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PREFACE

The development of new micro-analytical techniques for the isolation
and gquantitative determination of steroids in human tissues and body
fluids has made possible a more direct approach to many problems in
reproductive physiology. This type of research is still in a prelim-
inary phase and the main experimental work embodied in thie thesis
describes an attempt to study ovarian function in women with normal
and abnormal menstrual cycles by means of steroid determinations in
ovarian fluid and ovarian venous blood. Firgi, however, it was consid-
ered that it was desirable to bring together relevant observations
upon\the relationship between ovarian morphology and function in the
normal cycle and in some gynaecological conditions. Finally, the
results of the present work are discussed in the context of previous

work and current hypotheses.



Chapter I « ANATOMY OF THE OVARY, WITH ESPECIAL REF:RENCE
T0 CYSTIC FORMATIONS.

1 - @bmlmcg derivation of ovarian tissuos,

The three major compon:nie of the ovary, germ colls, cortex and
medulla, derive embryologioally from diffsrcat tissuos (Witwohi, 1963).
The germ oelle soparate from stem cells during cloavage stages and
migrate during the 5th week of cmbryomic developmunt from the dorsal
yolk #ac cpithelium to the site of the gomadsl primordials They are
the only source of ova, according to the view most widely accepted
today.

Ths cortex is a spucialised etrip of coslomic apithslium that
ariscs a8 & thickening along the median cdge of the maesomsphric bodioes.
It fumnishes the primitive gonad with follicle cells which becom:
granulosa colls in advanced stages of ovogenceis. The mudulla erigi~
nates from the madial mzsomsphric dDlastemas it furnishoes interstitial
or stromal cclls and later contridutes to tho formation of the folliou-
lar theca. A condonsation of the messnchyme just heacath the coslomic
apithelium forms the tunica albuginea.

By tho ninth month of pregnancy the medulla is very roduced, in
sizo, In the cortex, the primary ovarian follicles, which comprise
the oooyte and a layor of Polliocular cslls, omlarge with accwmulation
of fluid; the follioular granulosa cells proliferate and comstitute
a multiloyered coat around the oocyte. This is ceatrally located
and soparated from the gramuloea layer by an antrum. The theca layer,
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consieting of difforentiating stromal colls, dovelops at this stage,
and a Uraafian follicle ies fommed,

2 « The ovary of tha sexually mature woman,
The ovarics of the maxually mature woman ars paired, bean-shaped

bodiom, attached to tho back of the broad ligament by a double fold
of peritoncum - the mesovariume The longitudinal diamcter is approxie
mately 1 to 2 inohecsj the tramaverse dlamster i 1 to 1.1/2 inch and
tho thickmoss is approximately 1/2 inch. Ths wurface i smooth and
glistening.

A cross scction reveals a cortical sone - the cortex -~ contalning
folliclos and siromal cells; an intermadiate monc - the medulla -
which consimtis of loose comnuctive tissuo, numcrous blood vessels,
uerves and bwndles of smooth suscla fibres; and a connsciive tissue
adjscent to the mosovarius - the hilus - which contains chiofly numerous
large arterios and veins, but also lymphatics, narves and ganglia.
The hilum also contains clusters of plump polyhedral cells closaly
connsoted with the nerve itrunks; intheir behaviour towards fixatioer:
fluids and stains these ocelle are idemtical with ths Leydig colls
of the testicles, Through the hilum the ovarian ortery penetrates
into the ¢vary and gives rise to primary, secondary and tertiary
branchos. Thoeo branches exhibit spirelling in differemt degroe-
minimal in the primary branches which are undulated; more evident in
the sscomdary branchos and maximal in the tertiary branches. The
veins have a similar distribution and converge towards the hilum into
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the ovarian vein. This forms a rich network called the pampiniform plexus
batween the laysyrs of the broad ligament. The lymphatioc mystem of the
ovary has a perticular sbundance of labyrinthine channels which become
lacunas around the follicles,

The cortex comprises more than half the thickness of the maiure
ovarys It is covered by = single layer of *coclomic' or sercaal
spithelium. Infofllding of the serosal opithelium, with invaginations
into the cortical stromn, may form msmall cyets known as germinal ine
clusion cysts. Underlying the epithelium there is a slight condensation
of the styroma - tunioca albugines ~, but this ie somoiimes absont.
The albuginea morges with tha cortical gone without sharp demarcation.
Thickening of the slbuginea, dus to an increase in the numboer and dia-
moter of the collagsnous fibres, ocours in some cascs of chremic pelvic
inflammation and endometriosis. This is considered to be a constant
feature of polycystic ovarics as seen in the Stein-Leventhal synirome
(Stein, Cohen & Elson, 1949; Leventhal, 1958; Goldsieher & Oraen, 1962).

Tha ovarian stroma has scanty blood vessels and is formed mostly by
spindle shapod cells camsshod in reticular fibres. Eyperplasia of the
atromal cells, with increased demsity of their muclei, and stromal
fibrosis have been described in the Stein-Leventhal syndrome as a
constant findimg (Stein ot al., 1949), although doubts have been
expresscd as to whather this histological feature is entirely charao-
teristic of the ovary inm this synirome (Morris & Soully, 1958; Roberis &
Raines, 1960).
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Haturation of the follicle.

/% the onset of each manstrual cycle a few of the many thousands of
the primordinl follicles in the cortex begin to increase in siso and
t0 show somo degrse of maturation. Only one follicle, or rarely more
than one; reachss full maturity, ruptures to release the ovum and
is finally transformed into a corpus luteum (Fig. 1)« In the other
follicles the process of maturstion stops at differant stages and is
followed by inveolution - atremia folliculi.

Three stages can bo recognized in the process of maturation (Fubin &
Hovak, 1956)s 1) Orowth of primary and vesicular follicles : - Primary
follicles and folliclas at the aatrum stage underge emlargement through
proliferation of ithe granulosa celle and acouwsulation of fluid. The
ovam is displaced t0 a polar position and becomos ombedded in o wolle
marked psninsula of granulosa cells - the cumulus sophorus - and
surrounded by cells arranged im radial fashion — coroma radiata,

2) Theoa differentiation : = While proliferation of the granulosa
cells and acomsulation of fluid contimue, the ovarian stroma surrounding
the follicle differentiates into an investing cellular layer- the
theca, which soon comes to oxhidit two concantric layers : a layer of
large polyhedral cells with sbundant lipeid content - the itheca intems -
and the tfica externa in which the cells are fusiform. The theca is mep-
arated fyom the graaulosa by a bascment membranc. At this stage, a
special blood supply for ithe feolliole has developsd. Two syatems of
capillarios cam be demonsiltated, ono for each of tho iwo theca layors.
The vessels in the theca externns run parallel to the outer surface






of the folliole and have a thick comnuotive walle. In the theca intemn
the capill: rice aye disponod radinlly and conwist only of a bamnl
mombrone 1linad by endothelium,. m‘ capillaries do not penctrate inte
the granuloss layoer until after rupture of thoe follicls and formation
of the corpus luteum.

3) Preovulatory swslling : = in noceloration of follicular growth
followe the two preceding stages, and the follicla reachos ite meximsl
oigsy; mainly dus to ~ rapid inoreass in the sccumilation of fluid.

4 spocial type of theon ocolls, the "X colla™, which bocomz on imporiant
featurs in the formation of the corpus luteum, con bo firet soan ~t the
$imo of proovulstory swalling (¥hite, Hortipg, hook & ‘dams, 1951).

Thoe ovim itaolf participstes in the growth and moturation of the folli-
cle and its diamoter inerensse to 150-200 mpe It dehiscos from the
follicular wall »nd floote free in the antyum in o covering of cumie
lus csells,

Ovilation,

Ovalation i3 the rupture of a ripo follicle with roleass of 2 maturs
ovine The mechanism of ovalntion is not completely understood. During
the stage of maturation the folliocle ascends towards the surface of
the ovary. Fomation of o "thecu cone™ at tbe periphem) homisphore
of tha folliclo nuar the cusilus cophorus has beun describad in humen
ovarius and in ovariss of other mwessls (Strassmanp, 1938). This cone
may prepare the path for ths follicls to the surface of tho ovary,
noting in » purely mechomical way. When the folliclo reaches the



surface, the theca and granulosa layers become thimner and avascular in
an area corresponding to the protruding pole - etigma folliculi,
The stigma finally tears, »robably due to the effect of intrafeollicular
pressure or because of diminighed elasticity of the follicular wall
(Rondell, 1964). The ovum is extruded and the follicle collapses with
the escape of the fluid.

Corpus luteum formation.

Four principal stages are recognised in the formation of the corpus
luteun (Meyer, 1911). 1) Stage of prolifefatiun and hyperasmia : ~The
wall is thin and folded, The granulosa layer shows evidence of early
transformation into large polyhedral cells laden with lipoid mate-
rial -~ granulesa lutein cells.

2) Stage of vascularisation i1 - The layer of lutein cells is
invaded by blood veesels from the thaca. The vessels extend to the
very lumen. Haemorrhage is 2 nommal feature of this phase. At times,
howsver, the cavity may be distiended with blood-corpus luteum
haematoma.

3) Stage of maturity : - The broad lutein zone thomas festooned
and subdivided by wedgelike septa of theca celle into folds and alveoli.
The theca cells appoar shrunken through disappearance of their rich
lipoid content. They often show some degree of luteinisation, consti-
tuting the theca lutein cells, which are smaller than the granuloss
lutein cells. The K cells retain their iden_tifyihg characteristics
during luteinisation and are comspicuous by their attenuated shape,
emall dark nuclei and highly eosinophilic cytoplasma. The cavity
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always contuing a small amount offluid, shut off from the lutein sons by
a layer of fibroblastic tissuc.

4) Stage of regromsion 3 - This stage ia marked by fatly degeneration,
fibrosis ond later lwalinisatim of the lutein sone, with increasc of the
cicatricial tissuo within the cavity. The end product is the corpus
albicans, a whitish, hyalinisod, convoluted structure which slowly
decreases in sise and usually e;iﬂappam.

Ltremin folliculi. |

hcoording to a classical dewecription (Rubin & Novek, 1965), atresia
follicull coneimts of death of the ovum and disintegration of the
Qranulms layer, followad by degesnsraticn of the thsoa cellse Frequently
tho cavity beocomes distended with fluid. The cystic stags is followsd
by clicatricial obliteration, proceeding mlowly from the periphery
toward the centra, The end regult of this process is the corpus fibrosum
a ocondensod zone of hyalinised tissue surrounding a small central cié-
Aatrix.

Recently, it has been maintainod (Kossman, Koering & Fexayy 1964).
that the theoca cells of atretic follicles do not degencrate after
disintegration of the granulosa, (n the contrary, the theca cells
would differentinte into rounded, polyhedral cells, arranged in rows
or groups around the disappearing cavity of the follicla. Those fore
maticns are comsidered to be anm ondocrine tissue - the interstitiol
gland, The interstitial gland tiesue can be recognised by the dispo-
sition of tho cells and by their characterimstics. Tho cells are not
a8 largs as the thece cells of mature follicles and have n relatively
scarce oytoplasm, which ccntaing large rounded vacwoles filled with
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lipoid materinl.
The mass of the interstitisl gland sceme to vary in selation to the
reproductive ags and cyclem,

3 « Collular origin of the ovarian hoymonos,

The type of ovarian calls respuneible for tha productiom of individual
steroid hormenss (progestogens, ocmirogens and androgens) has not yes
been clearly establishod, Thie is partly due to the low spocificity of
tho histochemical reactions, which can only indioate whather there is
sooratory activity ia the colls or whathor the cells contain stereid
precursers. The spplication of varidues hietocheamical techniques has de-
nonsirated n considerable degrss of motsbolic activity in the theoa
internn of maturing follicloss On the contrary, granuloss cells show
minimal notivity amd this aleo applics to follicular fluid (oXey &
Fobinson, 1947)« In the corpus luteum both the gramuloss iutein cells
and tho theca lutein cells apposxr to be actively socrsting; thsy contnin
lipid droplets rich in materisls which are sudanophilic, birofringent,
rutofluorescant and Scimltzepositive.

On the bagis of histochemieal etudics, it has beem . proposed’ that the

_thecn colls produce progesterons and cesirogens in the deweloping
follicla, In the corpus luteum, the gramulesa and lutein cells would
be reaponsible for progesisrenc production cnd either type of cells
for the preduction of vestrogene (NoKay & Robinson, 1947). Som: authors
attribute great imporitance to the K ¢ells in progesterons formation
(¥hite et ale, 1951)s Som2 avidence ham baen presonted for cosirogsn
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production by the imteratitial ocells (Comer, 1938; HoKay & Robinson, 1947}
Pinkorton, 1959). Production of androgens has been attributed to the
Leydig cells of thue hilum (Allen & Wool#, 1959). It has also been
raported that tho concantration of andyogens in the hilum is much highor
than in the csortex or medulla {Simmer & Voss, 1960). However, tho
difinition of ’imcnt&tiél‘ colls may have varied from onc study to
another, Rocently the morphology and derivation of the interstitial
cells supposedly producing steroide has bewn defimed, but their
function still awaite clarifioation (Hommmsn ot al. 1964).

Ths demopstration of Jf«hydroxy~-eieroid dehydrogenasa by means of
n very specific resction (Wattesbergz, 1958) in both layers of the
folliocle and in lavger quantities in the corpus lutews (Deans, Lobsl &
Rommey, 1962), has confirmed that the follienlar and lutein cells
can aotually preoduce -steroids, as suggested by the above mentionsd
histochemical investigatioms. ,

& different exparimontal approach has thrown new light upon the
activity of the ovarisn cell types. Autotransplantation of cells from
the follicle or corpus luteum of the rat into the snterior chambar
of the ays has shown that gramulosa cells are indispemsable for
osptrogen preoduction. Under thesc expoerimuntal conditions, oestrogens
aro formod only if theca interna or interstiticl colle are ironsplanted
together with gramilosa or gramulosz lutein cells. Since the combinoe
tion of » progesierome implant and theca intemns cells also resulis
in ocstrogen formation, it would appear ithat gramuloss cslls are the
sourca of progesteronc and that the theca intem= cells transform the
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latter into osstrogens (Falck, 1959).

In ngrosmsnt with this hypothesis, it has boen domonwtreted that
the corpus luteun of the maro, vwhich coneiats predosinantly of gram
sAlesa lutein calley produces progesterons but not cestrogens.
Gramulosa celle, in oomtrast to theesn colls, would appear to be doe
ficiont in the ongyme systems involved in goptrogen synthesis
(Short, 1562a).

ti Mals ‘.. 09 VALY .

4 = Cystic formation :
fa shaormal developmant of follicles or corpora lutea may give
rige in the ovary %o cystic formations. Theso haove o similar histolo-
glcal structure to nomal follicles or corpora lutea, but are larger
in sige and contnin mors fluid. Thay ave further characterigsd by
their 1ife epan, which can oxiend over the lengih of two or mora cycles.
The dofinition of o "pnthological! cyst fomation ie still o matter
of debate. sccumulation of fluld can ocour in maturing follicles, in
corpora lutea and in atretic follicles, whichk are otherwiss normal,
Bowaver, a follicle with n diomoter of mors thog 145 om or a corpus
luteus with o dismoter of moxe then 2.5 om is generally regardsd ao
pathological and ie texmod n follicular or corpus luteum oyst
(Hortig & anmell, 1957),
The nonwnaoplastic cysts of the ovary cam do classificd according
to their nmmber - single or maltiple - and to their derivation -
from the unyupterad or from the ruptured follicle,




a) = Single cysits from tho unmruptured follicle.

Cystic follicles : -~ Thoir diameier does nol exceed 1.5 om. Hore
than one at a tim2 msy be presant. Cystic follicles are not usually
accompanicd hy any appreciable andoorine disturbancs, although a
porticulayr type has heen desoribed in women of pramenopausal age
with hyperplastic changes in the endometrium and irregular blezding.
In this type of follicle both the granulosa and theca layer appoar
intact : the ovian is mature.

Folliole or folliculsr cymsis 1+ = This is the most common variety
of single cyst of the ovary., The oyst is wnilocular, translucent
ond rarely measursa moro tham 10 cam in dinmcter. It has a smooth
outer surface and thin, mombranous wall. The caviiy containe a
clear yellow fluid, free of mucus. Hicroscopically the cyst is composed
of flattened granulosa and theca cell layers, iwt often the lining
is only of theeca celis. Both ‘cellular layers may show varying degrees
of luteinisation (Hortig & Hamssll, 1957). These oysts are considsred
persisting folliclos which do not ovulate (Rubin & Hovak, 1956).

In the majority of camos, themo cysis do not produce ciinical
symptoms. In infancy, thoy may be associated with precociocus puberty
and irregular bleeding. During the reproductive age and at the time
of the menopause, folliocular cysis are sometimos accompanied hy
menstrual abnoxmalities, such as irregular uterine blesding aliernating
with periods of amenorrhoea (Schroeder, 19543 Zondek, 1954)e It hos
beon sufgested that the presence of follicular cysis may boe associated
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with ovulatory failure and may account for atrophy of the contralateral
ovary (Morris & Scully, 1958). It is genorally belioved that follicular
cyste have & limited 1ife mpan and rogross complotely within wesks or
months,

b} - Singlc oysts of the yuptured follicle.

Corpus luteun cysils : - Thie type of cyst, ususlly larger in sizo
than follicular cysis, is dorived from 2 corpus luteum into which there
hos besnt an abnormel amount of hacmorrhage {corpus lutoum hacmatoma),
If reabsorption of the hacmatoma doss not follow, organisation of the
coagulum results in an immer zono of hyaline, lin:d by flattenad
cclls and enclosing 2 cavity in which fluid may zocumulate. Tho wall
of ths corpus luteunm cyst so formed is of variable thicknsss and
congists of a laysr of granulosa lutein caelle. The cyst may exhibit all
the phases of dovelopmont or regression of a corpus lutews. Corpus
luteum cysis can sometimenm be accompanicd by periods of amsnorrhosa
lasting a fow wooks and f8llowed by prolonged but not heavy bleeding.
Hore often they do not provoke any clinical featurss.

¢) - Kultiple ayste.

Multiple cysts of the ovary derive from unruptured follicles.

a) Somc ovaries ars studded with tiny oysts of not mors thon 3=5 mm
in dismeter, Those ars formed by folliclam blighted at various siages
of development. Such change is not pathological and pracedes follicular
atresias The othor ovarian oon;xzituanta appear nomal and ovulation
occurs rogularly. This type of cyatic ovariss doszs not camas sndoorine
disturbances, although thoy may be assoclated with irregular andomstrial
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hyperplasia and bleeding., This Occurs mainly during puberty and adoleS-
_Scance (Rubin & Nevak, 1956). ,

b) Additional changes in ovarisn morphology may occur in cystic
ovaries in which ovulation does not scem to be impaired. Chronic pelvic
inflammation may pro&nog thickening of the albuginea, which, in tum,
hinders rupture ’o!‘ the follicles and leads to formation of cymis.

Also in endometriosis, the albugines may be thickened as a raeaction

to hasmorrhage from ectopic eondometrium, and the ovary comtains many

oysts of the follicular type, in addition to typical 'chocolate!

cysis. Fibloids of the uterua arc frequently associated with oystic

changes and some enlargement of one or both ovaries, which may de distorted
cedematous and hyperacmic, The cysts are small and occasionally show

some degres of luteinisation and haomorrhage. Whother the association

of cystic ovaries with £ibroids is coincidental or whether the overiam
changes are due to interfercnce with ovarian circulation by the

tumour mass, is diffiocult *ﬁo resolve (Haines & Taylor, 1962).

¢) Vesiocular mole and chorionic epithelioma are characterisiically
- accompanied by oystic ovaries. The cysts -~ thooa lutein cysis - are
histologically similar to follicles, but have a siriking hyperplasia
of the theca interna ccells. The sige of the cyste and the thickness
of the lining varies from case to case and in different qysts in the
samo ovary. The oyst lining may be formed by a layer of granulosa cellm,
vhich rarely shows signs of luteinisation, but in some instances this
is substituted by a sonc of comnective tissue. Numerous plump thaca
cells with eosinophilic oytoplasm are arranged in ribboms, clusiers



w 43 -

or colums in the cyst wall and thoy may form bands of yollow tissuc
in the ovarisn siroms (Nové.k, 1952) .

d) Ovarios containing numerous small oysts - from 2 40 15 mm in
diameter - may be considerably larger than the normal size. Some authors

ragorve the term 'palycyaﬁc' ovaries for this type of cyestic ovary.
The appearancs is chamctaristic, due to th> smooth, white surface of
tha glands snd the prasoncs of numerous cysia in the cortes.

lioroscopically the oyets roprasont follicles at varlous stages of
maturation and atrs:réia, Atmﬂe follicles are particularly sbundang,
while no follicles in the pre-ovulatory atage are obscrved. The
cystes are lined by granulosa snd theca colls. Somatimes thers is
markod hypsrplagia and luteinisation of the theca interna. Thers may
be aleo hyperplasia of the ovarian siroma, with scattercd nests of
lorge, voundedy lipoid - laden cells. This microscopic pictuars of
theca =nd stroma cell hyperplasin has boen designated as 'ihoca hypore
plasia!, "thecomatosis’ and 'hyporthecosis's Tho tunica slbuginea is
thick and sclerotic in most coses and ths stroms swollen and cudematous.
Altough corpors lutez ara more commonly absant, thoy are encountercd
in asoms caseg.

Ovarics with these macro - and microscopical features arc prascent
in patients with the Stein-leventhal syndrome, but also in pationis
vho are not oxample of the syndroms; o.g. meiropathia hacmorrhogica,
m>trorghagic and virilism. In motropathia hasmorrhagica, ce am
additional finding, on: ovary may contain n largs follicular cyat
(schrozder, 1954; Zomdsk, 1554).



In th: few vases of virilism associated with polycystic ovarios reported
in the literature, mo differsmoc in the histological appearamcs of the
ovaries has bzen noted with rospoot to the classical 'polycystio!
ovaries (Qeist & Gaimes, 1942; Horris & Socully, 1957). Fimally, it is
imporisnt to noto that emlarged cystic ovaries have aleo baem found
in women with regular memstrual cycles. Accordingly, as alroady mentioned
in connsction with stromal fibrosis, th: original opimion that the
histological appearance of the ovarics im ths Stein-Loventhal me
is charactoristic and pathognomonic has basn questioned (Roborts &
Hainos, 1960; Haimes & Taylor, 1962; Goldsich:r & Groom, 1962).

d) - Artificlally inducod cysis

Formation of ovarian cyste has boon obscrved aftor sdainigtration of
gonadotropins. The cystic change is roverseibls and rograssion occurs
shortly afior treatment is discontimuoed.

Tho prascacs of gorminal tissu: is sessatial for the responsc of tha
ovarics to ths administorsd gonadotropins (Gemssll, Dicefalusy &
Tillinger, 1960). The administration of extracts with prevaleat folliole
stimalating affoot provokes cmlargemont of the ovarics and formation
of numsrous large oyets; subsaquont administration of human choriomic
gonadotropin induces further onlargem:mt and ovulation in a high
proportion of cascs (Gems2ll :t al., 1960; Buxtom & Herrmsmn, 1961;
Crooke, Butt, Palm:r, Horris, Logan-Edward, Taylor & Shoxt, 1963a).
Hacroscopically many hasmorrhagic arsas ars obssrved on the surfaco
of the ovarias with promin:nt cysts of varying siscs The ovarian stroma
is ocdsmatous and cangisted.



Hioroscopically, the cyst lining shows active proliforation of both
granulosa and theca layer, with mumcsrous mitotic figurss (Geiet, Gainus &
Salmon, 1941). Luteinisation is present to a vardablc degrse in the
celle of tho theca interna snd is obsarved in the granulosa colle
whon administration of FSH is follow:d by HCG. Two or mor: corpora
lutea at differont stages of dovelopmant ara: often mesm after combinad
troatment with FSH and lutuinising hormons (Uemzell ot al., 1960).

The ovaries can undorgo similar macro~ and microscopic changss after
administration of som: non-storoidal synthotic compounds, analogucs
of chlorothianieons (Clomiphoms citrate and derivatives). Thess
compownds app:ar to interfor: with ousirogen matabolism, and through
this would modiate rslcase of pituitary gonadotropins (Charles, 1962;
Smith, Smith & Kietnor, 1963; Mahosh & Greanblatt, 1964). Some authors
have roported that thosc drugs can induce ovulation im amcnorrhosic
womsn and in women with fumctiomal uterinc blooding (Roy, Groenblati,
Kahosh & Jungek, 1963; Pucbla & Orosmblatt, 1964).

5 = Origin of liguor folliculi and cyst fluid.

Liquor folliculi and cyst fluid are probably formmed in the ovary by
a similar proocss, but it is not clear why, in the cas: of oysts,
fluid is produced in oxcsoms. An uwnderstanding of the maochanisa of
formation of fluid in follicles should help to discover the causes
of pathological fluid accumulation.

Earlior authora maintainsd that liquor folliculi is primarily a
scorztory product of the follicle liming. Tho hypothesis that it
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originatos from thoca colls was basced upon the comcept that thome

ware the hormons-szcrating c:lls; on the other hand, since fluid doss
not accumulate aftor destruction of the granulosa colls by Xe-ray irraw
diation, it was suggesisd that it is secreted by the gramulosa cells
(selye, 1947).

Later, it was rscognised that filtration from the capillarioe of the
theca intorna could bo important. It has baen noted that in most spocios
the liquor folliculi appears at a time when the capillary net in the
theca interna is doveloping. In this nol, some large capillarivs of a
'filtration’ system can bs distinguished from smaller capillarics of
a 'nutritional' system (V. Thielem, 1953). Intorposed between the f£il
tration' capillaries and tha fluid therc is tho bassment membranc, which
divides the theca from the granmulosa and also the avascular layer of
the granulosa. Intercsllular spacos in the lattor are in continuity
with the follioular cavity.

Bioclogical struotures can be represanted as physical models,
althoughfhe fact that tha tiwsuss may play am active r8le - inm this
particular instance the tmspbrt of fluid and solutes « camnot do
excluded, Moordiug to the deacription given above, the follicls can
be rogarded as a two compartment system - the fluid in the cavity and
the blood in the capillary vessols of the theca - scparated by a
somi~pormeable memhranz, the basem:nt moembrans. (Fig. 2) The cexchange
of water and water soluble compounds bLeiwaenm two compartments soparab-
2d by a mombrane is rocgulated, as is wall known, by a complox of
faotora : pormeability of the wmembrance and hydrostatic , osmotic and
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Fige2- The follicle as & two~compartment syetem.
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colloidosmotic prassurcs in ths two compartments..

Ths permoability of the blood-follicle barrier to water and small
moleculcs from the capillari:s has beon domonstrated im the human
ovary. Aftar intravenous infusion the conocentration of tritiated water
and 0’1 yeaches squilibrium botwsen blood and follicular fluid in a
very short time, Sinmce, in theso oxpsrimonis, no inorsasc in the
volume of the folliolesm was observed, tho machanism of passage must
have been one of pimpls diffusion, without not transfor of fluid
(Vs Kaulla, Adkawa & Pettigrow, 1958; Pockhsm & Kiakhofer, 1959).

The basoment membrano is aleso pormsable to proteins and 131I «labelled
globulin is found in follicular fluid after systemic adminisiration,
although the equilibrium is atisined after a longer interval than with
frae iodine (V. Kaulla ot al., 1958). In faect, in oxperiments with
intact and hypothyroid rats protrsasted with gonadotropine to induce
ovarian cysts, it has been shown that the rate of diffusion of
individual proteins into ‘;ﬁha r;;llicnlar cavity depsnds upon the molec-
~ular woight (Manoini, Vilar, Heinrich, Davidson & Alvares, 1963;
Yatvin & Leathem, 1964)s

Labelled proteins ars fousd in higher concemtration in the fluid
than in blood for a considerable tims following intravencus injection.
(Ve Kaulla at a., 1958; Hancimi et al., 19633 Yatvin & Leathem, 1964).
This phonomsnon of "rotention®™ in follicular fiuid hae been noted
also for 13’1, some drugs and for steroid hommoncs, as will be discuss—
#d later. It has boon suggested that proteins cammot be roleased back
into the blood and that they romain in the follicle umtil thay are
complately metabolissd (Mancini ot al., 1963). Another oxplanation,
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basod on tho geometry of the folliclo, has beoen proposed (Yatvim &
Leathem, 1964)s The follicle ie sphorical and when fluid accumulates
in a sphors, the volume increases proportionally wore than the surface,
so that tho arvea of oxchange botween fluid and capillaries is roduced,
This might rotard the passage of proteins from ths folliols into the
blood (Yatvin & Leathem, 1964). On the other hand, it is probable
that proteins can cross tho blood-follicle barrier in both dircctions.
The total protein content of follicular fluid from human ovariss is
similar to that of blood, and only slight diffeoromcss in the albumin
and globulin percentage have bheon roporied {Perloff, Schults, Farris &
Balin, 19553 Caravaglios & Cilotii, 1957; Zacharias and Jemsom, 1958).
Elacfmlyw concantration in liquor folliculi from human ovariss has
not been th%w@.ly studicd. In the cow, ovarian venous blood and fluid
are in equilibrium with rospsct to Na, Ca, K and €L (Lutwak - Hann, 1954}
0ids & van Danmark, 1957); tharafore the gradient in osmotic end
colloidosmotic presgurse betwzen the two compartments is very small
(Zacharias & Jomsan, 1958). At the stage of preo-ovulatory swolling, the
colloidowmotic pressure suddenly increascs im the liquor folliould
becauss of depelymerysation of mucopolysaccharides. This would provoke
accumulation of fluid in the follicls and lsad to ite rupture (Zachariass &
Jengen, 1958), but, as already indicated, other factors may be involved.
Dircot measuroment im vivo in the yat has shown that intrafollicular
prossurs is not sigaficantly higher than capillary prossure in pre-ovy
latory follicles (Blandau & Rumery, 1963). However, even a small
inerzamoe in intrefollicular pressure would csuse rupture of the follicle
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owing to the reduced distensibility of ths wall of the pre-ovulatory
follicle (Romdell, 1964). It would appear therefors that hydrosiatic,
osmotic and oolleidosmotic prossure play only a minor r8lo in the
formation of fluid in fonialen. :

The situation could bas very different in large cysts of the human
ovary. In fluid drawn from thesc oysts, the sleotrolyte concentration
and the total protein content rangs within wide limits, but are genorally
lower than in blood, so that tho fluid is hypotonic with raspact to
blood (Watts & Adaiw, 1944)s

The concentratien in the fluid of '°'T administered systemically is
also lowar than in blood, so that the ‘retention' phenomenon is mo
longer apparsnt (v. Kaulla, Afkaws, Bruns & Wilke, 1957). Under theae
circumstances, accumulation of fluid cannot be duo to simple diffusion
- and another mechaniem of passage may be comsidorad., In this connsction
it should be moted that any sudden change in blood pressure in the
ovarian arterioles is pravenied by their spiral configuration. The
pressurs of a fiuid ie reduced when this flows in a curved system.
Should the ovarian arterics beooms less convoluted, the bleod praossure
could risc and the amount of water filtercd through the capillarios iate
the timan could increase. Follicles, and corpora lutéa, are the only
struotures in the compact ovarian siroma which can accommodate cxcess
fluid and any increase in blood pressure would therefore resuli in
accumlation of fluid in thom.

The hypothesis that vascular alterations may bo the origin of asccu-
mulation of fluid in cyets hae beon supported by the finding of

3



distortion of the spiral arterios supplying somo cysts (Delsom, 1949).
Furthermora, oyetis have been obizined experimontally in rabbits by
clamping the effernt ovarian veln, a manotibvra which affects the
blood flow in the arteries (Burr & Davics, 1951).

The ocourrance of steroids in ovarian fluid has been known for a long
time, and their significancs will bo extensively discussed in later
scctions of this thesmis, In tho presont context, it is important to
suphasige that, in general, th: fluid contains highor steroid concon-
tration)than the periphoral blood (see Table I). It would soom
roasonable :to assumc that any euvbatancs which is presont in cyet
fluid in higher concantration than in peripheral venous blood is a
gacratory product of the cyst lining,

The high concentration of ater¢ids in ovarian oyst fluid is {0 be
attributed eithexr to the fact that the filtrate, from which follicular
fluid is derived, diffuscs past steroid-producing cells (Short, 1961)
or to active traneport by the cells. Theeca intemma and grenubea cells
appear $o be actively involved in the tramesport of compounds which are
matabolised by the cells of the two layors, Auntoradiographic investiw,
gationa of the ovary after imjection of labelled compounds have
confimmed earlier results obtaimsd by vital staining. Thua, Hazsc 4
and some aminowacids are at first concontrated in the theca interna;
pass slowly into the granulosa and finally, after 10«48 hours, reach
the fluid (Moricard & Cothie, 1956; Zachariame, 1957; Yatvin &

Leathem, 1964)s A similar process could be postulated for the steroid

hormones and their precurscre,



Table I - CONCENTRATION OF PROGESTERONE AND FREE OESTRADIOL-178 IN
PERIPHERAL BLOOD, OVARIAN FLUID AND OVARIAN VENOUS BLOOD
OF WOMEN,

pg/100 ml

Peripheral blood Ovarian fluid Ovarian venous blood

Progesterone (1 1)
(follicular phass)  0,00-0.53 (2) 9540,
04050420 (3) (6. Pollic 03
0405020 15.0-100,0'
(FQIlnmt')
{luteal phase) 0,60-2,10 gg )
0,58+2,00 (3') 28,6~110,6
04502400
Osstradiol-17p k
(follicular phase) 0.00-0,20 (4) 32.5(8) (pool) Oud=5e6 (10)
0:00-1.03 ¢ 70,0("
0.01 (6) (G. Follicle)
22,0-156,0 (7)
(mllomtﬂ)
(luteal phase) 0:01-0.05 (¥ 10,4 (8) (pool)
0400-0,34 (° )
0.03 (6)
(1) Woolever, 1963, (6} 'Roy. Harkness & Kerr, 1965,
(2) Sommerville & Collins, 1964. (7) Short & London, 1961%
(3) Riondel, Tait, Tait, Gut & Little,1965. (8) Smith, 1960.
(4) Iochii, Forshielli & Dorfman, 1963. (9) Mikhail, Zender & Allen, 1963,

(5) Svendsen & Sgrenwen, 1964. (10) HYahesh & Greenblatt, 1964,
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The cyst fluid doay not ssem to posmess the angymss nacessayy to
mctabolisc miercids (Short, ’1961; Tomaoki & Pinous, 1961), but if
steroids are introduced into the follicular cavity, comversion to mow
compounds takes place (Short, 1964). Probably, the fluid carries the
compounds to the cells where they ars further transformed. Thue, it
bas been suggesied that proéeutarma can bo converted to oestirogens
during the psssage, from the fluid to the blood, through the
granulosa layer of the follicle {Ryan, 1963s).

It imp apparent that much remains to bo lasmasd adbout the mechaniem
by which stervids are ultimately roleasad from oyst fluid into the
Blood stream, fhis subjoct will be comsidered in relation to the
present work in the Discussion.

In summary, follicular fluid is formed by diffusion of water and
polutes from the blood, and is in contimuity with interstitial f£luid.
It has beon considored in fact as a "sequestration” of lymph (Short,1961).
It contains spacific sacrotory products of the celle lining th: folliele
or the oysi, and probably acis as a medium for the tramspori of
stercids from one layer to the other, mo that somae metabolic transfore
mations arc made possible.

The causcs of oxcessive fluid accumilation in cysis are not complotely
underatood, but vascular factors might be responsible in soms cases.

It is sapecially rolevant t0 the prosent work to note that ths volumes
of fluid depends mainly upon physical factors, while the amount of
steroids prosent in the fluid is related to the secrotory activity
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of the oyst lining. In folliclus and medium sims cysts, acoumulation of
£luid e assoclated with collular proliferation and fluid voluso and
motebolic activity probably vary in ihe same direction. In large

cyats, whore the inereasc in pizs is mainly duwe to accusmulation of
fluid rather than to callular growth (Geist, OGainse & Salmom, 1941)
‘there is unlikcly to be a corrclation botween the amount of fluid and
its sterold content.



Chapter II - OVARIAN FUNCTION IN RELATION T0 THE -
HENSTRUAL CYCLE

The r8le of the ovary in puberty, implantation of the comceptus and
pramancy is outside the scope of the present work and the prosent
€hapter is confined to the subjoct of ovarian fumction im relation to
the menstrual ‘oycle. It is divided in three sections; the regulatory
mechanism of ovarian function; ovarian steroid production and mecretion;
funotional and morphologiocal changes depending upon ovarian secrotion.

1 = The regulatory mechanism of ovarian funciion.
' &) - Hypothalamic control of the hypophysis.

The neurchormonal concept {Green & Harrim, 1947)°affirms that
exteroceptive stimuli impinge wpon the hypothalamus as a mmary
focus in the nourovascular reflex arc. Here, what may be termed gonado-
tropic impulses are integrated with local blood levels of circulating
hormones. From the hypothalamic cemtres, impulsos travel by nerve cone
duction to the modian eminence and affect the liberation of neurchormonss.
The latter entorvthé primary plexus in the median ominence and are
distributed to the cells of the anterior hypophysis through.the
hypophyseal portal system. Recently it has been possible to isolate
and purify ons of thess neurchormones, the luteinising relsasing
factor-LRF- from the median eminonce of beaf hypothalamus’ (Sehally &
Bowem, 1964 ) o "\
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In women, & r8le of the hypothalamus in reproductive function ie
indicated by derangements of menstrual cycles, such as ‘environmental
amenorrhosa' or the menstrizl irregularities which follow from amotional
disturbances. In these cases it would appear that impulses from higher
nervous centres act on the hypothalamus. In addition, hypothalamic
lemions, such as occur in diabetes ineipidus, the Hand-Schueller~
Chriskian syndrome and tumours, or following resection of the pituitary
stalk, can also lead to amenorrhoea (Bishop, 1952).

\b) - Pituitary secretion and its effect on the ovary.

The gonadotropic principles of the mammalian pituitary‘ have not yet
been isolated in a pure form. However, it is known (6haater—Jones &
Ball, 1962) that the anterior hypophysis of mammals secreies at
1least tl&ee gonadotropic principles: these have been named follicle
stimilating hormone-FSH; luteinising hormone-LH or interstitial cell
stimulating hormone-~ICSH, and lactogenic hormone which hae luteotropic
properties ac well and has aleo been termed luteoircpin-LiH.

The presence of FSH and LH activity in human pituitaries has been
establiched (Bahn, Lorenz, Bennet & Albert, 1953), but it has not
boaen possible to achieve compisie separation of the two gonadotropic
principles. |

In animals, it would appear (Greep, 1961; Chester-Jones & Ball, 1962)
that FSH is not active on primordial or small vesicular follicles,
vhich grow to the antrum étaga independently of pituitary stimulation.
At the antrum stage the follicles become ‘competent! to respond to
pituitary stimulation. The processes involved in the more advancad



developmant of folliclos, i.a, tho formation of liquor folliculi, the
mitotic proliferation of tho gramulosa cells and the differcatiation

of tho theca c¢ellas, arc considersd to be depemdont on ¥SH, The luteinising
hormons alons causce atimulation of interatitial cells and snlargsmut of
theea cells without follicular stimulation. A combination of FSH and

LH can cause a twofold inereaso in ovarian woight and maturation of
follicles aspoointed with stimulation of thecal and interstitial

caolle and poorotion of ocatrogens. Even minute quantitics of LH can

aot synergistically with I'SH to produce socretion of comtrogens withoud
obvious histological changes in the interstitial oslla. Ovulaticn,
transfewnntion of the ruptured follicle 1§to a corpus luteum aud the
production éf pmgnntéme can ba attributed to the action of IH

(Greepy, 1961). It has not besn proved unoquivocally that the luteo-
tropic homone is ossentinl for the maintenanca of luteal function,
oxcept in the rat (Rothohild, 1960),

In women, considerable information concerning pituitary fumotion
has been derived from assays of urinary gomadotrop/ia sxoretion and
from studies involving the administration of pituitary extracis.

Urinary exoretion of gonadotroping.

Many biological tests have been proposad for the deteciion and
quantitation of gunadotropins in urine, The most generally used tend
points?! are the imerease in weight of the uterus of the immature nmouneec
(K1inofelterj Albright & Griswold, 1943) and of the ventral prostate
of the hypophyssctomizsd rat (Grsep, VanDyke & Ofow, 1942). The mowso
uterus test measur:s the 'total' gonadotropic activity, while the
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rat ventral prostate test is more specific for LH. Recently many
atiempis have been made to develop an immunological assay for gonadotro-
pins (Wide, Roos & Gemzell, 19673 Wide, 1964). '

The bioassay of urinary gonadotropins during the nnmal menstrual
cycla hag failed to show a sharp increase of excretion at the time
of ovulation (Buchholz, 1956; Borth, Lunenfeld & DeWatteville, 1957;
NeArthur, Ingsrsoll & Worcester, 1958; Albert, 1959). In other studich,
higher values of oxcretion of LH or both gonadotropins have been
reported, somotimes in coincidence and sometimes Jjust after the increase
in gestrogen excretion characteristic of ovulation (Ingersoll &
HeArthur, 1950; Brown, Klopper & Loraime, 1958; Loraine & Bsll, 1963;
Fukushima, Stevens, UGantt & Vorys, 1964). A marked incresse in LH
excretion immedialely preceding ovulation has been demonsirated by
immunological aseay (Wide, 1964). The ratio of potency of the two
gonadotropins approximates tc unity at all stages of the menstrual
cycles This fact may indicate that the two gonadoiropims are excreted
in the same proportions or. that there is a single gomadotropin with
two activities (Albert, 1959). .

Little information is available regarding gonadotropin excrstion im
patients with menstrual sbnomalities. Although some studies wore
performed in the past, the mothods of exiraction and bioassay available
at that time did not afford a quantitative determination of the amounis
of gonadotropins sxoroted. However, gonadotropin assaye in cases of
amenorrhosa provide informmation which is of value in différentiating
amenorrhoea resulting from pituitary failure from amenorrhoza dus to
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ovarian deficioney (Klinefelter ot al. 1943; Bishop, 1962). In pituitary
amonorrhosa the exaz;ation of gonadotropine ie gencrally very low and
often no aotivily can bo detected even by the moet saneitive methods;

on the other hand ovarian smonorrhoea is usually associated with =
groatly inoreased output of urinary gonadotropins (RKlinefelter ot

als 1943; Bishop, 1962).

In an sxtensive study of gonadotropin cxerotion in 222 patients
with various tﬂpes of monstrual apomaly othoer than amenorrhoas,
sbnormal valuss woro reported in 347 of pationts with hypo~ or oligp
manorrhosa snd in only 198 of patients with irvegular blceding
(Pedorsen - Bjerguard & Tdnnonsen, 1951). In a fow casem of the
Stein-Loventhal syndrome, serdal determinations of L and FSH exerction
have shown marked fluctuations and no definite trend (Ingersoll &
MeDammott, 19503 Evans & Riley, 1960), although it has been c¢laimed
that the composite oxoratiom value for LH for the period obmerved was
highsr than that of normal pationts (Ingersoll & MeArthur, 1959; Taymor.
& Barnard, 1962). This finding could not be confirmod by immnological
assay {(Gemzell, 1964).

Administration of pituitary extracts.

The administration of oxtracts obtained from the pituitary of various
enimals gave variable resulis in the hande of carlior authors. This
might be &ua to species differcnce or to the fact that the extracte
almost certainly contained more than ono gmaaotmpin,l 80 that the
offeots observed could not he oonsidered spezeific for any individual
pituitary homona,
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A seriss of studics smploying pituitery oxtracts has recemtly beon
reported. Although considerable work has been performed wupon the
isolation of pituitary gonadotropins, it is doubtful if any preparations
are entirely froo from contamination by other pituistary factors.
fuman pituitary fdniﬁl&x stimulating hormons - HP-FSH -~ has besn generally
uscd in thess studies, in asmociation with human choriomic gonadotropia
~ HCG = which, although chemically diseimilar to LH, has many of its
biological properties (Gemsull of al., 1950; Buxtonm & Herrmamn, 19615
Crooks ot aley 1963aj C:maka, Butt, Palmor, Horris, Logan-fEdward &
Anson, 1963b; Buxten, Kaso & vanOrdon, 1963} mmt’axw, Johmisaon,
Tillinger & Bettemdorf, 1565).

It is mtamﬂng %o nots that in normally monstruating women, ovine
pituitary extracts with a very high FSH activity induce em imcrcase in
oostrogen oxoretion in womsn in the luteal phase of the w&la as woll
as in those who stari troatment in the follioular phaso (Haner,

Saffen & Preedyy 1962)s No alteratiom of the memetrual rhythm is
evident after ircaiment in most cases.

In amenorrhesio man, the adainistration of HP-FSH doos not elicit
any respotise unbes urinary gonadotropin cxoretion is within nommal
limite and somo germinal tissue capablc of endogencus prodtwction of
cestrogens is proment in the ovarios (Gemasll o% al., 1960)s The
ovarian responss oonsisis of bilateral anlargesent, formation of

multiple cyste and inorcased production of steroids. The urinary
axoretion of ceWttrogens is dofimitely increased, whorsas pregnenediol



exoretion is only slightly elsvated in the majoriiy of cases. The ad-
ministration of HCG afiter FSH enhances the ovarian rasponse and appzars
necessary to induce ovulation. Pregnanediol oxcretion becomes high

in all cases and oesirogen exorstion may rise furthor. All theme effocts
rogress after discontinuance of trsatment. Momstrual bleeding sometimes
ocours within a few days of the last HCO injeotion (Gémzell ot al., 19603
Buxton & Heymamn, 19613 Crooks et ale, 1963b; Buxton et al., 1963;
Dicsfalusy et al., 1964).

Similar results have been obtained in paticnts with the Stein-Leventhal
syndromo, although all the patients do not respond in the same mammer,
Ovarian enlargementy, ovulation and menstrual bleeding is observed in
only a fow cases (Mahesh & Greemblatt, 1964; Crooke et al., 1963a.).

It would sppear that in patients with the eyndrome treatment. with
FSH alone oan induce ovulation (Gemzell ot al., 1960). The gonadotropin
administration does nol scem o etimulaie ovarian steroid production to
the extent noted in norwal women. Inoreased exoration of 17-ketosteroids
and A’ = pregnenetriol has been reporied as a characteristic rcponse
to HP-FSH treatment in patients with the Stein-Leventhal apnirome
‘(Gemeell et al., 1960; Mahesh & Greenblatt, 1961).

c) ~ The 'feed~back' effect of the ovary on tha hypophysis.,

The body ‘of evidence derived from animal exporiments om the offects
of steroids on pituitary function has been roviewed recently
(Greep, 1961; Chester — Jones & Ball, 1962; Everett, 1964), and olinical
trials with steroid preparations in women have bean critically examinsd
(kots & Hermann, 1961a4b). In animals it has been cstablished that
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the ovarian hormones all exert, in variable degree, #m action on the
function of the hypophysis. This aciion has bden termed a 'foed~back!
effect. The steroids seem to influemce either the mscretion or the
production of gonadotropins, and from recent studiecs it would appear
that the hormomal action is exsrcised at the hypeothalamdc lovel,

by interference with mourcsecrstion of rolcasing factors.

Among the known compounds having an inhibitory action on gonadotropin
seorstion, the ovstrogsns ars the most powerful, if édniniﬁtared in
paffioiently large amounts. On the other hand, discordant resulis
have beecn obtained with dosages around the postulated physiological
levels. In snimals, the same low dosos uwhich would stimulate FSH secretion
if administered for a shori term, suppress FSH gecrotion and stimulate
LH release if administercd for a longer period. The action of ocatrogens
on the median eminence would result in inhibition of LH production by
the Hypophysis, while a dirsct action en the hypophysis would induce
rolease of LH (Kancmateu & Sawyer, 1964).

In women, oesirogons adminisierod in high dosage inhibit the
seorstion of pituitary gonadotropins as suggested by a sharp decrease
in urinary exoretion (Loraine, 1958). On tha other hand, there ave
indications that ocetyogens can ralease LH from the pituitary also
in women, and such a mechaniem has besn invoked to explain induction
of ovulation afier administration of oestrogens in a single injection
(Xuppermann, 19§3). However, the gemeral oxperience has bsen that
administration of oestrogens carly in the cycle suppresscs ovulation
(Kots & Bsx;mann, 1961b)e
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Hith regard to the r8lc of progesteronc in ths 'feed-back! effect on
the hypophysis, in animals progesteroms may alther inhibit or hasien
ovulation, dopending upon the time of admimistration during ithe cestrous
cycles The action of progesterome may be related to the level of
ciroulating cestrogens. Thus, progesteronz could be responsible for
induction of ovulation at mid-ofg.e, whon ocstrogen lovels arse high,
probably by facilitating oestrogen action on the hypophymia (Everott,1964).
Progesteronc ssorotion by follicles immediately prior to ovulation could
be important in the triggering mechanism of ovulation. Oncs ovualation
has taken place, the action of progesterons changes to inhibition of
gonadotropin releas: (Rothchild, 1962).

The fall of the luteal activity in the absumoe of the concepius may be
rolated sither to this negative 'fasd-back' offsct of progesterons on
the hypophysis or to ths production by the ondomeirium of a luteolytic
substance (Rothohild, 1960; du Hesnil du Boisson, 1961). In species in
which the corpus luteum szoretes oosirogens as w:ll as progesterons,
the r8ks of csatrogens in the temination of the ozstrous cycle should
also be comsiderad.

Although there have beon cquivocal roporis of progesteroms - induced
ovulation in women, the suppression of ovulation by administration of
progesterono or progestational synthetic compounds ims well sstablished
{Pincus, 1950). ,

The third group of steroids imvolvad in the 'facd-back' mochaniem is
the androgens. Testosterons, the most potent androgen, is a weak inhibitor
of pituitary ssorstion. In animals, prolonged troatment with tostosterone
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results in deprivation of pituitary LH, while the storage of FSH increases
(Oreep & Chester - Jones, 1950). As a comsegquence, testosierone provokes
both ceasation of the cycles and regressiom of corpora lutea in intact
animals. Less potent androgons ~ A4 - sndrostenedionc and DHA ~ appear

to exort an effect.. on the hypophysis, either by euppressing FSH
gecretion or by causing s shift in the FSH/LH ratio os to inhibit ovulae
tion (Roy, Mahesh & Grecmblatt, 1962).

In women, androgens are reolatively weak inhibitora of pituitary gonadow
tropin secretion. Thus, testosterons, in o dosage suffiocient to cause
virilisation faile to decrease urinary gonadotropin excretion {Loraine, 1958)
64 - androstencdions and DHA are much less active than testosterone in

this respsct (Dorfman, 1963).

In conclusion, many theorstical possibilities of interaction betwoen
ovarian and pituitary hormmonos have been advanced in =m attempt to
axplain the cyclic nature of ovarian function (Chester ~ Jones & Ball,1962),
A continuous production of oestrogens from developing follicles or
from interstitial cells has been postulated as the stimulus responsible
for the growth of primary and vesicular follicles to the 'competent!
stage and for the reolease of FSH from the hypophysis. FSH action stimulates
the growth and maturation of the follicles until the stage of pro-ovula-
tory swelling. The larger amounts of oestrogems produced at thims point,
and/or the secretion of progesterone by the pre-ovulatory follicle,
roloase LH and provoke ovulation. The formation of the corpus luteum
scems to be dependent on LH, but it is not known which factors are
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responsible for the maintenance of the corpus luteum in women. Finally,
the pituitary~ovarian equilibrium of the luteal phasc is interrupted
either by imhibition of LH progesterone and/or cestrogens or by the
prescnce of a luteolytioc substance in the endometrium,

2 = QOvardian steroid production and sacration.
a) = Ovarian steroidogencsis.

It need not be pointsd out that any information about the biosynthesis
of ovarian steroids is oxtremsly relevmmt to the prasent work. While
it is recognized that phenomena observed 'im viiro' depend upon the
choice of experimental conditions, the demonstration that ovarian tissue
has the potentiality of forming the individual steroids is useful for
the interpretation of 'in vivo' obeervations. The numerous studiocs
involving incubation 'in vitro' of ovarian tissus reporied in the last
fow years have baen extensively reviewsd (Axelrod & UGoldsmieher, 1962a;
Dorfwan, 1963; Savard, Marsh & Rice, 1965). The following comments
will be confined to results obtained by the inocubation of human ovarian
tissuec.

Horwmal ovary.

The term 'nommal' ovary in this section should be accepted with reser-
vations and many authors omit details of the clinical state of the
patients (although in general there was no evidence of ovarian dysfunction)
and of the himtological composition of the specimon incubated .

The ovary, in common with other steroid-producing glands, forms progne-

.0lome and progesterone from acetate via cholesterol (Sweat, Berlinmer,



Bryson; Nabors, Haskell & Holmstirom, 1960; Ryar & Smith, 1961a; Hammerstein
Rice & Savard, 1964). Progssterone is subsequently transformed to
oestrogens via androgens (Baggetti, Engel, Savard & Dorfman, 1956; Solomon,
VandeWiele & Lieberman; 1956; Lanthior & Samdor, 1960; Ryam & Smith,
1961b; Kase, Forchielli & Dorfman, 1961). (Fig.3). This conversion of
progesterone to cestrogens is not specific to the ovary, but is also
performed ,by tho adrenal cortex and the testis, In the ovary, howevsr,
progesterons has a double r8le; it acts both as a biosynthetic interme-
diary and as 3 hormonal principle. It is one of the focal points in a
variety of metabolic transformations. The suggested pathway via
pregnenolone - 17Q -~ hydroxy - pregnenolona and DHA provides an alternate
route which doos not involve progestercne as an intermediary.

Attempts to express in quantitative terus the incorporation of radiocacti-
vity feom a substrate into various products a;'a open_to criticism, but
the approximate inter~relatiomships are summariged in Table II, There
is an increasing yicld of osstrogens with subsirailes closer to the end
products in the biosynthetic scheme, which confirms the proposed
sequence of raeactions. '

In addition to the steroids depicted in Fig. 1, other compounds have
been isolated as incubation products. Derivatives of progesierone
hydroxylated in the C20-position have been shown to be formed with
acetate or progesterone as prscursors, mainly in the presence of
siromal tissuc. These hydroxylated derivatives of progesteronc are
considersd to be degradation products (Sweat et al., 1956; Warrem &
Salhanick, 1961a). 164 ~ hydroxy - progesterone is also formed



Fig.3~ Steroid biosynthesis in human ovaries. .
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Table II - COMPARATIVE YIELDS OF METABOLITES AS RELATED PO SUBSTRATE
(from Smith & Ryam, 1961)

Radicactive metabolite Substrate

Acetate- €helesterol Brogestercne A4-androatoned.

Cholestarol 0.34%

Pregnenolone 0.,0025%

17¢~hydroxy-pregnenclone0,0006% *

DHA 0.0046% *

Progesterone 0.0002%

17a~hydroxy-progesterone0,0013% & 14.8%

2% androstenedione 0.0047% 3,75

Testosterone * 0.2% 2.9%
Oastrons 0.012% 0.09% 3.5% 10.9%
Oestradiol~17p 0,016% 2.1 44%

% possibly a trace- not identified.,
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(Warren & Salhanick, 1961b) -~ a compound which can act as an cskirogen
prooursor in the human placenta (Little, Shaw & Purdy, 1963).
19 - hydroxy - or aldo - derivatives of androstencdione and testosterone
proved to be efficiont precursors of oestrogens in the ovary. The sequenoce
has been suggested @ .(&“’i ~androstenedione—> 19 ~hydroxy-androstencdiona->
~719 -oxo-androstenedione—oestrone, or, sirewting from testosterons,
19-hydroxy~testosterone -7 19~oxo-testosterone~> oestrone (Axelrod &
Goldzicher, 1962b). |

A few quantitative studies have been performed with dissected Graafian
follides, corpora lutea and ovarian stroma, in an attempt to corrclate
morphology with symthetic pattern. The results have varied according to
the precursors used in the inoubations. Thus, with acetate as prascursor,
a clear-cut difference is ovident in the biosynthetic activity of follioles
corpora lutea and ovarian siroma. Folliocles form predominantly oestrogans-
oestradiol and oestrome- (Smith & Ryam, 1961); the major synthetic
product of corpora lutea is progesteromc (Hammerstein et al., 1964),
while stroma synthetiscs larger amounts of androgens - 64 - androstenedions
and DHA- than of progesierone and ocestrogens (Savard et al., 1965).
The patiern of steroide formed in these three structures of the ovary
is illustrated in Fig.4. Using progesteromec as precursor, thz conversion
to 17¢-hydroxy~progssteronc and androstenedione is very high in luteiniged
tiesuc as comparsd with stromal or medullar tissue (Warrem & Salhanick,
1961a)« The yield of oesirogens from progesierone, andyostenedione and
testosterene is of the samo order — between 0.1 and 4.2% « in follicles
and corpora lutea, but the rate of conversion of progesieronc to

androstencdione in corpora lutea is lower than im follicles (Forleo &



Fig.4~-Badioactive steroids formed from 1—14C~acotate 'in vitro!

from follicles, corpora lutea and stroma of normal human
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1-65-pro@xenolone; 2=progesterone; 3=17p-hydroxy-progesterone;/{=DHA;

S=A -androstensdione; 6=testosterone; T=oestradiol-178; 8=oestirone.

Data on follicle in cpm (from Smith&Ryan,1961); data on corpus luteum
and stroma in dpm (from Savard,Marsh & Rice, 1965).



Colline, 1964).

Hany bhypotheses have boaon advanced to sxplain the change in steroido-
genosis in the two phas=s of the coycls. Gomadotropins augment the
steroidogenic astivity of tha ovary (Savamd ot al., 1965). The capacity
of follicles to form steroide from acotate is imcreased wnder FSH
etimilation (Smith & Ryam, 1961), while corpora lutea are stimulated
only by homologous LH orficc (Rice, Hammorstein & Savard, 1964). It has
been suggested that gonadotropine could induce an increasasd cmvex;sim
of sterol procursors to progesteronc and this would rasult in progesterone
accumulation for seorction afd still allow a portion for further
transformation to oestirogens (Rym, 1963a). Tho vohnice of ens or the
other of the alternative pathways m.t:aht be the important factor. The
pathway prognenolona—y 17g=hydroxy~prognenolone > DHA->androstencdione
could be operative in the follicular phass, with exclusion of the
C19~2"w3mketowateroide (Kaso, 196); oestrogens may also ariea through
19-hydroxylation, sucoossive demcthylation and aromatisation of DHA
sulphate {Goldberg, Seugar - Jones & Woodruff, 1963). In the luteal
rhasas, on the contrary, synthesis of cestrogems through the A5~35-hydmv-
steroide appsars $o be less important (Ryan, 1963b; Hammorsiein ot
aley 1964). Howover, it camnot be overamphasised that the resulis of
'in vitro® incubation experiments im human ovarian tissus must be
intexproted with camim.‘ liany factors roquira further investigation
bafore we can speak of the rdhtive importance of difforeat pathwayse
or individual transformations. ‘
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Polyoystic ovaries.

A comparison of results obteained by means of experimuats of incubation
'in vitro' of nommal and polyoystic ovarian tissus is givenm in Table IIL.
The ropults agreo on tho point that in polycystic ovaries thers is a
mor: marked transformation of substrates to Ad ~androwtensdione then in
normal follicular itissus and a somowhat reduced formation of oostrogens.
An aco\mﬁlation of n4wmdmtmadima is noted whoen specimons from
polycystic ovaries are incubated with pregmonolone, progesteronc and
17§~hydroxy-progesterons (Lanthisr & Sandor, 19603 Warrem & Salhanick, 1961a}
Azolred & Goldsicher, 1962a; Kasmo, Kowal & Soffer, 1963). Tho rate of
conversion of progestercn: and 1lg-~hydrexy-progesteronc to testosterane
ie also very much increasod in polyeyetio ovaries, in contrast to
normal ovaries (Axelred & Goldsicher, 1962a; Kase et al., 1963)s In
othor polycystic ovarics, accumulation of DHA instead of 04-andmstmediwfa
hzs been noted (Axelrod & Goldeichor, 1962a; Kaso, 1964). A very inted-
cesting comparison betwesn 'in vitro! and 'in vi»vo' hormon: production
hag indicated that polycymtic ovaries comtaining large amounts of .
androstensdions do not oomvert this compound to oestrogens; on the
contrary, ovaries in shich the endogencus content of DVHA is high, can
tranaform A‘{‘»androstemdiom to oustzrogens, but whon they are incubated
with DHA as substrate ossirogen synthesis is impaired (Mahesh &
Gre:nblatt, 1964). Docroasad ability to transform androgens to osstrogens
in polyoystic ovarics has boen obscrved by soms authors (Axelrod &
Goldeicher, 1962aj lahesh & Orzenblatt, 1964) and not by others (Chapdew

laine, Sandor & Lanthier, 19633 Kase, 1964). On tho basis of such



Table III -~ STEROID BIOSYNTHESIS IN NORMAL AND POLYCYSTIC OVARIES,
(Data from Dorfman, 1963).

Parcentage conversion . substrate

Hetabolite Substrate Normal ovaries ( Polycystic ovaries

A4kandroatenediona Progesterons 1.3e1.7 g;g 2.6-29.3 g;;
1.1 . 0.8-58.6

Testosterone : 0,1=0.2 (1) 0.4=-2.1 (1)
04 & 0.0-3.4 (2

A4-androstanedione 17o~hydro 0 (1) M

Xy 0 O=2,2 0.4—5508
progesterone

Testoaterone 0.1-0.3 (1) 0.4«2.7 (1)

Testosterons A4~androstaned.0.3 (3) 1.1 (1)

19~oxygenated- Asupregnenolone 3.9 (2) 1.2—67.8(2)

C19 ateroids

033tr8di°1—17p 4-8 (2) 04O 509(2)

(1) Kase, Kowal & Soffer, 1963.
(2) Axelrod & Goldzmieher, 1962a.
(3) Lanthier & Samdor., 1960,



rosults, the hypothesis of onc or mors biosynthetic defects in the
Stein-Loventhal has bean proposoed,

Howovery, it has boen shown recently that sitromal tissus synthesiscs
4" -androstencdions as a major product, and therc is a striking roscmblance
of ateroidogenic pattemm in stromal tissuc and tissuc from polycystic
ovaries (Savard et als, 1965)¢ Ths difforcncc betwean steroid eynthesis
in normal and polycystic ovarios, which is quite obvious in Table III,
could be explain=d by the fact that the normal ovariss had a differant
eallular composition from the of the polycystic ovaries with which

thuy woere comparad. !

b) - Stercids determinod in the ovary.
Normal ovary.

lMany sieroids, in addition to thosc comsidered as the classical
hormonas, have beon dotermined in human ovarian tissus or fluid. Thuy
arc listed in Table IV. Host of the 64-3okato-ateroids intemediarice
in ovariasn steroid biosynthesis have boen fsolated from human ovarics,
although testosteronc, ite 15-oxygemated dorivatives and tho oxygenated
derivatives of Aéaandmatmediona have not as yot been dotected.
Of the alternative pathway through the &’-3-hydroxy-steroids, DHA haa
bean found in normal ovaries (Simmer & Voss, 1960), while progaenclons
and 17g-hydroxy-pregnenolons have been detected anly in ovaries of womon
troated with FSH (Crooks ot ale, 1963a; Mohosh & Groenblatt, 1964).

Osstradiol and oesiron: have boun isolated from ovarian tissuc and
fluid. Osstriocl has not beon dateoted in most instances, apart from one
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Table IV - STEBROIDS DETERMINED IN RORMAL OVARIAN TISSUE OR FLUID OF WOMEN,
A. Neutral steroids.

Steroid Source Quantity
Progesterons Corpora lutea 15.5 pe/em (1)
" " 4.4-44.6  pg/en (2)
Graafian follicles 1.3-17.1  pg/em (2)
Follicular fluid 0.9 neg/ml  (3)
20a~-hydroxy-pregn-4~ Corpora lutea 2.4 pg/(p‘n (1)

ean—-3}-one + 208~
hydroxy-pregn.

16a-hydroxy-prog. Corpora lutea 0.3 ve/em  (4)
1 Ta~hydroxy-prog. Corpora lutea & follicles 1.7 we/em (1)
Follicular fluid 0.8 vg/ml  (3)
Ovarian tissue 1.5~ 5,0 pg/em (5)
A4~androstenediono Corpora lutea & follicles 0.6 pg/qu\ (1
Corpora lutea 0.3~ 0,7 pg/em (6)
Ovarian tissue 0.8-15.0 pg/em (5)
Cortex & medulla 0.05-0.1 pg/em (6)
Hilus 0.04 ve/em (6)
Follicular fluid 0.78 wg/ml  (3)
DHA Corpora lutea 0.04 we/em (6)

Cortex & medulla 0.01 wg/em (6)




- 50b ~

Tables IV - Steroids determmined in normal ovarian tissue or fluid of women.
B. Phenclic Steroids,

Steroid Source.: Quantity
Oestradiol-17p Corpora lutea 0.07 pe/em (7)
Graafian follicles 0.10-0.90 pg/em (7)
Ovarian tissue 0.50-0.69 pg/em (8)
Fluid(follicular phase) 0.32 pg/ml  (9)
Fluid(luteal phasme) 0.10 pe/m1  (9)
Follicular fluid 0.70 pg/ml  (3)
Follicular oysts 0.01-0.25 pg/ml (10)
id.+FSH + HCG 0.60-1,88 pg/ml (11)
Oestrone Corpora lutea 0.27 pe/em  (7)
Greafian follicles 1.98 wefem (7)
Ovarian tissue 0.26-0.94 pe/em (8)
Fluid (follicular phase) 0.06 pe/ml  (9)
Fluid (luteal phase) , 0.4 pg/ml  (9)
Follicular ffuid 0.68 pg/ml  (3)
Follicular cyste 0.01-1,10 pgfml (10)
id. + FSH + HCC 0.07-0.24 pg/ml (11)
Oestriol Corpora lutea 0.02 ve/em  (7)
Graafian follicles 0.05 ug/egm (7)
Ovarian tissue 0.00-0.61 pg/em (8)
Fluid (luteal phase) 0.24 pe/ml  (9)
Conjugated osstrogens  Corpora lutea 0,01 ve/em (7)
Fluid (follicular phase) 0,02 ug/ml  (9)
Fluid (1luteal phase) 0.04 pe/ml  (9)

Ovarian tissue 0.08 pe/em (12)




References to Table IV, page 50
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(4)
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(1)
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& Tillinger, 1959.

Kéckés, Mutschler, Than & Farkas, 1962,

Smith, 1960,
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Smith & Ryan, 1962,

Schild, 1961.
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astudy, in which this was the predominant ocstrogen in cyst fluid
obtained in the luteal phase, In thim fluid, thn‘prasauoe 6f large
amounte of ocsirogenic substances other than the ®classical"™ oestrogens
has alsc bsen rovealed by bioassay (Smith, 1960).

As far as conjugated steroids are concermed, conjugated oestirogens
have been demonstirated in human ovary (Zander, Brendle, V.Husnsiermann,
Diczfalusy, Martineen & Tillinger, 1959; Smith, 1960; Schild, 1961),
but no attempt has been reported sofar to measure conjugated nautral
steroids- namely conjugated testosterons, pregnenolone, 17g-hydroxy-
pregnenolone and DHA,

It should be added that most of the yesulis reported in Table IV
have been obtained by means of mothods of rather low mpecificity.
Identification of the compounds has proved posaible only in poolad
samples of tissue or fluid, while in analyses of single samples thers
has been, at best, strong evidence of identity for the various compounds.
Accordingly, the quantitation of the compounds cannot be considered
satisfactory. Nith these roservations, it would appear from the data
reported in Table IV that the concentrations of steroids, when expressed
as pg/em of tissue or pefml of fluid ie of a similar order in tissue
and fluid. In addition, progesterone, oestradiol and oestirons are
quantitatively the most important steroids in the ovary. Oestrogens
ars found in larger amounts in follicles than in corpora lutea, while
progesterone concentration is much higher in corpora lutea than in

follicles.
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Polycystic ovaries.

uantitative or semi-quantitative rosults reported hy various authors
in the Stein-Leventhal syndrome are shown in Table V. The presence of a
high concentration of A’-androstenedione in cyst fluid or in ovarian
tisgue of patiemts with this symdroms ssems to cpnﬁm the oxistencs of a
biosynthetic defect, in agreement with some studies 'in vitrot. The
accumulation of androsiencdione is accentuated after gonadotropin
stimulation. It would appear that there is at least one variant of
the Stein-Leventhal syndroms, in mrhic:hib5 ~-3p-hydroxy-stercids instead
of androstenedione acoumilate. Testosterone has never been detected in
significanl amounts.

Dotermination of total neutral 17-ketosteroids in ovarian tissue from
1¢ pationis with th: syndrome has shown a mean concentration of 4.5 ve/em
66 tissue (1.2 to 6.6 pgfgm), against a mean value of 4.0 pg/em ( 1.9 to
7.8 pg/em) in 5 normal ovaries (Trace, Keaty & MecCale, 1960). However,
the biological significance of total {17-ketosteroids in the ovary is
8till not clear.

While the resulis of steroid detemminations in ovarian tissuc of pationts
with the Stein-Leventhal syndrome agree on the presence of abnormally
high concentrations of androgenms, they arc at variance in regard to the
oestrogen content. Ossirogens were not detectable in the cyst fluid of
3 outt:{ﬁ patients ircated with FSH, 'and in almost all the untroated
patients (Short & london, 1961; Crooke et ale, 1963b). On tho other
hand, oeatmn’efﬁaa present in pooled cyst fluid from polycysiic ovaries
and in sﬁecimena of ovarian tissue from 6 patiente with the syndrome
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Table V - STEROIDS ISOLATED IN POLYCYSTIC OVARIES.

Steroid Source Quantity
Progesterone Cyst fluid £9-13  pg/100 ml (1)-(2)
" " 179 pg/100 m) (3)
id.+FSH+HCC £5-55  pg/100 ml (4)
17e~hydroxy- Cyst fluid 23-29  pg/100 ml (1)-(2)
progesterone 1d+FSH+HCG 12-124  pg/100 ml (4)
Ovarian tissue 2 pg/en (5)
18+FSH+HCO+B~dexamethas? ve/en (5)
17a-hydroxy- Ovarian tissue %1 pg/en (s5)
pregnenolone 14+PSH+HCG+p~dexamethas. 4 pe/en (5)
DHA Cyst fluid 10. pg/100 m1 (1)-(2)
1d+FSE+HCG 0.5 pg/100 ml (4)
Ovarian tissue Z1-64  pg/em (5)
Ovarian tissue 0.5 pg/gn (6)
13+FSH+HCG+B~dexamethasf1-13  pg/am (5)
64-a.ndrostenedione Cyst fluid  B88-196  ug/100 mL (1)-(2)
Cyst fluid 323 ug/100 ml (3)
1d+FSH+HCG  12-63  pg/100 ml (4)
Ovarian tissue £4-12 ng/em (5)
Ovarian tissue 0.5 vg/em (6)
1d+FSB+HCG+8~dexamethas §1-4 vgfan (5)
Oestrone Cyst fluid L2 pg/100 m1. (1)
Cyst fluid 79 pg/100 m1 (3)
1d+FSH+HCG £2-34  pg/100 m1 (4)
Ovarian tissue ©0-0.1 pg/em (5)
Ovarian tissue 0.7 pg/am (7) &
Oestradiol-17p Cyst fluid £2 pg/100 m1 (1)-(2)
1d+FSH+HCG -2 pg/100 ml (4)
Ovarian tissus 0-0.2 pg/em (5)
Ovarian tiesue 1.6 pE/gm (1) &
Oestriol Cyst fluid &2 pg/100 mi (1)
1d+FSH+HCG £0,3 pg/100 m1 (4)
Ovarisn tissuo 0.1 pg/em (1) *




- 53b -

Refarences & Table V of page 53.

(1) Short & London, 1961

(2) Short, 1962,

(3)  Mahajan, Shah & Eik-Nes, 1963.

(4) Crooke, Butt, Palmer, Morris, Logan Edward, Taylor & Short, 1963a.
(5) Mahesh & Greenblatt, 1964.°

(6) Baulieu, Mauvais-Jarvie & Coperchot, 1963

(7) ~ Kéckés, Mutechler, Than & Farkas, 1962.

% Total oestrogens,
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(Mahajan, Shah & Eik-Nes, 1963; Kéckds, Mutschlér, Thin & Farkas, 1962).
Conjugated ocestrogens were not detected in the pooled fluid, while

they might have been present in the ovarian tissus! ﬁﬁich had besn
subjected to acid hydrolysis prior to extraction. It ia‘difficult to
establish whether polycystic ovaries are really unable to produce |
oestrogens, or whether the different results are related to the degree
of sensitivity or specificity of the methods employed.

No other gynaecological condition has been studied so thoroughly as
the Stein-Levejthal syndrome by means of direct determinétion of s;groids
in ovarian tissue or fluid. A few biological assays of oesirogens in
fluid from follicular cysts associated ﬁith irregular bleeding have been
reported by earlier authors (Zondek, 1954; Perloff et al., 1955).
Oestradiol and oestrone have been measured by chemical methods in folli-
cular cysts (Granjon, Yannotti & Cédard, 1958).

¢) -— Steroids secreted by the ovary.

The presence of a steroid in ovarian tissue or fluid does nyt necessarily
mean that it will be secreted into the effluent blood. There %re many
methods for the investigation of steroid secrestion from the obary, but
the only direct one is determination of steroids in ovarian Venous blood.

The compounds sofar isolated from ovarian venous blood of normally
menstruating women and of patients with the Stein-Leventhal syndrome
are shown in Table VI. The determination mt of progesterone in ovarian
venous blood during the follicular phase has not yet been reported.
Progesterone is present in very high conpentrations in ovarian venous

blood during the luteal phase but undetectable in anovulatory cycles.
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Table VI - STEROIDS DETERMINED IN OVARIAN VENOUS BLOOD OF WOMEN,

Phase of the cycle or Concentration

Nteroid clinical condition pg/100 ml of plasma
Progesterone Pool from luteal phase 5641 (1)
17o~hydroxy-progesterone Pool from luteal phase 1045 ("
20a-hydroxy~pregn-i~en-3~cns Pool from luteal phase 2.5 (1
A -androstensdions Pool from luteal phase 4e3 (1)

Stein-Leventhal syndroms  13.1-20,9 (2)
DHA Stein-Leventhal syndrome  0.0-15.4 (2)
Oeatradiol-178 Follicular phase 1. T=5.6(40tal) (2)
Follicular phase 0.0-3.6 "  (3)
ILateal phase 04306 " (3)
Osstrone Follicular phase 0.9-3.0 (total) (3)
Iateal phase 0.,30.7 " (3)
Oastriol Follicular phase 0.0=10.4(total) (3)
Luteal phase 0.0-4s5 #  (3)

(1) Hikhail, Zander & Allen, 1963,
(2) Mahesh & Oreenblatt, 1964,
(3) vVarangoet & Cédard, 1959.
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20§-hyd 10Xy ~proga-i=an-3-on2, 17¢-hydroxy~progestercns and A'-andro-
stenazdions appear to be mecretsd in the luteal phase,

Androsienedione and DHA have bezn detected im high concentration in
the ovarian vanous blood of patiente with the Stein-Leventhal syndrome,
mainly after FSH administration (Mzhesh & Greenblatt, 1964). The concen-
tration of tolal neutral 17-ketosteroids in ovarian vemous blood from
polycystic ovaries has been reported as 40 to 475 pg/100ml (Seeman &
Saracino,P61). Comsidering the valuce reported by other authors for
DHA and androsiencdionc, which ar: the only androgenic compounds found in
human beingiwith a 17-keto structurs apart from androsteronc (Do%an &
Shiplay, 1956), it is probable that most of the 17-kctosteroids
measurad in blood wore of a mn—andmmic nature,

It would appear that osstiradiol and ossirone are sccreted by the
ovary in cither phase of the cyole and also in amcnorrhosa. Bostrbgem

scretion increases after FSH administration (Varangot & Cédard, 19593
Nahesh & Grecnblati, 1964). ”

It must be noted that the values reported in Table VI cannot give
any indication ypon the secrotion rate of the individual stervids,
pince this depends on tho blood flow through the ovary as woll as
on the amount of steroids sacroted. Moasurement of ovarian blood flow
in the woman has net becn attempted, and it appears to be a very
diffioult task indced.

While information about the mteroid concentrations in ovarian venous
blood has been limited due to the difficulty in obtaining adequate
samples, a coneiderable amount of work has been directed towards the
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chomical determination of steroids im puripheral venmous blood. The
rapulis arc summarigaed in Table VII. It is interosting to mote that as
techniques improve, especially with rogard to specificity progwoessively
lower values ars obtained. In the more recent methods, colorimetric and
fluorimetirie dstermination has becn replaced hy double isotope analysie
and gas-liquid-chromatography.

Some steroids arc present in blood partially im a conjugated form
(intoniades, Ponnall, Slaunwhite & Sandberg, 1957; Migeon; Wall &
Bertrand, 19593 O'Domncl & Prsedy, 1961). The sulphates of DHA,
androsterone and oocsirone and the glucuromidates of ocatrogens and
testosterone have becn identified (Twombly & Leviim, 1960; Purdy, Ingle &
Onclay, 1961; Troen, Nilsson, Wiqvist & Dicezfalusy, 1961; Touchstons, Greenc,
KeElroy & Murawsc, 1963; Dignam, Pion, Lamb & Simmer, 1964; Burger,

Kent & Kellie, 4964). ‘ |

Progesterone is preosent through the cycle and the cohcentratim in
the luteal phase is consistently higher than in the follicular phaga.
With regard to the considerable variations in cestrogene values obinined
by different methods, it should be noted thai hydrolysis of conjugated
oaplirogens was not employed in all instances. In addition, ths determi-
nation of such low concemitrations as appear to be present im a blood
pagple of reasomable volume constitutes a formidable problem which has
not been fully resolved, A dofinite increase in ooestradiel conceniration
is observed at mid-cycle (Svendsen Sgremsen, 1964). The poriphoral
blood level of testosterons, DHA and androstenodionc in noxmal women

ie lower than in men, and probably the greatest contribution comes from



Table VII ~ STEROIDS DETERMINED IN PERIPHERAL VEROUS BLOOD OF WOMEN,

~ 58 -

A. Neutral steroids.

Phase of cycle or

Concentration

Steroid clinical condition p&/100 ml of plasma
Progesterone Follicular phase 2.5-64,00 (1)
" " 1.1-2.30 (2)
" " 0.0-0.53 (3) -
" " 0.5=0.97 (4)
" " £0,1-1,60 (5)
n " 0.013 (6)
" n 0,05=0,20 (D
Luteal phase 3.2<4.70 (1)
" oou 1.8-2,30 {2)
w oon 0.6=2.10 (3)
L 0.5-3.90 {4)
" " 0.4~1.25 (5)
" " 1.04 (6)
" w 0.05-2,00 (N
nooow 0.09=3.90 (8)
DHA Whole cycle 3~116 (9)
" " 84_127 ( 10)&
" " 25.51 (sulphate) (11)
St¥in-LeVenthal syndrome 50.90 (eulphate) (12)
Hirsutiem 42.90 (sulphate) (12)
Testosterone Whole cycle 0.114 (11)
" " 0.02-0,26 (13)
" " 0.12 (14)
" n 0.04 (15)
" " 0.05-0.26 (16)
" " 0.05 (17)
Stein-Leventhal syndrome 0.45 (12)
" n " 0.25-0.42 (13)
" " " 0.08+0,62 (18)
Hirsutism 0.11-0.32 (13)
" 0.03-0.64 (15)
" 0.08-0,12 (18)
Viriliem 0.30-0.74 (13)
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Table VII ~ Steroids determined in peripheral venous blood of women,

B. Phenolic siervide.

Phase of cycle or

conceantration

Steroid clinical condition pg/100 ml of plasma
Qestradiol ~17p Follicular phase 040-0,20 ($otal) (19)
" " 0.01=0.05 (20)

" " 0.0 =0,10 (21)

" " 0.013  (%otal) (22)

Luteal phase 0,0-0.40 (total) (19)

" " 0.08-0.02 (20)

n " 0.030 A{21)

" " 0,028  (total) (22)

Whole cycle &0.07 (total) (23)

v w 0.5-1.10 (total) (24)

" " 0.3-0.80 (total) (25)

Stein-leventhal syndrome  0.01-0,04 (20)

Oestrone Follicular phase 0.7-0.30 (total) (19)
" " 0,008-0,10 (20)

" " 0.0-0,10 (21)

" n 0.020  (total) (22)

Luteal phase 0.7=-3.00 (total) (19)

" " 0.03~0, 10 (20)

" " 0.01-0.03¢hobndp (21)

.o " 0.07 (total) (22)

Whole cycle £0,06-0.20(total) (23)

" " 0.6-1.70 (total) (24)

" n 0.5-1,50 (total) (2%)

Stein-leventhal syndrome  0.0~0.13 (20)
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the adrenals., In hirsute women or in women with polycystic ovariecs,
the roported values overlap with thoso of men. A decrease of plasma
testosterone lavels has been noted in hirsute women after ovaricctomy
and wedge resection (Forchislli, Sorcini, Nightingale, Burton, Dorfman,
Parloff & Jacobson, 1962). Theis would indicate that a least a portion
of teatosterone im secrcsted by the ovaries. Also the plasma levsl of
total 17-ketostercids is increased in the Stein-Leventhal syndrome,
and deorsased after ovaricctomy (Secmam & Saracino, 19615.
d) = Urinary excrotion of metabolites of ovarian hommones.

Several etercid precursors may contribute to the urinary concentration
of onc steroid, Furthermore; chemical methods for the dstermination of
urinary sioroide are far from comprchensive. To take an example, urinary
pregnansdiol is only one of the reduction products of progesterons and
the urinazv exoretion reprogents only a proportion of the hormonz «
between 10 and 204 (Sommerville & Marrian, 1950; Klopper & Michie, 1956).
Othar precursors of pregnanediol include pregneonolons, pregnenolone sul-
phate, desoxycorticosteronz and’ aowhydmm-pregn-&-f n=3~onae In
addition, most available mothods measur: a mixturs of the CS-sterco-
isomors of pregnanae3g-20g~diol. The sam: applics to ozstrogsn metabo-
lites; the thresce 'classical' ossirogens-ocosironce, oestradiocl ~1738 and
ocotriol -account for less than 207 of the administered ocstrone and
ocstradiol (Brown, 1957). Soven other matabolites have been isolated
from human urine, and two of these -16-epiocstriol and 16g-hydroxy-cesirone-
ar: usually present in higher concantration than oesiradiol and ozsironms
in the urine of nomally menstruating women (Levitz, Spitser & Twombly,1956).
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hocordingly, it will be approciated that considerable assumptions ars
involved in attempts to interprat ths rosults of tho dotermination of any
urinary metabolite in terms of ondogenous ssoroiion of a precursor.

Thes probloms have boon the subjoot of intensivo study and details
of the rolevant comtributions to our knowlsdge of tho degradation of
ovarian hormoncs is outeide the scope of the thesis, Howover, Fig.5.
summariges the relationships bstwson ovarian homom# ond arinary
metabolitao, with particular regard to stercids for which mathods of
assay ars available and routinoly used. With thes: ropervations in mind,
the following commonte rofer to the pattern of urinary siercid excrstion
in nommal and abnormal oycles.

Nomal oyola.

This has been investigated symtematically with rogard to urinary
excrotdon of pregnnnadiol, prognamatriol, 17-kctosteroide, 17-katogemio
storoide and o:strogons (Brown ot al., 1950; Pickett & Sommorvilla, 1562).

Tha level of urinary pregnonediol tends to dscrzase inm the firet days
of the cyclz and voachss a steady excration lovel at around 1 mg/24 hry
thar: is some evidenes for a pro-ovulatory riez, but the main foaturs
is 2 custeinod riss in the luteal phaso up to lovels of 3-5 mg/24 hrs
Th: onsat of bleeding is pracoeded by a sharp fall in prognancdicl output.
Thie pattern ie intorproted as indicenting a slight rosidual activity
of the corpus luteum of tha provious cyclc at the begimning of tho new
cyele, followad by a low output which ropresents prognanadiol mainly
dorived from adranal precursors; upon this is suporimposcd the
contribution €rom the progesteromz of tho corpus lutoum,
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The three *classical' ossirogons exhibit iwo puaks of excretion, onc
at about the time of ovulation, ths other during the luteal phasc.:

The amounts of the thres cosirogems exersied usuwally rise and fall together
but ocsiriol lags behind during the ovulatory rise (Brown, 1958). Usually

astradiol is excrsted in smaller quanititice than ocstrone (about one
balf), while ther: is no constant relationship betwoen osstradiol or
osstrone and oestriol. immcdiately prior (o mensiruation the excrotion
of all threce ozstrogens falls, although the lowsst levels ars froequently
riached several days after the omnset of the bloeding., Table VIII shows
the exeretion valuss found in 10 normal mensirual cycles (Brown, 1955).
The steady inoreass in oestrogun oxcrciion prior to ovulation derives
from the follicle, while the sccond rise is related to the activity of
the corpus luteum.

The ratio of exeretion pregnancdiol/total oestrogens is similar in the
follicular (1 mg/13pg) and in the luteal phasc {5 mg/42 pg), prognancdiol ’
being excroted in quaniities which are approximately 80 - 120 times
grzater than the ocstrogans.

The excretion of pregnametriol also undargoee cyclical variztions
with a mid-cyole peak {Pick:tt, Kyriakydos, Stern & Sommerville,1959;
Picksit & Sommerville, 1962; Fothorby, 1962). 17-ketostercids and
17-ketogenic sieroids have not been shown to bear any constant rolationship
to tho time of the cycle (Pickett & Sommorville, 1962), A typical pattem
of urinary steroid excrotion in the nommal mensirual cycle is shown

in Fig, G.



Tabae VIII — EXCRETION OF OESTROGENS DURING THE NORMAL MENSTRUAL CYCLE,

(from Browm, 1955)

Average excretion pg/24/hrs. Range of excretion,pg/24hrs.

Phase of cycle
Oeatriol Oesirone Oestradiol Cestriol Oestronc Oestradiol

Onset of iaenstmg 6 5 2 0-15 4T 0-3
tion R C RN
Ovulation peak = 27 20 9 13-54 1131 414

Imteal maximum 22 12 7 872 1023 4~10
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| ‘Irrgagula.r Blaeding. | 4

Thz pattern of oeatrogen excrotion in anovulatory c;yclaa and in
pationts with functional hasmorrhage is differant from that obasrved
during the nomal monstrual cycle. Ther: is no rhythmic fluctuation in
ocstrogen output and no ovulation peak can be demonstrated. In some casce
with hypqrplasia of the endomeirium, ocsirogsn excrotion is maintain:d
at high levels -around 30 pg/24 hre.- for many dsys. Bleading occurs
whon oegtrogen excretion lovels are constant, ris}ng or falling. Prognanew
diol might be exorcted in low or increascd amownts, but no definitc tromd
csn be disceméd and no change appears to precede the onmst pf the
bleeding (Brown & Matthew, 19623 Fothorby & Browm, 1964).

Stein-Loventhal syndromo.

Critical reviews of all the reported studies have bazn publishog
(Zander & Herming, 1961; Goldszicher & Axelred, 1962).

Prognanadiol levels are low, comparable to those found in normal
women during the proliforative phase of the cycle (Evems & Riloy, 1960;
Lanthier & Sandor, 1964). Also the urinary cestrogen sxcration values are
wi’shm the normal range for the follicular phase, but the characteristic
fldbctuations of the normal cycle are absent (Bvane & Riley, 10260;
Jayle, Schollor, Meuvais-Jarvis & Metay, 1961). 17-ketosteroids have
been found elevated in 237 of a totel of 358 patients collected from
the literature. Fractionation of urinary 17-ketosteroids has revealed
an incroaged excretion of andresterons and astiocholanolone, in elightly
mora than half of 62 cases, and of DHA in 10 out of 60 patients.
Pragnanetriolone, whose praecursor is s$ill unkmown, has been found in
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the urine of palients with the syndromo, and a tendeucy for high valucs

of excretion of A5 -praguensiriol -~ arising from As-‘l?ql-m'dro:qr-pre@enolone-
has becn reported (Cox & Shearman; 1961; Stern & Barwell, 1963). Suppression
tosta of adremal secretion gave a significant reapomsc in only 507 of

the cages eXamined and, in general, normal sxcration valucs for 17-hydroxy-
corticoids have bean reported (Gddazieher & Axelrod, '1962). Thes: findings
indicate that in some casces of Stein-Loventhal gyndromo thers is adrsnow-
cortical dysfunction; but, since cortisonc motabolites arz excrated in
normal or only slightly increased amounis, the adrenal secration of
glucocorticoids appcars to be normal.

It would app=ar possiblc to differcntiate casas in which adronal
dysfunction is the actiological factor from casce in which ovarion
produciion of amdrogens is increased. In the latier, adronsl suppression
. with dexamsthason: doss not decrsase siguificantly the urimary cexcretion
of 17-kctosteroids, pregnensiriol or b5-—pregxanetriol, whilc ¥SH admini-
stration leads to highor levkls of cxoretion (lahesh & Groenblati, 19613
Joyle ot ale, 1961).

' ¢} - Produciion rates of progesterons,
oestrogens and androgens.

Tentative egtimates of production rates of progesteron: and ocstrogens
from the data of urinary metabolite excrobion and the observed coaversion
of administersd precursor to mstabolifss, indicates that ths daily
sscrstion of progesteron: during the luteal phase is in the ronge 2030 mg
end that the daily sccrotion of oestradiol is 0.1 to 0.4 mg according
%0 the phase of the cycle {Zander & Hemning, 1961).



In the last fow years, the rate of secretion of ovarian steroids has
boen studied by means of determination of the specific activity of \u-inyy

¥ metabolites after administration of isotopicaly labelled compounds,

' The secretion rate of progssierome has boen caloulated as 2,5-5.4 mg/day
in the pre~ovulatory phame, rising to 22-43 mg/day during the post-ovula
tory phase (Domingues, Framgois, Watamabe & Solomon, 1962). Oestradiol
sccration rate in normal women at the tims of ovulation rangss bstwesn
0.2 and 0.5 mg /day (Ourpide, Angers, VandeWiole & Licberman, 1962).

By this method of calculating production rates, healihy women are esti-
mated to produce 1.2 mg of DHA and up to 1.6 mg of testosterome plus
androstenedione per day. In hirsute women and in women with polycystic
ovaries under adrenal suppression, the secreiory rate of DHA is increascd
to 16 mg/day and that of testosteroms plus androstenadione to 5.6 mg
(¥cDonald, VandoWicle & Lisberman, 1963). Om the other hand, production
of osmirogens scems raduced, since secretion rates of O.16 and 0.29 mg
per day have becn obtained (Mahesh & Graemblatt, 1964).

It is interesting to nots ithat the results obtained by these mors
sophisticated methods agrzc¢ with the rough estimaios mada on the basis
of the daily urinary oxeretion of oesirogens and pregnanediol.

Hors recently, secration rates of certain stercids - for example
testosterons - have been calculated in terms of the metabolic clearance
rate of intravenously administered hormons and the mean plasma concentra-
tion. This obviates errors which arise in the calculations based on
urinary studies - where the produot may not be a uniquo metabolite,



By this type of method the tesiosiercne production rate is found to be
0.34 mg/day in healthy women and of this 0.2 mg is derived from A7 —
androstencdione (Horton & Tait, 1966). t

Summariging the evidence which has boen described in this section -
tovarian steroid production and secretion! - the following conclusions may
be roached : 1) From 'in vitx;o' studies it appsars that both follicles
and corpora lutea have the capacity to form progesteromne, ocesirogens
and other intemediaries in oestirogen synthesis, but that thers is a
difference in biosynthetic pattemm betwoen follicles and corpora lutea.
'In vivo! determinations have proved that thess sterolds ars indeed
formed, and that follicles produce more cesirogens, while ¥w corpora
lutea produce moro progesterone than ocstrogens. The production of
hormonss by the ovary is therafore oyolin in nature.

2) From methods of investigation which indicate the actual output of
steroids from the ovaries - determination in ovarian venous blood or in
peripheral blood, measursmant of the metabolites in urine and
secration rate studies - it ﬁauld also appear that the sieroids are
released im a cyclic fashion but the informaticm at present available
is not adequate for a definite conclusion to be reached on whether
there is a free interchange of all the steroids formed between the ovary
and the effluent blood.

3) - Functional and morphological changes dependent

upon ovarian hormons secretion,
In this final section, refersace will be made to some of the functional



and morphological changss induced in tho target organs of women by
ovarian szcration in the mormal oycle and in a few abnormal conditions.
It has boun possible to emtablish dofinitely that thess changes-duration
and foatur:s of tha coyocle, variation in the cndomatrium and W
opitholium= dspond upon the action of ovarian hormsms, sincc thoy can
be reproduced in ovaricctomizsd or post-menopausal woman by cyclic
administration of costrogons and progesterome (Pacl, 1955; Rubin &
Novak, 1956; Buxtom & Horymann, 1961aj Boksteim, 1962)., Information wpon
the offect of othor hommonzs - for ozample th: androgame~ has buoen
obtain:d by this typs of experiment (Dorfmam, 1961). Theome studies have
cmphasiscd that the rosponsivity of the target organs @onditions ths hor-
monal eoffect and that there is great variability in the minimal affceo-
tive doses in difforont individuals,

a) - The aormal menstrual oycla,

Tho monatrual cycle is claesically divided inte two phases. The
follicular phasc starts the first day of tho memstrual flow and torminatos,
aftor 12«44 days, with ovulation; during this phase, as mentioned in the
pravious ssctiony ozstrogens ars sccretsd by the maturing follicls in
increasing amounts, The luteal phaso bogine with the day of ovulation
and torminates with the omsot of the bleeding; usually it lasts 12-16
days. Progesteron: and ossirogans are sccreted in increasing amounts
from thz corpus lutoum during this phas: wntil a fow days befor:z the
onszt of the bleeding.

The l:ngth of tha cycle, that is tha interval betwoam the appearanca
of sucooasive munstrustions, is thersfore comsidored nommal whan it falle
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between 26 and 28 days. The bloeding should last 3-4 days, be modorate
and not painful, A €haracteristic of the ovulatory cycle is a biphasic
curve of basal body temperaturs, due to.the thermogenic f%ffect of
progesterone produced by the corpus luteum (Buxton & Engle, 1950).

In the follicular phase, under the influence of oestrogene, the
endometrium proYiferates and increasss in thickmess, The narrow and
widely scatterzd endometrial glands become much more numerous and
" elongated. The lining cells become columnar and show pressnce of numerous
mitotic figures., The wholc endomatrium is richly vascularised and a great
many intercellular lymph spaces are formod. The spiral arteries in the
gtratum basalis appear more coiled (Rubin & Novak, 1956). After corpus
lutoum formation, progesterone induces further increase in the thicknnes
of the ondometrium, while the stroma becomes mors abundant and cedematous.
The stromal cells are hypertrophied, rescmbling decidual colls and tend %o
accunulate near the surface of the mUCoBa.. The éiandn continue to grow,
they becomo vary tortuwous and distended with secretion. Three cellular layers
can be recognized at this stage : the stratum compactum, formed by the
mass of swollen siromal cells; the siratum spongiosum, whore the glands
are more obvious; the stratum basalis. The spiral arterioles become mora
and more coiled and numerous thin-walled sinusce dsvelop msar the surface
of the cndometrium (Rubin & Novak, 1956). |
" When the hormone seorction by the corpus luteum declines, the endometrium
bacomes necrodic and is shed. A fall in progesterome secretion would
appoar to be of greater significance than that of ozstrogen sccrstion

in“determining the bleeding (Peel, 1955). The mechanism of endometrial



broakdown at the end of the cycle appears to be a sudden teamporary
ischasmia caused by vaso-consiriction of the spiral arterisles which

end abruptly under the surfacs epithelium in tufis of numerous capillaries
(Markee, 1940). Autolytic disintegration of the emdometrium by tryptic
enzymes contributes to the destruction of the straium compactum and
spongiosws, while the stratum basalis is retaimed and proliferates at

the begimning of the mext cycle (Hubin & Novak, 1956).

The vaginal epithelium becomes taller and stratified during the follicular
phase, while the cells present keratinisation and nmuclear pyknosis.
Thrse cell layers can be rocognised : an intraspithelial cormmified
layer, a doep basal layer and a superficial functional layer. From the
spithelium many keratinised pykmotic cclls desquamate and are found in
the vaginal seorstion (deAllende & Orias, 1950; Papamicolaw, 1954). In
the vaginal epithelium 'primeﬁ’, with oestrogens, progestercme increases
the thickness, mainly of the intemmediate layer, and produces cellular
dsposition of glycogen. Thesa changes are reflecied in Waginal smears
by a reduction of tho nuaber of comified cells, which are replaced by
colls with much larger nuclei and irregularly pleated. These cells show
a characteristic tendency to oluster formation (Papanicolagt, 1954).

b) =~ Irregular bleeding.

There is some disagrecment about the classification and temminology
of the many types of irragular uterine bleeding occurring in women
during the repvoductive age and around the menopauss, so that it is
sometimes diffioult to compars results obtained in diffeorent clinical
gtudies, In this thesis, a classification based upon emdocrinological
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rather than clinical criteria (Peel, 1955) has been adopted, and all
the terms will be olearly defined in this seciion.

Irregular uterine bleeding is frequently dus to anatomical causes
without any apparent relation to emdoorine dysfunction, but may be
related to disorders of the endmperine glande and this is the tppe
which will be considersd hers. When no anatomical cause is demonsirable,
irregular blseding is somewhat empirically classified as "functional
and the term "functional uterine haemorrhage” has been adopted in this
thesis (F.U.H.), Functional uterine hasmorrhage can be divided into
two main groups, o&olﬁc and acyclic, according to whether the rhythm
of the menetrual cycle is maiﬁtainad or is completely lost,

In oyclic funotioz;gl bleaeding ovulation usually takes place, and
the main symptom ma& be sither shortening of the cycle of blesding for
a longer period than the duration of the patient's normmal period. This
symptom will be referrad to aa monorrhagia.

Acyclic functional bleeding is more common at the extremee of repro-
ductive life, at puberty and befors the onset of the menopause. Ovula-
tion occurs at irregular intervals or is completely absent. Prolonged
blecding altemates with ﬁhases of amenorrhoeas The blseding may vary
from a few days at a time to continuous haemorrhage for a month or
longer, and the loge can be very heavy. The periods of amenorrhoea ars
of very varieble duration, from six wockse to a fow monihs,.

On the basis of the histological appsarance of the endomotrium, some
of thems cases of acyolic functional dleeding are termed meiropathia
hacmorrhagica (Schroeder, 1954); the cases which do not present the
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the typical cndomeirial featuros of metropathia hacmorrhagica will be
roferred Yo as metrorrhagia.

As mentioned in the previous section, very litile is known about
ovarian secretion in these conditions, apart from the presencs of
¥ariable amounts of osstrogens in follicular cysts associated with
irrogular bleeding (Granjon ety al., 1958). It would appear that tha
mechanism of bleeding is difforent thanﬁ;? the normmal cycle, sinee the
bleeding is not necessarily preced=d by a fall in the excerstion of
pregnanediol and/or vestrogens.

In metyopathia haemorrhagica a characteristic feature of the endomstrium
is that it does not correspond to any of the siages of the cycle, The
thickness of the mucoea varies to a high degrze in different areas, and
thercsfors the surface is um:ven.;i It is impossible to difforentiste
between basal snd funciional layers. All the glands are proliferative in
character, many of them dilated to form small oysts. The siroma is
homogenasous and denme, and many mitotic figures ¢sn be seen in the cells,
There are numercus straight vessels throughout the ecndemetrium, which -
form large sinusoide. According to some authors, hacmorrhage could occur
from these sinusoids, without loss of tissue (Hertig & Mansell, 1957).

In metrorrhagia, the endometrium is most commonly proliferative in
character or hype%mphic, without reaching the degres of hyperplasia
gaen in metropathia haemorrhagica. In contrast, it can be atrophic.
Occasionally secrotory changes ars scen at biepsy.

- These changes in the endometrium have been atiributed to prolonged
sacretion of oestrogens, unopposed by progesterone secretion (Scxkgeder, 1954 )«



Uninterrupied administration of oestrogens can cause hyperplasia of the
sndomotrium, but this cannot be maintained in a proliferative or hyper-
plastic state indefinitely, since a "break~through' bleeding intervencs.
Bleeding intervenes alsc after abrupt discontinumance of treatmsnt -
'withdrawal' bleedinge. The mechanism of ‘broak~through! and 'withdrawal'
bleeding is fundamentally the same, and is rolated to the tro;;\io effeot
of the ocstrogens on the endomeirium and particularly on its vascular
system. In 'break-through' blaeeding, the constant levels of ocestrogens
may not suffice to maintain tho viability of an augmented mass of endome-
triwm, while in 'withdrawai' bleeding the sudden caossation of the sup-
porting etimulus would produce vascular destruction, The bdBeding in
F.U.H, is very similar to a 'bresk-through' blseding, since it can take
place while excrstion of cestirogens is constant or even increasing;
or it could be comsidered as a *withdrawal' bloeding, in the casss
in which haemorrhage follows a sharp fall in cesirogen excrstion.
Another similarity betwcen the bleeding induced by conitinuous oesirogen
administration and the hacmorrhage of F.U.H. is that this is protracted
for many days and the loss is very heavy. This is probably due to the
incomplete shedding of the endomeirium (Kuppormamn, 1963).

tBreak-through'! and 'withdrawal! blaesding is also obsavaed during
progesterons administration, but the 'withdrawal' blecding is not
prolonged and excessive as with oostrogens, and the cndometrial shedding
is complete (Kuppzrmamm, 1963).

Vaginal cytology has shown that thére is a markeil vestrogenic
influence in most cases, but a fluctuating progestatiomal <ffect may
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also bo observed (Osmond~Clarke & Murray, 1964). Since fluctuations
of the pregnanediol cxcrstion, similar although less marked to those
of cesirogens, have been noted (Brown & Matthew, 1962; Feotherby &
Brown, 1964), it might be that the r8le of progesterone in irregular
bleading is more important than is gemerally acceptied.

¢)~ The Stein~Leventhal syndromc.

The secondary amenorrhoea which is a feature of the Stein-Leventhal
syndrome is generally due’ to ovulatory failurs. However, neither
amenorrhoca nor anovulation ars constant findings. About 217 of the
patients experience cpisodes of irregular, prolonged bleeding and a
functioning corpus luteum is found at oporation in 157 (Goldgicher &
Green, 1962). Amenorrhoca often follows a long period of oligomenorrhoe‘a,
with periode becoming more and mors delayed. As a consoquonoe of ovulatory
faglure, sterility is a very common complaint.

In the majoriity of cases, the andomotrium is proliferative in character,
and in a few casos it is hyperplastic (Evane & Riley, 19603 {Goldsicher &
Green, 1962). This would scem to be in contrast with the finding of
diminished odstrogen production reporied by some authors (Short &

London, 1961; Mahesh & Greenblatt, 1964). On the other hand, it has been
¢leimad that androgens alons could maintain a proliferative endometrium
(Leventhal, 1958), and androgens appear to be secrsted in inorzased
amounts in the syndrome, as already mentioned.

' The vaginal epithelium chows cvidence of oestrogenic effect (Evans &
Riley, 1960) and in vaginal smears, together with pyknotic cells,

thers are numerous round cells of the stratum basalis, which would
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indicate an androgenic offsct (Osmond — Clarke & Murray, 1964).

The high level of circulating androgens is also responsible, according
to some authors, for the failure of ovulation, through a negative
ffaod~back' effsct on ‘blie hypophyesis ('Roy, Mahesh & Greemblati, 1962;
Goidsiehar & Axelrod, 1963) and for the hirsutism observed in soms
patients with the syndroms (Short & London, 1961; Goldsicher & Axelrod, 19623
Mahosh & Groeablatt, 1964).



Chapter I1I - SCOPE OF THE PRESENT RESEARCH

Different biochemical approaches to the study of ovarian function
have been.outlined in the previous Chapter. Indirect methods, like
the determination of steroid levels in peripheral blood and urine or
the study of secretion rates, indicats the actual steroid output of
the ovary together with the output of other steroid-producing glands.
Steroid determination in ovarian fluid or tissue and 'in vitro'
experiments are of a more direct nature, but the information is restriocted
to the functicnal state of the ovary at the moment of operation and in
most instances t0 one part of the ovary only. This is a serious limitation
for the understanding of ovarian physiology and pathology, since ovarian
function is typically cyclic and the ovary is constituted of tissues with
differing functional capacities. In recent years, the 'in vitro!
approach has, in general, been the method of choice for the more direct
invextigation of ovarian function. However, it cannot be assumed that
reactions which are demonstrated in these incubation experiments
actually ocour 'in vivo', and the resulis may not indicate mors than
interesting possibilities. Accordingly, the 'in vitro' studies must be
supplemented by the determination of the steroid content of the ovary
and, when possible, of the effluent blood.
In fact, as has been mentioned, there is some evidence to suggest
that the production of steroids as determined by assays in ovarian
tissus or fluid does not necessarily reflect steroid secretion into the
ovarian vein, and concurrent determmination in the ovary and effluent

-7 -
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blood appear to be indispensable in order to establish which steroide are
actually secreted. With regard to ovarian venous blood, it will de
understood that samples are not readily available and that interpretation
is complicated by lack of information about ovarian blood flow.

Owing to the small amounts of sterocids present in ovarian tissue or
fluid, it is usually impossible to ideatify the compounds in individual.
samples by classical methods (re-cryetallization, determination of the
melting point, infrared spectrum)., Despite these limitations, the
determination of ovarian steroids has already contributed to the knowl-
edze of ovarian function in normal and pathological conditions.
Partioularly valusble have been investigations where either identification
of the compounds has been achieved or a quantitative method of adequate
specificity has been employed. Until recemtly (Short, 1965), very little
work has been reported upon the concurrent measurement of progesterone,
neutral intermediaries and oestrogens in human follicles or corpora lutea.

Comprehensive information upon steroid production and secretion by
the normal ovary is required as a valid control for comparison of resulis
obtained in abnommal conditions. For instance, steroid biosynthesis and
production has been studied in atretic and cystic follicles from the
ovaries of patiente with the Stein-Leventhal syndrome and not from the
ovaries of women with regular menstrual cycles.

On the other hand, apart from the studies of this relatively rare
syndrome, ovarian steroid production in women with mensirual disorders
has not been examined extensively and the whole question of the
relationship between ovarian morphology and esteroid production requires
further investigation.
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In the belief that progress in the treatment of ovarian dysfunction
awaits clarification of the problems to which reference has been made,
it was decided to study the ovarian steroid production of normally
menstrunting women at various stages in the cycle; of patignts receiving
gonadotroping and of carefully selected patients with menstrual disorders.

It was first necessary to develop a sensitive and specific technique
for the quantitative determination of A4-B-kuto~storoids, A5~38—hwd1‘°13'~
steroids, oestradiol, ocestrone and oestriol and conjugated ocestradiol
and oestrone in small velumes of cyst fluid. Cyet fluid, which, as
already mentioned, contains specific secretory producte of the oyst
lining, was chosen in prefersnce to ovarian tissue as it could be
obtained without untoward 4rauma to the gland. In some instances
analyeis of cyst fluid was supplemented by determinations in ovarian
vanous blood. In a few cases, *in vitro' experiments were performed by
deparimental colleagues, and through their courtesy it has been possible
to correlate ovarian sterocid production 'in vivo'! and 'in viiro'.

The present work concerns the results of steroid determination in 62
ovarian fluids and 10 ovarian venous blood samples from 59 patients, of
whom 22 were women with normal menstruation (13 of whom had polycystic
ovaries); 5 were under gonadotropin stimulation; 14 patients oomplained
of acyclic uterine bleeding and 19 were examples of Stein-Laventhal

gyndrome.



Chapter IV - METHOD FOR STEROID DETERMINATION IN OVARIAN FLUID

Many difficulties are encountered in the determination of stercids in
biological fluids. The quantity of steroids present in most samples ims
usually of the order of a fow micrograms and the amount of interfering
material is fraquenily large. The organic solvents, which are commonly
used, extract the steroids together with the interfering material and
the steroids have to be separated from this before they can be poparatod
from each other. Spectrophotometric methods for the detection and
quantitative estimation of steroids are in general non specific and adequate
preliminary purification is essential to ensure that the procedure
measures only the steroids in question.

Steroids present in ovarian fluid can be divided into three groups @
neutral, phenolic and conjugated stercids. The group of neutral sterolds
comprises the C21 and C19 steroid intermediaries in the synthesis of
oestrogens; the gvaup of phenolic steroids comprises the C13 ocestrogens
80 far isolated from the human ovary. Free neutral and phenmolic stercids
can be exiracted by organic solvents from biological fluids. By shaking
this extract with aqueous alkaline solution, the phenolic steroids pass
quantitatively from the organic solvent into the aqueous phase, whereas
the nostral steroids remain in the organic phase (Baggett et al., 1956).
Conjugated steroide, being hydrophilic, are not extracted by most organic
solvents and can be separated from fres steroids by means of solvent
partition betwesn an aqueous phase and a very polar organic solvent
(Dicsfalusy & Magnusson, 1958; Migeon et al., 1959).

The only procedure published up to date foo the concurrent determination

- 80 -



of free neutral and phenolic stercids in small volumes of ovarian fluid
is the method of Short (1961), and this has been applied to steroid
determination in fluid from human ovaries (Short & Londem, 1961; Short,
1962b; 1955; Crooks et al., 1963a,b) and to follic#lar fluid, ovarian
vencus blood snd lymph of different species of domestic animale (Short,
1961; 1962a, 1964} Lindner, Sass & Morris, 1964). Hy thiz method indi-
vidual steroide can be determined in concentrations above 2,0 pg/100 ml.
The method involves extraction with sther and ethyl acetate followed
by solvent partition of neutral and phenolic eteroids. Neutral steroids
are chromatographed and paper in Bush systems and measured by means of
U.V. absorption. Phenolic steroids are separated by chromatography on
paper in Zaffaroni systeoms and determined by the Koberwaction.

A similar method for extraction and partition into neutral and phenolic
fractions was employed in thepresent research. Subsequently the ntétral
fraction was eubjected to partition chromatography on a celite column
and the oestrogens were methylated and their methyl dhers ssparated by
adsorption chromatography on an alumina column according to the method
of Koy & Brown (1960). As will be sesn, the application of isotope
dilution was an essential feature of the method.

a) - The method in detail.

Cyst fluid was withdrawn at operation and stored at -15°C pending
ahalysis. A flow shest of the method is shown in Fige 7. In analyses
performed over the past two years, 16- ' C-cestrons, 16-''6-cestradiol-178,
41 Scuprogestercns, st SeBenarostenedione and 4='"c-testosterone were
sdded in trace amownts (not more than 0.1 pg) and used as internal
standards for correction of lozses,
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Fig. 7 -~ Flow sheat of the method for sterocid determination.

Cyst fluid
T Titrated to pH10.0 with carbonate buffer;
' extracted 3Ix2 vol.ether,3x? volieth.acetate
|
Aqueous residue Ether extract
Vashed with 5-10ml1 water
Hashings Haghed extract )
to 85 ml with water Evaporated to dryness;redissolved 1 ml
+ 15 m} conc.BCl;refluxed etha.ao].:-ZSml bengene+25ml petroleum ether
45 min.jextracted (B.P.40-60°C)

100 mlx3 etherj;washed
60 ml carbonate buffer Benszene-petroleum ether extract
pH10,5, 10 ml water et-mxtmted 25 ml x 2 1,60 NaOH
Weashed extract Washed with viater to neutral
Evaporated to dryness; '

radissolved 1ml ethanol NeutmlEf‘z::i::d %o dryness
425 ml benzene+ 25 ml petro
leum ether (B,Py40260° C)
Extracted 25 ml x2 1.6% NaOH

Benzene-petroleun
ether extract discarded ~Silica gel columm
'Conjugated! 'Free!
OestromerQestradiol Oestrone+lestradiol
fraction fraction
Methylation Methylgtion
Chromatography on Chromatography on Partition chromatography on
al a column aluming colwmn celite col
_— -
Oestrone Osstradiol Oestrone OBstradiol 54—3-1keto- P«}h&&mm—-
Heth.ether meth.qther meth.ether meth.e’gher stergids steroids
Kober :m'aaction U.V. Oartel~Eik-Nas

absorption reaction
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Extraction. The fluid was adjusted to pH 9.5; extracted successively

with ether and ethyl acetate and the pooled ether-ethyl acetate extracts
were washed with a smsll volume of water. The agueous residue was saved

in some instances and analysed for the presence of conjugated ocestrogens.
This was effected by dilution of the aqueous residue to 85 ml with water
and hydrolysis by addition of concentrated HCl with reQuxing for 45
minutes. After addition of trace amounts of 140-oas'brone and M(:«o::esﬂ:rmuol.
the hydrolysate was extracted with ether, washed with satured NalCO
snd water and evaporated to dryness,

Solvent partition éf neuiral and phenolic fractions. The dry residues
of the non-hydrolysed and of the hydrolysed exiracts were dissolved in
1 ml warm ethanol, 25 ml benzene was added and transferred to a separating
funnel containing 25 ml of petroleum ether. The 'oestriol’! fraction
was extracted from the benzene-petrolsum ether mixture with water and
the 'oestrone-cestradiol' fraction with 0.4 N NaOH. The benzene-petroleun
ethar mixture corresponding to the extract of the non-hydrolysed fluid,
containing the neutral free steroids, was washed with water until neutral,
and svaporated to dryness. The bengene-petroleum ether mixture from the
hydrolysed fluid was discarded.

Phenolic fractions. The phenolic fractions were methylated and the
methyl ethers chromatographed on alumina according to Roy & Brown (1960).
In the analyses where isotopically labelled oestrogens had been added,
one tenth of the eluate containing cestrone and ocestradiol was taken
for sointillation counting using a toluene-based scintillator. Radiow

3

activity measurements were carried out with a standard error of 7.
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The Kober reaction was performed on the remainder, adding 0.6 ml of

the appropriate reagent and 0.2, 0.1 and 0.04 ml distilled water to the
oestriol, oestrome and oestradiol fractions respectively after boiling.
Optical demsities were read in a specrophotometer (Unicam SP500) with

a micro-attachment at 480,516 and 552 mp for oestriol and oestrone and
480,518 and 556 mp for oestradiol. The Allen correction (Allen, 1950)

was applied to the spactrophotometric readings and the amount of each
steroid was calculated from calibration curves based upon the appropriate
standards. The spectrophotometric readings were corrected for the contriduti
from the labelled internal standards.

Neutral fraction. The neutral frabtion, which retained most of the
impurities, was defatted on a silica gel column in the sclvent gystem
n-hexane/ethyl acetate (Sommerville, Pickett, Colline & Denyer, 1963).
The defatied residue of the neutral fraction was tranfferred to a column
of 2.5 gm celite in n-hexane and chromotagraphed in the system x»zaomazo/
n-hexane 80:2,,100, Fifty 2 ml fractions were collected by means of an
sutomatic fraction outter. The fifty fractions were evaporated to drynese
under Rz and 0.6.ml of ethanol, spectrosol grade, was added to each vial.
The U.V, absorption was read at 220, 240 and 260 mp for the determinaticn
of A4~3~ket,o-steroids. The ethanol from vials 5-7 and 11-14 was evaporated
to dryness, 1 ml of the sulphuric acid-957 ethanol (211) reagent of
Osrtel and Eik-Nes (1959) was added and the optical densities read at
380,405 and 430 mp for the detezﬁina’aion of A5 ~progaenolone and at
375,400 and 425 mp for the determination of DHA.

The eluates which contained material absorbing in the U.V. at 240 mp

were pooled and chromatographed either on paper or on a second celite



column. A Bush A system was used for progestercne and A4~androstenediona,
and a Bush B system for testosterone and 17e~hydroxy-progesterone.
The compounds were eluted quantitatively from the papsr, the eluates
evaporated to dryness and .V, cSpeciroscopy performed as above, with
the exception that the eluates were read against a 'blank' eluted from
paper. The solvent system for the second chromatography on celite was
maomnzo/n-hoxm 90110/100.25 fractions of 2 ml each wers collectod.
Each eluate was subjected to U.V, abgorption spectroscopy and scintillation
counting in order to perform an isotopic dilution analysis as proposed
by Preedy and Aitken (1961).
b)~ Assessment of the method.

The accepted criteria to assess the validity of quantitative methods
are acouracy, precision, sensitivity and epecificity. The definitions
of these criteria are as follows i1 accuracy, the extent to which the
appropriate substance can be recovered; precision, the degree of agrecment
between replicate estimations; gensitivity, the least quantity of
subetance which can be measured; specificity, the extent to which the
procedure measures only the substance in question (Borth, 1952).

Acouracy. There were several difficulties involved in atiempts to
assess the accuracy of the method. First, the volumes of cyst fluid
wera variable and the fluids contained differing amounts of blood pigment,
80 that it was not possible to obtain a relevant'blank'! for comparison.
Secondly, the volumes were usually small and insufficient for use in recovery
experiments. For these reasons, the majority of recovery experiments with

unlabelled standards wers carried out in pure solution. The vecoveries,
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employing 0.5 or 1.0 pg of each steroid, ranged from 60 to 85% for
neutral steroids, free and conjugated oesirogens, Some of the recovery
experiments of unlabelled and labelled steroids, the latter from blood

or cyst fluid, are reported in Table IX, It will be seen that the recovery
of igotopically labelled steroids from cyst fluid or blood was of the
order of 62572%. Since it was clear that inaccuracies were introduced in
the method because of lack of uniformity in the recovery of the single
steroide, the use of isotopically labelled compounds as internal

ctandards was adopted for all the analyses.

Sensitivity. The sensitivity of the reactions employed was as follows 1
the mioro-Kober reaction permitted the determination of 0.05 ng cestrone
and oestradiol. By U.V. absorption 0.1-0.2 pg of Ad-z-ketostex-oids could
be detected, provided this amount was distributed between not more than
three eluates from the celite colum. The isotopically labelled stercids
added as internal standards contributed 0.02 pg of cesirogens and 0.03
ug of Aﬁ&-keto—steroida to the spactrophotometric readings. Therefore
as little as 0.03 pg of endogenous oestrogens and 0.05 pg of a‘i-»}-‘ka'bw
steroide could be measured. The Oertel-Elk-Nes reaction for & ~3f~hydroxy-
sterocids was slightly less sensitive than U.V. absorption.

Precision, It was possible to perform duplicate analyses on 10 cyst
fl'p.idq containing detectable amounis of steroids; the average deviation
from the mean was as follows 3 progestercns + 11%; Aﬁ-androetenedione |
+ 12%; 170~-hydroxy-progesterone + 1%; cestrone + 20#4; oastradiol + 14%.

Specificity. Partition chromatography on celite and the use of U.V.
spectroscopy for 54—3—-keto-steroids‘ and the Oertel-Eik-Nes reaction for
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Telle IX - RECOVERY EXPERIMENTS FROM PURE SOLUTION, PLASMA OR CYST FLUID.

_ Steroid added pg recovered Lkbelled steroid recovered
added g

Progesterone 1.0  68-72% 045 48=62%
Pregnenclone 1.0  55-65%
8% -androstenedione 1.0  62-93% 0.5 66-72%
DHA 1.0  56-78%
200~-hydroxy~pregn.
4en-3~one 1.0  80-94%
Testosterone 1.0 57-88% 0.5 63-70%
17e~-hydroxy~proges-
terone 1,0  56-76%
Oestradiol-17p 0.5  T1-88% 0.056 63-70%
Oestrone 0.5  66-83% 0,11 66-72%

Destradiol glucur. 0.9 70-75%

Oestrone sulphate 1.0  65-66%
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A5~35-hydronr—steroids effected adequate separation of progesterons,
As-pregnenolone, A4-androatened.ionq, DHA, 200~-Hydroxy-pregi=j-en«i~one,
testosterone and 17ce-hydroxy-progesterons (Fig.8). Thus the partial
overlapping of progesterone snd pregnenolone, DHA and androstenedione

was resolved by the use of the two reactions. The steroids were idantiﬂod
by the position of the 'peaks' from the eluates and additional evidence

of identity was afforded by paper chromatography or chromatography on

a second celite column (Fig. 9). The resulis of the smecond celite
chromatography of a cyst fluid are illustrated in Fig., 10s The distribution
of radiocactivity and U.V. abgorption in the eluates from the column

was almost superimposable; in comsequence all of the 'paak' eluates had
similar specific activities, indicating that the compounds were radio-
chemically pure. The results in Table X suppérts this conclusion.

The specificity of the Roy-~Brown method for the separation and quantita-
tive estimation of ocestrogens was controlled by recovery ax;:a;'iments of
labelled cestrogens from plasma or cyst fluid, in which the eluates from
the alumina column were measured both colorimetrically and by liguid
scintillation counting. The specific activity of the recovered compounds
was similar to that of the added standards (Table X).

¢) - Invastigations on .the 'conjugated oestrogen’ fraction.
~Indirect evidence that ocestrogens.in the 'conjugated' fraciion were
originally present as chemical cenjugates ¢ |

In a series of experiments, unlabelled cestradiol (11.5pg) and cestrone
(13.5pg) were asdded to plasma which was extracted with ether; the aqueous
residue of the plasma was subjected to acid hydrolysis and ether
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Fig.8- Elution pattern of steroids from a partition celite column
in QQZ:': ggzmathanoqnuhema.
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enolons; III,A -androstenedione; IV,DHA; V,20a-pregne-i-en—3-one;
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Table X -~ EXPERIMENTS TO TEST THE SPECIFICITY OF THE METHOD.

Isotopically labelled compounds.

e @  specific
activity dps/pg

Steroid added pg gpecific activity measured
aps / e
Progesterone 0.5 2,325 0.44~0444
Aa-androstenedione 0.5 2,780 0.49-0.54
Testosterone 0.5 2,780 0.51-0.54
Osstradiol-178 0,056 1,600 0.038-0,038
0.039 4,325 0.031-0,032
Oestrone 0.1 1,600 0.11-0.13
0,037 4,635 04039-0,040
Na~oestradiiol—~ 0.60 67 0,55=0.55

glucuronidate %

2,642
2,879~2,574
2,737-2,574

2,357
5y 341=5,270

1,600-1,323
4, 656~4,287

4 - T4

® Measured by U.V. spectroscopy or Kober reaction and corrected for losses

according to recovery of radioactivity.

% Na-oestradiol-{7f-glucuronidate, 6,7«-113 diluted with unlabelled

Na~oestradiol-glucuronidate.
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extraciion, followed by methylation of the extract; chromatography on

alumina and Kober reaction on the alumina eluaies. The amount of residusl : - .

cestrogens in the 'conjugated' fraotion was never more than 0.6% of
the total added. In another meries of experimente, tritiated ocestradiol
glucurenidate and 140—1abe119d free oestradiol were added ito plasma and
this dialysed for 18 hours against 0.9% NaCl. Ether extraction of the
dialysed plasma yielded between 3.5 and 3.9% of the “H and 89.5 to

93.87 of the '“C. After refluxing with hothCl, ether extraction of the
hydrolysate yielded 91-95% of the tritium and 3.84-i% of the '“C. These
experiments indicated that the separation of frea and conjugated
oestrogans was eatisfactory. In addition, they showed that the bond of free
ocsstradiol to proteins wae resolved completsely by ether.

Another series of experiments was performed on three cyet fluids which
wers available in larger volumes. The results are reported in Table XI.
Part a) of this Table shows that there was satisfactory agreement between
the values for the toital ocestrogens as determined by direct hydrolyeis
of the fluid or by summation of the amounis obtained before and after
acid hydrolysis. Part b) indicates that oestradiol was liberated by

enzyme hydrolysis in amounts similar to those obtained by acid hydrolysis.

~-Effact of acid hydrolysiz on the oestrogen moiety of the conjugates »

A mixture of unlabelled cestradiol glucuronidate and 3H-oestmdiol
glucuronidate of specific activity 64 dps ,per pg was added to plasma
and this subjected to acid hydrolysis followed by methylation and
chromatography on alumina of thehydrolysed extract; the specific activity
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Table XI - INVESTIGATIONS ON THE *CONJUGATED! OESTROGEN FRACTION,

a) Replicate determinations upon 5 ml aliquots of a cyst fluid.
" ( ug / per 100 ml)

Procedure ' A B c A+B

Oeatrone 2,0 344 6.2 54
3.2 1.6 4.8
Oastradiol 400 12:3 20,0 16.8
5.0 15.2 20,2

"Free" ?Conjugated” Total Total

A, Ether-ethyl acetate extract,
B. Hydrolyeate of aqueous residue from A,
Cs Hydrolysate of oyst fluid without previous extraction.

b) Acid and enzyme hydrolysis of aqueous residue of oyst fluid.

Oestradiol-178 pg/100 ml

acid hydrolysis enzyme hydrolysis fn-
Fluid ) 3,2 4e2
Fluid b 3.3 305’441 +

% Helix pomatia, 10,000 U.; acetate buffer pH5.4; 18 hrs at 37°C.
+ Replicate determinations.
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of the. cestradiol methyl ether was 74 dps/ug. When the same procedure

was applied to plasma containing eitker oestrone sulphate or ocesiradiol
glucuronidate, no transformation of cesirome to oestradiol or viceversa

was noted. This would seem to exclude that the chemical configuration of the
oostrogen moiety was altered by acid hydrolysis.

In order to investigate whether acid hydrolysis destroys part of the
conjugates, two other series of experimenis were performed. Unlabelled
oestradiol glucuronidate {36.6 pg) and oestrons sulphate (10.0 pg)
wore added separately to plasma, and this treated as the 'conjugated'
fraction of cyst fluid, with addition of 140—13‘:»&11@& ‘oestradiol or
ocestrone after acid hydrolysis. After correction for losses, 1007 of
the initial amount of cestrone sulphate and oestradiol glucuronidate
was accounted for. Therefore acid hydrolysis in the conditions adopted
does not destroy s significant’ part -of:oestrogen conjugates, In rlcovery
experiments of cestradiol glucuronidate added to plasma in amounte
from 2.9 to 8.7 pg, using 3leaballed glucuronidate as internal standard,
the recoverieés ranged between 70 and 75%; recoveries after enzyme
hydrolysis varied between 65 and T5%.

In conclusion, although direct evidence that conjugated ocesirogsus
were present in cyst fluid was lacking, the indirect evidence is
convineing., Furthermore, it could be assumed that the mpecificity,
sensitivity, accuracy and precision of the meiiiod were identical for
free cestrogens and oestrogens in the 'conjugated' fraction.



Chaepter V - CLINICAL MATERIAL AND RESULTS OF STEROID DETERMINATION
IN CYST FLUID AND OVARIAN VENOUS BLOOD

1 - Determination of neutral and phenolic steroids

in cyst fluid.
a) « Normally menstruating women.

Wagian fluid was obtained at operation from seven patiez;ts with cycles
normal for rhythm, duration and mstmul loss, who underwent surgery
for variouu maooological condit:lona. The main olinical features =nd
histological findings in those pats.enta are reported in 'ra‘ule XII. I%
will 'ba seen that, at operation, endometriosis was found in two patients,
a dermoid oyst in one and tuberculous p"oaalpinxm another. The
indication for opsration in the other thrae patients wore infertility,
dysmenorrhoes and sterilisation.

The cystic formantions found in the ovaries of five of these patients
ware follicles or corpora lu’cea containing more fluid than usual. In
one patient (L,E.), the ovaries presented several small cysts which
proved on bigpew t0 be inclusion cysts and it is probable that fluid
was aspirated from a Graafian follicle not recognizsble by the naked
eyo. In the amnth pa‘bient thera was & cyrt of medium size of the
appaa.rance of a corpus lutem oyat. Evidence of ovulation was obtainad
in two patieuts (‘I.O.;D.O.) by direct inspection of the ovaries.

As the follicles and corpora lutea were a chance ﬁnding at opsration
it was not possible in all cases to examine them histologically, nor
wase i‘t poseible {o study ovarian ﬁmctim pre-opcmtively. Therefora it
is not claimea that the ovwian ﬁmction was normal in those pafic..ts,
but only thst the menstirual cyolas were not altered in any appreciable

- 95 =



DETAILS OF NORMALLY MENSTRUATING WOMEN,

Table XII
Name Age Symptoms and duration Mensirual Operation Findings at operation
yre. periods Qvaries Others
Se¥s 40 Pain in abdomen, 6 months 8/28 Laparotomy (L) sclerotic; Uterus: normal
“ (R) endometrial cyst; Indometriosis
Oraafian follicle (2.7 ml)°
H.Z. 29 Prolonged periods, P.C.B. 5/26-30 (R)salpingo~ (L) Graafian follicle(2,7ml)® =~
for 6 months posi-partum cophorectomy (R) dermoid cyst
G.A. 35 (Sterilization) 2-5/28 Bilateral salpingsc (R) Graafian follicle(1.6ml)® -
tomy &
T
L.E. 28 sSterility, 4 years 4~5/27 Tubal imeufflation (L)(R) inclusion cyst Tubes patent
(2.0 ml)°
1/0. 28 2nd sterility, 9 years 3/28 (L)salpingo- (L)oystic follicles; (L) T
oophorectomy abscesses; corpus lut% pyosalpinx
haematoma (2.8 ml)®
DuOe 43 Dysmenorrhoea & premen. 8/26 Hysterectomy, bilat (L)corpus luteum Uterussnormal
tension for many years eral wedge resection hasmatoma (0.7 ml)®
ovaries (R)active corpus luteum
SeRe 21 Vaginal discharge, 5~7/28 Laparotomy (L) single cyst (éml)° Pelvic
dyspareunia, 2 years : endometriosis
% = volume of fluid aspirated at operation.
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way up to .the day of operation, with the exception of patient S.R.,
in whom memstruation was overdue. '

The results of steroid determination in fluids from normally
menstruating women were tabulated in chronological order from the onset
of the last period (Table XIII). ‘

The method of expressiop of the results presented certain difficulties.
Thus, to caloulate the concentration per 100 ml of fluid does not take
into account dilution of the stercids by fluid, whereas to calculate
the amount of steroids per éample is open to the criticism that fluid
may be lost at operation or that it may be impossible to obtain the

total volume, as in the cawe of polycystic ovaries. For these reasoms ..

it is not possible to compare qnm@i*titativel,y the steroid content of
different fluids, but in the case of fluide aspirated from mingle oysts
the results were expressed as pg steroid per sample, in the belief that
this is more representative of the secretory activity of the cyst lining.
On the other hand, a comparisan of the relative proportions of different
steroids within individual samples is valid.

With these reservations, it may be stated that the steroid content of
individual samples of fluid from normally menetruating women was of a
pimilar order : five fluids contained from 3.5 to 8.0 pg neutral plus
phenolic steroide, while in one fluid obtained at the end of the cycle
the steroid content was very low.

Progesterons was present both in the follicuiar and luteal phase of:
the oycle; the amounte at mid-cycle and in the early luteal phase were

larger than at the end or the beginning of the cycle. In fluid No.7,



Table XIII

Fluid

Day of
Ro.Name cycle Endometrium

STEROID DETERMINATION IN CYST FLUID FROM NORMALLY MENSTRUATING WOMEN.

Stercids in cyst f£fluid pg per sample
e p— T T Testos- Osstra~ Uestre- Fatio

ﬂ04

- N W W

SeYe
Hels
LeE.
Geldo
1.0

2.0,
S.R,

Volume Progeste . cstorone stemedioms ~o' .tercne dicl méw  OD/progest

6 i 2.7ml 0.93 0454 20,10  weem <010 5,72 1224 615
1 S 2, 7Tml 0.30 0,40 047  £0.1040.10 2,30 0,06 T+29
12 —— 2.0 ml €0,10 0.10 0e33 e 20,10 3a12 0,22 >31,20
11  proliferative 1.6ml 5.61 1.1 20,10 €0.10 <0.10  3.30  0.2% 0.59
20 vag.cyt.luteal 2.8ml 2.50 1419 €005 20,10 <0.10 4429 0405 1.71
24" secretpry 0.7 ml 0410 0.20 £0e10  mmmem €0,10 20,05 20,05 <0005
34 — 6.0.ml. Je8]  <0.30 20415 = 0,30 0,31 & 0.8 & 0,39

mnderlined = valuss corrected for losses
B | = total oestrogens
oo = Fluid No. 4 peocedes No.3 for ccavenience

Valuss precaded by the sign < were calcunlated from the volume of fluid assayed and the
limit of penmitivity of the methed. '
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collected at the 34th day of an abnormelly prolonged cycle,progesterone
was still present in a large amount. It may be relevant ?hat the‘pyst
found in the qvaﬁy of this patient was larger than those found in the
other aswem patients. Of the intermediaries in ocesirogen biosynthesie,
17a¥hydroxy~progesterane wag increased in mid and late cycle, generally
parallgling\progasterone. A4-androstenedione was detectable oﬁly in two
fluide obtained in the follicular phase. In three—f;uids, attempti were
made to detect DHA, but this steroid was not found.)Teatosterone and
200~hydroxy-prega-4-en-3~one were not detectable in any fluifl. Oestradiol
was the predominant steroid from the early phase of the cycle to the
20th day, and was absent in a corpus luteum at the 24th day. Oestrone
was present in much smaller amounts than oestraftiol in all fluids,

with the exception of fluid No. 7. Oestradiol was not detected.

The ratio cestradiol/progesterone increased from the 6th day to the
12th day of the cycle and decreased thereafter, varying between 0.6
and$31.5 in the follicular and between ¢0.005 and 1.7 in the luteal
phase. These ratios do not agree with that of the urinary metabolites
of oestradiol and progesterone, which, as reported earlier, is around
0.01 in both phases of the cycle.

It may be of interest that in patient G.A. the endometrium showed a
proliferative pattern, while the fluid contained a large amount of
progesterone.

b) - Patients under gonadotropin stimulus.

Four patients of this group had, in common, sn increased level of

circulating. gonadotropine at the time of operation, as a consequence

either of treatment with human gonadotropins or of increased endogenous
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production of chorionic gonadetropin-. A fifth patient had been treated
pre-operatively with Clomiphene.

Patient M.K., aged 37 years, had regular cycles; was to be sterilized
for psyeholggica} reasons and volunteered to be treated with human
pituitary FSH, in a dose corresponding to 50 ENG/I,U./day on day 10,

6 and 3 prior to operation and with HCG-6,000/1.U./day, on day 2 and

1 prior to operation. The urinary excretion of steroid metabolites in thie
patient was very high Pollowing treatment. At operation, both ovaries

were enlarged; the left ovary presented four cysis, the largest 2 cm in
diameter; the oysts proved on biopsy to be cystic atretic follicles or
follicular cyets; the right ovary contained three metive corpora lutea,

the largest ome 1 cm in diameter, 10 ml of fluid was collected from the

left ovary. Patient D,3., aged 18 years, had primary amenorrhosa and

was treated with a preparation of urinary menopausal gonadotropins
(Pergonal, Seromo), 70 I.U. of FSH and 70 I.U. of LH per day for 12 days.
At operation Jthe ovaries were found to be hypotrophic, but im the left
ovary a large corpus luteum cyst had developed. 12 ml of fluid was

obtained from the cyet. Patienﬁ SeB.y g.gad 22, had an ovarian cystectomy

at the 10th wesk of pregnancy. A simple cyst, 8 om in diameter, and &
corpus luteum were present in the right ovary. 20 ml of fluid was aspirated
from the cyst. Patient E.E. was affected by chorionic epithelioma of the
aterus. The urinary exoretion of HCG in this patient was 65,000 I.U./24 hrs,
as measured by immunoaseay. At surgery the ovaries were bilaterslly
anlarged to three times the normal eize and presented numerous large

cysts, many containing blood-stained fluid. 26.3m1 of fluid was aspirated
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from the righf o%ra.ryl.

Patient S.H., aged 26, designated as a case of Stein-Leventhal syndrome,
had been amen&rrhoeic for 7 yéars} ghe was given Clomiphene citrate
(llerrell) 100 mg/aay for 10 days pre-operatively. At operation, the left
ovary appeared enlarged to about 3 times the normal size; contained one
large cyst, from which 8.6 ml of fluid was obtained, and several small
cysis; the right ovary was also enlarged and contained numeroils cysis.

The results of steroid determination in the cyst fluid of the five pa-
tients under gonadotropin stimulus are reported in Table XIV. The total
amount of steroids varied in the fluids from 15.4 to 119.4 pg. These
values were much higher than those detected in fluid from normally
menstruating women. The amount of steroids present in the fluid of the two
amsnorrhoeic patients, one treated with posimenopausal gonadotropin (D.R.)
and the other with Clomiphene (S.H.) was much lower than in the remainder.

The steroid pattern in fluide No. 8,9,10 and 11 was almost identical.
Progesterone was the predominant steroid, reaching the highest value,

90.2 pg in fluid No. 11; 1T7a-hydroxy-progesierone was praseht in large
amounts and A4-androatenedione in relatively small amounts, apart from
fluid No. 9. Oestrogen level was much lower than that of neutral steroids,
tat the difference was less marked in fluid No. 9; the ratio oestradiol/
progesterone varied between 0.003 and 0.1, values below those generally
observed in the luteal phase of the normal cycle. Oestrone and ocestradiol
were present in similar amounts, instead of there being a predominance

of oestradiol as in fluid from normally menstruating women. In fact,

fluid No. 10 contained mors oestrone than oestradiol.



STEROID DETERMINATION IN CYST FLUID FROM PATIENTS UNDER GONADOTROPIN STIMULUS.

Table XIV
f;l“i% 13139"0919 and Steroids in cyst fluid, pg per sample
o reatment i Teatos— Usstra- Oube- ¥ati
7 Volume Progest. PNy aroXy~ & =aniro— " pm [8Bvos- Destra Tatio
progestercne stemedione tercne diel 22 CD gt .
8 ¥.X. Normal cy°1°a 10.0 ml ZZs 20 10,22 2-21 £0925 50025 4¢6.2 4 2.22 % 0.06
+HP-FSH+HCG
9 D4R+ Primary - amenorr.
+ Pergonal 12.0 ml 8.26 - 5s05 £0.60 40.60 1,41 % 0.65 % 0.17
10 SeBe ‘lOth woek of 20.0 ml 2;008 32c06 3128 —— (’0.23 2.26 " !aﬁ & 0.10
‘ ‘pregnancy .
11 E.E. ' Chorionic Opi.- 2603 ml 22.2! 21021 w Ld.ea £'°.88 3026 ® 0022 ] 0.003
_thelioma ‘ '
12  S.H. Stein-Leventhal 8.6 ml 0.94 <0,19 1.42 ¢0.19 £0.19 18.:1 & 5.06% 1,95
+ CIQmiphm - .
Merlined- = values corrected for losses
* = total oestrogens
— = not assayed f:
v

Values preceded by the sign L were calculated from the volume of fluid assayed and the

limit of sensitivity of the method.
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In fluid No. 12, there was 18,3 pg oestiradiol, the second highest
amount in the present series of coyst fluids. Only 0.94 pg progesterone
and 1,42 pg A4—androatenodiono was detected, while 17a~hydroxy-progestef.
.one was unde-tsctable. The relative proportione of steroids in thie
fluid were therefore the mame as in fluid from Graafian follicles-
although the steroid production was higher- and quite diesimilar from
those observed in fluid from polyoyst;c ovaries mmsociated with the
Stein-Leventhal synélirome (Table V and Table XVIII).

It will be noted that in this fluid from a follicular oysi, the
steroid oontent differed from that of fluid No. 8, which was also
aspirated from follicular cysts.

Despite the evident effect of gonadotropin administration upon the
production of other steroids by these ovaries, DHA, testosterons and
20a-hydroxy-pregn-4~en-3-one were not present in detectable amounts in
any of the 5 fluide.

c) - Patients with functional uterine haemorrhage.

Clinical details and histological findings at operation in the 11
patiente with functional uterine hasmorrhage (F.U.H.) are reported in
Table XV. Of these patients, five were approaching the menopause and
presented the classical symptomatology and pathology of metropathia
haemorrhagica; heavy, prolonged bleedings alternated with periods of
amenorrhosa; the uterus was qymetrically snlarged and thers was cystic
glandular hyperplasia of the endomottrimn. Of the eix patients with heavy
bleedings at irregular intervals (metrorrhagia), only thres were of
.menopausal age, and in all, with the exception of patient H.E., uterine
fibroids or endometriosis were found at 6peration. It should be noted



DETAILS QF PATIENTS WITH F.U.H.

Table XV
Daration
Rame Age of symptoms Menstrual periods Operation Findings at oparation
Ovaries Othexs
(months)
S.T. 30 12 Prolonged,heavy,every Hysterectomy, (L) (R)single cyst (8.0ml)® Pelvic inflamm.
2128 days salpingo-oophorectony Uterussnormal
R.0. 51 24 Heavy,lasting S5~21 Hyaterectomy (R)single cyst(3.7ml)® Bulky cervix.
to 60 days G.g.h- +4
S.U. 50 6 Amenorrhoea 6/12,then 3 Hystersctomy,bilateral(L)&(R)slightly enlarged, Seedling
heavy,prolonged bleedigs salpingo-cophorectomy ssveral cystic folliclés fibroids
(2.8 m1)®
S.N. 48 12 Heavy for 14-21 days, Hysterectomy, bilateral {L)corpus luteum Intraseral
, ‘ every 28-35 days salpingo-ocophorectomy cyst (8.0 ml)® fibroids,
H.E. 43 5 Irregular, flooding Hysterectomy (R)small cyst(2.5 ml)° Uterus:normal
at times )
C.0. 43 24 Periods of amenorrhoea Hysterectomy (1)&(R) several emall Uterustincreased
and bleeding for 35-60 , cysts; (L) cyst in size.
dm (6.6 ﬂl)c ' BOg.h. '”
G.Re 43 36 Heavy,prolonged,every Hystersctomy, (L) (L) 2 follicmlar cysts Uterustincreased
14-28 days salpingo-oophorectomy (6.0 ml)?;regr.corpus in sige.
luteum; (R)sclerotic C.gehe ++
TeRe 35 7 Heavy,prolonged,svery Hysterectomy,{L) (L)corpus luteum Uterussfibroids,
30-32 days salpingo-cophorectomy haematoma; (R)cyst Pelvie
' (1.3 m1P;(L)%(R) en- endometriosis
larged,several cystic ’
follicles.
S.M. 23 .24 Heavy,for 15 days every Bilateral wedge resec~ (L)&(R)enlarged x2,sev-Uterussnormal,
28-42 days tion of ovaries eral cystic follicles; Endometriocsis
{~)Iegreining Corpus
Iutoun (9:335!1}0
{R)follicular cyst
(402 m1)°
CeRe 52 20 Prolonged heavy bleeding Hysterectomy, (L) {L)Ylarge cyst Uterus; incressed
& periods of amemorrhosa cystectony {31.6 ml}® in sise, Cogehet+
Fole 45 20  Almost comtinuous bleeding Hystarectomy, (L)follicle oyst Uterussincreased
for 6 monthe & periods (L) ovary {1.2m1)® (Rixegr. in 5iZs, Cegihett
of amenorrhoes biopay corpus luteus; single
cyst (860 lll)“

© « voluse of fluid sspirated at operaitiocn

~nop

 ++ = gystic glandular hyperplasia
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that uncomplicated fibroide and endometriosis are not ufslly associated
with metrorrhagia and that in the six patients thers was no evidence
that the bleeding was due to local uterine lesions. The cyste found in the
ovaries of this group of patients were all, with the exception of that
found in patient H.E., of med:;um to large size. In four patients there
were snlarged polycysiic ovaries, accompanied,in three instances, by

a cyst of medium size. In the ovaries of four patients (B.R;; TuRe; S.H.
and F.I.) there was either an active or a regressing corpus luteum and
in patient S.T. endometrial biopsy indicated that ovulation had occurred
in the previous cycle. A corpus luteum cyest was present in the ovary

of pé.tiont SN,

Table XVI, which shows the results of steroid determinations in the
cyst fluid from patient with F.U,H. is tabulated in chromological order
from the onset of the last bleoding. The results are expressed in pg per
sample. Bearing in mind the reservations already advanced about the
validity of comparison between results in differeni fluidse, it would
appear that in the cyst fluid from ];Jatiants with F.U,H. the total amount
of steroids varied within large limits s 0.28 to 55.03 pg. In eight
patients, this total was within the range found in fluid from normally
menstruating women,

It will be noted that there was no regular sequence in the production
of various steroids in fluids taken at progressive intervals from a
bleeding, Progesterone was present in temn cyst fluids obtained from 2 to
60 days after the onset of a bleeding and irrespective of the presence in
the ovaries of a corpus luteum. 17e~hydroxy-progesterone content was
higher than that of progesterone im oyst fluids No.!74% and 13, in bdth



STEROID DETERMINATION IN CYST FLUID FROM PATIENTS WITH F.U.H.

Table XVI
F;:id Name (ﬂ )Momotrium Steroids in czt fluid pg pﬁer sample

volume Progest. 17—1]3:2?0;3 it;::g:;e ::::z Oestradiol Oestrone g;};;&,g.
13 S.T« 2 ovular bleed 8.0ml 2.40 £0.26 20.13 20,26 _{}&'\g 0.22 0.13
14 ROs 7 c;n:.h. ++ 3.Tml 4.39 =~ 2.70 0.43 £0.10 . 0.58 0.0% 0.13 .
15 S.Us 9 postmenstrual 2.8ml 1.10 0.10 0.50 <0.10 2,58 0.20 234
16 S.N. 11 proliferative 8.0m1 11.71  <0.40 £0.20 <€0.40 15,50 & 1.46 & 1,32
17 H.BE. 11 proliferative 2.5m1 0.44 1.10 <0.10 <0.10 4.85 0.17 11.00
18 Ce0e 11 cogehe ++  6.6ml 0.88 1.52 179 20.20 357k 0.45 & 4.00
19 G.Re 13 cegehs ++ 6.0m1 27.54 10.61 0.40 £0,10 14.69 1.79 0.53
20 T«Re 16 proliferative 1.3ml 0.94 0.37 £0,10 20,10 £0.05 <0.05
21 S.M. 16 (L) 9.2m1 4.21 0.60 1.00 <0.10 1.31 0.05 031
22 (R) 4.2ml 20.10 < 0,10 40,10 £0,10 — -—
23 CeRe 60 cogshots 31.6ml w <1.00 £0,50 £1.00 6.00 & 2,16 & 1.32
24 FoI. 90 cegohet+ (L) 1.2ml £0.10 «0.10 £0.10 <0.10 0.28 40,05
25 (R) 8.0ml £0.13 _ <0.26 0,13 €0.26 0454 0.3 &

Underlined = wvalues corrected for losses

® = total oestrogens ++ = cystic glandular hyperplasia

Vadues preceded by the sign £ were calculated from the volume of fluid assayed
and the limit of semsitivity of the method.

=904~
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of which oesiradiol was the predominant steroid. A4— androstenedione was
present in € cyst fluids, two obtained from polycystic ovaries, :but
was absent in fluids No. 20 and 22, which wers also obiained from
polycystic ovaries. Oestradiol was present in all cyet fluids, apart
from No. 20, and evenfn fluids No. 24 and 25 obtained three monthjafter
a bleeding. In two cases, oestradiol concentration was much above the
highest value found in fluids from normally menstruating women. The
oestradiol content was generally higher than that of oestrone.

The progesterone content was higher than that of cestradiol in cyst
fluids No. 13, 14, 19, 20 and 21, all collected from patients in whom
bleeding was occurring at short intervals. The ratio oestradiol/progestes
ine phowad no definite trend and it was less than unity both immediately
after and at a long interval from a bleeding. Tesiosterone and 20a-hydroxy-
progn-j~en-3i-one were not detected in any cyst fluid.

There was no apparent correlation between the steroid content of the
cyet fluids and the histology of the cysts. Resulis obtained in patients
with metrorrhagia did not differ in any way from results in patients with
metropathia hasmorrhagica. In only one patient (G.R.) the latter condition
was associated with a cyst preducing large amounts of steroids.

d) ~ Patients with the Stein-leventhal syndrome.

Nineteen patients who wers considersd to have the Stein-leventhal
syndrome because of the clinical features and the presence of bilateral
polycystic ovaries, were studied, (Table XVII). All had a history of
menstrual irregularities ending in oligomenorrhoea or amenorrhoea and
sterility. Hirsutism was present in fourteen patients, obesity in eight.



Table XVII - DETAILS OF THE PATIENTS WITH THE STEIN~LEVENTHAL SYNDROME.

Name Age Symptoms and duration Hirsutism Ovarian histopathology Thickened Theca ce:
yrs. : - albuginea hyperpla
H.U. 20 Oligomenmorrhoea (3-6/12) 4 years Face,body ++ Polycystic,enlarged; + -
- clitoris enlarg. (L)serous cyst ‘
HeC. '~ 25 Oligomenorrhoea (2-3/12) 12years; Face, body,  Polyocystic,enlarged - -
B ~ sterility , legs ++ . »
K.De 19 Oligomenorrhoea (284-6/12) 2 years; Face,body,lege++ Polycystic,enlargedxl; - -
male escutcheon atretic corpora lutea
S.De '~ 38 Oligomemorrhoea (1-2/12) 5 years; Face #+, chest ++Polycystic,enlargedx2 + +
obesity,sterility legs + -
WeA. ' 23 Oligomemorrhoea (28d~2/12) 4 years; Face,body,lege++ Polycystic,enlarged; - -

(L)corpus Imteum

R.I. ° 24 Oligomenorrhoea (3-4/12) 11years; Face, chest+ Polycystic,nomal size  + +
sterility ‘ ‘
M.0. 17 Oligomenorrhoea (5-8/52) 3years;obesity Face,body,legs++ Polycystic,enlarged + -
B.A. 22 Oligomenorrhoea(4~8/12)8years;obesity Face,legs+ Polycystic,enlarged - -
P.B. = 27 Oligomenorrhoea(2-9/12)10years;sterility Face,lsga++ Polycystic,normal size  ++ +
McC. 21 Oligomenorrhoea(2-6/12) 7 years Face,logs ++ Polycystic,enlarged + -
C.Ue. ' 23 Second.azmenorrhoea,fyears;obesity Face,legs++ Polycystic,enlarged x2 + +
Vele 30 Second.amenorrhoea,iSyears;sterility Face,chesit Polycystic,enlarged; -~ -
atretic corporda lutea
G.B. 23 Second.amenorrhoea,Zyears; obesity Face ++ Polycystic,erdarged x2; ++ -
‘ atretic corpora lutes
F.0. 28 Second.amenorrhoea, 2years; sterility, Face + Polycystic,enlarged; - -
obegity several early corpora lutea
H.0. 26 Oligomenorrhoea(1-2/12)Jyears sterility ——— Polycystic,enlarged + -
G.0. 24 Second.smenorrhoea, 2 years;obesity p— Polycystic,enlarged; (R)¥(L); ~ -
(R) corpus lutews
P.L. 27 Second.amenorrhoea 2 yearsjobesity ————- Polycystic,slightly enlarg. + -
sterility (R)regressing corpus luteum,
(L) corpus luteum haematoma
W.I. 24 Second.amenorrhoea, 3 years  —— Polycystic,normal size; - -
(R) regressing corpus luteum
Selis 30 Second.émenorrhoea 14 years; e Polycystic,enlarged + -
’ sterility,obesity

‘-30'/-




- 109 -

Breast development was normal in all patients. In patients H.U. and K.D. )
hirsutiem was accompanied by slight signs of virilisation. After bilater-
al wedge resection rsgular periods were restored in all patients, and
one became pregnant. Thers was little or no change in the hirsutiem.

The ovaries were enlarged from two to three times the normal size
in fifteen patients and were of normal size in the remainder. Histological
examination of ovarian tigsue revealed thicksning of the albuginea in
eleven patients and theca cell hyperplasia in four. Neither of these
foatures was evident in the wedges from the remaining eight patients.
No mature Graafian follicles were seen. A racent corpus luteum was
preesent in the wedges from five patients, but, in general, corpora lutea
and corpora albicantia were fewer than in ovaries of normally menstruaf.
-ing women of comparable age.

The results of the determinations of steroids in the cyst fluid from
patients with the Stein-Leventhal syndrome are shown in Table XVIII.
For the reasons already given, they are expressed as pg/100 ml of fluid.
The volume of fluid available for analysis was smaller in this group of
patients than in the three preceding groups. It appears evident from
Table XVIII that in dealing with volumes of fluid around 1.0 ml it might
have been impossible to detect significant concentrations of steroids.

The steroid content of the cyst fluid obtained from patients with the
Stein-Leventhal syndrome showed a definite:pattern.- A4«androstenedione
was present in ::w'%ivtesn out of twenby fluids and was the preduminant
steroid in 15 filuids. The concentration of A4—andmstenedione ranged
from 9.2 to 161.2 ug/‘!OD ml; it was higher in fluids obtained at long



-Table XVIII « STERQID DETERMINATION IN CYST FLUID FROM PATIENTS WITH THE STEIN-LEVENTHAL SYNDROME.

Flut

d Hame I&IP Wt\ﬁm

Stercids in cyst fluid, pg/100 ml

Ho. " Volume ?mt,:mz;e ::—-andra-—- 1 oneTeStOBterone DHA Oastradiol Osstrone

. 26 HoU. ‘9m Proliferative 35 nl 42,8 2.8 £2.8 £2.8 . — <15 41.5
27 H.C. 18days —— Jed ml 23,0 36.0 1840 £3.0 e 39.0 8.1

' 28 K.De 30days proliferative 1.4 ml <7.1 Tt 1644 LTt 2Tt £3e5 2345

. 29 SeDe 3’w pmlifemtiV‘ 1+3-md LT‘,I <17 _3__8__0_5. . 4?;7 - LTeT 43.8 2& *
30 Hehs 32ﬂays ——— 2ed ml 701 8-3 25:4 — A(‘icO’ Z2e0 42,0

A 3‘ Rele 513&35 S—— 413 ml ‘2&3 2c3 9-:2 ‘2'3 ——— 1;6 ﬁf’é
32 M0, 5Mays  ——  0.6-mlc16.6 200 53,5 16,6 466 48,3  <B.3

, KX} Behs mthﬁ s . 2.8!91 €35 43.5 99.7 4395 ———— — . ema——
M P.B. Imonths ﬁ:goht ++ T.iml L8o3 ' 48;3 31.8 43‘3 s L350 £3.0

+ 35 EeCe Smonths S 3e2 ml L361 | €642 161.0 £642 €6,2 £1.2 AT |

36 C.U. Gmonthe oc.gehe ++ dot ml £2.5 2.5 70.7 (2.5 €25 ¢l 142
37 Vale 15“0“*” wo— 3.0 ml 30.0 £3.3 26:7 £3e3 to 4106 £1¢6

- 38 G.B. 13menthe prolifarat. 0.6 ml 48,8 £16.6 glo_l ’ <1646 £16.6 L4e2 £442

39 F.0. 2years = 0.5 ml 32.0 _— 36.0 4200 4£20.0 804k 10,0
40 H.0. 50days = 2.0 ml¢2,5 45,0 3s5 450 25,0 128 £2.5

41 ——  0.7ml 85,8 1.3 358 <M 443 4284 22,8
42 G.0e lmonths ——— 0.6 mnl 4803 £16.6 L8.3 1-803 _G.é_aﬁ _8-31 * 22:2 -
43 Pelie 11nonthe ———c 443 ml 42,3 2.3 60.3 &243 Eand —— —
44 2 9 N ‘tm e 1.8 ml _8_’_2“ .ll'..f. &2_:_8' 11,1 41’;*_ 42-8 42.8
«15 Sela wem S——— Jts ml Lgs? 4207 35.0 42.? ‘2;7 205 L'c«’i

underlined = valuss corrected for losses ++ = cystic glandular hyperplasia

& = total oestrogens '.3

Valuss preceeded by tho sign & were calculated from the volume of fluid assayed and the limit of g

sensitivity of the method.
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intervals from the last menstrual period, and the level was consistently
high in patients with amenorrhoea. The concentration in the cyst fluid
from the five non-hirsute patients (Nos. 40 to 45) was well within the
range of that found in hirsute women, varying between 35.8 amd 60.3 pg/
100 ml. However, all the non-hirsute patients had not had a memstrual
period for at least 50 days, and, as just mentiomed, Adwandrostenedione
concentration in the fluid seemed to increase with the duration of amenor-
rhoea. In the cyst fluid from one non-hirsute patient (G.0.), DHA~ and
not androstenedione~ was present, in e concentration of 66.8 pg/100 ml.
This wae the only fluid in which DHA was present in detectable amounts.
It is of interest that the most potent and/rogen, testosterone, wag
undetectable in all cyst fluids,.

Progesterone, 17¢-hydroxy-progesterone and 20a-hydroxy-pregn—{-en-
3-one wers either undetectable or present in low concentration, with few
exceptions, Thus, progestercne was present im 5 fluide only, in concen-
tration varying from 7.1 to 85.8 pg/100 ml. Some of thene fluids had
been aspirated from ovariaes containing either old or recent corpora lutea;
but, on the other hand, other fluids also aspirated from ovaries pro-
gsenting corpora lutea did mot contain progesterone in detectable amounts.
It must be noted that progesterone was found in fluid No. 40, aspirated
aftar operation from the ovarian wadges of patient H.0.., and not in
fluid No. 41, aspirated at operation from the ovaries of the same patient.
This stresses.the difficulties inherent tc the collectiun of fluid
repregentative of the activity of the whole ovary. 17e~hydroxy-progestel~
oone was present in 5 fluids in concentrations ranging from 2.3 to 36.0 ng/
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100 m}; its presence was not always associated with that of progesterone,

Gestradiol was present in higher concentration than A4-androstenedione
in fluid: WNo.27 aL“«'i/'ZZﬁ, which contained a substantial concentration of
progesterone. In fluids No. 31, 39, 40 , 4} and 45, oestradiol concentra-
tion Was low, between 1.6 and 8.3 pg/100 ml. Oestradiol was undetectable
in the remaimning 13 fluidsy Oestrone wasz present in omly three fluids,

It should be pointed out that ocestrogens were found in 557 of the fluids
examined with the more semsitive method and in only 337 of those examined
with the less sensitive method. This might have been a coincidence, but
it cannot be excluded that amoimts of ocesirogens below the sensitivity of
the latter.ﬁathod were present in some fluids.

The results obtained in cyst fluid from enlarged ovaries, or ovaries
with markedly thickened albuginea and/or hyperplasia of the theca cells
did not differ from thosé in cyst fluid taken from ovaries which did
not show these features. Therefore a relative increase in the proportion
of 64-androstanediane in the cyst fluid accompanied by a decrease in the
proportion of oestradiol is not correlated to any of the above mentiengd
histological abnormalities. Tt appeared to be a more constant finding in
the Stein-Leventhal syndrome than the histological changes-Which have
been coneidered until recently classical of the syndrome.

7 e) - Patients with polycystic ovaries not associated
with the Steinwleventhal syndrome.

The type of ovary considered in this sub-mection is, as slready
described in Chapter I, section 3, usually not enlarged and contains

numerous atretic follicles. These follicles fail to undergo rapid
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cicatrization,as in the case of the atretic follicles in the ovary of
the Stein-Leventhal syndrome (Leventhal, 1958). Results of steroid
determination in fluid from such ovaries could therefore be used as
controls fot the results obtained in the syndrome.

The details of the patients with polycystic ovaries are reported
in Table XIX, Patients S.U. and S.M. have already been considered in the
group of patients with P.U.H., but are included in the present group
in order to compare steroid production in polycystic ovaries associated
with metrorrhagia with that of polycystic ovaries associated with other
gynaecological conditions. In the remaining eleven patients, the indi-
cations for surgery were uteriné fibroids, sometimes accompanied by
heavy menstrual loss (7), sterility (3) and dysmenorrhoea (1), The
average age of this group was higher than that of the Stein-leventhal
patients, Six patients had alwa&s had regular menstrual periods; two
complained of scanty but reguiér periode (bypomenorrhoea) and one of
oligomenorrhoss. This last patient (C.K.), presented diffuse pelvic
inflammation, The hair distribution was mormal in all patients, except
in patient C.I. who hal slight facial hirsutism and patient A.X. who
was hirsute on the face and on the body.

The ovaries of five patients wore of mormal size and contained sever-
al small cysts bilaterally. The ovaries wers slightly enlarged in eight
patients and had numerous cysts'of various sizs., Histological examination
was performed and revealed cystic follicles in all patienis. Corpora
lutea were present in the ovary of the last seven patients in the Table.,

The laft ovary of patient J.O. contained a small corpus lutem oyst.,



Table XIX - DETAILS OF PATIENTS WITH POLYCYSTIC OVARIES.

Sterility

° u volume of fluid upiﬁtod

Name ;ﬁ: Symptons and duration ”;:2:::1 Oporation | hoouse 5Y OPOTSHON  oipere
J.0. 41 Abdominal pain, 6 months 6/28 Hysterectomy, Polycystic,normal size;(L) Fibromyoma
o ) ’ ' LeS.0. small corpus luteum cyst (1.iml)®
S.I. 41 Abdominal pain,19 months 6/28 Hysterectomy Polycystic,normal size(1.6ml)° Fibromyoma
MuL. 24 Dysmenorrhoea, 11 years  7-11/28  Bilateral di~ Polycystic, slightly
: : ' vision ovarico- enlarged, (0.6 ml)® Uterusipormal
' pelvic ligaments ‘
SeUs 50 Metrorrhagia, 3 months irregal., Hysterectomy Polycystic,slightly en- Uterusiseedling
B.S.0. larged, (2.8 ml)® fibroids
CuLe 37 Abdominal pain, 5 years 4~5/28 Hysterectomy Polycystic,slightly en- Fibromyoma
larged, (2.4ml)®;endometrioais
CoI. 36 Abdominal pain, 18 months;5-6/28 Hysterectomy Polycystic, normal size Fibromyoma
hirsutes of face _ (1.6 m1)°
M.S. 36 Mass in abdomen, 3 months 6/24 H’starectomy Polycystic,normal size Fibromyoma
~ (0.6m1)°;(L) corpus luteum
SeM. 23 Metrorrhagia, 15 months 5-7/28-42 Bil.wedge res.(R) emlargedx2,cystic (4.2ml)° Pelvic
: heavy loss (L) follicular cyst,corp.luteun endometriosis
C.H. 43 Menorrhagia, 6 months 1/28 Hysterectomy Polycystic,enlarged(t.iml)® Fibromyoma
: ‘ heavy lose (R) corpus luteum
A.X. 32  Hypomenorrhoea,4 years; 2-3/28 Bil.wedge res.Polyoyatie,enlarged.(R))(L),Utamsmoml
sterility,hirsute scanty {(1.0m1)%;(L) corp.luteun
A.B. 39 HMenorrhagia, 7 years 8/25 Hysterectomy, Polycystic,enlarged;(L)corp.Uteruss small
Hoavy lozs L.S.0. luteum,corp.luteun haematoma fibroide
(2.2 ml)°
B.E. 26 Sterility, 5 years 1-2/25 (R) wedge ressPolycystic,normal size,(0.9m1)’ Chrenic
scanty tubal insuffl.capsule slighfly thickemed, salpingitis
corpe. luteum
C.K. 34 Oligomenorrhosa, 11 yeara,5/42-120 Bil.wedge res.Polycystic,enlarged(0.9ml)°;Retroverted

Sﬂgﬁpdﬂtm,cox:p. | uterus.

L4S.0. = Loft salpingo-cophorectomy,
B.S.0, = Bilateral salpiago-oophorectomy.

i



Endometrial biopey in eight patients showed a pattern corresponding to
the phase of the menstrual cycle.

Results obtained in cyst fluid from patients with polycystic ovarics
are reported in Table XX. The results are expressed in pg/100 ml,

The steroid content in cyst fluid from this group of paticnis varied
considersbly. v fluids No. 22,51 and 52, obtained in the luteal phass,
neo steroid could be detected and fluid no. 46, aspirated from a corpus
luteum cyst at the 4th day of a cycle, did not contain any steroid in
detectable amounts. The volume of some of these fluids was small and
significant concentrations below the limit of sensitivity of the methed
might have been preseat.

Fluid No. 49 should be conpidered apart, since the steroid pattem
was very similar to that observed in Oraafian follicles (see Table XXI) 3
probably it was aspirated from a pre-ovulatory follicle not recognigzed
at operation.

In the remaining eight fluids, A4~androatenedione' was present in
concentrations from 12.3 to 100.0 pg/100 ml and was the predominant
steroid in § fluide. These values are well within the range observed in
the fluid of patienis with the Stein-lLeventhal syndrome. Progesterone
was detected in 4 fluids in concentrations from 6.2 to 39.2 pg/100 ml,
17a-Bydroxy-progestercne was present in detectable amounts in only two
fluids. Oestrogens were detected in S$lxu fluids; cestradiol in concen~
trations from 10 and 92.8 pg/100 ml and cestrone from 4.1 %o 7,4 pg/
100 ml. The concentration of oestrogens was generally lower in the

luteal phase, while no significant variation in the concentration of the



Table XX - STEROID DETERMINATION IN CYST FLUID FROM POLYCYSTIC OVARIES.

Fladd L s'feroms in cyst fluid, pg/100 ml
No. Volume Progest. 17-hydroxy- 8%-andro- . . terone Oestradiol Oestrons
progesterone stenedione

46 J.0. 4th proliferative 1.1 ml 49,1 49,1 £9,.1 <9.1 £4e5 - 465
47 S.I. 4th proliferative 1.6 ml &6.2 L6,2 37.5 £6.2 540 231
48 M.L. 4th —e 0.6 ml £8,1 £16,3 1643 £16.3 2362 <3.2
15 S.U. 9th post-menstrual 2.8 ml 39.2 3.6 17.8 £3.5 92.8 T.1
49 C.L. 12th proliferative 2.4 ml 95.7 82.2 L4 [T | 249.6 25.3
50 C.I. 13th proliferative 1.6 ml 6.2 13.0 56.2 £6.2 58.7T 3.1
51 M.S. 15th proliferative 0.6 ml £16.6 416.6 £16.6 £16.6 £8.3 £8.3
22 S.M. 16th (3)4.2 ml <2.3 £2.3 £2,3 L2.3 — —
52 C.He. 19th early secretoryi.? ml <9.1 9.1 9.1 £9.1 £4e5 245
53 AJX. 19th — T.0 ml 17.6 £343 6.0 £3.3 1.0 £1.5
54 A.B. 21st early secretory2.2 ml 27.8 é445 100.0 &4.5 £0.9 4s1
55 B.E, 26th — 0.9 nl 411.0 £11.0 12.3 Z11.0 55 45.5
56 C.K. 30th — 0.9 ml 45.5  £411.0 444 £11.0 9.9#% 6.6 %

& = total oestrogens wnderlined = values corrected for losses

Values preceded by the sign . were calculated from the volume of fluid assayed and the limit of
sensitivity of the method.

="
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other steroids was noted in relation to the phase of the cycle.

There was no correlation between androstenedione concentration in the
fluid and the presence of hirsutism; nor between steroid pattern in the
fluid and the type of menstrual disorder.

Since results of steroid determination in Graafian follicles and
follicular cysts have been repoerted in the previous Tables in pg per
sample, they are again shown in Table XXI in pg/100 ml. By comparing
the data in Table XVIII,XX and XXI, it appears evident that &7 -
androgtenedione is the predominant steroid in fluide from polycystic ova-
ries whether or not these are associated with the Stein-Leventhal
syndrome, and that androstenedione comncentration in these fluids is
higher than in Graafian follicles or follicular cysts. On the contrary,
progesterone and oestrogen concentration is much lower in fluide from
polycystic ovaries than in fluid from follicles or cysis derived from

follicles.

2 -~ Determination of neutral and phenolic steroids in

ovarian venous blood.

Neutral steroids and free oestrogens were determined in 8 samples
of ovarian venous blood by means of thic same method employed for cyst
fluid. E‘ithevr plasma or whole blood was analysed. Steroid determination
in cyst fluid from the same ovary was performed concurrently. Resulis
in 5 fluide have already been deecribed. |

Clinical details of patiemts L.E., J.0., M., T.R. and F.I, have
beon given in the previous section. Patient M.A., 3] years old, had



Table XXI -~ STEROID CONCENTRATION IN GRAAFIAN FOLLICLES AND SMALL FOLLICULAR CYSTS.

Fluid ' STEROIDS pg/ 100 mb’
mo. N ' 1o-hydroxy—  Ai—aniro
: Progesterone progesterone _stenedions Oestradiol # © Oestrone & °

T 2.7 ml 3445 22,2 43.7 204.1 41.8

2 2.7 ml 11.1 14.8 1745 ' 89.1 2.2

3 1.6 ml 36345 69.7 £5,2 206.2 13.2

4 2.0 md £5.0 5.0 16.5 156.0 11.0 !
5  2.8m 89.3 43.2 £1.7 153.0 1.7 'f‘
14 3.7 ml 118.6 72.9 1.4 5.6 1.3

17 2.5 ml 17.6 44.0 L340 23442 26.8

% ° TFree cestradiol and cestrone,.

The values preceded by the sign £ were calculated from the volume of
fluid assayed and the limit of semsitivity of the method.
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regular cycles but complained of sterility; tubal insufflation was
carried out at the 25th day of a cycle. The right ovary contained a cystic
corpus luteum from which 0.5 ml of blood-stained fluid was aspirated.
Patieﬁt Ts0.y & girl aged 12 years, had profuse bleeding for 5 months;
the left ovary contained a theca lutein cyst of medium size; 5.4 ml of
fluid was collecied from this cyst at operation.

In Table XXII results of steroid determination in cyst fluid and in
ovarian venous blood are reported in pg/100 ml of fluid or plasma.
¥ Isotopically labelled internal standards were used for all the
analyeses in blood and for certain fluids, as indiéated in the Table.

The volume of plasma was generally larger than that of fluid, and
therefore it should have been possible to detect lower concentrations,
as little as 1.0 to 3.1 pg/100 of neutral steroids and 0.5 to 1.0 pg/
100 ml of oestrogens. However, steroids were detected in 5 cyst fluids
and in only 3 blood samples, indicating that the concentration in blood
was lower than in fluid.

In the case of patient M.,K., who had been treated pre-operatively
with FSH and HCG, blood samples from the two ovarian veins were examined.
The blood from the right ovarian vein was draining three corpora lutea.
In the left ovary there were follicular cysts and atretic follicles but
no active ® corpus luteum. Both samples of blood contained progesterone,
free oestradiol and oestrone, but no detectable 1T7a~-hydroxy-progesterone
or androstenedione., The steroid concentration, especially of progesterone,
was higher in the effluent blood from the right ovary. The relative
proportions of the steroids were different in cyst fluid and blood



Table XXII - DETERMINATION OF NEUTRAL STEROIDS AND FREE OESTROGENS IN CYST FLUID AND OVARIAN VENOUS BLOOD,

_ Fluid Blood Steroids pg/100 ml of fluid or plasma
No. volume progasterone 17a-progesterone A'-androstenedionc Osstradiol®® Oestrome®®
fluid blood fluid blood fluid blood fluid blood fluid blood
ILE, 4 4.2 ml 5.0 22,4 4£5.0 Q.4 16.5 £2.4 156.0 £1.2 1.0 44,2
pr 20 46 9.0ml £9.1 &1.0 9.4 1.0  €9.4 £1.0 4.5 <045 44,5 £0.5
IIT A 57 Jed ml £10.0 £3.1 £20,0 3.1 L2040 23,1 <100 1.5 <10.0 <1.5
IVHMK. 8 (L) 1.6ml 435.0 274 I5:0 3.1 320 £3.1 26,5 6.2 18] 5.0
(R) 1.6 ml 125.0 234 <341 10.6 8.5
v T.R. 20 2.Tml 72,2 12.2  15.4 £2,5 ZTT £ 245 €3.8 £1.2 <238 <¢1.2
VI P.I. 24 (L) 5.6 ml(L23.3 1,8 <8.3 <1,8 28,3 <1.8 2343 40,9 <£4.2 <0.9
VII T0. 58  3,3ml 34e8 41,5 30,0 — 35,5 21,5 1§86 40.6 23.8 < 0.6
°% = fyee oestradiol and oestrone ~ - = nol assayed

underlined= values corrected for losses

Values preceded by the sign <were calculated from the volume of the samples and
the limit of sensitivity of the method.

~oep =
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from the left ovary. The ratio oestradiol/progesterone was 0,06 in
the fluid and 0,22 in the blood; the ratio progesterons/17a~hydroxy-
progesterone was 5.7 in the fluid and 9.9 (27.4/¢3.1) in blood,

In case V, the ovary contained a corpus luteum haematoma in
addtion to a small cyst.Progesterone was present in the fluid im a
oconcentration of 72.2pg/100 ml and in the blood in a comcemtration
of 12,2pg/100 ml,

In cases I and VII, free cestradiol concentration was very high in
the fluid snd undetectable in blood. It may be relevant that fluid No.4
vas aspirated from a Uraafian follicle and fluid No. 58 from a theca
lutein opst in the absence of ovulation. In case VI, the fluid obtained
from a follicular cyst during the lusteal phase contained 23.3 pg/100 ml
cestradiol but the concentration of oestradiol in the blood was lees than
0.9 pg/100ml.

It is evident that oestradiol concentration in the blood was not in
the same relationship to concentration in the fluid in the different cases,
Thus, in case IV, oestradiol concentration was about 1/4 of that in the
fluid and in cases I,VI and VII it was less than 1/130, 1/26 and
1/280 respectively. The same applies to progestercns.Progesterone
concentration im the blood was 1/60 of that im fluid in case IV, 1/6
in case V and less than 1/20 in case VII. 17a-hydroxy-progesterone and/or
s%-androstensdions were present in substantisl amounts in fluids No.4,8,20
and 58, but were undetectable in the blood samples from the same ovary.
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3 - Datermination of free and cong’rugated oastrogens
. in cyst fluid.

Separate determination of free and conjugated cestrogens was performed
on 23 oyast fluids, The results are shown in Table XXIII. The fluids were
divided into four groups 3 those obtained from women with regular ovulatory
cycles, from patiente under gonadotropin stimulation, from patients with
functional uterine haemorrhage and from patients with the Stein-Leventhal
syndrome. Clinical details of 19 patients and the results of ocestrogen
determination as 'total' oestradiol and oesirone have been reported in
the previous sectiom.

Results in four additional cyst fluides are shown in Table XXIII.

In theese, neutral steroids were not asssyed. Fluid No. 59, 2.8 ml in
volume, and No, 60, 2,4 ml, were aspirated at the 70th and 13th day

of a cycle respectively from cystic follicles in the ovaries of patients
undergoing hysterectomy for fibromyoma. Patient C.J., fluid No. 61, had
menorrhagisa and was operated upon at the 14th day of the cycle; a cystic
corpus luteum wae found in the left ovary amd 0.7 ml of fluid aspirated.
Patient P.M,, fluid No. 62, complained of profuse, irregular bleeding
for many years; the last bleeding had occurred 16 days before operatiom.
A follicular cyst was present inm the right ovary; 5.4 ml of Fluid was
collected.

In order to include the results obtained in polycystic ovaries in an
overall comparison, the resulte in Table XXIII are expressed as ng/100 ml.
In addition to resulte .expressed in this way and the ratios, the
t4ntal! pestrougens is expressed as pg per sample, to permit evaluation of
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Table XXIIY -~ DETERMINATION OF FREE AND CONJUGATED OESTHROUENS IN CYST FLUID.

‘Totalt OBESTRADIOL~173 OESTRONE Ratio Ratio
Name oestrogens pg/100 ml vg/100 ml  free/conjuge free/conjug.
in somple fres conjugs free conjug. oestradiol oestrone

Fluid
Noe.

Patients with omﬂatomchs
48 Helie €01 pg  L3.2 422 L3142 &2

59 Helle 248 e 69-8 el 6.2 142 ‘6.8 5.?
€0 BJPo 3.6 g 98.!@ 18.7 3’;8 246 5.2 1242
61 CoJe 2.0 ug 1988 30,6 2343 3044 64 0.6
53 LeXs 042 ve 2:0 ‘906 4,06 4’06
7 Selle 0-8 (7} 4 2'5 306 5.0 3.0 0.7 1.6
56 Cotle D2 104 BeS Qed smonen 904 O.G
Patients under Mtrogin stimulation
HeKe 79 vg 2645 760 1847 45 3.8 Gl
9 DeRe 2.1 e 2.8 609 3.2 2.2 0ed 1.5
10 SuBe SeT ¥g 6.0 542 2.7 706 1.1 39
11 EeEs Ged e 11.0 1.9 2.0 1.3 508 195

Pationts with P,U.H.

58 TeOs 11.1 pg 166.6 24e4 236 10.3 648 2e3
13 Selle 05 e 2e2 242 249 £04.6 1.0

15 Cul6 6.0 e 32.5 26.5 ‘3.0 3;3 1.2 12
52 Polls 4.8 g 50.4 30.’ ‘5'5 3!5 1.6 143
23 Cole 8-3 {174 10,0 9.0 2-5 4@03 1.1 005

25 Fols 0.0 ue 046 el <046 443

Patients with the Siein Leventhal gudma

L
22 SeDe Ot be 4348 L3:8 9¢5 ‘3.8
35 YeCe "-0;’ e L’o? L3.1 £1.2 LBQ"
39 FoOs Oul b 8,0 £10.0 L5.040.0

AQ HuOs Cul e 3104 1.4 42.5 ‘905 2.8
42 GuDs 0.2 e 4505 ' 803 L"o5 23.2
12 SeHe 2244 pg 1917 Te5 458 901 255 540

w—egiot asGHYSd,

All the valuss weres corrected for losses. Values preceded by the sign <
were oalculated from the volume of fluid aesayed and the limit of
sensitivity of the method.
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cestrogen production. All results were corrected :‘or loeges.

Tt will be meen that, whik the exception of No. 48 and 35, all- the
fluids contained free and/or conjugated oestrogens in detectable amounts.
With the reservations already advanced on the comparison of quantitative
results in different fluids, it would appear that the amount of
*total' oestrogene differed in the four groups of fluwids; it ranged from
undetectable to 3.6 pg in group I, from 2.1 to 7.9 pg in group II; from
0.5 to 11,1 pg in group III and from undetectable to 0.3 pg in the
last group (excluding fluid Fo. 12, which wWae obtained after treaiment
with Clomiphene).

In the fluids of the first group, the concentration of free cestradiol
varied according to the phase of the cycle, and higher concentrations
were found in fluide aspirated from cystic follicles (No. 59 and 60)
or a cystic corpue luteum a:é the 14th day of a oycle (No. 61) than in
fluids collected late in the luteal phase (No. 7,53 and 56). The
concentration of conjugated cestradiol and cestrone was low relative to
that of the free compounds in fluids collected during the follicular phase.
On the contrary, in the luteal phase, conjugated oestrogen concentration
was about the same or even higher than that of free oestrogems. This
is clearly illustrated by a comparison of the ratios frae/conjugated
reported in the last tw® columns of Table XXIII.

Two other fluids, No. 12 and 58, exhibited relative proportions of
the oostrogens similar to those observed in fluids cbtained from cystic
follicles. They were collected from an ovarian cyst in a patient with
the Stein-Leventhal syndrome treated pre-operatively with Clomiphene
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(fluid ¥o. 12) and from the ovary of a girl with prolonged bleeding
(fluid No. 58) . Both the oysts were of the follicular type. Ovulation
had not occurred at the time of operation in these two patients.

In group 1I, fluid No., 3 and 11 were aspirated from follicular and

"theca lutein cgsts and the ratio free/conjugated ocestradiol was similar
to that observed in fluide of group I obtained in the follicular phase
of the cycle. Fluid FNo. 9 and 10, collected from a corpus luteum cyst
and a large cyst in pregnancy, had ratios free/conjugated near or below
unity as in the late luteal fluide in group I. co

Considering the values for the two oestrogens in each fluid, it will
be noted that the ratio free/conjugated ocestradiol differed from that
free/conjugated oestrone in all fluide of group I amd II.

Four fluids of gioup III, obtained from patients with irregular
bleeding, wers characterised by a concentration of conjugated cestrogens
almost equal to that of the free compunds. In a fifth fluid, No. 25,
only conjugated oestrogens were detected. The ratio free/conjugated
oestradiol- as well was that free/conjugated oestrone~ approximated
unity, as in the luteal phase of the cycle.

In fiuids from polycystic ovaries of patients with the Stein-Leventhal
syndrome tha amount of oeetroganglper gample was small or undetectable,
However, it would appear that polyoystic ovaries associated with the
Stein-Leventhal syndrome are still capable of producing oestrogens when
adequately stimulated, since fluid No. 12 contained a very large amount

of free oesirogens.’
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Summarizing the main findings, it would appear that in fluids obtained
from follicles, follioﬁlar‘cysta and aarly:corpora lutea, the concentra-
tion of free cvestrogens was much higher than that of conjugated oestro—
gens. In fluide obtained from cystic corpora lutea, there was a sgimilar
concentration of free and conjugated oestrogens. In all the fluids
cbtained from patients with F.U.H., irrespective of the histological
structure of the cystis or the presence of corpora lutea, almosk as
much conjugates as free steroids wera detected. Fluide from polyocystioc
ovaries associated with the Stein-leventhal syndrome, contained very
little or undetectable free ocestrogens, whereas conjugated oestrogens could
be detected in only two out of seven fluids.

4 ~ Datermination of free and conjugated oestrogens

in ovarian venous blood.

Dotermination of free and conjugated oestrogens was performed in 23
samples of ovarian venous blood and the resulis are shown in Table XXIV,
Clinical details of the first patient have been given in the previous
section. Patient W.0., aged 49 years, was one year post-menopausal but
the endometriwm etill showed proliferative changes; the indication
for surgery was fibromyomas. Patients F.L., 30 years old, also underwent
hysterectomy for fibromyoma; her cycles were rogular and the operation
was performed at the 22nd day af a cycle.

It will be s9en that all the samples contained conjugated cestradiol
or oestrone in detectable amounts. In addition, sample VIII confained
free cestradiol. Conjugated oestrogen concentration varied between 0.7
and 3.2 pg/100 ml of plasma and was much lower than that found in the
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Table XXIV - DETERMINATION OF FREE AND CONJUGATED OESTROGENS IN OVARIAN
VENQUS BLOOD.

Sample  Name  Plasma  Oestradiol pg/100 ml Oestrone pg/100 ml
No. volume free conjugated free conjugated

VI Pele 3.3 ml 40.6 1h8 40.6 . 4-7
(166.6) (24.4)  (23.8) (10.3)

VIIii WO, 3.2 mk ’05 0.7 £ 0,6 4006

IX Folis 2-4 ml < 0.3 LG.& 5008 302

Values preceded by the sign < were calculated from the volume of plasma
assayed and the limit of memeitivity of the method.

In parentheses, oestrogen concentration in the fluid, pg/100 ml.
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majority of cyst fluids (Table XXIII). In case VII the fluid contained
a high concentration of free oestradiol and low concentration of the
conjugates, whereas in blood conjugates were present in larger amounts
than the free oesirogens. Accordingly, in this preliminary seriey, the
relative proportions of free to conjugated oestrogens were different in
fluid and blood.

5 = Comparison between resulis in cyet fluid and upon

incubation of the cyst wall,
In a few cases, the capacity of the cyst lining to transform isotopie

cally labelled steroid precursors 'in vitro' was studied by departmental
colleagues (Forleo & Collins, 1964; Colline & Sommerville, 1965;
Collins, 1965). Reference has already been made to the problems involved
in the interpretation of the results obtained 'in vitro’,lb'ut it was

of interest to attempt to correlate this information with the results
of analyses of cyst fluid.

For each experiment 'in vitro!, 0.2-0.5 gm of tissue was minced
with Kreb's Ringer phosphate buffer; appropriate coenzymes (DPN, DPNH,
PN, TPNH, ATP and sheepfSH) were added to the medium. The incubation
time was 5 hours. Identification of the various metabolites was achieved
by means of chromatography on paper or thin laver, formation of
derivatives, paper or thin layer chromatography of the derivatives and
finally gas-liquid radio-chromatography. The resulis of the incubation

4, 1y_y5

experiments with 4—-1 ~progesterone and 4~ 'C-A"-pregnenclone are

reported in Table XXV. They are expressed as percentage conversion of the
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Table XXV - COMPARISON OF 'IN VIVO' and 'IN VITRO' RESULTS.

g:::oida Cyst fluid ug/sample gﬁ:::: ;i:v::;:; substrate

D.0. Ko. 6 precursor : progestercne

Progesterone 0.10 25.2

17e~progesterone 0.20 15.5

20a-progn~J~en. £0.10 ' 3.8

17e~20 ¢ ~progesterone N 33.5

A4~androstenedione 40,10 1.1

Teastosterone 40,10 1.9/

Oastradiol-1T7p & £0.05 0.7

Oestrone % £0.05 0.003

M.K. No. 8 precursor : progesterone
follicle atretic follicle

Progesterone 7750 4¢3 25.5

17e-progastorone 10.22 34.2 21.7

206-pregnen-—i~en £0.25 1.2  pil

170-20 t~progesterone 27.2 2,3

A4~androztened.ione 521 6.7 26.4

Testosterons £ 0.25 TT+6 17T

Oestradiol-178 % 3,65 1.5 0.09

Oestrons % 2,62 0.15 0.03

% Free oestro%m
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Table XXV - Comparison of 'in vivo! and in *in vitro® resulis.

Incubation 'in vitro!
percantage conversion subsirate

Name‘
Steroiq VSt fluid pg/sample

S.H, Ro. 12 Pracursors 4

: progesterone pregnenolons
Pregnenolone —_— | 445
17e~progaenolcne  — | 11,1
170~-20¢7 ~pregnenolons  eee—— . 8.6
DHA «0,19 4.9
Progesterone 0,94 8.3 5.6
170~-progestarone L0,19 319 8,0
170-20 £ ~progesterons e 12,4 241
A4~androatenedione 1.42 22,6 19.8
Tectosterone L0.19 6.1 e
Oestradiol-178 % 17.62 441 6.8
Qostrone % 44,22 0.8 2.9
T.0. No. 58 precursors

progesterone pregnenolons

Pregnenolone  — 2343
17e-pregnenolone PR 6.0
17e-20 £ ~pregnenolone e 4.0
DEA | L0.27 14,0
Progesterone 1448 40.0 10.0::
17e~progesterons 1.62 22,7 0.8
206~pregn~i~en. L0427 5.6 —
1Te~-20 ¢ -progesteronc narevme 15.3 1.2
#%-androstensdione 2,10 0.7 2,2
Testosterone L£0.,27 . 0.1 0.5
Oestradiol-178 % 8.40 442 440

Qegtrons % 1.18 Y 2,2
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substrate. The resulis of steroid determination in the 4 cyst fluids
are also reported in the Table, as pg per sample.

Progesterone, 17a-hydroxy-progesterone, Ag-'androstenedione, oestradiol
and oestrone were present in the Zuids in detectable amounts; 2Qa~hydroxy-
pregn-4{-en-3~one, testosterone and DHA were undetectable. In incubation
experiments with progesterone as® substrate, all the above steroids
were isolated and 'in addition 17e=-20¢ ~dihydroxy-pregn-{-en-3-pne was
formed in good yeld. On incubation of the tissue with pregnenolonse,
17e~hydroxy-pregnenolone, 176-20 ¢ —-dihydroxy-pregnenolone end DHA were
isolated in large amounts.

Considering the resulis in cyst fluid and those 'in vitro!, it would
appear that neutral steroide which were present in the fluid in
detectable amounts were formed 'in vitro' at a rate of conversion of not
less than 10%. On the other hand, the conversion of the substrates to
oestrc;gens" wag nmch lower, despite 'tzhe‘fmding of significant levels of
ocestrogens in most fluids.

Interesting analogies were noted in the results of the two titpee
of investigation in each of the foui' cases. Thus, in the filuwid of patient
D.0.s obtained from a corpus luteum at the 24th day of a cycle, there
were small amounts of neutral steroids while oestrogens were undetectable.
'In vitro', there was active moetabolism of progestérone by the corpus
luteum, but the percentage conversion to oestrogens was very low.

The fluid from follicular cysts and cystic follicles in the left
ovary of patient M.K. contained a very large amount of progesterone and

comparatively little 17c~hydroxy-progesterone, A4-androatenedione and
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oestrogens. On incubation of progesterone with tissue from the cysts,
the precursor was metabolized almost completely, with significant yields
of A4~androstenediona (especially in the atretic follicle), testosterone
and oesiradiol. Progesterone was therefore actively metabolised 'in
vitro' by the lining of cysts which contained a high level of the
hormone. On the other hand, on incubation of a corpus luteum from the
right ovary, 41.77 of progesterone was not transformed and conversion
%o 17a~hydrox;r—progesterona and .54~androstensdione was lower than on
incubation of the folliele wall. In this case, follicles and corpora
lutez exhibited 'in vitro' a different metabolism of the precursor;
*in vivo! cystic formations derived from follicles contained steroids
in relative proportions similar to those observed in corpora lutea.

In the last twd patiente, S.H. and 7,0., ovulation had noi occurred
at the time of operation. In these two cases, the findings 'in vivo!'
and vin vitro' were similar, apart from the discrepancy betwsen the fluid
content of A4~androstenedione and the capacity to form this compound
tin vitro'(Fig. 11). The cyst fluid contained an exceptionally large
smount of intermediaries in oestrogen synthesis. Androsfenedione was
present in larger amounts than :1 Toa~hydréxy~progesterone and pregnenolona.
On incubation of the cyst wall with progestérone and pregnenolone,
there was active metabolism of the two precursors and a good yield of
oestrogens. Incubation with pregnenoloné showed ‘that there was a
preferential retention of the A5»3B-hydro:w1 group prior to the formation
of androstenedione, whereas progesterone and 17a~hydroxy-progesierone

were not important intermediaries in this transf@rmation.
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5

Fig. t1-Radioactive steroids formed 'in vitro' from 5—140—15 ~pregn-

enolons by follicular oysts.
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Finally, it would appear of interest to note that although the
findings were similar in the two cases, the cyst from patient T.0. was

luteinized, whereas that from patient S.H. was not.



Chapter VI - DISCUSSION
1 -~ Introduction.

In this Cha;itor an attempt will‘ be made to examine whether the
results presented in this thesis can contribute some information to the
knowledge of ovarian function in the human, both in pysiological and
pathological conditione. It ie hoped that the following discussion will
justify the assumption that cyst fluid is a suitable material for the
study of ovarian function, Howevor, it ie necessary to étresa again
the limitatians of this type of investigation; namely that the resulis
refer to the funotion of the mry at the time of operation and to a
portion of the ovary only. |

During the course of the imvestigation, the importance of another
factor became more evident. According to the data presented, some
steroids are /secreted from the ovary more rapidly than others, and it
cannot be excluded that under some circumstances steroxde praaent in
the fluid are not secreted at all, Presence of steroids in ovarian fluid
camnot therefore be egquated to secretion. Furthermore, it is impossible
to deduce the amount of stercids produced by the cyst lining from the
concentration in the fluid. Evidently, the concentration depends upon
the equilibrium between production and secretion. However, comparison
of the steroid content in different fluide can give some indications
as D whether steroid production ié increased or not,

in understanding of the mechanism of steroid secretion from the
ovary into“,the offluent :blood appears to be essentizl for the interpretaw

tion of the results of stsroid determinations in ovarian flﬁid.\

-135-
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Results in ovarian venous blood will therefore be discussed first. The
resulis in cyst fluid will then be examined in relation %o 'in vivo!
biosynthesis; to the histological features of the cysts, and finally
the results for each group of patients will be considered in detail.

2 - Steroid secretion from ovarian cystic formations.
The mechanism by which steroids present in cyst fluid are ultimately

liberated into the blood is not known. It has been reported that eteroids,
like proteins and some other compounds of smaller molecular weight, can
still be found in the follicle of the mare some time after local injection
(Short, 1964). According to some authors, binding to protein is a form

of steroid storage in peripheral blood (O'Donnel & Preedy, 1957) and

it may well be that protein binding ie also important in the storage of
steroids within the fluid. On the other hand, the possibility that the
formation of a sterocid - protein complex is necessary for the transport

of sterofids from the fluid to the blood cannot be sjcluded, at least

for water- insoluble compounds, such as free sterovids.

In the ewe, the secretion of unconjugated steroids is increased in
the luteal phase, when the vessels and the basement membrane allow the
passage of a greater quantity of protein (Lindner et al. 1964), due to a
direct effeot of the luteinising hormone on these ovarian structures
(Yat¥in & Leathem, 1964). Thus, it would appear that steroid secretion
can vary in relation to the permeability to protein of the basement
membrane and the ovarian vessels. With regird to conjugated oestrogens,
which are soluble in water, they could be transported by the water,
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although it is known that binding to protein takes place (Purdy et al,,
1961). Recent work upon the binding 'in vitro' in human plasma has shown
that there is a lower affinity for oestradiol glucoronidate, but that the
resultant complex is more stabls than that formed with free cestradiol
(Giorgt & Crosignani, 1966). This point will be considered in more detail
in the mection of the Disocussion devoted to conjugated ocestrogens.

The passage of free and conjugated oestrogens into the blood should
be favoured by the contiguity between fluid and vessels. In follicles
and cysts derived from them, the cavity is separated from the vessels
by the granulesa layer and the membrana propria; in corpora lutea, the
vessels reach the cavity through the inner cellular layer. It may be
therefore that in cystic corpora lutea, a greater proportion of the
specific products passes directly into the effluent blood and less
escapes into the fluid thanin follicles or follicular cysts.

While nothing more than interesting possibilities can be postulated
with regard to the mechanism of passage of steroids from the fluid into
the blood, there is no doubt that the concentration of steroids in the
blood depends upon the blood flow through the ovary as well as upon the
rate of steroid production, Tixe relationship between blood flow and steroid
concentration is not a simple one., Under certain circumstances there
appears to be a positive correlation between the two parameters , whereas
it would be anticipated that an increase in blood flow would lower the
concentration. A concomitant inorease in blood flow and steroid levels
is probably due to the fact that the blood carries to the steroid-producing
glands precursors and energy supplies, so that more steroids are produced

and secreted (Romanoff, Deshpande & Pinous, 1962).



- 138 -

As already mentioned, the blood flow through the ovary was not
measured in the patients studied, and there is no relevant information in
the literature, In domestic animals, the blood flow is known to vary
within narrow limits; the highest values, which are found in the luteal
phase and after acute gonadotropin stimulus, being just about twice the
lowest levels of the follicular phase (Romanoff et al., 1962; Hayward,
Hilliard & Saywer, 1963; Short, McDonald & Rowson, 1963; Lindner et
al., 1964). In women, it is probable that variations of blood flow cover
a similar range and are not responsdble for major changes of steroid
concentration in the ovarian venous blood.

Obviocusly, steroid concentration in the effluent blood represenis
the contiibution of the whole ovary, and not only of the cysts present
in it. With this limitation, a comparison between concentration in fluid
and in blood was coneidered to be of especial interssat.

In the present work, coensiderable discrepancies were noted in the
relationship betwsen the concentration of steroids in cyst fluid and in
venous blood in the various cases., The concentration of individual steroids
in blood was from 1/280 to 1/4 that in fluid. According to the preceding
comments, it seems unlikely that these discrepancies were related to
variations in blood flow., In addition, the relative proporticns of the
stercide differed in the fluid and venous blood of the same subject,
as if steroids were mecreted at different rates. A similar observation
has been reported in the mare (Short, 1964) and these findings suggest
the existence of a selective retenticon of steroids within the ovary.

It would be premature to attribute a physiological significance to a
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gelective retention of steroids; but an effect on steroidogenesis within
the cysts-through accumulation of compounds which could influence some
transformations « or a homeostatic action on steroid secretion could be
envisaged.

Thie mechanism of selectiive retention appears to be more efficient in
the follicular than in the luteal phasme, since only a small portion of the
fres cestrogens contained in follicles or follicular cysts was secreted
into the effluent blood (Table XXII) whereaes cestrogen conjugates wero
secreted in larger proportions (Table XXIV). Progesterone was apparently
retained in follicles, and this would be in agreoment with the low
secretion rate of progestercne and the constant low excretion of its main
metabolite reported during the follicular phase of the cycle (Domingues
et al., 1962; Brown et al., 1958; Piokett & Sommerville, 1962). It should
be noted, howsver, that there is some evidence in monkeys for progesterone
secretion prior to ovulation (Hayward et al., 1963) and thie may depend
upon the stage of maturation -~ starting at a time when physico-chemical
changes ocour in the folliculer wall. It may be significant that in the
prasent work, progesterone was found im venous blood draining follioular
cyats persisting after ovulation. Neutral intermediaries on the pathway
from pzﬁgosterone 10 ocestrogens did not seem to be secreted in quaniity
into the ovarian venous blood dquring the follicular phase of the cycle.

In the luteal phase, progesterons and free and conjugated cestrogens
wore deteoted in the ovarian blood and the ateroid concentration was
not much lower than in fluid. Since blood flow is increased in the luteal
phase (Short et al., 1963; Lindner et al., 1961), the rate of steroid



production should be increased as well. This is in keeping with the
seoretion rates of progesterone and cestrogens which have been reported
(Dominguez et al., 1962; Gurpide et al., 1962). Neutral intermediaries
were not detacted in the samples examined from the luteal phase, although
large amounts were found in fluid. Other authors have isolated 17e-~-hydroxy-
progesterone, 20a-hydronr—progx—4—en-3—one and androstenedione in pooled
ovarian blood collecied during the luteal phase, in concentirations
definitely lower than that of progesterone (Mikhail, Zander & Allen, 1963).

In conclusion, the data strongly suggest the existence of a mechaniem
of selective retention of steroids within coyst fluid, which varies
according to the phase of the cycle. The high concentration of cestrogens
in follicular fluid might be the expression of a high degree of retention
in the fluid. Conjugated ocestrogens nceem to escape more freely from the
fluid than the free oestrogens. The secretion of progesterone from follicles
appears to be correlated with the stage of follicular maturation. In
the luteal phase, secretion of both progesterone and cesirogens is,

increased.

3 - Biosynthesis 'in vivo'.
a) - Free neutral and phenolic steroids.

Steroids determined in the cyst fluids of the present seriss-progester-
;oney 17a-hydroxy-progesterons, A4-androstenadione, DHA, oestradiol and
oasirone ~ have already been isolated from ovarian fluid or tissue

(Table IV). They were present in the fluid in higher concenirations than



in peripheral blood, and therefore were most probably produced by the
cyst lining. Unequivocal proof of this was obtained in a few cases, when
the aamcfntarbids wera isolated 'in vivo! and upon incubation of the cyst
wall with isotopically labelled progesterone and pregnenolone. The amount
of steroids present in the fluid is correlated to the exAent to which
they accumulate in the various steps of biosynthesis, as could be
directly demonetrated in these few cases. Howsver, cestrogen yield 'in
vivo' was apﬁénaﬂ,y much higher than 'in vitro'. Apart from limitations
inherent in incubation experiments, this might be due to two factors

a) osstrogens, as just discussed, may be retained in the fluid; b) pre-
cursors and energy Supply is continuous 'in vive'! go that final products
may be formed in higher yield,

In all the other fluide assayed,; the relationship between the interme-
diaries in oestrogen synthesis varied very much, so that it was impossible
to reach any gemeral conclusion as to the relative importance of the
various biosynthetic reactions 'in vive'. However, it is clear from the
prasent work, that in follicles the transformation to cestrogens from
precursors goes to completion, whereaz in corpora lutea progesterone
accumulates, although a part may be further meiabolized and contribute
to the formation of ocestrogens.

The presence of progesterone, 17a~hydroxy-progesterone anqéé-androstqu
dione in most oyat flulde indicates that the pathway through the A4-3~
keto-steroids is active in both phases of the cycle; in atretic folliclesj
in pregnancy and in some abnormal conditions, As already mentioned in the

section on ovarian steroidogenesis (Chapter II), follicles can also
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synthesise ocestrogens from acetate through As-}hydmm-atoroida
(Ryan & Smith, 1961a), Failure to demonstrate the presence of DHA in
detectable amounte in all but one of the fluids examined in the present
study cannot be considered as evidence that this compound is not an
important intermediary 'in viveo'. The rate of metabolism of DHA could
be higher 'in vivo' than 'in vitro',so that the ocompound dces not accumu-
late in the fluid. The same may apply to testosterone, which has been
shown to be an intermediary 'in vitro', but has not so far besn isolated,
from normal ovarian tissus. A4~androatanedione, which arises from convsersion
of both A‘i-z-keto- and A5 =3f-hydroxy-steroids, was present in substantial
quantities in fluid from folliocles, cystic and atretic follicles and
some follicular ecysts. On the other hand, aromatization of androstenedione
appears to be a rate limiting step in many tissues (Collins, 1965), and
this might condition its high concentration in the fluid.
The 'shift! of biosynthesis in the luteal phase of the cycle, from
a predominant formation of cesirogens to the production of both progestel-
~one and oestrogens (Chapter II),has been attributed to many factors.
These include the effect of gonadotropins (Savard et al., 1965); changes
in the enzymes of the granulosa lutein celle (Short, 1962a); increased
metabolic activity and alternate pathways of hormcne formation (Ryan,1963a).
it has also been suggested that the differexit anatomical relationship
of cells to vessels in the follicle and in the corpus luteum may be
important (Ryan, 1963a). In connection with such a hypothesis, the r8le
of a selective retention of steroids in the ovary should again be consid-
2ared, In follicles, it is probable that progestercne, pregnenolone and
other intermediaries are retained in the fluid, in contact with the
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metabolically active cells. They could then be transformed into ocestrogens
in high yiel;l. From the corpus luteum, on the other hand, progesterone
passes in quantity into the effluent blood, but ocestrogens are still
formed. The presence of large amountis of 17e-hydroxy-progesiercne and
of smaller amounts of bd-a.ndrostanedione in oyst fluid indicates that
progesterone is actively metabolized, although the two compounds couldA
also be derived from the A5~33~hydr9w-s)temids pathway. The relative
importance of different pathways of oestrogen biosynthesie in the luteal
phase is by no means established, especially for the human ovary..
Accumulation of Aa—fandrostenedione has been considered by some authors
(short & London, 1961; Hahesh & iGreq:i‘blastt, 1964) to reflect a biosyn-
thetic .block in the ovaries qf' patients with the Stein-Leventhal syndrémo.
The results reported in this thesis on oyst fluids obiained from polycystic
ovaries of women with regular cycles suggest that high conversion to
androstensdione is a characteristic featurse of cystic or atretic follicles,
and is not necessarily correlated with menstrual disorders. According to a
recent hypothesis (Mossman et al., 1964), the cells lining these types.
of follicles form part of the inthstitial gland tissue, interspersed
in the stroma (Chapter I). It is therefore very interesting that incubation
'in vitro' of stroma from the ovaries of pre-msnopamsal women with
13 4C-aceta,te has demonstrated fommation of A4-androstenadione in high
yield (Savard et al., 1965). | ‘
Finally, the results obtained in the cyst fluid of ovaries stimulated .
by exogenous or endogenous gonadotropin suggest that this approach may ba
useful for the elucidation of gomadotropic action., Thus, stimulation of

ovarian stercidogenesis ,was clearly reflected in the high concentration
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of steroids in the cyst fluid and the steroid pattern in the fluid was
different ‘according to the predominant type of gonadotropin. .
'b) - Conjugated oesirogens.

Little is known about the formation of oestrogen conjugates in the
human ovary. The results of the present study afford new information on
this subject and will therefore be disocussed at some length.

In the 23 fluids assayed, acid hydrolysie was effective in. liberating
additional oestrogens. This and other indirect evidence suggestis that
some coestrogens are originally present as conjugates. The nature of
oconjugation is not known. Different forms of ocssirogen sulphates and
glucuronidates have been identified in human blood {Twombly & Levitz, 19603
Purdy et al., 1961; Troen et al. 1961; Touchstone et al. 1963), and it
would appear probable that the compleX designated as 'corjugated!
castradiol and oestrone in cyst fluid contains more than. one. form of
conjugate.

The concentration of conjugated oestradiol and oestrone determined
in cyst fluid in the present investigation was sbove that reported for
*totalt ocstradiol and oestrone in either ovvarian venous or peripheral
blood of non-pregnant women (eee Table VI and VII). This can be regarded
as evidence that conjugated oastrogens are gynthesised in the ovary.

There are two tentative explanations for the presence of conjugated
oestrogens in the ovary : a) they are conversion products of conjugated
precursors; b) they are formed by conjugation of free ocestrogens, The
possibility that conjugated precursors may participate in ovarian sterocide
gonasis has been suggested (Goldberg et al., 1963; Savard et al., 1965).
Studies 'in vivo' have demonstrated that pregnenolone sulphate is



converted to DHA sulphate without cleavage of the sulphate ester group
(Calvin, VandeWiele & Lieberman, 1964), but it would seem that in
non-pregnant women DHA sulphate is not transformed into oestrogens in
significant amounts (Mancuso, Mancuso, Tillinger & Diczfalusy, 1965).

The human ovary can conjugate steroids with sulphuric acid 'in vitro'
(Wallace & Silberman, 1964), but the senzyme systeme responsible for the
synthesis of steroid conjugates in the ovary have not yet been isolated.
Sulphatases (Burstein & Dorfman, 1963; Warren & French, 1965) as well as
p-glucuronidase (Fishman & Baker, 1956) have been demonstrated in follicles
and corpora lutea and may have a synthetic r8le in the formation of
conjugates, On the other hand, the hydrolytic action of B-gluouronidase
geems to prevail, at least in mouse liver and kidney (Karunairatnam,
Kerr & Levy, 1949). Another enzyme, ‘glucuronyl tranaferase, is involved
in gluocuronidate formation in these tissues (Duttom, 1959).

This lack of knowledge about the biological reactions leading to the
formation of conjugated oastrogens in the ovary makes more difficult the
interpretation of results of separate determinations of free and conju~
gated oostrogens in cyst fluid. Furthermore, comnsideration must be given
to the evidence obtained in the present work that, of the two types of
compounds, free oestrogens ssem to be retained to a larger extent in the
flnid, The ratio fme/conjugated costrogens was high in follicles and folli-
cular cysts, and low in corpora lutea. Many factors could influence this
ratio, but there is information about only one of these factors~protein
binding. As already mentioned, a smaller portion of conjugated than frae
oestrogens i§ bound to protein *in vitro', especially when the two forms
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of oestrogens are mixed together, since there is competition for the
protein (Giorgi & Crosignani, 1966). If this applies under physiological
conditions, protein-bound conjugated oestrogens are retained in the fluid
together with free oestrogens, while the major part of ithe conjugates,
not bound to protein, exchange freely with the interstitial fluid outside
the cyst (Fig. 12). When the exit of protein is restricted, as in follicles,
the unbound conjugated leave the fluid and the bound free oestrogens are
retained in the fluid., A high free/conjugated rotic would resuit. When
permeability to protein increases and the vessels come into close contact
with the fluid, ae in corpora lutea, oestrogens may be secreted at a
gimilar rate, whether bound or not, and the ratio free/conjugated would
be clogse to unity. ‘ ‘ \

In fluids from patients wj.th F.U.H., the concentration'pf_voestrogen
conjugates was characteristically high and, conversely, was low in fluid
from polycystic ovaries of patients with the Stein-Leventhal syndrome,

It would be premature, owing to the small number of patients studied
and in the absence of the determination of free and conjugated cesirogens
in ovarian venous blood, to assume that these variations in conjugate
concentration have an effect on 'total' ocestrogen secretion from the
ovary in these two conditions.

Anather point arising from the results presented here merite |
discussion. The ratio free/conjugated oesiradiol diffured from that of
free/conjugated ocestrone in all fluids, with the excepiion of those from
patients with F.U.H. This may imply the presente of two con;iugatipg
enzymes ﬁth very high substrate specificity, one for ocestradiol and one
for cestrone. In this connection it may be partinent that studies 'in vitro!
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with a preparation of microsomal glucuronyl transferase of rabbit liver
have indicated that probably more than one transferase is involved in
oestrogen glucuronidate synthesis (Smith & Brewer, 1963; Wessendorf,1965).
On the other hand, it is known that intercoenversion of ocestirone to
oesiradiol takes place in the liver mainly in the conjugated form
(Schwers, Eriksson & Diczfalusy, 1965) and the rate of intercomversion
of the two conjugates in the ovary could be different from the rate of
transformation 6f the free compounds.

Neutral conjugates were not assayed in the present study, but it is
possible that future investigation of this problem would afford interesting

information upon ovarian function.

To summarise thie section upon biosynthesis 'in vivoe', it may be
concluded that steroidogenesis is different in the two phases of the
cycle and that gonadotropins induce quantitative as well as qualitative
changes upon hormone production by the ovary. Oestrogens are formed
in high yield in foiliclee, ‘both progesterone and oestrogens are synthe-
gised in large amounts in corpora lutea. Atretic follicles or follicle
cysts produce mainly androstenedione and minimal amounts of progesterone
and oestrogens.

Thus, despite considerable variations of the relative proportions of
steroids within indi®idual fluids-which cannot readily be interpreted at
the present stage of knowledge- certain patterns of steroid content in
cyst fluid emerge from the present study.

In the following section, a possible relationship between 2hese
findings and ovarian morphology will be discussad. /_/,"-‘i”

i

v
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4 = Cyst morphology and steroid content in the fluid,

Histological examination of the cysts was performed in thoss cases
in which all or part of the ovary wae removed. The report of the’
pathologist (Dr. Msgnus Haines, Chelsea Hospital for Women) was available
for 41 cysts. The clamssification of the various types of ovarian cysts

and their histological features have already been described.

| In the fluid from seven follicular cysts, the steroid content varied
aécoz-&ing {0 whether or not ovulation had occuried. Thus, in the fluid
from two patients who had not ovulated at the time of operation, there

was a 1argé amount of oesiradiel and comparatively little progesterone
and neutral intermediaries on the pathway to oestrogen synthesis. One

of these two cysts presented exteneive luteinisation of the theca layer.
In the other fluids, obtainad from follicular cysts 'dﬁrink the luteal
phase, more progesierone than oestradiol was found, and in some instances
17a—»hydro§zy—-proges‘berone was present in high concentration. These
observations may indicate that the'shift! of biosynthesis in the luteal
phase is independent of luteinisation and the other morphological changes
characteristic of corpus luteum formation.

Ae already pointed out, the ratio fme/conjugated oastrogens was
high in all fluidas from follicular cysts, with the exception of fluids
from patients with #.U,H.

Fluid from follicle cysts and atretic follicles showed a characteristic
accumilation of A'-androstenedione in both phases of the cycle and in
amenorrhoeic women. On the basis of 'in vitro' studies (Forleo & Colline,

1964; Savard et al., 1965), it would appear that this is correlated with
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increased formation of the steroid. Furthermore, a retention effect
does not seem likely since progesterone, 1Te-hydroxy-progesterone and
frae oastrogens, vwhich are retainefl. within follicles, were present in
very low or un&gtectable concentrations. The inability of this type
of folliclesto produce increased amounts of progestercne in the luteal . -
phage may :lpd:lgate that the steroidogenic process is different Athaﬁ in
maturing follicles. It must be noted, however, that, according to come
raports, cystic and atretic follicles exhibit an abnormally high
metabolic activity 'in vitro' (Warren & Salhanick, 1961a).

Theca lutein cyets wers found in a case of chorionic epithelioma.
The cyste were producing x'nuch‘ more progesterone than oestrogens, and
since, as mentioned above, luteinisation 'per me' does not imply produc-
tion of progesterone in large quantities, it is most pébable that in.
this case the steroid pattern reflected stimmlation by endogenous HCG,

The relative proportions of stercids in two fluids from corpus luteum
cyets wore not very different from those observed in normally developed
corpora lutea, although the total steroid content was higher. In a
third fluid, aspirated from a corpus lutesum cyst at the 4ih day of a
cycle; no steroid could be detected,

The conjugate oestrogen concentration in corpus luteum cysts was

gimilar %o that of the free compounds,

In conclusion, there is no apparent correlation between ¢ysi lining
morphology and stereid content in the fluid. Cysts with similar
histological features contain stercids in different relative proportions

and these seem to vary in relation to the phases of the oycle or, in



- 151 =

other words, to the type of gonadotropin acting on the ovary. Follicular,
theca lutein and corpus luteum cysts contain large amounts of steroids

in most cases. Follicle cysts and atretic follicles exhibit a characterig
tic accumilation of Ad’-androstenedione; low concentration of the other
neutral stercids and of cestrogens.

In contrast to the comparison of free stsroid content with ovarian
morphology, there appear to be a good correlation between the anatomical
configuration of the cysts and the ratio free/conjugates ocestrogens-high
in follicles and approximating unity in corpora lutea.

5 « Consideration of the results in selected ups of patients.

a) - Women with regular cycles.

In grgreemant with the concept of ovarian function indicated by
other methods of investigation, determinatien of estaroids in normally
developing follicles and corpora lutea confirmed the cyclic character of
hormone production by the ovary. In the follicular phase of the cycle,
ocestradiol appears to be the principal product, bui high concentrations
of progesterons are found around the timo of oviation; production of
oestrogens and progesterone in large quantities persists thronghout the
luteal phase until shortly before the onset of memstruation.

The 'ghift! in ovarian biosynthesis itowards production of the two
hormonal principles seems therefore o precede ovulation. This may
indicate that luteinising hormone is released from the hypoph/gfgs before
ovulation takes place. However, the rise in progesterone concentration

in the mature follicles is not apperently followed by secretion, since
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progestercne was not found in the few samples of ovarian vencus blood.
Similarly there is no appreciable rise in the exoretion of its>main
urinary motabélite, pregnanediol, Ax this time (Brouﬁ ot al.; 1957 »
iéickstt & Sommerville, 1962), If progestercne is not secreted in
substantial amounts before corpus luteum formation, it could not influence
the reloas§ of FSH, or LH, from the hypophysis; at the same time it could:
not induce progestational ohanges in the endometrium or vaginal epithelium.

Secretion of oestrogens during the follicular phase is proved by the
oestrogenic effect on the target organs, as well as by the raised
excretion éf oestradiol, oestrone and oestriol in the urine. However,
since follicles retain free cestrogens, it is probable that the cestirogens
secreted during the follicular phase are mainly represented by conjugated
oestrogens, as the results in ovarian venous blood would seem to indicate.
(Table XXIV),

As already mentioned, the urinary excretion of total oestrogens and
pregnanediol represents roughly the same percentage — 207~ of the amount
of parent hormones produced. The contribution of the adremals to urinary
vestrogens and preognanediol is approximately constant throughout the
cycle. If progesterone and oestradiol were secreted from the ovarian
fluid at the same rate, the ratio oestradiol/brogagtarone in the fluid
and total oestrogens/pregnanediol in the urine should be similar. This
appears not to be the case. The ratio oestradiol/progesterone is much
higher - especially in the follicular phase — than the ratio of the '
metaholifea in the urine. This could be deduced bty previous dais ugea

the determination of the two hormones separately in different fluids



(Table IV), but the comturrent determination in the same fluid, as in
this ' thesis’ (Table XIII) and in rxecent work by anather author (Short,1965),
affords direct evidenco of this phenomenon.

The differeat rate of ncoretion from tha ovary of progesterons and
ogotradiol may be the result of a solactive retention within the follicle
and ths corpus luteum, which may &ffect ocestrogens more than progostaronae.

~Ie ig interesting %o note that, in contrast to come pathological
corditions or in the progonce of excessive ovarian stimulation Ly gonundoe
tropine, the total steroid content in fluid from normally menstruating
vomon varied within narrow limite in the individual fluide snd in the
two phages of the oyols, apart from ths poriod preveding menstrustion.
£ uwall=balanced stervid production by the ovary may be indisponszble
to maintain regular mensirual oycles. The wteroid content in the finid
dropped towards the end of the cycle, in accord with the hypothesin that
bloading in owntlatory cycles is proveked by a fzll in the levels of
carculating homones.

Detornination of eteroids in fluid from polyoyetic ovaries of
nomally menstruating wouen gave an opporiunity to explore hormone
producticn in ovarian structures other than Graafian follicles or corpera
lutea~ that in tho interstitisl gland tismye. It appears that this
endocrine tisoue produces A'wandrostenedione as the predominant storoid
in both phases of the oycle, and that alco the production of the oither
storoids is not changed. The physiclogical sigmificance of the interstitis)
gland tissue and the reascns why its follicular components do not respond
tc ponadotropin stimulation like developing follicles, is not yoi claar,



- 154 =

In conclusicn, the direct study of steroid production'bg; the ovary
has confimod.‘ the cyclic nature of stercid production, and seoretion,
in the menitm; cycle. It has also confiimed the hypothesis of a selective
retention of steroids within follicles and corpora lutea. ‘I'heramounta of
gteroids prdduc-q are relatively cpnsiutént from ons subject to another,
Steroid. pi'oduotim by follicle .oysts and atretic foliicl;s'sopma t0 be
independeht o!‘ the phase of the cyclo. |

b) - Ovax-ian response to gamﬂotropm atimulation.

The administmtion of hyman FSH in association with LH or HCG has the
effoct of ra.ising steroid production by normal and abnormal ovaries to
many times the Valuas féund in women with regular cyclee. In one caso,
steroid datamination in ovarian venous blocd afforded dimt evidence
that stogoiv.‘d sacretion from the ovax;i_e;s was increased. Similarly elevated
smounts of steroids were found in fluid from a patiant at the third month
of pregnancy and from a patient with chorionic apitholiéma, whose urinary
excretimiof HCG was within the lﬁita found in pregnancy. It ie évident
that the ovary has a biosynthetic capacity whioch is not fully exploited
under normal c‘ond.itions. '

It cannot be excluded that in the pregnant patient and in the patient
wlth chorionic epithelioma there was some endogenous production of FSH
and 1LH, either from the ﬁgpophysis o from placental tissue. The human
pituitary FSH administered to a third patient was contaminated with LH.
Tn these three cases, therefore, there was probably a combined effect
by PSH, LH gnd ﬁcd, although HCG wae predominant. In agreement with many.
reports in the literature, the sffect of such combined stimmlation



consinted in a great increase of progesterons produciion, while production
of other stercide, particularly of oestrogens, was not so elevated.
Progestorone production was aleo increased after administration of human
poot-menopausal genadotropine (Pergomal), which contained FSH and LH, but
oceetrogon formation was also much increascd. The rasults may be considered
as an indication that the two luteinising gomadotropine have a different
action on the ovary, and that LH induces a steroid pattern which ie more
sizilar to the *luteal'! type than that indlUced by HCG.

The inorease in metabolic activity in comparison with imtreated canes
wan less easily appreciated in the fluid from a patient with the Stein-
Leventhal syndroms given Clomiphene pre-operatively, Lecause, as discussed
in Chapter V) it is impossible to caloulate the toial amount of stercids
present in fluid from polyocystic ovaries, On the contrary, the differsnce
in the steroid patterm in the fluid from that observed in wastimulated
polycystic ovaries was quite svident. After treatment, the fluid
contained a large amount of free oestradiol and no accumulation of e
androstencdione was noted, in striking contrast to the resulis in untroated
paticnie. Clomiphene administration did not induce ovulation in this
pationt, but may have ephanced the releass of FSH from the hypophysia,
with consaquent increase in cestrogen formation.

c) - Functional uterine haemorrhaga.

This term has already boen definod and the a@.ogy betwaen the hasmorrhage
in F.U.H. and bleeding intervening during ovarian hormone administration
hae been noted {Chapter II). It has been postulated that continuous
cestrogen secration from functioning ovarian cysis, unopposed by progastei=
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.one secretion, is the main aetiological factor (Schroeder, 1954;

Fubin & Novak, 1958; Kuppermann, 1063), While this hypothesis has not
bean substantiasted by extensive study of ovarian steroid production, it
appears probable that an endocrine disorder underlies this condition,
since cyclic hormonal therapy can control the haemorrhage (Pesl, 1955).
E\xrthemo:;e, the excretion of urinary metsbolites of progesterone and
cestradiol differs from that of the nommal cycle {Brown & Matthew, 1962;
Potherby & Brown, 1964).

It must be noted, however, that follicular cysis are not a constant
finding in P.UH., which may be associated with polyecystie ovaries and,
in many cases, with no macro - or microscopical abnormality. In addition,
the syndrome can last for many years, while it seems unlikely that follicu
lar cysts persist for longer than a few monthe (Hertig & Mansell, 1957).

The possibility of pituitary involvement has not been explored so
far;L i}ghough the abmence of ovulation in F.U.H. may imply an altered

Zapituitaryoovarian function and it may be significant that irregular
blesding is more frequently observed at the extremes of reproductive
life. The recent observation that Clomiphene, probably by releasing
gonadotrepins from the hypophysis, can induce ovulation and regular cycles
Ayl el aameoe Coflone -
in patients with F,U.H. &lso implicates t% pituitary / 4.:1 the aestiology.

All tho cases examined in the present investigation were associated
with functioning ovarian cysts, either of the follicular or corpus lutoum
type, or with polycystic ovaries. More than one third of the patients
had ovulated shortly before operation. This high incidence’ of ovulatory”
cycles is in contrast with the classical description of this form of
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menetrual disorder (Schrosder, 1954; Pasl, 1955). This discrepancy

could be axplained by the adoption of differsnt oriteria of classifiecation
of the patients, and hy the fact that tho ovaries were availabla for
exaomination in the present sorics,

The direct stﬁdy of ovarian fimction, by means of steroid detemmination
in cyst fluid, bas lent 1ittls support to the hypothesis of a predominant
r8la of oaestrogans in FP.U.H. Progesterons in varying amounts was presant
in most fluids, at any interval from a bleeding and irrespective of tho
presence of a corpus luteam. Frae ossirogens were detocted in all flunide,
bulgenerally not in abnomally high amomnts. The distinctive foature
of this serics of fluids was a greater variation of to%al stercid amounts
and the absence of a regular sequonce of ocatradiol-progesterone macrotion
ne ssan in normal oyclesm,

In a previous gaction, it has been suggestsd that sleroid production
in follicular oyoie varice according to th: stimuli impinging on the
ovary. The presence of progesterone and ocesirogens in a 'ludeal' patiom
in most fluids may indicate stimulation by luteinicing hormone even in
eozen in whiech a corpus luteum was not seon at operation. The response
of follicular cyete to this stimulus, however, would seem to bo aunormal,
cines they fail 40 evolve into corpora lutea, The persistence of corpora
lutea, in the form of cysis, for a perloed longer than th: normal life
opan, could also be the oxpression of an ahnormal respanse to gonadoiropin
otimilation.

In order to attribute to the cysts a pathogemetic r&fle£:, 1t would
bz neceseary - as has besn emphasised in thies thesis- to demonsirate that
the stercids oontained in the fluid are sccreted into the effluent Dloocds
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Progesterone was detected in the ovarian venous blood from one patient
with F.U.H., while free cestrogens were undetectable. On the basis of
the observations on steroid secretion from cystic formations reported
in section 2 of this Chapter, it appsars probable that the folliocular
cysts found in the patients studied were secreting only a small portion
of the progesterone and free ocestrogens present in the fluid, and a large
portion of conjugated oestrogens. Since conjugated oestrogen concentration
in the fluid was high and there was no evidence for retention, it may
be justifiable to assume an elevated secretion of conjugates. Thus the
'total' oestrogen output from the ovary may be above the level observed
in nomally menstruating women, although the free oestrogen content in the
fluid is not above this level.

With regard to the action of secreted steroids upon target organs,
it is probable that progesterone as well ©s oestrogens is responsible for
the abnormal endometrial development, in contrast to the current opinion
that this is mainly an oestrogenic effect. Progesterone was present in
large amounts in fluid from patients with frequent bleedings and it may be
that progesterone secretion influences the shedding of the endometrium,

In conclusion, determination of steroids in cyst fluid from patients
witﬁ F.U.H., has afforded new information on steroid produttion by cysis
associated with this syndrome. In particular, progesterone seems to be as
important as ocestrogens in the induction of irregular bleeding. The
resulis strongly suggest the existence of an abnormal response of the
ovary to gonadotropin stimulation.
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d) - The Stein-Leventhal syndrome.

Apaxrt from reference to recent work upon steroid biosynthesis 'in
vitro! and 'in vivo'! by ovarian tissue obtained at wedge resection and
the description of the present findings, the results in cyst fluid have
not been discussed in relation to the pathogenesis of the syndrome.

It is generally agreed that there is no characteristic histological
change in the ovaries of patients with the Stein-Leventhal syndroms and
that pituitary funoction is abnormal, either as a primary factor or
secondary to ovarian dysfunction. The lattes could consist of an enzymatic
defect in ovarian tissue leading to increased formation of androgens and
to a partial block in the synthesis of ocestrogens. However, the concept of
pituitary dysfimetion is largely speculative and awaitis improved techniques
for gonadotropin assay (Chapter II), while the nature of the biosynthetic
defect, mainly the ability to form oestrogens, is still under discussion
(Chapdelaine et al., 1963, Kase, 1964). |

Is considering this situation, the importance of the choice of
relevant controles cannot be overemphasised and thies was evident from the
present study when resulis of steroid analysis in fluid from patients
with the syndrome were compared with those obtained in fluid from follicle
cyste and atretic follicles-histologically similar to those observed in
the syndrome. Although these were in the ovaries of normally menstiruating
women, the accumulation of androstenedione was demonstrated I a comparable
extent (Table XVIII and XX). Accordingly, this finding appears to reflect
a peculiarity of steroid production in follicle cysts and atretic
follicles rather than an enzymatic defect characterisiic of the Stein-
Leventhal syndrome.



- 16p -

Reference has already been made to the fact that the celle lining this
type of cyst are the first stage in the @volution of the interatitial gland
tissue (Mossman et al., 1964). If accumulation of androstenedione is a
paculiarity of an endoorine timsue present in all ovaries -~ whether or
not polycystic - this raises two questions : a) - is the presence of a
great number of follicles at different stage of development and regression
the expression of same aebnormality; and if so, is the abnormality primarily
ovarian or extra~ovarian in origin? b) - why increased production of
androgens, and probably diminished cestrogen synthesis, is compatible
with nommal follicular maturation and ovulation in some cases and not
in others?

With regard to a), it must be noted that ovarian oystic changes can
be induced in animale by varioue manipulations. Continuous expoaure of
hyﬁaphysactomized rats to FShor of hypothyroid rats to PMS and HCG
causes formation of follicle cysts and some ovarian enlargement (Evans &
Riley, 1960; Yat¥in & Leathem, 1964). Injection of mormal rats with
testosterone and other steroids immediately after birth or of adult rate
with DH&A and androstenedione also produces enlarged polycystic ovaries
(Barraclough & Gorski, 1961; Roy et al., 1962; Goldzisher & Axelrod, 1963).

In women, polycystic ovaries, very often dissocoiated from menstrual
irregularities, have been reported, on one hand, in conjunction with
conditions which could affect pituitary funotion, such as acromegaly and
increased intracranial pressure; on the other hand, in case of androgenic
adrenal hyperfunction. (Morris & Scully, 1958; Goldzjeher & Green, 1962).

In experimental animals, the effect of androgens and other steroids



- 161 -

on the ovary is mediated through the hypothalamo-pituitary system
(Barraclough & Gorski, 1961). This could apply to women, but attention
has been drawn to the fact that the androgens secreted by the ovary
-DHA and Aé—androatanedione4 exert a weak inhibitory effect on the
hypophysie (Dorfman, 1963). It has been suggested that the two androgens
are metabolised outside the ovary to testosterone, a more potegt
inhibitor of gomadotropin secretion (Mshesh & Greemblatt, 1964).
Accordingly, the increased concentration of testosterons which has been
observed in the peripheral blood of patients with the syndrome could be
attributed either to the peripheral transformation of the ovarian
androgens, or to testosterone secretion by the adrenal cor?ex.

A diminution in oestrogen formation has been considered an important
factor in the pathogenesis of the syndrome (Ooldzieher & Axelrod, 1963);
but, as already indicated, there is conflicting evidence as to whether
oestrogen produﬁtion is‘defpctiva. There are no clinical symptoms of %nn4
oestrogen deficiency and urinary oestirogen excretion is higher than in
ovariectomized women. Oestradiol and oestrone have been detected in the
ovarian venous blood of patients with the syndrome, although in slightly
| lowar levels than in normally menstruating women(Mahesh & Greeﬁblatt,1964).
In the present meries oestradiol was undetectable in the majority of the
fluide (13 out of 19). This is a larger series than has hitherto been
gtudied and it is concluded that a relative deorease in the proportion
of oestrogens in cyét fluid is characteristic of the Stein-Leventhal
syndrome. However, the overall production of oesfrogens must depend

upon the total mass of steroid-producing tissue,
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With regard to b), an explanation for the persistence of owmlation
and regular cycles in some cases of polycystic ovaries could be that
the produvct‘ion of androgens has to reach a certain level to become
pathogenic., In fact, in the present series, the conceniration of
A4-androstened§.on_e in fluid from patients with the syndrome seemed to
increasg with the duration of amenorrhoea. Furthermors, as discussed
for oestrogens, the total amount of androgens produced is related to‘
the number of actively secreting follicles or the quantity of inter-
stitial tissue, and this, together with the concentration of steroids
in the fluid, has to be taken into account.

The hypothesis has been put forward by some authors that, since the
reduction of the mass of ovarian tissue afier wedge resection allows
restoration of ovulatory cycles (Zander, Wiest & Ober, 1962; Kase, 1964),
the increased size of the ovary, rather than a biosynthetic defect may
be responsible for the insnrgence of the syndrome. However, since
ovarian enlai‘gement is sometimes absent in patients with the syndrome,
while the number of follicles is definetely very large in all cases, the
- above hypothesis should probably be modified in the sense that the mass
of interstitial tissue - either atretic follicles or stromal - is the
determining facior, and not the size of the ovary,

The observation, reported in previous sections of this Chapter, that
steroid production in follicle cyst'sv and atretic follicles does not vary
with the phases of the cycles, may help to explain the pathogenesis of
the syndrome. It may be that these follicles do not mature because
physiological amounts of gonadotropin are insufficient to stimulate
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follicle maturation on such a large scale, This is supported by the
fact that after excessive dosage of gonadotropins or administration
of Clomiphene the follicles in the ovaries of the Stein-Leventhal
patients produce androgens and- oestrogens in a physiological ratio
and some reach full maturity and ovulate. The efficacy of wedgs
resection can be regarded as a corollary to this, in that endogenous
gonadotropins, after surgery, would be acting upoﬁ & small number
of responsive follicles. At the same time, the reduction in the
overall production of androgens by the resected ovary, could
modify the 'feed-back' effect upon the hypophysis and a situation
similar to that found in normally menstruating women with non

enlarged poiycystic ovaries would becéme entablished.

While it is hoped that the present work has added information
sbout ovarian funotion in the Stein-Levanthal syndrome, it is felt
thaf. a full comprehension of the very complex pathogenesis of the
Stein-Leventhal syndrome is far from achieved, and that furthe}
investigation should be directed mainly towards the study of ovarian
gecretion and of {the interaction between androgens and the

hypothalamo-hypophyseal axis.
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