoxycorticosterone acetate (DQCA) 2h hours and L8 hours
before the second operation,was helpful in the subsequent
recovery and actiﬁity of the bhird. Removai of the left
adrenal was similar in all essentials to that of the right,
the only difference being that on the 1éft side the i}art' of th
ovary covering the adrenal had to be separated from its
attachment to bring the left adrenal into view:. The
sepa£ated flap of the ovary was not torn away, but after
removal of the adrenal it was turned back to its original
position. If bilateral adrenalectomy and ovariectomy was
desired the ovary was also removed at this stage. After the
second operation, the birds were transferred to a warm room

. 9]
where the temperature was controlled between 65-68 F.  One

W
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© group with bilateral adrenalectemy and’” ovariectomy, and
anothef,with bilateral adrenalectomy only, were given an
injection of 2mg. (DOCA) in propylene glycol, and 0. 9% salt
water to drink., Two further groups of birds one Qi&h bilateral
and another with unilateral adrenalectomy were not given any

post—operative therapy.

HORIKONE ADMINISTRATION.

It has been conclusively shown thaq/gg;b of the fowl
enlarges only ip response to androgens and not oestregens.
Similarly, the female plumage of the Brown Leghorn has been
shown to be dependent on oestrogenic secretions from the ovary,
In'view of these observations it was decided to examine the
possibility of correlating externally visible criteria of
hormone activity with changes in the cellulaf structure of the
gonad after administering different hormones to chickens,

(a) Gonadotrophin treatmeut. Pregnant Mare Serum (PMS) given

to immature chicks resulted in precocious comb growth of the
treated birds. ( Walbandov & Card 1946; Taber 1948, 1951),
and the enlargement of the comb was shewn to Be dependent on
secretions from the ovar& (Domm 1933). Further jthe work of
bomm (1937), Asmundson et al (1937), and Taber (1946, 19L8)
has shown that the reproductive organs of the pullet vary in
their response-threshold to a given dose of hormone with
increasing age.

For the present work serum gonadotrophin from pregnant
mares (GESTYL - :Organon Laboratories} was intramuscularly
administered to birds of three age groups, in concentrations
given below (Table 1). The controls received the same
volume of norﬁal'saline throughout the period of treatment.

All the birds were killed a day after the last injection, and
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observations of changes in the secondary sex characters recorded.

The ovaries were then recovered and fixed for histological ang

higstochemical study to observe and correlate the cellular changes

in the treated ovaries with the precocious comb and oviducal

growth,
Pullets Age at Beginning Dose & Duration-
of Treatment. of Treatment.
Group D2789 1 week 100 IU daily for
1. D27M1 " -7 days.
l‘!‘.W.Ba "
Group D1016 12 weeks 500 IU daily for
2 D1019 " 10 days.
D 949 u
Group D1208 18 weeks 750 IU daily for
3 D1175 " 10 days.
D1092 "
TABLE 1.

(b) Oestrogen treatment. BExogenous oestrogen treatment has been

reported to inhibit the output of pituitary gonadetrophins..
Taber (1951) reported that regression in the comb following

oestrogen treatment in both male and female chicks indicated an

induced inhibition of androgen secretion as a result of pituit
disturbance, Since ocestrogens had been shown to inhibit andr
gsecretion (as indicated by comb measurements) it was decided %
investigate cellular changes in the ovary correclated with decr
androgen production, For such a study,oestradiol monobenzoat
dissolved in propylene glycol was injected daily into the bresg
mscle of pullets of different age gréups, Controls were

injected with correspending volumes of- propylene glycol for the

same period. Comb measurements and other external characters

were recorded before and after the treatment. All birds were

ary
'ogen
0
eased
e
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' ki;léd on the day following the last injection, and their ovaries

fixed for subsequent cytological study. Dosage of hormone, the

dupation of ‘treatment and ages of the treated birds are given|

below (Table 2) -

-‘Pullets Age at Beginning Dose & Duration

of Treatment of Treatment

-Group - D shé - 1 week : 0:5 mgs in 0.5 .ml.
1 D 551 _ daily for 7 days.
Group . 9780 8 weeks 1 mg. in 1 ml.
2. - - . 7. 09806 L daily fer 15.d4ys.
Group 08288 18 weeks 1.~5,7mga«1n' 1,5z;m15

3 ¢8258 daily for 15 ddys.
Group c 289 30 weeks 2 mge in 2 mis

b c 239 daily for 15 days.
Group X545 S years = 2mg. in 2 ml.

S X2269 : : daily for 15 d:-ys.

TABLE 2 o

CHE!&IGAL EXTRACTION, AND ASSAY OF HOR.&ON&
bUBST‘M\‘C% FROM THE RIGHT GOHAD OF THE POUL“\RD.

. In addition to.cytological studies on the hypertrophied
right gonaﬂ which develc)ps ai‘ter ovariectow, and vwhich is
presumed to secrete the mdrogens respons::.ble for the
| developuent of male secondary sex characters in the poulard,
it wgs thought desirable to attempt to extract any active
prinqiple from the gonad for androgen aésay. . Allen e% al
(1923-2L) and Yarlow & Richert (1940). reported considerable
. oes‘o:egenip éct;i.vity in éxtracts of fo;licles and immature
gonads of the left side of the pullet, and so it was feasible
that.. detectable amounts of androgens might :be recovered
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1similarly from-the4right-gonads..' ' ‘ o
- Te extract the androgenic.substances i right gonads fro
‘birds showing well developed comb and male plumage Were remove
7 months after ovariectomy had been performed, The combined
gonads wezghing 2. 5 gns; vere cut into pieces, and grauxxi with
fine. chemically pure sand and distllled water in a glass mortar.
The resultant brei was then extracted with 50 ml-of hot
mixture of equal quantities of pure, redistilled chloroform
 and absolute ethyl alcohol. The mixtnre was heqted ‘and shaken
on a water‘bath, and -centrifuged at 3000 r.p.m. for 5 minuxes,
The alcohol-chloroformlphase was then separated from the )
- centrifuged mixture and the residue treated similarly'once "
,w.agaln..A The resultant chloroform-alcohol mixture was finally|
]yevaporated to dryness on a Watar bath and the residue dlssolvad
.in 2 nﬂ,pmnmwlene'glycol for androgen assay. For the assay | °
0. 05 ml.of the supposed hormone extract was nainted daily on
the combs of one day old cockerels for a period of 7 days. *
The chick comb androgen assay descrzhed by Jaap & Robertson
(1953) was used.
For 2 rough estlmatlcn of the strength ef hormone, if any,
in the extract, the combs of a control group of 1 day old
. cockerels were painted daily for 7 days with Q.QS nl, of
propyleﬁe glycol conteining 0.01 mg.of testosterone propionate,
Another group was painted similarly with an, extract from
- 2,5 gmsetestes of cockerels aged 10 weeks and another with

propylene glyccl alone.

Results and D1scusszon.‘"." e e e T
STRUCTURE OF THE OVARY OF A FULLY LAYTNG HEN,

At this point it will be useful to have a description of
the morphological and histelégical struc?ureuof a normai‘ovanz
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in a laying hen. The purpoze iJ tuo=-£fold, first & perusal of]
the chapters on reproduction in a book by Bradley (1950) ang,
nore recently, one by Sturkie (1954L), reveal a lack of detoilerd
descriptive anatomy of the ovary. Second, itiis considered
necesszry to preseﬁt gstandard figures and teriinclogy to aveid
‘confusion in a description of cell types and their function,
With such a basis, it will be easier to give a precise account
of the changes in different cell groups cccurring in varions
physiclogical states in the growing and mature female.‘

(a) HMacroscopic appearance. The right ovary of the chicken

is present as a visible rudiment at the time of hatching

(Fig 27); but later decreases in size and persists throughout’
life 28 an inconspicuous vestige., Rarely a fully formed end
apparently functional right ovary may persist (Domm, 1927;
Crew 1931).. The normal functional ovary is Qituated 6n the
left side near the cephalic lobe of the kidney, close %o the
median line and posterior to the lungs. It is attached to the
dorsal body wall by the mesovarium, and fig L shows its
MACroscopic appeaiance. It consists of several large yolky
ova, within their thecal cell layers, and a large number of
smaller follicles ranéing from 2 %o 10 mm, in diameter.all
attached by stalke to the main mass of the ovary; vwhich consisbs{
of the medulle znd ground corteﬁ regicens, On all the large
follicles a eamewhat avascular streaky, called the stigma, is
present and gt is along this region that the thecal layers
rupture to releasc the ovum at ovulation (Flb 5). In addition
w0 the different sized follicles, a mmber of post=ovulatory V
follicles in various stages of regreesion are present, wﬁich in
the early stages, resemble etply beech~nut cases hanging on
the substratum (Fig 4), Nalbandov & Jumes (1949) made a study




26,

of the vascular supply to the orva.ry and showed that it receives
its blood sﬁpply from the ovarian artery vvr:hich usually arises |
from the left reno-luhbar artery, but may arise directly from
the dorsal aofta. The arterial system of large stalked
follicles is comparatively simple, but the venous system is
complex, and Nalbandov & James believe that this functioned
to retard circulation, and thus facilitated the deposit of
large quantit‘.:.es of material in the yolk of the developing ova

Large follicles are furnished with three concentric and
intercomunicating layers of veins in the theca externa, and
accordmg to Nalbamiov & James minute cap:.llanes are present
in t.he a.ppdrently avascular region of the stigma, Minute
follicles, before becoming stalked, have no vascular systems
of their own, but receive their nutriment from the blood supply
of the highly vascular medullary region of the wary
Accordmg to Bradley (1950) there is a nerve supply to the ovary
which is derived from the abdominal and pelvie plexuses of the|
sympathetic system and from the pos'terior;::cgint"inuation of the
sympathetic trunk, However, beyond this statement no details
are given of the system. A

(b) Substratum ﬁsme of the ovary., The main ovarian mass in

a functionally active ovary consists of two semewhat: ill-defined
parts (i) an outer cortex consisting of minmite follicles, stromal

cells and other ground conmective tissue, and (i) an inmer.

medulla. In the latter blopd vessels and lymphatics enter and
leave the ovary for the nourishment -0f the developing ova, and
a cert.ain. amount of modified muscle and fibrous comnective tissus
is incorporated in the mesovarium. Fig 6 is a diagraxmnati;: '
epresentation of a part of the ovarian mass, compiled as a result
of a t!mrough study of the cemponents seem in a large nunber <f
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microscopical preparations.

(1) Cortical Components.

1. Germinal epibhelium,.

The surface of the ovary is covered by an epithelij

which consists of a single layer of flattened cells, the nuclel
of which are fusiform in shape. At places fhe'flattencd cells

become cuboidal and'columﬂr in form, with rounded vegd'cular |-

meclei, Below the germinal epithelium Uasson's priéhrome

stain veveals a delicate layer of connective tissue, the tunica

albugineés, which scparates the epithelium from the underlying
tisoues (Fig 6). o | |
2 ‘Stz‘ama}
‘fhe connective tissue ‘framework of the cortex is
disperéed with stroma 3éu55 most of which are of .the elongﬁ-xte,
f£ibroblast type with fusiform, deeply basophilic nuclei.

Scaltered aumongst the stroma cells. are larger cells with sligh!

m

L1y

basophilic, vesicular nuclei (Figs. 6,7). These are wndifferentiated

cells which are dii’ficult‘to distinguish from some types of.
migratory medullary cells in haefnato:wlin and gosin stained
sections. Their 'possible function in the physiology 6£ ihe
ovary is discussed on pages 59,60 and»?S. ’

3. QOva,

Excluding the large stalked follicles and small
follicles just visible to the naked eye, ihe?e are myrizds of
developing ova ranging from 30-100/in diameter in the cortex.
Each minute ovum consists of a uniformly gz;anular cytoplasm
(ovoplasm) in which the nucleus is eccentrically placed. The
micleus (zerminal vesicle) is covéred by a well defined nucleaj
membrune, and the chromatin is in the diffuse diplotene stage,

except in the smallest follicles where it is more differentiats

24
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and may even chow the formation of ill-defined chromosomes
(Fig 8). ‘In the 'genainél vesicle of the smallest ovum, one
or two acidophile nucleoli (plasmosomes) occur which fragment
and disappear as the fol}icie\grmvs. The germinal vesicle
of follicles above 250/“in diameter shows entirely fragmented
chrematin. | |

In all ove up to ZOO/" in diameter, there is preseﬁt on
one side of the germnal vesn.cle a cluster of granules, the
so-called yoli: bedy of Balbiani, uha.ch OOBSic-'GS of Golgi elemam,
' mtochondria and mtochondmal yom (zammben 1926). The

).

yall: body is very prominent in osmic acid fixed ovaries (Fig i
the

In ovary sections fixed in formalin and Carney-Lebrun fluid
yolk Bodys though faint, is clearly marked and reprosents the
non-lipeidcl clements of the mitochondria. (Fig. 7).  Close to
the bbdm usua.lly on either side of it, are a 'i"ew large spheres
62’ fat, the primordia_l yolk, which can be seen in frqze‘p_sect:Lons
of the ovary. During the ¢ \,gfowth of the ovum, the yolk bhody of
‘Balhmni fragwnts anﬂ spreads out unifomly in the ovoplasm,
The producus s together j:v:.th material diffusing through the

grazmlosa cell ia.yer, eventually florm a well-defined layer

of fatty yolk at the periphery of the ovoplasm leaving a spzce
bettreen it ard the membrana gran{zlosa surrounding the ovun
(Pig, 9). This space is occupied by ground cytoplasm €ull of
peripheral mitochondria, Aé the follicles grow, the pra;:ess
of yolk formation is furthcr c.:d.vczm:»:ed cmd in p:srai"‘in sect:z.on :
the cytoplasa of ’ahe ovui 1s seen o be fulx of laz'fve vn.cuoles
of various s:n.zes, $ron vhich the yolk has oeen élqsolved away,
(Fig. 10); spheres of eos zmpmlic protein mterial are seen
at some stages. Later in this thesis the = various ovum

components will be discussed in relation to their histochemical
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" behaviour. During follicle growth, the germinal vesicle moves
" to the centre and thence to one one side and there remains with

fragmented chromatin.

The ova are primary oocytés m;xtil short,ly before ovulation

when they become secondary oocyt.es after having shed one pola
bOdy (0189", 19h2)o
- 4. Membrana granulosa,

Covering the oo'cytes; from the earliest stages in
their growth is a single layer of t’olliéle cells constitut.ing

membrana granulosa (Figs. 6,7). They are never multi-layereqd

‘as in the mammal follicle, but during rapid onum growth. they

q

the

assume a pSeudo—étatified arrangement, . The granulosa cells are

of cuboidal form in minute follicles, and assume a columar shape

as the follicle grows. The nuclei of granulosa cells are

spherical and occupy more than half the cell spaces Compared

'with the germinal. vesicle, the nuclei are moré basophilic and
show chrométin loops adherent to ﬂhe _huciear membrans; a ‘
plasmesomne is accasionally vié:lhlé; The cytoplasms of the
granulosa cells are var:.ably packed with lipo:.dal granules

which are the precursors of yolk passing from the thecal layers

to the ovum (Fig. 12). Mitotdc *divisions are commonly seen

the granulosa during repid growth of the ovum (Fig. 11).

From the stage when the ovum is ‘about 2 mm.. in diameter, the

granulosa cells secrete a transversely ‘striated non-cellular

vitelline membrane (McMally, 1943) to surround the ovum (Fig
S.  Thecae 'of follicles. |

The oocytes before formng follicles lie embedded
the general ovarian stroma under the germinal epithelium, I
the follicle stage of growth, they are surrounded externaliy 1

the granulosa layer by.a capsule of ovarian Stroma cells

in

10).
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forming the theca, which is further differentiated into internal
and external layerss The theca interna is compact and with |
the Massons's trichrome stain is chowm to consist of an inner
fibrous capsule immediately surrounding the g;axmiosa. (which
resembles the basement membrane of testis, tubules),and an outer.
layer of spindle-shaped cells (Figs. 12, 13). ‘Included amongst
the latter are a,n‘lmibexj of nests of large, clear cells $hich |
have ;been ca'xlled._\ nedullary!!in‘t_zeal"cglls ' and the‘s':q,‘willﬁvbg e
discxfgzss.ed,lat.‘ér. Lach nest consists of a few cells, the
nuclei of which are iresi_cu:'lar‘ and stand out prominently dgaingt
the clear cytoplasm (Fi;g_.;ﬁl}). A few blood capilla.r_i?es.are
present aﬁongst the various. elements og' theca interna, bubt
surrounding the . " -latter. . are a fesw layers of flattened
stroma cells forming the theca externa, which gradually merges
into the general stroma and is abundantly supplied with blood

vessels and capillaries (Fig. 13).

6. Atretic follicles.

Follicles undergoing atresia ére_a constant feature
of the ovary, and follicles of all sizes can be seen in various
stages of atresia. A careful examination -of this_pheﬁggnenon
reveals that follicles may become atretic in three different
ways, Firstly, the inéat common mede of atresia is cxhibited
by follicles up to.500/‘diameter and occurs in immature ovaries
as well as in fully functional ovaries. It beginsby a . |
proliferation of the granulosa cells which stain deeply,. and
form many irregularly arranged ;agreés around the shrinking
cytoplasrz; of the ovum (Fig. l.ha). As the atresia adv;nce"s,
the proliferating granulosa cells lose their cell walls, so
that there is no clear demarcation between gramlosa and
ovoplasm {(Fig. 1hb), and then the migrating granuvlosa cells
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completely £511 the éntire 'f'onicl‘e‘(Fig.- lhe). The 'stages of
atresia so far dgscx;ibed 'cccur vhilst the thecal layers are
| intact. Later stages occur ré.pidly and begin with fibroblasts
and other cells of the theca interna drifting imwards; so that the
follicle appears as a heterogerieous compact mass of cells derived
£rom all the three sources. Finaliy, fwaliizi_sation oCCurs,
and the entire follicle is reduced to a small connective tissye
scars (Figs. 6,15). ‘

The second type of atres:.a is not very common in a pullet
‘ovary but, occurs frequently in ovaries of older 1aying birds, |’
It is characberised by the multlplicatxon of the thecal and
granulosal 1ayers vhich do not mig_r,at,e invards, but form a
ring round the ovoplasm'. There is great. twpertrophy and
kwperplasia of medullary "1ut.eal" cells, and the ovoplasm of
‘the oocyte together with the hyperplastic granulosa cells
- undergo fatty, degeneration (F,ig:. 16). The follicle collapses
(Fige 17) and in the fina.l stage of this 'typ‘e of atresia the
, medullary "lutea.l“ cells migrate 1nto the ovarian stroms and
the thecal cells undergo m/almisat:.om

. The third type of atres:.a z.s caﬂmwn in the aﬁemg hen as
well as young hen ovaries, and 1s.frequen‘oly seen in macrescopic
follicles above 1,5 mn, in diameter, At first, the granulo
_ -remalns mactlve and the thecal 1ayers mdez'go extensn.ve '
.Mertmphy to becone fibrous and very ‘compact. Within the-
fibrous mass of thecal elements, a 1arge nunber of caplllariee
appear. Later, the granulosa proliferates and uli?lmately
| £ills the entire fons,cie (Fig. 18). There is no incresse in

mdullary "luteal” eclls due Lo the f:.hrous nature of the thecal

Ld

1ayers, and the gmup of cells already m'esent are pushed
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outirards, - The ultimate scar left by such follicles is bigger
, |than. t.hat resulting frcm t.he t.t'.o prevn.ous types of atresiao
' Ta Eosinoghilic Cortical Cells. .

- In the stroma of the ovary, but more especially in
|the peripheral i'eginns. of the cortex, are large numbers of cells,
-|the cytoplasms of which aré. full of rounded, eosinophilic
|granules, These cells are of two t.y;ies_fand are generally found
scattered sparsely throughout the stroma, but in some parts they
agg_reéate in .la:fg'e nurbers., . One type has a large,vesicular
nucleus and the cytcplamn- is packed with a variablé number of
‘ large granules. It 15 not uncomon to see these cells - . .
| dwiding (Figs. 19, 3?). The ~othe,r.. type of cell :Ls much smaller
dn size,. the nucleus is small, often bilobed,, and. the cytoplass
ds compie'oely obsézired, by smali, coér_ae ,aosﬁ,naphiiif: granules
| (Fige 20). = These cells resemble o@philic gi'anulocytes of tﬁe
blood. Bosinophilic cortical cells attain thelr maximun
-,development in a functionally active ovarys but are absent in
_jovaries of birds before 1h-18 weeks of life, These cells do
.mot disappear from the ovary after the active repreductive
s'tage,.alfhough they are somewhat reduced in old biris and in
inactive ovaries. The significance of the cells will ve
diecussed later.

' 85;. Vacuolar cells..

In the cortex of a mature ovary, bub ﬁwref: comnionly
in older ovaries, are present irregular -patchés of cells, the
cytoplasm. of wt‘xichA is full of fatty material. In cirdinaryA
kﬁ.atoﬂ:ogicél prepa;raitions, this fbissﬁ:a_ is .glassy‘ in appearance
| because the fatty mtexfial has been -dissa,lve& avay., ;x‘he
Wpiams of the cells constituting this tissue are irregular
lln out,line_ » variable in sizge and are eithér entirely empty or

i
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shcw a number of vacueles, Thé nuclel are deﬂenerate, small

©and their monphological similarity to degenerating granuloga

‘cells of pos -t

3’3‘.‘ *

ey

Ny

and lie at one end of the disintegratung cell (Fig. 21)s

utatory follicles suggests that at least a feir

‘Such vacuolar cells are absent in young ovaries before ovulation

patches vepresent the‘fznal stages in regression of pest—ovulztoxy

follicles., Some cells before fatty degeneration is advanced could

be mlstaken fcr secretory cells, but as will be showm latef they

lack any active chem_cal compounds associated with sex hormongs.

9. Pigment,

4Ih the cortex of the mature ovary are present irregular

patches of ‘orange~yellow coloured pigment, The distribution

of thefpigmenb is closely parallel with that of the eosinophilic

corticél‘cells, and it is not inffeqnent tcfsee‘%he o intermingled

in the same area(Fig. 22).. At some places in the cortex the

ngment granules are coalesced into 1rregularly shaped masses (but

more frequently they a@pear as rounded bodies. Occasionally;
ver& small pigment granules are found.sticling to the walls of
vacuolar cells in sites of the ultimate degeneration of post~
ovulatory follicles. The chemical nature of the pigment will
be 'sié‘scx:‘ibed later,

10, Vascuiar and Honpvascular

?he cdrtex of an adult ovary. is not compact but

spongy due Yo the presence of a,large numqer<o£ tissue spaces pf

irregular outline vhich permit the growth of follicles'(Fig. 3).

Vascular sinuses and smaller types of blood vessels ramify in
the cortex to bring nutriment for the growing follicles.

i ipﬂeéullary Gcmpanant.

The Medulla, or zona vasculosa, as the name implies is

the cenbral vasculer part of the ovary. In the finctional oV

2Ty
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the . blood V@SSGlSp einuses and lymph spaces are-well developed
for transporting materials for the elaboranon and deposition
| oﬁ' the enormous quantm.ties of yolL z.n the i‘ollxcles. ‘I'he
A medulla is so gredtly developed that its pemphez'al branches
. Vencx;each upon the corte;r, and the clear demarcation bstween
: cortex and niedullap v'fhich‘ is charaéteristic of young ovariess
is no lénger 'discemit'ale (Fig,' 23,' ). Parts of the medulld
form the attachment of the ovary vo the dorsa.l body wall, and
for this pufpose fibx’obls.stic, connective .ﬁss“e ¢ells and
modified nmscle fibres exist in the mesovarinrfémd pemtrate
for scme distJ:ce into the medulla. Iy As doubtful whether -
the mscle is functional as e.uch. In addition to the above
: princ:ipal constituents of the ovaxy substratun therg are a fev
wandering phagoéytig calls, lymphocytes and mast cells. The
latter stain metachrematically with toluidine blue.

(¢) Post-ovulatory Follicles,
A M; ovulation the evarian follicle ruptures along the
relatz.vely avascular stigma o relea.;e?émlm.- As a re_sult_. of
| the sudden release of pressureg the discharged foliicle shrinks,
its walls become considera.bly thickened and the cavity is grea.bly
| reduced. A féw scattered blood corpuscles remgin in the cavity
due to vaz*;%iné amounts of blood vessel rupture at ovulation,
Unli%_;e the mammalian ovary a corpus luteum is not formed after
ovulation, and it is best to call the ruptured avian follicle )
a post-ovul&toz’y follicle to avoid confusion with the functions
of the organ in the mammal, The post-ovulatory follicle in the
hon regresses quite rapidly until it is re-absorbed in the ovarien
mzisé and no longer visible to the naked eye. = In an active laying

hony four to six post—évulatory follicles in various stsoges of
regression are generally present {(Fig. 25'), The walls of the
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follicles are th1ck and consist mostly of ¢connective tissue and
fibrablasts excavated With the blood vessels, which appear dilated
and congested ag a result of shrinkage following ovulation
(Fig¢v26)e The innerFmOBt layers of cells lining the lumen of o
discharged follicles are the granulosa cells undergoing fatty
degenerations, At‘éléceé, the degenerating gramulosa cells.

detach from the follicle wall, drift into 'the cavity3 and the#é
form an admixture with blead corpusclel. Outermost layers'of
the regr9331ng post~ovulatory follicle wall represent the thin
strip ef avarlan cortex which covered the follicle durlng its :
grmwth period, and all or most of the cortical elements SeZe

the flattened germifal epithelium, ovarian stroma cells, minute

fdliiéles and medullary "luteal" cells, dre frequently present
esgeeialiy in'tﬁé sta1k regioh, .Neibher-eosinoghiliéqceils‘nor
clear medullary "lumeal” cells are found inside the follicle,

| In the final stages of" follicle regression the fatty
degeneration ef the granulosa is completed. and the ecavity
assumes the appearance of vacuolar tissue deseribed on p 32, |

The whole post-ovulatory follicle is finally re-absorbed, and t he

@

vaouolated tissue incorporated in the cortex, Minute granule
af pigment are present inside some of these cells, but the characteristic
pigment of the cortex is absent,

(d) Large follicles (stalkad & approachxng maturaﬁzl_

tlcenspicusus part of an active ovary is the

presence of several large follicles, ranging from 1.5 to. 3,5 cm, 
in diameter (Fig h). , Large avian follicles, unlike ripe.

mammnlian follicles, are stalked 1nﬂ durlng growth both stalk
and follicle are covered with a thin layer of cortex.. In the

latter, may be found small satellite follicles. (Pig 10)s In
add;tion to the lange foilicies, numerous follicles vanging firom
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3 e to 8 mm¢ in diameter are. present on the surface of the
ovary They are generally creemy. whi’ce in colour and f;lled
mth whlte yolk, but. some Show the begimning of the accumilation
_of yellcw yolk (Figs h). Quite a fair proportion of the
3-8 e dlameter follicles can appear in differen‘b stages of
atrggla especially t,owgrd_s the end of an ggg laying,__ueason,,

_ All large follicles are. enclosed by bthgc,al_;cel,l layers
-in which blood vessels are quite proglinént, except in the stigma
" region vhere, rupture takes place abt ovulation.. .The thecal
1§yers become very fibrous so that the medulIary .“luteaal‘-"
"-cells » SO prominent in thecae of. smaller folllcles, are
inconspicuous. Granulosa cells form a single, psexdostratified
. layer covering the ovum, and c:lpillaries penetrate the fibrous

theca at many places to lie in cleee ‘ ' {»sy wi.th the

‘ :granulosa cells (Fig. 10). . In. mamals during t.he growth
| ~ of the. follicle the gremulosa cells prollferate, form nany u
layers and then a cavity appears amongat thcm, which ig filled '
- with 1iquer folliculi contaming oest.rogenic horaone. . 'i‘hef
"grmth of the avain follicle is typi fied by the acctmmlat.ien
- of yolk inside the ovum as a result ,z_:f,_whl‘c.h the germinal vesicle
comes. to lie at one pole of the cell immediately below the
,vitelliz'xe' membrang.. . Romenoff & Romenoff (1949, p 210)
.hs:ve deseribed a fully foxmed unfertilized ovun &s. consisting
of a central ﬂask—shaped area of white yolk ’ ca.ued latebra »
| around which yellow yolk is laid in concentric 1a.yers separatgd
,'j by thin sheets of white yolks Distally, the neck of the latcbra
“expands out at théz surfacé to form the. mucleus of Pander immediately
above v:!u.d: 1ies t.he germnal vesicles '
Contrary to the obgervations of Phillips & Warren (1937 )
" and Kraus (1947) no musele cells have been. jdentified :i...n.,t.hg
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thecal cell layers surrounding the follicles. According to
these workers, muscle cells aid in expelling the ovum from the
follicles at ovulation. From present observations, follicle
rupture appeared to be heralded by a dilatation of blood vessels
surrounding the stigma region and it is considered that further
work on the vagcular physiology concerned with ovulation,
together with an investigation of the action of luteinising
hormone is required to solve the problem of the mechanics of
ovulation, '
THE APPEARANCE OF THE OVARY IN DIFFERENT PHYSIOLOGICAL STATES.,

| After fhe,preceding account of the functional ovary,

the changes in the structure of ovaries of differently aged birds

will now be described as seen macroscopically, and in haematoxylin
. and eosin st;aixied sections. 'The significance of the cell changes
.| mentioned will be further‘:discuséea. when the histocheudstry of the
| ovary is reported in the next. gection,

(a) Macroscopic. Fig. 2"} shows the appearance of the ovary
from the time of hatching to the time when the first egg is

ovulateds The ovary during the inactive phase between laymg
periods is also shown., It can be seen that except for a slight

decrease between 12 and 15 weeks there is a progressive increase
in size towards sexual maturity. Bennett (1947) reported a
similer phenomenon of a decrease in size of the ovary between| 18

and 21 weeks in White Leghorn pullets although it continued to gain = - .
weight.. The ovary of a day-old chick is a smooth, somewhat
triangular structure with the adrenal closely adherent at the
anterior end, The rudimentary right ovary is present at hatching

and lies at the junction of the right iliac and post caval veins.

After the 4th day it is reduced to a amall linear structure, and is
hardly visible in a week old chick. The left ovary on the other hand increases
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in size, and by the end of. the first veek is about twice the
size of .a day old chick ovary a;i"xd is sgsg).‘aped' in form. From {the
second. ‘wepk orIards "f.‘o].dé begin' %o. a,ppear on the ovarian s‘ﬁrface,
the anterior cnd broadens -and the pasterlor erd elongates bac - Se
Concurrently with these expansions and folding, the ovarian znass'
increases, By the 5th week, the ovary appears as a mass.of
tightly packed leaves, and in surface view is irregularly’ ccmca.vb%
convex in shape. The process of folding, th:.ckening and grcrfbh' . |

goes on gradually throughout the early period of sexusl ﬁzmnatarity,'
and except in size, the ovary at 21 weeks, i.e. durinm the peried -
just before {irst ovulation, is littlg different in outward -
appearance fvom that at 5 weeks old.

Hacroscopic folliciéS'beccmé viéible to ﬁhe nzked eye on the
surface of the ovary between 20-2h weeks, and one or two entey
upon -2 rapid growth phase of development. associated with the
accumalzation of yellew yolk in the contained ovum, Pollicles

increase in siseé in a graded series until they reach 2.0-2.5 ems..

diamster when they ovulate, If the largest follicle in succrssion
becomes atretic, as frequently happens, the next one takes its
place.  In a fully grown hen ovulation occurs when follicle
reach a -&iameterl of about 3.5 cms. The phenomenon of evulation
of small diametér egge by pillets is most likely a result of
selecting chickens for early maturing properties. The egg
laying commences before the pullet attains maximim bedy size
and physiologically, the production of gonadotrophins from the
pituitary has been induced prematurely, Some support for this
view can be gained from the observation that the administration
~.of pregnant mare's sertm(contaming follicle stimlating | |
‘hormene) to pre-~lay pullete will induce a rapid growth of ‘small
diameter follicles which egn bs "made “to ovilzte With Titeitising




Hormone (Walbandov & Card, 1946), Comparatively small oviducts

at the cormencement of laying could also contribute to the .1ay}.ng

of, sm=il pullet egss as there 4s a low albumen content as

compared to a full s:.zed egg.‘_' The ox;aty'_when ‘the first egg

is ovulated is still. immature in size and is, freque;ntly 'seesz

only one or two large follicles and a post-ovulatory follicle

(Fig. 27)s The ovulation and oviposition of the second egg
the pullet's life may in this case be considerably delayed t

enable other follicles to reach ovulshle size: Frequently

with pullets coming into lay, it has been observed thut the

first few eggs are laid with comparatively long intervals

(]

with'

in

tween them, and after a variable in'aerval ofA intermittent laying,

‘there is a sudden and similtanecus growth: of many folliclas),

that the ovary may show 10 to 15 large follicles with one or

undergeing atreaia. . It ‘is not. umasual for the ovary, secon

after the attaimment of this condition (Fig. 28), to ovulate
two ova simultaneously and subsequently oviposit so'rﬁewhat‘
elongate, double-yolked egzs. ‘ | R

At the end of a laying period, the ovary is reduced
to an inactive state ahd the ovarian surface is covered
by follicles ranging ijom 3 to 10 mm. in,&iangésen,wigf, 21,
(b).General Histology of Immature & Mature Ovaries |

(1) 1_Day-old cnick.

Mlcroscoplc e xamination of the ovary of a da.y-old chick
reveals the overian tissue divided into two well—defined Zones,
the cortex and me!iulla.;' The medulla is surrounded by cortex

80

‘o

except at the hilum region which is the seat of ovarian atiachment.
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cords of oogonia, is compuratively smaller in area than the

nedulla (Fig. 29).

| stained cytoplasm. From now emiards in this thesis the cellg

termed medullary cells since they originste in the medulla of
the ovary duri;bg cibryogenesis. The nests of medullary cells
are embedded in a connective vissue stroma; and ih the .cmtrajl
p;ar't',s' of medulla wany spaces appear between them. In thev
peripheral regions, immédiately helow the cortical cords of
oogenia, the medullary and corfex stromal cells are ciosely
packed and there are comparatively fow small spaces (Fig. 305.
Nitotic figures ure comuonly seen auongst wedullary cells'&né
' thej éeem to mulitiply; grouwps break avay and form 'new nésts
of cells. = The term “medullary cords has been given in the
past to describe the arrangement of ,the nests of nedulisry

o t‘:ells along the edges of spaces in the me.dullar;v region.
Besides the tissue spaces, vhich ar:e-sqngetizzes filled with
fluid, there are also present small bloed vessels and sinuses.
The surface of thz ovary is covered by a germinal |
epithelium consisting of cubecidal and colusmar-shaped cells.

Undefneath are found cortical cell cords which are derived from
These cords are of various shapes enclosed in delicate fibrous

vaice as big as the smedullary cells (Pig.30). HNoclei of thesd

The cortex which consists of ,germinal epthe_liuéa and proliferating

cells with slightly basophilic vesicular nuelei and very faintly

which have previously been called “medullary'luteal’cells’ avel

£

The medulla consists of a large number of nests of medullary -

germinal epithelimm during ewbryogenesis (Lillie, 1952. p. WB24LE7).
envelopes, and conslst of a large number of oogonia that are alwost

cells ave correspondingly larme and mast of them show the formation

of chromatin loons typiezl of the early prephase ohgge »f divigion,
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Other stages of division are a;so seen. The nuclel of oogonila

are so. large that the cytoplasm is obscured except for a. small

acidoéhile area ncar the nuclus vhich is possibly a part of the |
Golgi Zone. Tha'whole cortical region of the ovary is clearly.

demarcated—from the medullary region by its lightness of staining

(Fig. 29) o

(2). Changes during the first week. Great mitctic activity

is seen dQuring the first week, both in the cortex and in the

medullas The noticeable change in the cortex is a continued

groath of a few oogonia prior to giving rise to primary cocytes,

which when formed are conspicuous with large nuclei and -

consolidated cytoplasms (Fig. 31). By the third day of lifd

some Qf the strema cells become granulosa cells, and a few
minute follicles are formed towards the medulla (Fig. 34)s )
However,most of the cortical. cells (oogonia) at this age are
still.of the primitive type undergoing enlurgement and

multipiication, In the'medulla, intense multiplicative

activity is seen amongst the medullayxy cells vhich preduces more

extensive “medullary cords'. The latter.gfagment, and more

spaces are formed betveep them, which extenﬁs the space systeny

in the medulla (Fig. 32). Together with the process of enlargement

oﬁ "medullary'cords", the cortical stroma cells multiply and the

medulla becomes a little more vascular. By the 5th or 6th da
most of the primary cocytes are surrounded by granulosa cells
form follicles and only at a few places one finds undifferenti
oogonia (Fig. 33). As the follicles are formed, they migrate
the nedulla and some of the stroma cells from the medulia grow
betwieen them (Fig. 3b4). At the end of the first veek, medull
cells continue to grov and divide, and nany of them lie in a
subeortical position (Fir. h6).

s
o
ated

towards
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(3) Ovary from 2nd to Lth week. During the secend week, the

process of oocyte formation is almost completed and enly
occasional cortical cords of oogonia remain. The gravth of
nenly formed oocytes 15 rather slow and the diareter of the
largest_ follicle measures 60 to 70 ¥ The cortex gonsists of

cells. It is covered externally by columnair-shaped cells of

- During the third week, some of the follicles enter upon a
rapid growth phase, the diameter of ‘ohe largest being- 160 f"

he in‘bex‘apersed stromal cells exhlb:ut continued multiplicative
activity and the follicles’ teécone firmly enbedded in them. |
A fow binucleur follicles , st and:: .- the formavion of biovulaxy
“hp cven triovulai foilicles ‘begin to maoke their a;ppea!'fa"'i{l‘t,':e;g;\l~
‘Yore' follicles enter ﬁ%d” ‘z-ap'!‘d jgmﬁ‘h‘hd&rﬁig ;the' hith {veij,

resalting in the apus—s.mnce of 2 larger number of follicles I

- L60 /"’di&vsmter by the third week, are only slightly increased:

in size during this pericd. Polyovular #oll icles &re comnonly

very cellular, compact and clearly dezm;cated-‘ from the medulla,
For tho first time , some of the follicles show the earliest
shages of stregia revealed vy the proliferztion of the granuloga
ceils. (Fig. 1lhaj.

().  Cvary from5th %o 8th week. A large number of follicles

continue to grow and some atbtain a diameter of 250-300 (¥

the gerwinal epithelium, cmi intermally it is sharply demarcated'

are more distended, and there is further increase in vascularity,

m.

tizhtly packed, mimite follicles with few easily visible stromal -

'

f‘rcm the centraJ medella region. There is intmse mitotic acmvu.ty
J!'iong"su pctentlal granulosa cells, remaining oogonia. and stromal .

leells in the cortex. In the medulla the commective tissue spaces

140 to 180 /dismeter, ‘The follicles, which had already attained

seen. The stromal c‘elils continue te divide and the coertex appears



by the 5th week. The grawéh,ef fellicles znd hypertropiy
of stroma vesults: in a slight fhickenxng of the cortical
izyer of *hﬂ ovary. { -The pnenomenon of atresia is by now well
establl heﬂ ana armll follicles in different stages of this
BEOCESS are ca:moﬂly seens  Throuphout this period, the
medullary cells appear to start migrabing in the cortical stréma
vissue, ?n& show the development of a mose granular cytoplasm,
In this otato they are not casily distinguishahle Prom the
: genﬂfmllcallular elements of the s%}ama.

By the &%h weelk, some of the weduwllary cells revert 5 cHow
a progressively lighter staining éeacti@n in tﬁa cy%oplasm,dué
Lo the lcms of some graﬁul 25 maaer1¢1 {able h). The coriex [in
| section no longer shnws uniform %hxckness dus w0 the great growﬁﬁ
and inwvard proﬁruszon of soms follicles, amd foldlng 0 the ovariah
surface layers.. Soue of the larpest fclliclgs are 35C ~37$/”-
in dizmeber. As Polliicles protrﬁﬁe inwards from the cér%ex'
they carry with them stromal cells which form the beginnings
of the thecal tissue.. Some of the migrating medullary ce 2113
or laurge cortical stromal cells become incorporated inte the
thecas. At this age it is difficult to distinguish between
medullary cells and large corbticnl stroms cells, but generally
the formey-apgear'in groups of two or three and the latter arg
Sisporsed throughout %he cortex. Polyovular and binuclear
follicles are more frequend in aﬁpear&mce.

Ey the Gth week, the %iacessem‘of-the brevieus weeks becone
well ostahl¢shed and some of the foliicles attain 2 s dianeter of

550 V(¥ 1h). |
(33, Ovary from .9uh o 16th weck. During this pericd there

are no major chanpes in the appearance of . the . ovary spart from

a general size increase of all component structures (Fig. 27).
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The precess of growth ag it ai‘fects the individual follicles|is
slow, the diameter of the largest follicle at 1l wecks being
660 [¥ as compared to S50 M.at 8 weeks,
: éﬁmsﬁaraf small follicles becomes Verg,; v:ideszireasi but the
. £inal - stages of th:.fs phenonmenon, leading to the formation of
sear. ti-ssue,« Bye not. seen in the 9 week old wary.

The medulla of the 9-16 *::eek ovaries remaing narrow and
consi, q’w of ‘the vsusl vascular and non-vascular simses. Laree
numbers .of medullayy cells lie in a suk-coirtical pogition, and
migration into the cortex contiﬁues‘. In haematoxylin-eosin
, 'stained sections, the cytoplasm of gorie of bthese cells assumes . a
glassy ciear appearﬁénce similar to their condition in the adu}l.t
ovary (Fig Gi).

Poiyovular follicles, containing 2-5 ova, and bintclear
- follicles ave comuonly seen (ﬁgs.a, 35, 36). Polyc;vualr’
foliicles conbaining 2-5 ova have I;)eeri veporied in mies by
Feketa%l%ﬁ)_ who considered that such fdlliéles &e'v'elépeéi as
a result of . atyvical differentiation of the germinal epithelium,
He algo considered that hereditary and hermonal factors plé:fe‘d
a parb.in vheir develogmsnb' since one pgenetic strain was founfi
to contain move polyovular ova than others, aml the germinal
epitheliun wa,s.z-epor ed %o proliferate at eestrous.  Similar
observations have been made by Bacsich (1951) on foetai =nd
earl,/ post=nabal huhan ova}ies. Qe reported that nolyovular
fo}.}.zﬂes quccumbeci first dvring early destruction of folliclks
so that by mon‘chs they were not found in human ovaries.

In the chicken Brambell (1926) noted biovular follicles but
regarded them as ‘tvjvo oocytes s‘itu‘atedl in ‘such close proximity
that 'interi:ollicu‘.'l.ar cells were missing., Since then a numbér
of ;:m.?kers including Dosm (1937)‘9 Asmundson e al{1937) and
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Taber (1948) have described the occurrence of polyovular follicles
in the chicken ovary treated with gonadotrophins.' Prom the
present study of the normal chicken ovary it appears that
polyovular follicles exist in immature ovaries and are a normal
phenomenon. The occurrence of poly~nuclear foliicles together
with polyovular follicles, which have been observed,has not been
reported . previously in the chicken ovary.
At the age of 16 weeks, the oviduct is still undifferentiated
and the comb is small, rarely exceeding 2.5 cms. in length and

1,0 cm. in height,

(6) Overy from 17th week to the time of first ovalation, From
17th week to 20th week, the first signs of oviéucal diff'erentiation
- are evident and the comb starts on a rapid growth phase heralding
the,approachiﬁg maturity of the ovary. Follicles in the cortex
continue to grow, the polyovular end binuclear follicles become
less common in appearance, but atresia is very common. The
medullary cells are not glassy-clear in appearance now, but ishow
a granular oytoplasm indicating secretory activity.
A striking feature about the 17th week is the appearance of
cells in the theca externa of foliicles'with cyt;plasms which are
full of large spherical-shaped eosinophilic granules. These
cells appear in groups around the follicles, and are prominently
distinguished from other stromal cells (Fig. 37). The,r) are [the
mononuclear type of cortical eosinophilic cell described onm jp.
32, During ovarien growth these cells divide extensively and
are also to be found throughout the peripheral regions of the
cortex, The increase in their number is associatéd with the
appearance of the other type of eosinophilic cell, which is |sumewhat
smaller in size and is the blood leucooyte,
Prom about the 17¢h week until the 20th week the germinal
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e -seen (Fig. 38).° This might indicate that as the OVary is
8r°Wing'rﬁpidiy:fé£ ﬁﬁis‘s£éée’ the gefminél‘epithelitm is

undergoing cb@@éﬁgéééry-hypérplasiéfl On the other hand, the
appearance of miﬁﬁté’fb;iicieé béiawithe germinal epithelium
this time, coupled with the mitotic activity' in the epitheliy
‘could sugmgest neo-formation of follicles as reported,invsome
mammals by Allen (1923), Horgan'(1943), Latta & Pederson (194
and Berion (19h5$. Hieo~formation of follicles in post-natal
itfe of mammals his, however, been vehemently denied by

Everett (1943}),Bookhout(1iFh5), Zuckerm=an (1952) and others.
The significance of %he activity of the avidn germinal epithe
during this peried must await furtner experimentation. ‘
Just before the first ovilation the germinal epithelium again
hecomes inactive znd its cells assum;?;;at%éned chape
characteristic of the aduly ovary. ;

As mgnﬁicned.eaﬁiﬁfr in this thesis, there is with pulle

av

fl o
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‘@ greut variation ;n/ége when the first egg is ovulabed, depending

on the time of hatching and other factors. Hence a dsescript
of the cellular changes. in the ovary from 20 weeks onvwards
is best followed by taldng-ovaries in different stages of

growth 2s they approzch maturity lrrespective of the age of

the donor pullet: This most eritical period in the matnrity

of the ovary is associated with a rapid rate of increase of

size. (Fig. 27).

Lon

During the stage vordering on maturity, the meduila becomes

dieiended owing to incregsed vascularity and the extension in
it of collagenous and.muscﬂlar elements fyom the mesovarium,
In the cortex there’is inteénse mitotic activity of the stromal

calls, and extensive development of bleood vessels results

L0
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in a reductlon in the thickness and ccmnactness of the cortex

(Fig. 39). Soon after the appearance of protruding macroscopic
foliicles on the ovarian surface, the, msdulla and cortex are 0
1nterm1nwlea that a distinct cortex can no longer be reccgn,sed
except in ;egions occuplied hy small follicles. The formation of
_gd‘theéai interna areund the largest follicle is now quite clearly
seen (Fig39). Atresia of minute follicles, which is & normal
feature of cvarian growth, re :ches its culmination before maturity
(tine of first ovulation) and stages of scar tissue formation
are to be seen.  Hitherto atresia of follicles had been quite
cormon, bub there had not been.a complete breakdown to scar '
tissus. 3

ﬂard@rmng on %the flrst ovu_atzon the cvtowlasm of wost of the

,me&ullary cells is ulzgntly granular, Only a few groups of
cells show glasay»clewr cytoplasms and they forn nasts in the
thvcaé of folllcles,noeether pessiovly with some large corvical
Lrama cells (Fxg. 13)s They increase in nuﬁbar and séon
after the first ovulation become more conspicuous‘in the thgggeLJ“
of many. f01¢1cles, wh«ch is the condition found in a fully | |
‘functional ovary. . ‘ _
Polyo#ular)or'bihhcleér foliicles are no longer to be ‘seen
in ovaries immediately before f¢rst cvulation or eny bviwe
afterW4rd%.

(7). Ovary of hen in ﬁuil layinge conditi@nd The stracture
of‘the fally fnncticﬁal ovary has already beén(dealt with on
poges 2l - 37.

It is not proposed at this stage to repeat all that has been
saids bﬁt just to call sttention to a few furéher interesting

points. - Firstly, the growth of ' very large follicles
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results in a' stretohing of the cortex so that the demarcation
Betweeﬁ‘ cortex and medulla is.hardly disCerx'.\ible. Secondiy
patches of vacuolar celis, developed. as a result of the final
involution of - post-ovulatory follicles, are a comon ‘appearance
in the cortex. Thirdly, a good deal of séar tissue representing
the Tinal ‘stages of follicle atresia is rrequehélyv ‘seen.
" Fourthly, the ocourrence of pigment in the cortex is a ‘notable:
feature, and lastly, the eosinophil cells of the cortex attain
their maximum development. In haematoxylin-eosin stained .
' sections most of the medullary, or large cortical stroma‘,ce]‘.ls;,
'in the thecae of the largest follicles have glassy-clear
cytoplasms (‘Fig.' 13)¢ In ceftain-regioﬁs ‘of the cortex notably
“in areas occupied by minute follicles, grouped medullary cells
appear with a granular, secretory cytoplasm which is characieristic
of a pre-ovulatory (18-24 weeks) ovai'y. It would appear, therefore,

that the medullary céils incorporaféd:fin the'__. thecae of large ' |
follicles are in a non-seoretory condition,
(8). Ovary during ,moult.f The first outward sign:. of the
approach of moult in a hen is a period of irregular 4egg laying
replacing the phenomenon of 1aying regular ﬁnif.o'x"m_: .c'lu‘t,o@hes of
eggs. The ovary shows only a few follicles in the ovulable|
size range (Compare Fig. 5 with Pig, 4). Egg laying eventuglly
ceases, and the larger follicles start becoming atretic. -
Occasionally, any type of large follicle in a fully furctional
ovary may be found undergoing atresia, exhibiting constrictions
in the outer thecal layers. In such follicles there is
extravasation of blood in the thecal layers and liquefaction
of the yolk. This type of atresia is especially prevalent at
the beginning of the hen's moulting period (Fig. 40) when

most of the existing large follicles become atretic. Finally
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the ovary veverts to an inactive state, when all the large
follicles are reabsorbed and small pearly white folliales are
scattered over its surfaoe ; the follicles rarely exceed 8 mm, in
diameter (Pig.l7)s A large proportion of the small follicles
also becone atretic and appear ap solid white or blackish pinheads
on the surface of the ovary.

fidcroscopically, one sees widespread atresia of all sizep of

follicles and there is & reduction in the number of both typep of

eosinophilic cortical cells. A most noticeuble feature is the
congpicusugsness of the nests of wedullary cells, and there ap
to be sn inorease in the numbey of neats, as well as in the cells
cona‘tit‘.uting each nest. (Fige 41 ); The cytoplaam of medull

cells is almost glasasy clear, which as will be described latey,
signifies that the cells are not actively secreting steroid mat-
erinl at this time but are in a state of ansbolism.
(9) 1 s." ed han
overies of a nuaber of ageing birds ranging from J to 14 yea:z

« It hag beon possible to study the

in age, some of which have been periodically active spd othex
conpletely inactive. HMacroacopically, there wes hardly any

obaervable difference in eppearance to the corresponding

of the pullet ovary. Hicroscopically, however, the aged

was charadterised by an increase of pheromena assooiated wi
genile tissue. There was extensive hyalinigation of ¥he cortical
_stroma, resulting in a preponderamnce of goar tissue. Enormous
quantities of pipment were to be found in the cortex, and &
remarikeble reduction in the number of follicles was evident.

Patohes of vacupiar ceils; derived from post-ovulatory

folliclea and from the fatty degencration of come of the corfex
cells, were of wideppread ocourrence, but the eosinophilic
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cortical cells were reduced in numbers, Compared with ovaries
from moulting hens hypertrophy and hyperplasia of medullary
cells was more advanced but the cytoplasms were similarly
glassy-clear in appearance. This might indicate that the
output of gonadotrophin from the pituitary is reduced during
moult and old age, and is not sufficient to stimulate the
expulsion of steroid from medullary cells. Atresia of follicles
of the type mentioned for ageing ovaries on p. 31 is commonly

seen, . together with other types.

FUNCTION AS REVEALED BY CYPOCHEMISTRY.

In the development of the chicken ovarj, described in the
previous two sections, an examination of haematoxylin and
eogin stained sections has shoun that three cellular structures
in the anatomy of the organ periodically change their activities,
or make an appearance at éignificant times in the different
physiological states associated with egg-léying phenomena.i
It is now the intention to report and discuss results of
examinations into the chemical changes within the cells which|
reveal their nature,'and indicate whether or nbt they are
important factors in the production of intraovarian hormones.
Adaitional evidence is provided to support the’ hypothesis ’
‘that studies of eell activity within an organ can provide
useful ‘information for the task of relating form to function
in the physiological activity of an orgén. Hitherto, this
had not been investigated with the chicken ovary, and thus little
had been done to ascertain the precise way in ghich components
of the ovary functioned in the proceéss of reproduction in the
intact bird. '

Obgervations will be reported later to show that techniques




of horzone administration combined with cdytochemical examinabions

throw a good dezl of light on thevfunctionvof the ovary. ©LDut

before perforning vork of this natufeg it was necessary to hdve

p1cture of tho normal cytoohem1cal redct1ons of cells in the

varlous phases of ovarian actlvity. - There has bteen no systematic

histochemical qbudy of the different nhases of reproduction in

the b;rd ovary, although, as reported.earlmer, Marza & Varza
(1935) studied the chemxstry of the yolk of the hen's egg, and

‘Harshall & Coombs (1952) studled the lipids in the ovary of wild

cirds.

The three cellular structures in the ovary which showed ANy

activity at all, which indicated thatfthqy vere related o eff

produced by the ovary,and which were amsnable to histochemical

study weret-
(2) Eosinophilic cortvical celis, and pigment in the co
(b) The post-ovulatory follicle‘ (POF)J
(c) Lsdullany cells and atretic follicles.

ects

"CeXe

Table 3 gives the reactions & diff erent cells of a functlunally

active ovary to the histochemical tests employed during the
present vork.

(2) 3051nophilic Cortical cells and Pisment.

. Apart from deflnite blood eosinonhzl leucocytes, cellg
with large eosinoph;lic spherical granules gppear in the corte
of the ovary by the 16th-17th week in the grovih of a puliet
(&ig.hZ). The granules stain positively with Sudan black B,
osmic acid (Fig. L3) and Baker's acid haecmatin., They rezct
with the latter both before and after pyridine extraction
indicating that apart from containing somevlipid? the granules
are’ mainly compdsed of proteinaceous materlal. Baker (19L6)

K
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'and Cain (1§h7) shcﬁeg.&hét_acid haematin positive material,
whlch was negative after pyridine extraction, indicated the
presence of phospholipid, and any material remaining positive
after pyrid:me ex‘bractlon was, another type of lipid in .strong
‘ccmbinauon m.th protein, Tne granules of eosinophiiic
cortxcal cells did not reveal any stezcids, iron or -
‘mucopolysaccharides (Table 3)s- and it is therei’ore not .likely
t,hat tney pla.y any part in the ela‘bomtion of hormones in the
'-ovat'y. Laber (1951) ﬁomced these cells in the ovaries of

1 PiS-treated tirds but she fa:.lp:l to establish any sigm,ﬁcance
fof;‘i:.héix-" presence, It is an ;nterestmg observation to £ind
' _‘afggregatims of cells!,:vsith cosinophilic cytoplasmic granules,
in the ovarian cortex an:‘._is worthy of some discussion. ' As '
.'has been previously mentinmea a few of then are defintely eds._i
leucocytes with bilobed muclei (Fig.20) but the majority are
‘ larger, with vesicular nuclei m large spheroidal granules
(Figs. 37, lt3}. Vast collections of eosinophil leucocytes
have been cbserved in various organs of the animil body and
Wislocki gg‘ a1l (1947) used the appendix of man as the source d
this type of leucocyte for hist.ochgmicsl studies of the granui
In the épper:‘ziix,' it is most probable that the eosinophils are
atiracted by bacterisl activity, for it is believed that they
| are concerned with r.ietc;xi.fying activities of the body.
Reference to Table 3 establishes that in the ovary of the
chicken the largé cosinophilic cor’oicai cells are not mast
cells,since. t}'iey exhiiait negative ‘metachromasia indicating
the absence of acidic mucopolysaccharides which are usually
associzted with mast cell . granules (ASbOe'-;@la.nsen s 1254).

After mtachromatic staining a few definive mast celis are

inophilie

£S5 e
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revealed in the connective tissue of the ovary. As eosinophils’
appear at a time when active atresia of minute follicles occurs,
and also throughout the time when the ovary is ovulating and |
regressing, it is Peasible to suppose that the intra-orgen
disruption of tissue in some way stimulates the development
of the cells in this site, for mitotic activity is conmonly
seen amongst them (Figs. 19,37). The cells resemble the
myelocytes which give rise to the corresponding blood leucocytes
and thus a conclusion whxch coul& be drawn from the present work
is that the ovary is at tmes a site of' ha.ematopotetlc act:n.vs.ty
with regard to the format:.on of eos:.nOphils. It is we].l
known that in Pisces, Amphibi& and Reptiles, extra~medullary
myeloid metaplasia of blood cells commonly occurs (Jordan,
1938) and that in Mammals it can occur under oertain cir=
cumstances (Maximow & Bloom, 1952, p.98).

Irregular patches of an orange-coloured pigment are
another striking'féature of the ovary and it was first ;desorii.bea

by Pearl & Boring (1918). They reported that it originated

p1

in the corpus luteum; which has subsequently been shown to b
a misleading term for the interior of discharged and atretic
follicles in the chicken ovary. In the px‘esen‘tl study pigment
occurring as clusters of rounded bodies, which may or may not be
coalesced, have been found in the cortical ‘regio‘ns of the ovaries
of mature and ageing hens. It was never found in immature pullets
which suggested that it was a product of extensive egg ovulatory
activity in the overy, especially as it increased in amount
with age.

The pigment was positive to tests for iron but not to any
other ohemical test (Teble 3). A lipid, not phospholipid in




' | 1% was thought that the pignent ‘might originate from the

She
nature; was associated with the sites of pigment (Fig. Lh)
but it is unlikely that it is an integral part of the pigmont,
since after extraction of the ovary with fat solvents the lipi

reactive areas diéappeéxéd leé.ving Aintact pigméht inasses.

d-

'The distribution of thé pigment was somstimes ‘closely associated

@’:ith aggregations of 'sosinophilic coi‘ﬁical cells and, ab first, - .

-breakdoam of these egellsgéﬁo%f!eVer, histo@!ige;zgi{;’qi tests revééled

that there was no trate of iron in the ebsinbphilic'cells ‘

but it was sbundant in the pigent. . In view of Fellls (1925

observation that the piguent was haemds’idefi;i a test. for the|

differential diagnosisc of this pigment (Lillie, 1954.) was made
which confirmed Fell's results. Some of the pigment is no
‘doubt derived from the aborting blood vessels of post-ovulatox
follicles,' since in the vacuolar tissue éf old ovaries, which
represents the penultimate site of che regve%siozz of POP,

aggregat:.ons of pigym,n‘ are i‘ounzl . A sommm.:mt analagou:a

collectmn of haemosiderin pigment has been found in the uterus

of mce at sitcs "where ledcentae had been 1mplan‘bed and
blood vessels were subsequently brea:king down (Jones 907) .
Some ‘of the iron deposits in the chicken ovary could be derive

of atretic follicles since iron is demonstrable in the yollc of
(b). Posteovulatory follicles (POF).

Presence of fat laden cells and pigment in the dischar
follicles of the hen led Pearl & Doring (1918) to homologize i
with the mgmmalian corpus luteum. Fell (192h) however,
showed that. the fai laden cells were degenerating granulosa
cells and hence could not be compared with mamslian corpus
luteum, ﬁavi,s (1942) £ailed to find any proliferation of

<4
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d from the yolk

? hen ova,

red
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- the
granulosa in /hvian POF -such as occurs to forn a corpus: luteun

g in mv:.paxous reptiles,and t:h_ch helps in the retention of the
embryo in the uterus. He thus agreed mt,h Fell that there is
},ack -of‘ralationship'between the mammalian corpus luteun and the
av&an BOF. Riddle & Schooley (19Lk) chemically ext,ructed avi&n
POFs arvi could not £ind any progest,erone 5 usw ng the sensz.tave |
|MeGinty test which detects as litt.le as 0.25 t%h 1.0 pg. of
' progesterone. It can th}xs betﬁgns;d:.ered th;.»-’t/ avian POF is -
~ |definitely not: homologous with/mammalian corpus luteum.
|1n spite of these observations Rothchild &. Frgps (1911}4)
suggested that the avian POF is nob ftmcbionless 'but dppears 0
control the destiny of. hhe ovum it once contained, dhen tne ’
latter is in the oviduct, . Since Rothchild & Fraps (19LL)
did not make reference to any hoﬁwne being secreted «md since|
Riddle & Schooley (19LL) could not detect any prbge,éterone in
the structure, it was considered worthwhile to exam.ne_'.the POF
using histochemistry to find out whether there rea.lly.. was any
basis for the production of steroid hormone. The his%ol-ogica]_‘
structure of the POF, its regression and reabsorption vo form
vacuolar tissue have already been descr;ii)ed; ‘i‘ablé ~3 shows the
reactionsto various histochemical tests,of both recent amd'
regressed POFs, including the vacuolar tissue. The recent POF
which is iha-pne, that would influence its discharged ovum in the
oviduct, is negative te the entire rénge of histochemical tests,
except for the degenerating granulosa cells vhich are slightly
sudanophilic suggesting fatty degeneration. The walls of the
ollicle are just connective tissue with congested blood vesse].ss. :
The cormective tissue shows f‘aint, dii‘fuse blrefmnwence due %06

alignment of fibres. There is no metaplasz.a of granulosa cells




vhich occurs in the 'cérp\is luleun ef mammals. The fully

regressed ZCI which constltubes the vacuclar tissue, gives oml;',r

a purple reacticn with FEaphthoic acid hydramﬁe whereas the
corpus luteun of mmals (dcg and rat) gives an intense blue
colouwr indicating steroids (Ashbel & Seligman, 19!49) The
poesi=ovulatory follicle of the c}ncken, wherefore P d.eps nob

contain steroid, nor does it contain phosphohpids 'sinee vith

‘Baker's acid haematin test the interior gives mxinly a greyish-
blue reaction :im:i-cating other. types df'lipid ;a'ssociated with

proteins. In paraffin sections, small granules of iron<positive

pigment were noticed amongst the vacuolar cells, which are derived

frem the breakdovn of extravasated blood cells in the walls of a

POF. 35ince both histological and. histocheriical studies fail
to reveal any sign of secretory. activity during any phase of
the involution of the POF, it is concluded:that the thecal
f-layezr‘s fzmction te protect and nourish the ovun during its
growth, Once ovulation occurs the P{)F reyresses rapxdly,
and if it does hormnally influence the ¥4 t.e of 1t,s ovum, at
ler.'{&tv stero:.ds are not elaborated f'or th& parpose. | -The

.:‘egressn.on of the BOF ;xs rapid especzally in ‘the Tirst: few

dc.ys, ‘so that even in'ainegnlarlj laying hen it is rere Yo £ind

more than, 5=6 POFg, L

(c). Medullary Gells an Atre’c‘lc Follic.les.

From observatuons on the h;z.stolcgicnl stmcture of th
ovary from the time of hatching to the vatta:gr;menb of sexual
maturity, and at various times in the s’ubéeqi;éht activity
of the ova:;y,'- it waa- clear’that the medullary cells viere - .
continuously changing in their oppearance and vere most likel]

the cells .concerned in the elabpration of hormones in. the ova

]

Y
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cvaries and adrenals by Dempsey & Sassett {1943) ,Glaesson &
Hillarp (196Tab)l'=clhy & Robinson (1947),7Ashbel & Seligman
(19h9)- , Barker (1951), Rennele (1951) and Selighah & Ashbel
(1952). By cpplying similar npethods 6 the chicken ovary
it was found that the medullary cells are the seut of
synthesis of cavbonyl-lipid compounds, which, since present
in t.hg ovarys most likely indiczate sites of androgen and,

or; oestrogen activity, The Naphthoic acid hydragide test

has been used to indicate sites of steroid hormone metabolism.

However; Karnowsky & Deane (1955) have shown that much of thy

bxoc'ynthesio‘ﬁof steroid. hormones have been applied to mammalian

caxrbonyl reaction can be: due to aldehydes produced by autoxidation

of very unsaturated fats in tissues. Thus it could be argugd

that the positive Naphthoiec acid hydrazide reaction in the cells

of the ovary merely reveals the presence of unzaturated lipid
and not steroidal sex hormones. 1In support of this argument

are the fucts that (a) the Sudan black B lipid reaction is

S

positive in the medullary cells in frozen sections of the ovary

and (b) the F.S5.A. reaction is positive under similar circumstances,

but negative: in Orthi~fixed paraffin sectiong which indicates
zldehyde groups liberated from complex iipids. ‘ Hmvever,’.,f@he'
Sudan black B and F.S.A. reactions are:;pasitive in a1l the

secretory and resting phases of the medullary cells thus reve
merely lipid mterial invariably associated with sites of std

metabolism, Horeover, cholesterol and its ‘esters » which are '

aling
roid

generally held to be precursors in the formation of sex hormones,

are easily revealed by birefringence and a positive Schultz

reaction in the storage-phase medullary cells of the ovary and .
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{when the cells are actively ‘secreting hormone the reagtions becone
very faint or negative., - There is a close cor?elation betveen
secretory activities of the cells ( as revealed by changes ir
gramilarity of cytoplasm and changing birefringent propgrties),
and secomdary sex character defelopment (Table 4) which is good,
if not conclusive, evidence that the medullary cells and, or,
large cortical cells are sites of sex hormone synthesis aznd
secretion. Unsaturated lipids. associated with the sites of
sex hormone production could form some of the metaboliﬁes
for their synthesis.

Table L shows the reaction of wedullary cells to histochemical
and optical tests atb dgfferent periods of the bird's life.
Their activity in'reigtian to comb and oviducai differentiation
is .given in the tabdble since they are reliable indices of active
hormone production. The medullary cells give a posibive regction
to all the tests when the chick hatches ( Fig. LS shows the
lipoidal cells in the medulla of a 1 day old ovary)e Ina
week old chick the medullary cells are lying sub-cortical
amongst the developing follicles; and they react positively
to Sudan black and Naphthoic acid hydraszide tests (Figs. L6UT).
_ By the second or third week of life, medulmaryicelis.shqw a
weak reaction but they then progressively become positive
again until by 12-16 weeks the reaction is most ‘intense and ils
‘demonstrated by the birefringent areas in Fig. L48. - The cells
during this period are gradually elaborating and storing steroid
material; the appearance of some Maltese crosses in the
birefringent areas indicated the presence of cholesi?ol esteys
and phospholipids. During the pericd 18-20 weeks the growth

of the comb and more especially the oviduct, s accelerated
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and corresponds with a grajual loss.(secretion) of histochemically-
reactive material from the medmilary cells (Fig. U9), At fipst
ovulation a wealk reaction is shoun indicating rapid secretion
of steroid muterial into the blood stream. . Additional
support for the above interprotations can be dramm from the
t .-

(]

results:, of experiments,uhich are luter described,on the offe
of the administration of FS to 12 weeks old éullets, Hormolly
at_thispagq:&herg;is;iptense chemical Eeactién in the medullary
cells indicating storage of steroid, but the gonadotrophin
stimulation caused a precocions development of comb and oviduct
and a corresponding weak reaction in the medullary cells .iypi¢al
of observations.made on,préwlaying pullets..
During the laying.period the elaborationﬂaf=hormoné matglial
is comparatively enormous so that some cells especially in ghé.
thecal regions of the follicles continue to show mediun to intjense
'reamtiensvwhilgvothers~which are secreting show weak reaction
(Fig. 50). .,Thereris intense reaction in the ovaries of noilging
and ageing birds (Fig. 51) which corresponds to reduééd hormong
secretions, and is indicated by the withering of comb and
reduced oviducal activity. . Both_oestrogens,and‘androgiﬁfzare
purported to be secreted in the ovary of. the bird, but/has net
been possible to differentiate, with any degreec of certainty,
two different cell structures responsible for the élaborstion
of tﬁé~tw6ﬁsex hormones.. - However, certain‘ebservatians.can
be. discussed vhich throw light on the problem.. It will be
recilled that large cells with vesicular nuclei and weakly
hasophilic cytoplasms have been described as forming_a part
of the ovarian stroma. ‘- They are different from theé:fibréblastic

type of stroma cell (Figs: 6,7) and in the active ovary are
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sqmetiées,sudanophilic éﬁd birefringent (Figs. L9, BO) forming

a diffuse backgmund in the corteﬁp Now, it has been. shown lat

- medullary cells migrate during ovarian growth from the medulla

of the chick's ovary to the cortex and become intimately inch'porate@l
in the stroma. - Owing to,mo:phoiogical and histochemical simglazity
of some secretory stages of the medullary cells with the larger

. type of cortical cells, it is difficult to single out for stufiy
" their separate activities.iﬂ the ovarian function.,,;lf one
concedes the established hypethesis that the medulla.of the ovary
| secretes androgens and ﬁhe,ccrtex oestfogens,,a_theoretical
explanation can be offered that the medullary cells in the coptex,

derived from medullél elaborate the androgens, and the large

-cortical cells the ossirogens,. .Conclusivé,cytochemical evidence
will have to await the development of tests to distinguish bepween
péstrogens and androgens vhich are, chemically, two very ‘similar
cbmpogndsa 8Studies of secondary sex character changes are o
no help in determining the source of the two hermonesiin the nhormal
ovary since the QcmbAand‘oviduct, which are good criteria of mnle
and female .sex hormone activity respectiveiy,_develqp and regréss

. ; A last point to be discussed in connection with medullary
-.cells .and sex hormone production and secretion is the phenomenon
of atresia. In 21l minube atretic follicles there are: found
' ‘aggregations;qf,gells giving a positive reaction -to, histochemjical
tasts for lipid, cholestercl and other steroids (Table 3 and
Fig. 4B)..  Since atresia(fiminute follicles occurs quite
frequently a few weeks prior to .first ovulation at a time when the
oviduct commences its rapid growth phase, it would seem that

there is some connection between the two ohservations. The
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|eells vhich appear in the theeae of follicles are either medullary

cells or the larger cortical cells, For reasons stated abow

A4

?
j.t. is not. possib}.e to d;.f:emxjhigtg ‘johe" two, but phey correspord
%o vhat have been called "luteal cells";. "interstitial cells® or
"medullary interstitial cél,ls‘? in the paste It is suggested
that the phenomenon of atresia of’ minute follicles serves to build
|up @ reservoir of hormong precursors. , This vxew would appear
to be in sgreemont with that of Marshall & Coembs (1952) who if
discussing the lipid: chahgea e;n_the 'OVaxfies! of‘_ wild bir_és cieiscribsﬂ
a "lipoidal atresia” of small _fo;l_lf.i(;l.e‘s.,,f}unqtipning_;tp: pﬁoduce ,.
a. cholesterol resexrve and contribﬁt.ing to the formation o_f.ﬂ
"mMrsmtial cells” ju.st:- pmor o the ‘breeding season..

. The. only ohher 8ite in the ovary which reac’bs pcsxtn.vely
to histochendcal tests used in the present study, is the yolk
of ova, . In minute fellicles the .;arimpraial yoik is sitﬁated
around the Balbiani body and in larger fquicies it forms a
peripheral layer of granules. , 1t g,lves intense reautxon vo ajl
-|the cytochemical !oests except oa.rafrigence in poJam.se& linht
<x*zhen the act.iv:a.‘by is Jow ok Allen et 21 (192h) and Mar).ow &
Richer‘t (19110) chemically extracted follicles of the chicken
ovary . anci detected oestrogenss especzaL iy in small follicles,

: Kozyec | Gree* mocd (1929) reported that an oestrogenic a.c‘t.lon
|of the yolk from fully formed eggs could be demonstrabed by
the development of fenale plumage after the injection of the
yolk into ovariectomised l;nens. From the present work it is
not considered that the presence of steroid material in yolk
plays ony significant part in the hormonal control of ovarian
actiwity in the bird since the paris mentioned above zre intensely

reactive at all times in the develepment' of the ovary » and the




yoikﬁis a constant feature Qf.fo;licles,fromlthe‘earliest stages
in their development. The fact’: that the‘abovementiqﬂed viorkers -
. detected oestrogen in follicles could.be,aébounted for by a
diffusion of steroidal material into the ova, via the granulosa
colls, at times when nedullary or large cortical stroma cell
- are actively synthes&sing and secreting horucnes

OVARIECTOMY Il RELATION 10 AﬂDRﬁGEN-FRGDUGfIGE.

jOvariectbmiesfwere performed in the present-war? to find out 1
.whether it would be Dossible to see, in the Jnduced vroﬁth 0£ T
the right gonad, cells whmch could be compared with the particular
" type in the chlcken ovary whlch secrete androgens. The right.
gonad in the normal laying hen is a small and almcst 1nd13tin§u§§bg§%%&
remnant lying on he post—caval vein beSLde the right adrenal |- o
gland (Fig. 3). Goodale (1915) reported the regeneration of| . .
the right gonad following, ovariectomy. in the/imnet. Subssquéntly .
the extensxve researches of Benoit. (1923, 1924) and Domm (1924
11927, 1929_,a)axga;2gwaaowgm(~19g,6,; 1927) showed conclusively
that the. rudincntary right goned. hypertrophied following
ovariectomy and the pgp&ér& developed the plumage aﬁd head
fﬁrnishings characbe§isticapf the cock., The fact that the
.hypertrophled right gonad.vroduced an androgenzc factor -causing
comb growbh was established by these workers from the obserVatian
that surglcal,remavai of the.right gonad resul&ed in the head|

furnishings reverting to the pale ?hrungaaondition as, seen. in

-a capone . In ohekpresent work, to study the endocrine infl

. of the hypertrophied right gonad and nore. especially tha cellg a3
b351s ©of hormone secretions, 25 young puliets ranging from 6-&9‘
weeks in age were ovariectomized. A few birds died during

surgical operation and in a few cases the left ovary regemerated
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.due to 1ncomplete remnval of the ‘orgens. ;. Hnwever, out, of the

25 ybung nullcns, it was eventually possxble to get 18 comple
poulands shownnq male plumage ani head furnishings. These b

were killed at varying 1ntervals of tlme after ovarlectomy for

hlstalogical ana histochemlcal study of the developing right
gonad. | ‘ , )

uomm (1927) shcwed that ovariectamy in tne pullet eould )
in vaxyxng responses. »The hypertirophied rlght.gon;d could df
elther into a teuﬁls-lxée growthy an evotestis or a pure ovar
'strugturei te explained @his'variation on the basis of the

embryological composition of the right gonad at the time of

7]
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ovariectomy: If the right gonad consisted of medulla:y_elememts

only, as is frequently the cage ab the time of cvuriectomys
resultantiright gonad would develop into a testis~like organs
If the right rudiment in embryogenesis developed, in addition

a cortex reglon which persisted until the time of operatioms

the

the

hypertrophied right gonad could develop inte an ovary of ovotesilss

depending on the extent of cortical tissue present vhen it ua

induced to develops

In the present work two birdas developed ovolesies, bub no

typlcal right evary structu“es were ever encountered: Birds

with ovotestes retalned thelr female plumage except for a brig

inltual,tran31ent, gonadless period when mzle plunage began
develop. The ovotestes had a core of sterile tubules with a
fevr porlpheral p“tches of follicles wh&ch were smill and did
not exceed 700/"1n diameter, = Occasionally soms. could be s
uhdergoing atresia, with groups of glassy-clear medullary or
large cortical utromal cells surrounding them (Fig. 52).

The ovotestms.stracture described here differs in some,respec

from tHat reported by Domm (1927). He found that the organ

3




consisted of an anterior %esm nort;.m ad & pastenor ovary

portion with peolunculat.ed follicles somobimes reachmg 1.5 cim,

diemeters Greem.eod (1925) described an ovotestis similar i
structurs to that ?ou.mi in the p:fesent oK.

A ‘typical ﬁestlcular rinht gonad is well developed h
6 months after ovariectomy and is easily scen as a lobulated
organ lying along the r:n.fvht iliac and post—cayal vein:s (Fz,g.
Goodale (1916) described the structure pez‘fect]y when he
mentmned it as :-'esembling, macroscopically, a small testis
divided into lpbee_!,_ but resembling neither teétis nor ovary
in histological structure. He called it early nephrogeniec t
with the Wolffian body and ducts undergoing compensgtory hyp
There ' i's remarksble uniformity in the descriptive accounts o
the kwpertrophied right gorad given by subsequent workers (
Benoit 1923, 1924; Gresmwood 1925; Domm 19275 Gray 1930},

pomin (2927) describeti the right gonad as a testis-like organ

1aéking spermatogenesis in the tubules. But-:“later; observati :

of Benoit (192h) and Zavwadov:sw (1926, 1927)y reporting
spemategenésis in the hypertrophied right gonad;led AZJ‘omm
(1928, 1926b)to re-cxamine the problem, He concluded that,
since Benoit's (192l:) and Zawadowsky's (1926, 1927) pullets
wei'e operated on Wher)‘m_x_dgr; 6 weeks old arxl his were done bet]
3-6 months, the agé at the time of operation was a significan

factor in determining vhether spermatogenesis wonld;.pccy.}r‘.-_

However, in a series of further experiments performed on birds

less than 30 days old, Domm (1929 b,1930) was able to imiz;ce
formation of varying degrees of spermatogenesis and this was
explained as being due.to the inclusion in the right gonad of

primordial germ cells; WMéh-:ﬁfdigafﬂ§‘%disappeu from the

n

issue

ertrophy.
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rlght side a month. afver female chicks hatch. (Brode, 1926).
Spermatogenesis, whenever it occurred w;s atypical and. the
spermatozoa abnormal_; artificial insemination into a pullet
of sperms from the ti,gf';t gonad did notfesnl_t in any fertile
eggs (Domm, 1930).

In the present work it v;as no‘h;", im;emied to stimulate
spermatogenesis, but just to ‘gtudy any active hormone-secretory
: tissue from the right testis-like gonad which exerted
masculinizing effects, The re'sponsii;lg cell gmupé could %than
‘be studied and compared with cells of the normal ovary. ALl
I birds Wer_ewtherefore‘ ovariectomized wﬁen nors thén 5 weeks old
‘and only those right gonads were studied which, from outward
.| @ppearances of the poulards, were ‘exex’,"t.ing androgenic effeccis.
| The right testis-like gonad when formed wad/ lobulated
strutture lying oh the right itliac-post caval vein junction.
Its vent.z‘a“ free sutﬁaoe was convex in shape and t.he dorsal ,
attached surface. eonsidetably ﬂatumed. , "I'he out.lme and
&l ze varied from blréi o bJ.rd, and siith the stag@ oi‘ developmant,
but more frequently the anterior end was broad and romd while
the posterior end tapered into a vas g;iei'erené- extending to a
varying length over the right kidney. The gonad was covered
'bg:. ‘r?r ;cl?g.n c:ggggggeepithehtm underneath which was a laye,r
of vascular tissue corresponding to the tunica albuginea of .
the testis, At L =6 gxonths of development connective
tissue strands from the tunica albuginea penetirate

| izwardly into the gonad, dividing it into leobes.




Each lobe consists of dense connective tiSsue'stroma in which
are found cords of cells and sterile tubules (Fig. 5k) either
closely packed or widely distributed. = More often they are °
closely packed in one part of a. lobe and widely distributed in |
another. - In certain regions of the gonad the tubules are
snall or solid, and in others, .they are more developed in size.’
The largest tubules resemble seminiferous tuluies of immature
: cockerels.andjéonsist of a single layer of ¢ells étanding )
on a thin basement meabranes The ceils"have vesicular nucleil
placed baSally‘c.’lbse to the membrane, and their distal ends
extend into the lumen of the tubule and slmost completely
obscure the cavity, In some of the tubules, buédmore commonlv.
in Yhe smeller type, the cells show mitotic activity and some
of them slough off into the. lumina of a few of the tubules ( the
cells do not appear to be primordidl germ cells )., Inter-tubhlar’
tissue is scanty, consiating of blood elements and connective
tissue, iore often, the central parts of lobes in the right
|gonad are occupied by differently shaped cords of cells firmly
einlbedded in abundant fibrous commective tissuec.

lying underneath the connective tissue capsule of a'part
of the right gonad is a group of tubules lined by cuboidél
epivhelium, representing the hyperirophied Wolffiar bedy which
‘|forms the epididymis of the right gonéd (Fig. 55). The twbulgs
which are embedded in fibrous tissue, lead into the straight
tlolffian duct ( vas deferens) which has alveady beon describedd.
Frequently the lumina of ¢the tubules are filled with eosinophilic
colloidal secretion.
The foregoing sccount of the structure of the right gonad

agrees in all éssential points with the descriptions given by




- previous workers. . None of the vorkers except Gray (1930),

Was: concerned with the cellular basis of horumcne secreticns.
Ee studied the hypertrqphied _right‘, testis-like ‘gor_;ad at

different stages of its growth and sugzested that the cell

cords and tubules., grhj,ch, h,e. eall‘ed‘ medullary corﬁs, vere |

the source.of hormons secretion, He argued, that the comnective
tissue, blood elements, and lymph nodes could not be the ‘souz;caa
. of androgens and since interstitial Leydig cells were absent,
the medullary cords and tubules were the only elemeats which
could be. secretory. Cray made 2 signif‘icant observation what
in the earlier stages of its growth, the right gonad was full
of nedullary. ce}is some of which were fat laden., Later, the
fat laden cells transformed, lost their fatty, vacuolay appeas smcé
and acquired gran;u;ax? cyteplasm,. The cells increased in, nurijer
and viere thought to differentiate into cords or tubules.. E’rom
|Gray's diagrams, it would appear that the _i‘a‘b' iad‘en redullary
cells are identical with those which are in the medulla of a

33

day-pld chick ovary, .‘and. which are also present in the r@ﬂae;w ary
right gonad at the time of hatching, According to Gray, the
well knovm phenomenon of ths;. reversion to the female fegthering
in the poulards after about 1% years of its existence is dus tp
a secondary proliferziion of cell cords from the gcgrminal.

.|epitheliwa.  The sccondary cords, ‘though indistinguishable
from the primary when incorporatff:-d in the gomad, were equivalent
Yo the cortex of the ovary and secreted oestrogens for the
ultimate henny plumage of the poulafd; | '
In the present work,in- .add_ition %o an ordinary histological
study of the right gonad, a nurbker of histochemical tests for

. [Steroids vWers upplied to determine the cellular source of
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secretions. . The cords of cells in the immature gonad vere
faintly positive to Schultz's test for choles tercl but gave
a stronger reaction than that in the tubules which later

" differentiated from the solid cell cords, The same staining
pattern‘was true. for Haphthoic acid hydrazide reaction,

Under the polarising microscope, one could detech small faint
birefringent areas scattered throughout the tubules when early
formed, When frozen sections of the gonad were stained ﬁith

- Phosphine 3R end irradiated with UV light; a faint, diffuse,

greenish fluorescence was visible which was difficult to lecalise |

to any particular cell type., Sudan black B staining showed
that there was scatbered lipeidal material throughout the entire
gonad structure both in the ifmature étate and later when
tubules were differentidted, - The epididymal tubules and the

fibrous connective tissue siroma were negative, bu%*'hh@re was'

- a 11ttle 1ippmdf”n;t1saue lmmedlately surroundlng the tubules.

Al ‘the above'histochemlcdl reacblons xndlcate that the
cords of cells in the,tlght gonad,a;e'bhzyonly pcsslble_SLtes
'of hormore production, The tubules which'are derived from
these cords aé'development.preceeds-éfe.éiightlﬁ iéss reactive,
and the comnective. tissuve and hypcrtraph;ed Wolffian bedy are
© ehtirely negavive. All‘the réactionsvshbWed~that there was
no abunéantvstcrage of steroids in the gonad at any times
and indicated that cells were in an active secretory phase,
corresponding with the rapid'masculinisation process vhich’
occurs, after:ovarieCtomy. The observations recorded are
in accord with the accepted views that, histochemically,
positive material is less likely to be revealed during the
height of secretory activity (Claesson & Hillarp 1957 abi ,




. 69,
Claesson et al. {1949) since secretory products are quickly dispersed.
The distinction between acti:vely secreting celis and those
which never elaborate secretions is made obvious by examining
them .in all physiological conditions of an orga‘n. The latter;
never reveal any reactive material, but the former reveal it in
abundance when in the storage phase, and only sparsely in the
active phase,:

As‘s

of Hormone. Substances from_ the Ri ht gonad of the Poulard,:
In the assay no significant results were obta:med eitherv
from painting day-old chick combs with testis or right gonad
extracts.,, The chicks receiving known dosage of testosterone
propionate, however,.showed growth of combs.: 45 ml. blood
from poulards when extracted failed to reveal the presence of|
any active sex hormone. ¥From these results, it is concluded
that with the quantities of tissue used, insufficient hormone
was obtained to survive the extraction procedure, and to

produce growth response when subsequently used for assay,:

v

EW’ECTS OF HOR‘&ONES ON G"LLULAR S'BRUCTURF‘ OB‘ 'I‘HE OVARY

(a) @nadotroghin admingtratmn.

" For the present worlk, it seemed desirable to r_e-gaxami‘x_le
the effects of goﬁadotmphin on the cellular changés -in 4the young
ovaries, using histochemical as well as ordinery niiéroanét,omﬁi.@
methods in order to gain ffurther evideme for the actiyities of
éar‘bicular cells in the ph&sio‘iogical func.tioné of the ’ova.ry."

- Follicle stimulating hormone (FSH) is known to ceuse growth
of foiiicles in the ovaries of adult hens, and such follicles
can be induced to ovulate by the administration of luteal
hormone (LH) : (Nelbandov & Card, 1946). Previously it was

. fo&nd that high doses of FSH caused cessation of egg-laying |after

a few) 'days due to the production of too many ovnlable follidles
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Lor the endogenous LH to have any act.ion on them (Ba‘bes,

et 21 1935). In pulleta less than 120 days ola, thers is
general agreement that precocious growth a.nd ovulation of |
follicles cannot be induced by FSH and 1H stmulation. Only

a few confllcting reports exist, harever, on the eff‘ecta .of

such st:.mula‘bz.cn on the cﬂlls of imture ova.rles. P‘albandmr' ’

& Card (1916) viere unable to ohserve any efzect of FSH on the
growth of _minut'.ej follicles before the chick was 120 days oldj

although slight weight inci'eases were noticed in the ovaries|and

oviducts. The increases Were attributed o medullary hypex%rophy

but no constituents of the medulla were examined. ith FSH

therapy Taber (1946) failed to observe any growth in the cortex
of the oya.xy'qf young chicks less than a week old, but reported

extensive medullaryg:pm}x. She stated that t;heré was ihhibition

~of follicle growth in chicks less than four weeks old, but inm
those of 12 weeks, there was no inhibition, The growth raté

of the medulla was stated to decrease in birds of L weeks

onwards, until in 8 week old pulletsl there was little notiwlble

medullary growth. Polya#ula;* follicles were chserved 1n tr
birds at all ages. | Oviduct hyz;e.r:t.rlaph;lj was noticeable in
treated birds older than o wecks, and in three week: olds |
the oviducts of isrea.ted \nrds showed growth resembling thg.t
of preovulatory cendxtion. The works of Damm & Van Dyke
(1932) , Domm (193h4) and Asmmxdson et al (1937) somewhat
contradicted the above findings.. They repor‘oed that
gonadotrophins not only caused increase in ovarian weight.
but also the grov:th of follxcles in some yomog chicks,
Asmndson et 21 (1937) showed that if treated before 3 Weeks
there was stimulation in the growth of mtersdtial cells
only in the cortex, but in clder birds (6 weeks) both

aveqd
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mterstitial cells and follicles exh.ib:.t.ed mcreased growtn. _
'It wa,s not stated clearly now the mteret:."cial cell were. vyped.
Prolonged P us adm.mstration resulted in the formation of
'mis-shapen follicles which were '"ushed out of the ovary du.e to
extreme cellular development. ami cromh,ng in the cortex.
Domm & Van Z)'Jée (1932) md Joxzm (193L) uSQd “on 3—8 veek old
’bz.rds gonadetrophic substance from sheep p:’itu: taries
(hebm), and mported increase in follicnlar and mterfoliicuhx
tissue after tvio Yueeks' treatment. In younger chicks Domnm
(1937) ould not 'ietect folTicula.r gram.h and the cvarian
wexght :mcrea,se after Hebln treatment was exp}.amed as being entirely
due to medullary growin,.

As there was an appearémce 'of-'premature oviduct .and coub
grouth with gonadotrophin ‘t.reat'mént it Wé.sstéted that. cestrogenic
and androgenic substances wers being p:wuced in the cvary.
Variable x'emlts rc*)orned as to the time and degree of stimmlation
of various structures were no dppbt due in part to the dr-.?fere'?at
hormAnes'used, and other varﬁ;able expericental econditions, sugh
aé thedosage of heroene, lengt;h;oi‘ ‘tréat.ment, the age and bregd
of ﬁirds for experiménts;, | In ;c_éldﬁg for the source of hormgne
secretions in P.1 é-;treaipd pullets one might be inclined to|look
for the induced develepment of a r’ipht gonad, since it is knoym
that after sinistral ovmectomy in pullets; the right gonad
develops and exerts an androgenic effect on comb growth,
However, Domm (1933) showed that after gonadotrophic treatment
the mascul:.nizmg effect on the head furnishing was due to
an.irogen gecretion tron the ovary itself as there was no growth
of the right gondd Further, he i‘ound that Hebxn failed to
causze comb smlargement and acceleration in the growth%l; right

gonad of simdstrally ovariectonized pullets in the same time
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that effects are made visible in normal treated young pullets.
Precocious comb growth after Hebin injections in normal pullets
vas thought by Domm to be'due ﬁo observed hypeffféphy of:médnliaﬁy
tissue in the ovary, but’ he. did not. men 1on'eithef any cellul
changes or offer any explanatlon for the simltaneous. otriducal
growth which is normally dependent on oestregens. ATaber (1948,
1951) later showed that nests of vacuolar, lipoidal cells
(medullary cells) when caused to hypertrophy by gonadotrephic
stimulation developed éranular cytoplasm. Cessation of P
| injections resulted in the reappearance of vacuolar, lipoidal
cytoplasas and correspondingiy the comb regressed in size,
From these observationS’Taﬁer concluﬁed that the stiﬁulated
medullary éélls were requnsible for androgen secretion,

She was aware of the oeétrogen produgticn in‘P§B~stimniated~
~6varies'of young pullets since the‘bviducts increased in sizey but
she did not attempt to expiain its source, B
Togetber with comb .and ov1du0u growth generdl hlsteloglcal
observations in the present_work show‘thgt, ‘campared with the
aormaljpullets.of wwo weeks, treatment with goﬁaddtrophin caunged
a general size 7., inerease in the oﬁaﬁy but the hypertrophy
of the medullary reg1on viag prqpertlondl to that of the corteb
(Figs, 56557), ths is contrary to the views of Domm (1937) |
and Taber {15u8, 1951) who reported great increase of the medyllary
component, A ncticeable change in the cortex of a 2 week old
pullet afﬁer‘gonadbtrephin treatment was the inhibition of
- follicle.growth (Figs,S@,jQ&, _There was widespread collapses
of existing follicles, cgpecially of very minute ones, and thus,
the cortex showed fever folliclés compared  with the con%rol
.pﬁlle@; There was,iﬂcreasédvmi%otic activity in the

interfollicular ticsue of the eortez contributing to growth.
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If t&;ie ‘interfollic}zlé.r ﬁssua is idénti‘cal with that terned
| "interstitial® by Asr_mxhdson et al (1937) ‘ti;heﬂ obsaf'vations in
‘_t.he present work agree, '.m that fhere. is an increase 4in such
t;ssue which might ei'renmal?.y cause mechanical extxfusion of
follicles, After gonadotroghin tréétment a large _pr,opo'rtion'
of medullary cells migreted into the cortex and dévelc;péd very
| gramilar cytoplasms indicating secretory activity., 1In the
normal ovary of the same ages most of these cells had only
sl_ightly granwlar cytoplasms. Thus ﬁhe precbcieh,s comb and
oviduct growth noticed in treated birds paralleled the change
in thé state of medullary . cells.

In 13 week-old pullets, when normally most of the medulla:._ry
Qells appeay in the glasgy-clear, inact_.ive state, PUS jhreat,ment_
reésul‘be;d in the transformation of these cells into the active
secretory phase shown by the fo:mai;ién of granular cytoplasm
(Figs. 60,61).. - This change was most striking and corresponded
with stimulated comb and crvirluct gmth. The foll:.cular |
growth still appeared to be inhibited by t.x\oat,mmt at t!ua stage,
but the inter-folliculsr pvrtion of the cortex was vastly increased
and a general size i,ncrease’of the ovary was again induced. -
The diame‘ter of the largest follicles from treatéd and control
ovaries both .ra.nged from 500-600/“ and the medullary growth
was in proportion to the growth of the cortex.

In a group of pullets, ‘19 weeks old ’ .,vmen rapid comb growth

and oviduct differentiation occur normllj}; PuS tﬁeaiﬁment

o

resulted in a great increaéé in the size of the ovary (Fig., 62
c.f. Fig.27) but no macroscopic follicles were v:i_.sibiyt made to
&evelop on the ovarian surface. Extensive oviduct and comb
: growfh was also induced. Hormally,‘ in birds of this age, the
ovary remaing small apd the medullcry cells are in & granular
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(sécretory) phase. Aft.ex' PES 'ot‘eatmeﬁt the medullary celis
still appearcd in the granular phase and there was a notzceable
increase in the size of follicles (Figs.63p 39). 1t appears that
the response of minute follicles at this age ani not earlxer, |
poznts to the exlstence in the ovary of a phenecmenon of gradual
development of sensitlvztles of csmponent structures to hormnné
stimalation. The one uniform result induced by Eﬁs in pulleta
of all ages, wﬁs the formation of a large number of polyovular
folliéles; no binuclear follicles wiere ever encoﬁntered;
Histochemical observations support the fﬁhdiﬁasyof a
sécretory activity displayed by medﬁllazy cells..The dvaries
of 2~-week old FifS-treated pullets showed that sudanophilic material
was present inside the surviving follicles as black spheréé'of
| primordial yolk, cgllapsing follicles aisc showed a strikinv
sudanophilia but it was dlfficult to local ise it to any partichiay
cell types The medullary cells, whlch'uere mainly gsubcortical in
positions; were faintxy“positive to Sudan tlack and faintly

birefringent, Ho fluorescence was observed in any part of ik

i

ovary nor was any Schuliz-positive material indicated. Compargd

with a medinm to intense reaction in normal 2—weék“qld chigks‘&&LEA{),

1344 L4

the Naphthoic acid hydrazide reaction was only faintly posibiv
in the medullany'cel;s; but a}m&renpositive reagtion‘appéaréd
in the yolk of intact and collépsing follicles., In older trepted
virds (13 wecks and 19 weeks) all the histochemical reactions
cited above follawéd : - the same pattern. However, the yolk
inside the larger follicles, and the contents of £he.blood #esaels
fluoresced in ultra-violet light, the significance of which wap
|not clear. The above results indicéted that induced éomb protith
and oviducal differentiation of P¥S~treated birds closely

corresponded with the loss of histochemically reactive matsrial




o in meduliany cells were mobllised to part1c1pate 1n the change=

75.

from the ovaries, showinp that the hormonally active principle

A

notlced. . Correlated wvith the loss of chemlcally reactlve '
material was the strlking hlstologlcal change in the medullary
lcells of PES-treated pullets, namely the transformation from
the glassy-clear ('storage phase) to the granular (act;ve secretory
phase) cytoplasm: These resilts are in accord with those
‘lreported by Claesson & Hillarp (19h73l901aesson et al (1%h9)
‘lang Rennels (1951), who showed mobilizabian of histochemically
jresctive sterol from the ovarles of rabbits, gu;nea pigs ‘and
rats after gonadotrophlc tlmulation.

Experiments with gonadotrophlns again show that the medullary
_cells play a very important role in hormone secretions in the
bird ovary. Domm (1937) was of the opinion that a hypertrophied
medulla after PUS-treatment was responsiﬁle for ;amb growth, byt
present observations did hot show any disproportionate growth in
fthe medulla. Thus it was necessary to anaiyse‘the cell components
of the ovary for causative agents. it haé already been showun
that in the normal ovary, during growth, the medulléry'cells of
the immature chick multiply and later mlgrate into the cortex,
, It is a'forced m1gration owing to the 1ncreas¢ng developinent oﬂ
vascular chammels in the medulla of the ovary, Embryologically,
the cells originate in the medulla but due to the migration,
they become intimately incorporated 1n'the strqma of the cortei,
Sections stained with haematoxylin and eosin show that granular-
‘phase medullary cells, i.e. vhen secreting, can hardly be
distinguished from certain large cortical str;mal cells.,

" Androgens and oestrogens are chemically not very dissimilar and
the histochéndcal tests devised for ihe one also reveal the other.
5o, until such time as cytochemical tests'for differentiating

the two corpounds beceme available, one is justified only to
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make the observation that the secretions of medullary cells,

together possably with other cells of the ‘cortex, are resnonsuble

for comb and ov1ducal growth in bhp chlcken.

Oestropen administration,

It is well kncwn that oestrogenq, when administered to
1ntact females in sufficient quantity, cause ovarian atrophy:
’ the effect being produced indirdetly by inhibiting the
| éoﬁaﬂctrophic'activity of the pituitary (Burrows, 1945 p. 280]

The arrested development of the gonad is not permanent, since;

if ocestrogen treatment is discontinued, normal conditions are
| restored.  {aber (1951) in an attempt to suppress ovarian

'fﬁnction, treated immature female chicks, when a few days old;

with oestrogens, The hormone cauSed‘a retardation in the rate

of comb gfcbth and the'phenomehbﬁ*ﬂéé7correlatea-with the
anpeardnce of a ldrger quantlty ofosmlophxhc and basophilic
materlal in the medullury cells, Thus, excgenous oestrogens
inhzbited the secretion of androgens from tha cells which
r@VLrted to an 1nact¢ve accumulating phase. From these
observatlons, Taber concluded that medulla?y cells in the
medulla of the ovary secreted androgen. |

In the present work, it wes intended to inhidbit Ditultary
gonadotrophic activity to attempt to reveal cellular changes i
the ovary correlated with comb regression; Ppllets were
vtreated with osstrogens st different ages, but it was not
poséible %o ‘induce comb - fegressien in any age group of
birds. There was only éne-uniform result produced by oestrd
tréatment in immature birds, and that was 'rgfpertgopny of the
oviduct by direct action of the hormone. In 1aying pulleté

B,

gen

the already grovwn oviducts vere naturally mnaffected by oestrggen,

but, oviposition ceased after the 2nd or 3rd injeétion and all

the large fellicles became abrevic. After treatment, in one
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S year old non-laying hen, the oviduct ab autopsy was well
differenticted and a sﬁelled egg was recovered from the uterus
This could be conéidered as an unusual, isolated instance of
.beneficial .stimilation by oestrogens. . However; it was not
poseible to repeat the rejuvenation of - other older hens.

RHistological examination of the ovaries of cvestrogen-

treated pullets and hens did not reveal any significant

sﬁrﬁéiﬁfél difference ftbm untreated ovariess -except thet “
mitotic divisidns seemed to have increased in the germinal |
epithelium of immature birds, bThesé observations are in

accord with the view that the administration of sex hormones

has no outstanding direct effect on the tissue of organs whic

h

elaborate the particular hormones. Under the conditicns of ghe

experiments in the present study, the histological changes

in the ovary and the comb regression reported by Taber (1951)
for chicks of a few days old could not be confirmed invpullets
renging ffom 1-18 weeks old. The observations were fully in

accord with unchanged structure in the medullary cells.

ADRENALECTOMY O RELATION TO SECONDARY SEX CHARACTLRS AND THE

STRUCTURE OF (WANY,

Since the adrenal glands of animals are embryologically intimi
connected with the gonads,and both sets of organs produce ster
hormones, it was considered worthwhile to. study the role of %he
adrenal in determining the functioning of the reproductive
processes.'s lkxtensive researches dealing twith the effect of
adrenalectomy\on the gonuds end pisuibary gland of mammals
hzve been reviewed by farkes (19L45) and Zuckérman (1953}.
ﬁcﬁever, there have been cémparativeiy.fow similar studies on
thé fowl.' Parkin (1931) examined a few constituents of the Y
of adrenalectomizef fowls and reported an increase in uric aci

content and a decrease in blood surar as a result of adrenal

tely

oid

lood
]




insufficéencj. He stated thét_unless the operated virds were

v -
given adrenccortical extracts, death occured from 3891L6 hour:

1°2

after the removal of the second gland. Parkes & Selye (1936)
reported adrenalectomy in dﬁcks and chickens to be rapidl& fatal
unless substitution therapy was resorted to. Sub~total
edrenalectomy of 8 wecks old mele chickens, according to the
iatter authors, resulted in a decrease invthe sizchf testes and
a tempofar& digturbance of their endoerine activity. The
saddle feathers of ' >« a Sebright male showed a few millimetres
(equal %o g‘ﬁesk'e growth) of capon-like feathers which after
one veek re#erted to the normal henny plumage of the Sebright
cock, Bulbring (1937) showed adrenalectomy in drakes to be
fatal within 8-10 hours depending on the vime of year vhen the ..
operations were performed., Herrick & Torstveit (1938) studigd
the effect of adrenalectomy on 5-6 month o0ld cockerels and
reported that life conld be maintained up to 82 days by the
administration of adreno-cortical exirach and salt water,
In sﬁch birds, the comb started regressing within 2 days of the
operation and the testes became smaller ih sizes Histologically
the epithelium of seminiferous tubules appeared to break down
and obscure the lumina. From theirlébservations, Herrick

& Torstveit concluded that the adrenal glands played an important

part in maintaining the testes of the chicken. Their results
| were subsequently confirmed by Hewitt {19h7) who observed a
| decrease in testis size even after unilateral adrenalectomy.
He also showed that as a result of bilateral -adrenalectomy
6f~Qvarie;tqéiéédjpuilets the right gonad failed to develep
and in intact pullets unilateral or bilateral adrenalectomy
yesulted in an inhibition of the growth of the ovary.

However, there are no reports in the literature on the
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affects of adrenalectomy aﬁ ;he'structure and histology of uvhs
overy in the female fowl. For the prescnt work, 25 pullets
were adrenalectomized to stufy the cellular aspeét of adrenals
ovarian‘fglationship in the chicken uith.a view to further
examining cells most likely to be conéérnediin secreting
normones. mm§35&6@thQ@mc®bm§®@mm,
poture of operation and other details of thé birds studied.

A Pevr pullets are not included in the tables since @he& died
during the operations, owing to haemorrhage or failu?e to
enerpge from anaesthesia. The latter phenomenen occungd iore
commonly during the second operation when the birds possessed

only one adrenzl gland, and thus itis.quite feasible that such

deaths were due o a lowered reéisténce to the gmsiesthetic which

ig known.toﬁbgcurlthrough adrenal,iqsufficiency (guckerman, 19%
AL posﬁnmﬂriémAexaﬁiﬁations'no‘other causes of death could be
found,  The birds were divided into four main groups:

(1) Birds 1-6., Unilaterally adrenalectomized; either gland

with, or without ovary (Table 5.).

%)

o~

Yo

(2) Birds 7&8. Bilaterally adfenplectomized and ovariectomized.

Yaintained on DOCA ( Table: 5)e
(3) Birds 9~20. Bilaterally adrenalectomized without post-
operative theravy (Tablerﬁ),"f‘ ]
(L) Birds 21-25. Bilaterally adrenalectom&%ed; maintained on
DOCA and salt waéer (Table 6);.
in the first groups contrary te Hewitt's dbéervation on cocks,.
it vas found that unilateral adrenalectomy in the puilet did
not interfere with ovarian development. Birds 1 and ¢ botk
developed normally and luid eggs, commeneing at the nomal
maturity age for the flock, In those puilets (3-6) in which
the ovary Was removed together with the sdrenal (T.able 5),

male plumage developed and(comb enlarged es in the case of
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poulards . At autopsy, u right 'gOnad was found in all the
unilaterally adrenalectomized-ovariectomized birds except Nos
6 which had 2 smail regemerated left ovary. In the latter
case, it ‘appeared that regenez"at;i.on .c‘)f the ovary hed started
late after the opératiqn; for the comb was very large and
thick ab the ese, .g—md‘-the plumage was of male type for some
time,

In the bilaterally adrenalectomized-ovariectomized group
(Table 5), many birds died during, or soon aftef,- the second
operation (removal of. second adrenal gland and ovary) in spite
of operating on slightly older chickens which was found
efficacious when dealing with birds in the third group.
The wwo bila.ferally?aﬂrenalectemized—pvarieétomized birds that
survived were given 2 mg. of DOCA, 48 and 24 hours before
the sccend 'c;peration and af.‘iemmfds‘ daily for a veek, The
dose was then graduslly reduced and given at 1onéer. intervalse
Both birds developed male plumage ‘antt head fgrnishings and at
autopsy showed the growth of small right gonads. . Hewitt |
(19L47) did not mention e¢ffects on plumage or head furnishings
but xeported that the right gonad did not dev.elop in ovariectomized
bilaterally adrenalectomized bikds, However, since he kept |
his birds only for two months afiter the last operation, it is
possible that there was not enough time for the right gonad o
develop, @s in the present stuﬁy the rightv gom@ ‘was found to
be small even at six months after the second operation.

This shows that the vate of development of the right gemad

is retarded if both adrenal glaends are removed together with the
ovary. A further explanation for the discrepancy between the
resulis of Hewibt cnd those of ¢hé author could be in the facy
that the former ovariectomized his birds when they vere 16
It

T

i
weeks old. In the present work it was found that even /26 e




'old birds with intact. adirenals,there was not as rapid a
developnent of the right gonad: ai‘ter “ovarieciony as in
Cgimilarly operat.ed young birds, i.e. 6 to, 8 weeks old. At
"this point, it should also be mentioned that it is possible
 for the rudimentary right gonad, which lies very close to
the adrenal gland (Fig. 3.) to suffer damage during right
adrenalectomy, thus resulting in failure to hypertrophy
subsequently.

In the third group detailed in Table &, no post-operative

treatment was given after bilateral adrenaleciomy oxcept salt

in the drinking water, Birds 9-15 died within a day or two

- after the second operation avd changes were not apparent in the

‘ovarian structure. Birds 16-20 which were completely

- aderenalectomized a3t 12-18 weeks .0ld survived better than birds

9«15 v:hioh were 6=10 weeks old at the second operation. This
phencaenen is simlczr to ‘the findings of Sisson & March (1939

vho reported that older rats survived bilateral adrenalectomy

better than younger animals. It is xndem that .the ovary can

5 ‘produce a substance which prolongs ‘the life of t,he -adrenalect

animals (Emery & Sciwabe 1936), and thus the mformly fatal

result of bilateral adrenalectomy-ovariectomy with ;'ubstituti
therapy in 6-10 week old chickens, referred to in the second
‘group anove, may ve due to 1&(:}; of such ovarian secretions,

The deaths of birds 9-15 afier bilateral zdrenaléctomy could
be due to the inabllity of the ovaries to secrete the survivg
" factor during the early stages of their developuent, since it
was found that bizds 19-20 which werc eporated on ab 12-18 we
surwived reasonably well., The external effects prcduced by
' bilateral adrenalectamy vwere a sl;’ggh‘a decreuse in cowb size

in those surviving 20 days or mie,%gnera wieakness and

apathy -for food. There was no change in the new growing

omized

on

ks

)
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feathera. At death, the ovaries were found to be not much
different in outward lappearance' from normal birds of the same
age, but they were much smaller in size.

lMicroscopically the ovary sho%:ed degenerative changes in its
various components. Follicular groith ceased and the
differentiation of the theca into interna and externa regions

| was ill~-defined; instead, the foll:i.clés were su¥rcunded by

-éshe ad;o:mmg ‘stromal cells. Blood capillaries, so characteristic

of the normal 'ohecal layers, were no longer proninent with the
résxil.t that the follicles appeared to be surrounded by a co@:act
and somewhat avascular cellular envelope (Fig. 6h). Nedullary
cells were nbt conspicious, end the medulla region of the ovapy
s:hotfed a most stfiking change in the extensive development of
van.ously shaped spaces (Figs. 65, 6hL). .
| ‘The above chanyes were noticezble in all the birds which
.smved'from 2 to 10 days after the removal of the second
mrenal gland In the two birds which survived more than 20
daysg ovarian atrophy was nost strlklng. In these cases,

the space invasion of medulla extended well into the cortex

resuliing in t.he marked reduction in the thickness of the campact

‘ce,llular layers surrounding the follicles (F:Lg.()é) Apart
i‘rom these perlfol 1icular cells, all the cmher cortical cells
seemd to dn.saprpear. The phenonienon of the normal %ype of
a;tr’ésia, 'though.present., ffas not very common but instead a
| peczﬂﬁ.ai type of fﬁllicular degeneration could be seen in a
few follicles (Fig. 67). The cytoplasm aﬁd the germinal
vesicle of such follicles ligueficd and at the same time
the granulosa .and the ill-defined thecal laycr collapsed.
Ultimately, the d.isorganized ‘thecal and granulosal cells
tégether with the collapsed follicle were eliminated by fat

infilvration.




In the fourth group (table 6) pullets vere completely
adrenalectomized when 12-15 week old. They were tvice injected
with 2 mg. DOCA, at L8 houré and 2L hours beforé the second
operation, and then the samé'aﬁount was given daily fér a weel
or ten days after the operation. Thereafter, the dose was
reduced to 1 mg. twice a weesk, and finally it was given oniy
once a week or fortnight., With this treatment two birds
(21,24) died within L0 days and three (22, 23, 25) survived
for 6-3 months. In all these birds, except no. 2h which
lived for only 21 days, comb enlargement vias noted as against
the decrease of comb size seen in the third group. The plumige
remzined the normal female type but none of the birds laid ezgs.
The ovaries were iwmature and showed a few fluid-filled follicles
on the surface. . Histologically, they resembled the ovaries
from birds which did not receive DOCA (Fig. 66). ‘There was
some oviduct growth and differentiation into regionss but
compared with a laying pullet of the same age it was much
"gmaller in size. dviducal differentiation and comb growth .

as noticed in the present case ma? ke dpe téﬁéithér indigennu:

(42

ovarian secretions,or the action of DCCA,or a product of a complex

L $4

inter-conversion of steroids in the bird body. An androgeni.
action of DOCA on the comb of capons, and an oestrogepié action
on the oviduet have been discussed in a review by Parkes (1945).
Adrenocortical hormones are known to be converted into androgpns
by liver and other tissues (Sayers 1950 ) and general
interconversion of ‘steroids in the body has been widely reporited
(Samuels 1949, Hechter et al 1950 and Hechter gt al 1951).

In conclusion, one may summarize that it is possible
to maintain adrenalectomized pullets for a long period on
DOCA and salt water, but in such birds, the ovary remains

" gmall anfl immature,and cammot preduce snough ogstrogens for
> - 3 L2
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fall dg'velopment of the oviduct: The ovary itself becomes
depgenerate, the thecal tell layers are absent and there is

extensive development of spaces in the medulla,

Summary and Conclusions,. -

Histological and cytochemical methods have béen used to
study changing cell activities in the chicken overy during
different artificial and natural physiolOgiéal ataées of
reproduction. A continuous series of observations have been
made: on ‘ﬂi’e"fovary from the time of hatching, throﬁgh puberty,
the laying season and moulting to old age, Several interestin
phenomena have been revealed.

(1) Atresia of minute follicles is evident in the ovary
.commencing at the 4th week of life, and re#ches maximal activi

in the period bordering on sexual maturity. The Schultz test|

and birefringent optical properties reveal at times en abundanc

ty

€

of cholesterol and its esters in cells of these atretic follidles,

which indicates that the phenomenon serves to build up a store
of sex hormone precursors prior to functional reproductive

activity.

(2) Polyovular and binuclear 'f‘gillicles are present in the

ovary during the growing period prior to sexual maturity, It

is

a normal occurrence and such follicles are destined for degstryction

so that it is rare to find them in & fully functional ovary.
Double yolked eggs Frequently laid by pullets are not due to

the ovulation of biovular follicles but to a simultancous

ovulation of two follicles at the flush period of the commenceément

of laying.

(3) It has been shovn that medullary cells reaot positively

to the Naphthoic acid hydrazide and other tests for ketosteros:

which suggests that they are the source of hormone secretion in

ds,
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“the ovafy. Further evidence to support this hypothesis was

gained from ovbservations that the cells changed in their reactions

during differernt reproductive phases of “he ovary, vhich corrg¢sponded

to simultanecus changes in the development of secondary sex

characters of the bird. In the Brown Leghorn the development

of these characters is a relisble criteriocnof sex hormone actd

Investigations show thaty chemically, it is at present

| impossible tc distinguish two different ¢oll types resﬁonsiblg

vity.

for the production of androgen and vestrogen hormones in the ovary,

although certain salient observations bearing on the problen
-have been made, Medullary cells possess clear cytoplasms whe
in the medulla of the ovary at the time of hatching, They
| multiply ami migrate into the cortex after the first weel, and
later some are incorporated'in the thecae of small develéping
follicles whilst others become intimately mixed in the stroma
the ovarian cortex, The latier at times are difficult'to dis
from certain large ypes ofgcells.in_the,cortex of the évany.

Apart from these two cell types no other cells or vissue

n

of

tinguish

| steuctures. in the ovary showed any indication of being concerned

in hormone production. There appeared to be three possibilit
for the sites of sex hormone synthesis and secretioﬁ;: Firstl
that the nedullary cells produce androgens, secondly the large
corbicul cells claborate peétrogens and thirdly the two cell %
act synergistically to produce chemicel wediators,vhich have
androgenic and oestrogenic effeets on target organs accO?ding_
the differential development of rasponsivencss in‘the’latﬁer.
On present evidence it is not considered that there is syffici
proof te make a distinecticn betieen these possibilities.

(L) Bxperiments of administeniﬁg gonadotrophic hormones

to differently aged birds strowed that: comb and oviduct growth

ies

9
ypes
to

ent
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could be induced to develop together with simnltancous changes

in the aytoplasm of medullary or large cortical cells. From

histological and histochemical observations it was conside

that additional evidenoe was provided to show that these c
are intimately conceméz in the elaboration of the sex ho
in the ovary, Oontrary to previous worik, no aisproportiona
growth of the medulla in the immature ovaries wad noticed
account for t.he androgenio effects ‘on secondary séx charaeteérs
following gonadotrophin admﬂ.nistratzon. | R
' (5) Studies on the hypertrophied right..gom&-.':of the poulard,
which is purported to sécr’ete the andrcgens ‘i‘éépohéibié for
~ comb growth and male plunage, showed that cobds of cells
(\‘yhich had previously been showm to r!.eve.lopvf‘mm infantile
medullary cells by Gray, 1930)" were 't’he only mtOchénicﬂxv reactive
' elements in the right gonad fron which stemi&é ‘édul'd' be produced..
* It was not poesible to extraot chemically any andmgenie maberia.l
from the right gonaa hut this failure was mst likely due tb either
the unsuitability of the extraction. procedure I'er small qaa.ntitiea
- of tissue, or that the right gonad, be:mg in an aotive secratgry
phase, did not contain enough hormone for aetection by biowassay.

(6) since adrenal glands are intimately aqnne.etefl,_ with the
gonads in embryogenesis, and are known sources: of ;éteroic;l} &amones,
the role of the adrenal gland in reproduoti.ve phenomena of the

\

female chicken was studied. It was ‘shown that (a) \:mlateral;“'

adrenalectomy éid not interfere with the normal development X

and subsequent ovulatory activity of the ovary (b) Ind:.sariminate

bilateral adrenalectomy without subs’c:.tutmn therapy nroved \\ '

\
fatal, but by carefully selecting the age for the: operatiens and,

keeping the birds subsequently in a wamm room, 11; was poasible

to keep them alive from 1-# weeks without any post—op@er@?‘ive

=
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treatment. - In-such-birds~lack:of -adrenals-had no-effect-on-plumage
but there-was-some inhibitiom of comb growths--Ovarian growth:|-
was also inhibited and thefe was extensive development of tisspe
spaces in the cortex, followed later by follicular degeneration;
(c) It was possible to maintain bilaterally adrenalectomised
pullets for long periods on DOCA and salt water, but in such
birds the ovaries remaihed small and immature and ovulation
never éccurred. Compared with the bilat.ér‘ally" adrenalectomised
birds in (v} there was gome observed comb growth which was most
likely due to either a direct action of DGCA or the conversion
of the latter in the body to androgenic substancessy (d) Without
the administration of DOCA and salt water it was impossible
under any circu;nstance to keep bilat.eraily adrenalectoxﬁised—
ovariectomised birds alive even for a day. However, with
such post~operative treatment two birds were maintained alive
for 8 - 9 months, and it was observed that there was a
development of the right gonad with associated comb growth
and male pluma,gé. The right gonad developed slowly compared
to poulards with intact_ ad:enals. From the above observations
it is clear that f.he adrenal gland is essential for the normal
maintainance and 'developmz-;nt of the ovary.

(7) Large eosinophilic cortical cells appeaved in the
thecae of growing follicles by the 17th week of life. They
possessed vesicular m._zclei and- large, ép_herical, eosinophilic
granules in the cytoplasm, These cells divide mitotically
and give rise to smaller types of ecsinophilic cortical cells
with bilobed nuclei., Both types of eosinophilic cells attained
maximum development in a fully functional ovary and were never;
absent from the ovary at any subsequent age although they were

somewhat reduced in numbers. The large mononuclear type of
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eosinophilic cortical cell morphologically resembled the
eosinophil myelocytes in the bleod-forming organs. Since
mitotic divisions wers frequently seen amongst them it is
highly probable that the immature ovary is a site of granulocytopolesis.
Support for this conclusion can be gained from the known
occurrence of extramedullary granulocytppé[ésis in the gonads of
lower vertebrates. The §roduction of the smaller type of

eosinophilic cortical cell, the ecsinophil leucocyte, in the
ovarian cortex is most likely connected with the intra-organ
tissue damage which occurs in the bird ovary due to frequent

ovulations.
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All tissue sections stained with haematoxylin and eosin,
unless otherwise stated.

AL - Atretic roﬁﬁo large )s y
AN - Atretic fo e (microscopic).
BB - Balbiani body.

I - Biovular folliele.

BV « Blood vessels.

Cap ~ Capillaries.

CC = Compaction of cells.

X ~ Cortex.

E «~ Epididymis.

EL - Large eosinophilic cortical cell.
F « Follicles.

G = Membrana granulosa.

H « Hilum.

L = Large cortical stroma cells.
Li « Lipoidal granules.

M - Medulla. ( )

m - W ”11. m‘ >

MG - Medullary cell (granular),

MI = Mitotic division.

g ~ Primary oooytes.

Ov = Ovary.

P = Pigment.

POF - Post-ovulatory follicle.

PY « Peripheral yolk,

RBG - Right gonad rudiment.

RT « Right ponad.

8 = Stign.

8F - Small fibroblastic stroma ocell.
ST = Tigsue spaces.

TB - Extravasated thecal blood,

¢ - Fibrous layer of theca interna,
TL -~ Right gonad tubules.

TT - Thecae (combined interna and exterma),
VK -~ Vitelline membrane,
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ADRENAL GLAND RUDIMENTARY RIGHT GONAD

RIGHT LUNG

-LIVER

KIDNEY

POSTERIOR VENA CAVA

Fig. Je
Right adrenal in relation to other viscera,
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Fully functienal evary shewing 3 POFs and eova.
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Fig. 5.
Ovary preeeeding the moult, Nete fewer large ova cempared

with Fig, L.
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Figo 60
Diagram of a section through part of a functional ovary.



Fig. 7. X 250,
Cortex of the evary shewing twe types of certical stroma
cells,

Fig. 8, X 1500,
Osmic acid & Irom haematexylin,
Diffuse chremosemes ; amd binuclear follicle shewing
esmiophilic Balbiani bedy,



Fig. 9. X 75.
Frozen section. Sudan black B,
Note the peripheral, sudanephilic yolk in the evum.

Fig. 10, X 80.
Note a small satellite follicle in the theca externa of a
large follicle, Yelk vacuoles and the vitelline membrane
are also seen in the large follicle,



Fig. 11. x 13000
Anaphase in the granulesa cells of a young fellicle,

Fig. 12, X 1000,
Osmic acid & Iron haematexylin,
Note fibres of the theca interma adjacent to the granulosa
cells, and lipoidal grauules im the cytoplasm of medullary
and granulosa cells.



F‘ig. 13- X 6000
Masson's trichrome stain.
Note nests of medullary cells with clear and granular
cytoplasms in the theca interna of fellicle,

Figo lh., X 30,
Ovary of 1l weeks old pullet showing three stages of atresia

(asbyc). Note also the migration of medullary cells tewards
the thecae of feollicles,and the larger follicles protruding
inte the medulla.



Fig. 15. X LoO,
Scar of atresia.

Fig. 16. X 100,
Atretic follicle showing hypertrephy and hyperplasia of
medullary cells, and fatty degemeration of granulesa.



Fig. 17. X 100.
Collapse of an atretic fellicle of the type shown in Fig. 16.

Fig.lao x 15-
Atresia of a large follicle showing capillaries in the
hypertrophied thecae, and the proliferatien of gramulosa.



Fig. 19. X 15000
Metaphase of division in large eosinophiliec certical cell,

Fig. 20, X 1500,
Eosinophilic leucecytes with bilobed nuclei.



Fig. 21, X 20.
Vacuolar tissue in the cortex of ovary.

Fig. 22, X 1000,
Pigment and large eosinophils in the cortex of ovary.



Fig. 23.. X 10,
Functional ovary showing blood and lymph sinuses in the
medulla, and ill-defined cortex.

Fig. 24, X 20,
8 weeks old ovary showing compact cortex clearly demarcated
from the medulla.



Fige 25,
Stages in the regression of POF,

Fig. 26, X 10,
Masson's trichrome stain,
Section through the middle of a POF showing the distended
blood spaces in thecal walls, and degemerating granulosa,
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Fig.28.
Ovary of a pullet in early stages of laying. Note the large
number of maturing follicles and two large atretics.



Figo 29. x 15.
Ovary of a day old chick showing cortex and medulla clearly

demarcated. Note the hilum of the ovary.

. Fig. 30. X 330.
Ovary of a day old chick showing cortical cords of oogonia,

medullary cells and a few spaces.



Fig. 31. X 330.
Ovary of a li day old chick showing enlargement of oogonia
in the cortical cords prior to oocyte formation.

Fig. -32. X 330.
Ovary of a hiday old chick showing increased spaces,and
hypertrophy of medullary cells.



_ Fig. 33. X 330.
Ovary of a 6day old chick showing the begining of primary
oocyte formation from cortical cords.Note minute follicles.

Fig. 3110 x 70.
Ovary of a week old chick showing the inward migration of
follicles, and breaking up of cortical cords.Compare fig. 29,



Fig. 35. X 600,
Masson's trichrome stain.
A polyovular follicle.

Fig.36. X 800.
Masson's trichrome stain.
A polyovular and a binuclear follicle in 12 week old ovary.



Fig.-37. X 1000.
Ovary of a 1l7week old pullet showing a group of large
eosinophilic cortical cells. Note mitotic divisions in some
of these cells.

J

Mitosis in the germinal epithelium of an 18 week old pullet.

Fig. 38. X 1500,



Fig. 39. X 10.
Ovary of a 19 week old pullet showing blood si
in the medulla, and fully formed thecae of fo.
not compact.

Fig. LO.
Ovary at the begining of moult showing atresia of all large

- 1T 2 B "7 ke & % a’ -1 g
ollicles. Note extravasated Thecal lood.,



Fig. 41. X 80,
Masson's trichrome stain.
Ovary of a moulting hen showing the hypertrephy of medullary
cells both in atretic and intact follicles.

Group of large eosinophilic cortical cells in the evarian
cortex.



Fig. L3. X 1500.
Osmic acid & Iron haematoxylin.
Osmiophilic granules in large eosinophilic cortical cells,

Figo hho X 75‘
Frozen section, Sudan black B,
Sudanophilic pigment in the ovarian cortex,



Fig. L5. X 30,
Frozen section. Sudan black B.
Ovary of a day old chick showing sudanephilic medullary cells,

Fig. L6, X 120,
Frozen section., Sudan black B,
Ovary of a week old chick shewing sudanophilic medullary
cells , most of which are sub-cortical in pesition.



Fig. h?. X 18. i
Frozen section. Naphthoic acid hydrazide.
Ovary of a week old chick showing positive medullary cells.

Figo h8. X 75.
Frozen section, Polarised light.
1); week old ovary showing intense birefringence in the thecal
layers and atretic follicles. Note also scattered birefringence

in the cortex.



Fig. L9. X 60.
Frozen section. Pelarised light.
Ovary of 21 week old pullet showing faint birefringence in
thecae,

Fig. 50. X 60,
Frozen section. Polarised light.
Fully functional ovary showing reduced birefringence in
thecal cells,



Fig. 51. X 60,
Frozen section. Polarised light.

Ovary of a moulting hen showing intense birefringence
.

heca yer

=N - .(

o

Note a central core of compact cells,
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;\.



Fig. 53.

Figo Sho X 25.
Right gonad showing selid cords of cells and tubule formation,.



l'ig.SS. X 25.
Right gonad showing hypertrophied epididymal region.

Fig. 56 X 15,
Ovary of a two week old chick treated with gonadotrophin showing
inhibition of follicle development,

I“ig.5'3. X 15.

Ovary of a 2'week old chick showing extensive follicle developmente.



Fig. 58. X 320,
Ovary of a 2 week old chick treated with gonadotrephin showing
few follicles, but abundant inter-follicular tissue. Mitoses
can be seen in the latter,

Fig. 59. X 320,
Ovary of a normal 2 week old chick showing the development of
many follicles,



Fige. 600 X 180.
Ovary of a 13 week old pullet treated with gonadotrophin
showing the medullary cells in the gramnular phase,

Fig. 610 K 180.
Ovary of a normal 13 week oldpullet shewing medullary cells
in a state of synthesis ( clear cytoplasm).



Fig. 62.
External appearance of 19 week old ovary treated with gonadotrophin.

Compare Fig. 27.

Fig. 63. X 10.
Ovary of 19 week old pullet showing increased follicle size.
Note a biovular follicle. Compare Fig. 39.



Fig. 6he X 30"
Ovary of a 13 week old bilaterally adrenalectomised pullet
showing extensive development of medulla, and compact avascular
thecae,

Fig. 650 X 20,
Ovary of a 13 week old pullet to show normal development of
medulla and thecae., Compare Fig, 6k.



Fig. 66, X 20,
Ovary of an 18 week old pullet, L weeks after bilateral
adrenalectomy. Note the extensive spaces in the medulla
and the reduction of thecal layers.

Fig. 670 X 75.
Part of the evary in Fig. 06 showing degeneration of follicles,



