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I. INTRODUCTION

One of the most intriguing problemé in-the field of repréductive
endocrinology has been to identify and develop an understanding of the
relationship between steroid hormones and the secretion of anterior pitui-
tary gonadotropins. It has been demonstrated that gonadal steroids may
have both a facilitative and inhibitory influence-uponhthe synthesis and
secretion of follicle stimulating hormone (FSH) and luteinizing hormone
(LH). The mechanisms involved in the regulation of adenohypophyseal se-
cretions are poorly understood. As a result, points of critical control .
which apparentiy involve interaction’among’the gonads, anterior pituitary,
hypothalamus- and probably higher brain centérs, areithe_subject of many
current investigations.

A great deal of.information concefning the interplay between ‘steroids
and gonadotropin secretion has been derived from studies dealing with fe-
male infertility. Ovulatory failure in tﬁe human has been associated
most commonly with §OlycystiC'ovarian‘diseése - Stein Leventhal Syndrome -
and androgen préducing tumors of the ovary and adrenal. Characteristics
shared by these two disorders are disruption of ovﬁlatory menstrual cycles,
aberrant FSH/LH secretion and symptomatic and/or biochémical evidence of
excessive andrégen_production. That the abnormal production of androgens
may be related to the ovulatory failure associated with these anomalies
has been suggested since ovarian wedge resection in polycystic ovarian
disease or tumor excision often result in a decrease in circulating andro=.
gens and restoration of fertiiity. .Thus a cause-effect relationship has
been proposed between excessive androgens or their metabolites and loss of
normal reﬁroductive function in the female.

In order to moxe fully investigate the influence of androgens on

C-1-



2
fertility in.the female, several animal models have been developed. Gorski-
and Barraclough (1961) repdrtéd thét the administration of testoéferone
propionate to neonatal female rats lnduced permanent infertility, 'Althoqgh
this experimental model has received much attention, it is perhaps not.
adequate for comparléon to aﬁdrogen induced infertility in the human female
which is reversible;i Another, more closely related experimental model has
been developed and studied previously in this laboratory. Black and
Mahesh (1969) found that short term adﬁinistration of a'weak androgen,
'dehydroepiandrosﬁerone'(DHA) to immature female rats could induce preco-
ciQUS'ovulation;_chronic treatment‘hoﬁever led to‘suﬁsequeﬁt development
of polycystic ovaries and ovulatory_féilufe, Withdrawal of androgen treat-
ment permitted a‘resumption of regular estrouS'cycles and proven fertility?
Pltultary and serum levels of both FSH and LH have been found to be tonic
dur1ng the period of chronic DHA therapy (Black 719695 Knudsen, 1974) .The
precocious ovulations induced by DHA treatment at 27-29 days of age were
not synchronized, occuring on one of severalidays thereafter. The admin-
istration of pregnant méles-serum gonadotropin (PMSG) on day 30, an agent
which‘itself may- cause premature ovulations 72 hours later in the immature
rat, could effectively synchronize ovulationsito occﬁr only on\day 30 after
three days of DHA‘treétment.

From the previous mentioned studies it appears that androgens, or their
metabolites, may ﬁave both stimﬁlafory and inhibitory actions with regards
to gonadotrbpin secretioh.‘ Estradiol-178 has.alsb been found to exert both
positive and negative influence on the secretion .of FSH and LH as has pro-
gesterone; In general, the actions observed with progesterone have been

dependent upon prior exposure to or concomitant administration of estro-



gens;> Conclu31onsvconcerning the role of estradiol and proéesterone are
derived from studies in- which these sterOids have been measured in blood
during variOus reproductive‘States'in'addition to'conclusionsnreached as
a result of exogenous'administration° 4 |

It is ‘not- entirely clear whether all the effects of DHA in the imma-_
ture female rat are'direct or v1a*metabolic.conver51on. It has been sug—i
éested however, that.some converSion is. required in- the induction of pre—{f'
coc10us ovulation since the”administration of cyanoketone effectively \
blocks premature puberty while DHT:;a nbniaromatizable,androgengjwill not'
precipitate early ovulation in. immature female rats.f In:the chronically
' DHArtreated female'rats, the _primary: defect responSible for anovulation 1S
Vprobably'not;in the}ovarian ovulatory_mechanism;since.the:administration:u -
of:egogenous,gonadotropins'can overridefthe;bHA-effect and,cause ovulation.7
lIn addition,*there»is_some—eﬁﬁdence to‘sugéest that%the-pituitary:is at.”,
least qualitatively responSive to exogenous LRF although the dosage used
was. high Thus it would appear that the actions of DHA 1n the immature
female rat are due to some‘alteration in-the normal sterOid milieu and the
site ,of [action) As. ‘p"robab'l«yf.ﬂlo:cated_zwithi_n :j,the .g_hypotha:lamic-t-ant_erior; pitui;-.
tar&dédaplegfi' : U L A o

Investigations recently completed in_ this department have shown that .
spec1fic estrogen‘receptors are‘present in bothAthe anterior pituitary and
, hypothalamus of male and female rats (Korach and Muldoon, 1974a, 1974b) ‘
7.Although the sterOidal state of both sexes and ‘the observed patterns of
gonadotropin secretions are: different, these receptors may play a key regu-
“latory role in the secretion of FSH and/or LH in both - The- studies of

Cidlowski and Muldoon (1974) have indicated that the concentrations of cy—



4
toplésmic_(cytosol) receptor in both tissues of male and femalé rats may
be altered.By the administration of éstrogens. Within one hour after es-
tradiol treatmenf'bé’castrated rats, cytosol receptor content is signifi-
cantly reduced‘while 15-20 hours later, replenisﬂment of receptors to pre-
injection concentrations §CCurs; Similarly, Greeley et al. (l97§)§ found
that cytosol estradiol receptor leveis in the anterior pituitary and hypo-
thalamus fluctuate duriﬁg,the adult rat estfous'cycle:‘oh proestrus, a time
of high circulatiné estradiol, receptor levels were low, while onfestrus,

a time of decreasing.biood estradiol.cohcentrations, cytosol receptor con-
tent was replenished. In addition, pituitary responsiveness.to exogenous
LRF was found to be greatest on proestrus.

Several .critical questions concerning the DﬁArtreéted female rat re-
main to be answered. First, it remains to be determined precisely what
.changes in blood steroids §ccur after DHA treatment in relation to the ,
induction of precocious ovulétion or with chronic DHA therapy, the devel-
opment of polycystic ovaries and infertility. A second critical problem
is to identify meéhénisms existing at the level Qf'the hypothalamic-pitui-
tary unit through which(peripheral steroid hormones may alter the synthe-
sis or secretion of FSH and IH. Previous studies have attempted to study
this problem, however the exact nature of the interaction between steroids .
and the hypothalamic—pituitary unit has been difficult to definé.

The most logical means of addressing this'first'questiOn would be to
quantify daily changes in several steroids in peripheral blood of individual.
.rats during the various reproducti&e stages brought about by DHA treatment.
The compounds which would be of special interest in such a study would be

DHA and potential metabolites such as androstenedione, testosterone, 5a-
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3_dlhydrotestosteronehandhestradlol;f7b} bther ster01ds such as progesterone'
'-and ‘170 hydroxyprogesterone should also be quant1f1ed in order to detect
changes in endogenous steroid’ secret1on'as.opposed to'alteratlons nhlch
arise_through the'metabolismuof'exogenously_adminiStered DHA. - |

At'present,lthere#are;methods available for the duantifiCatiOn“ofreachi
pf the above mentioned,compounds;' Honever,,due to the limitations imposed
by utilization‘of small'enperimental:anlmals, the volume«oﬁlblood,would be‘_.y
Insufficient;for:the”analysis”of>more than:one or two steroids from:anl .

) lndiVidualAsample.~ :

In light of recent flndlngs, the d1st1nct poss1b111ty ex1sts that
estrogen. receptors of the anterior pltu1tary and. hypothalamus .may const1-;
tute a locus for the modulatory act1on of estrad1ol and poss1bly other B
ster01d hormones upon adenohypophyseal secret1on of LH and FSH. The mé;;5
surement of cytosol estradlol receptors 1n these-tlssues thus would be an-
1mportant adJunct to the study of the DHArtreated female rat. Alterations'
in receptor concentrations, brought about by varlous exper1mentaliproce—:“
dures,‘coupled.with’observationS*on,circulating levels‘of*several:steréid -
Lhormones and gonadotroplns should contrlbute to a more complete understand—
_:1ng of fertlllty and also ovulatory fallure. ' '>
-Thegprlmary:alm‘of~thlsilnvestlgatlonfwas:to morexfullyfeValuate‘thé
.DHArtreated imnature.femaleiratnduring precOCious.ovﬁlation,”ovulatorp
_fa1lure and androgen Wlthdrawal at Whlch'tlme a restoratlon of. normal
reproductlve functlon would occur. Of partlcular 1nterest was to 1dent1fy
:alteratlons 1n blood ster01ds brought about by DHA treatnent and relate
these changes to serum gonadotroplns and concentratlons of cytosol estra—

‘diol receptors of the anterior p1tu1tary and hypothalamus._ The follow1ng
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objectives were thus choseh-aJ meahs-to;fulfillpthe basiclaim-of gaiuing
a more complete uhderstaudlngjoffreproductive function in the:DhA;treatedl
rat model: - | .
| 1. the~development andLvalidation‘ofhmethods for multiple steroid
radioimmunoassay Which would‘makejpossible thebsimultaneous heasureuent of

several steroid hormones from a .small serum sample (1 to 2 ml);

2. the measurement of -blood Sterolds and -cytosol estradiol.receptors
of;the anterior pituitary and.hypothalamus'during thevnatural onsetnof'
| puberty;: o - f:d' | . H} . ‘bé.
3;; the ueasurementiof:bloodgsteroids;ﬂgonadotroplns andfcytosol;es_
l,tradiol,receptors-of the anterlor.pituitaryland hypothalamus during'ther“

4

"synchronized onset of puberty in PMSG-primed immature female rats. “Exper- -

imental findings in this animalwpreparationAplus.those‘during unsynchronized‘ A

i
ovulation (2. ) would ‘be con31dered to be representatlve of normal puberty

which is followed by the establlshment of regular estrous cycles,

4, the measurement of: blood ster01ds, gonadotroplns ‘and cytosol es-
tradiol receptors of'the anterlor p1tu1tary and hypothalamus durlhg.DHAr-
induced precoc1ous puberty Whlch is. synchronlzed with PMSG"' |

5» a study of. the 1mmed1ate post—ovulatory perlod follow1ng the in-
duction of. ovulatlon Wlth DHA plus PMSG. Concentratlons of blood ster01ds, i
gonadotroplns and cytosol~estradiol receptors Would'be compared between:
7,groups of rats in wh1ch DHA adm1n1strat1on would be stopped or cont1nued
for 10 days after- the early ohset of puberty,

6.. the measurement_of blood.sterolds; gonadOtropins‘ahd cytosol es;‘
tradlol receptors of the-ahterior:pituitaryvand hypothalamus“durihg chronic

DHA treatment; WhichvwouldEresult:in-oyulatory failure, and’following»the



discontinuation of DHA, at which time a restoration of'fertiiity would
occur.

It is hoped that the fesults of this investigation will contribute
significantly to.é more lucid comprehension of the hormonal interplay dur-
ing normal female reproductive fﬁnction‘apd the changes brought about.Ey

androgen excess,
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II. LITERATURE REVIEW

A, METHODS FOR STEROID HORMONE ANALYSIS

The evaluation of steroid hormone concentratiéns in biological fluids
has been hampered in the past by a léck of sensitive and specific assay
techniques. Many methodol&gical advances have contributed to the current
capabilities in this field. A brief review will demonstrate the degree
of these refinements which haé occurred over the past several years. :

The earliest methods employed for steroid hormone measurement involved
the résponse of a biological parameter to a hormone as endpoint and were

thus called bioassays. Such methods were developed for the quantification

~of estrogens, (Astwood, 1938) androgens (Eisenberg and Gordon, 1950; Moore,

1939) and progesterone (Astwood, 1939; Hoéker and Forbes, 1947). These
techniques were utilized primarily for the analysis of crude urinary ex-
tracts or whole tissue homogenates. The variability in individual animals,
lack of specificity, poor sensitivity and lack of differentiation among
compounds of high and low biological activity in a mixture, were éontfibu—
ting factors which necessitated the development of more precise chemical
methods.

Newer techniqueé for steroid hormone assay were perfected which util-
ized colorimetric endpoints. Most of these techniqués were first applied
to the analysis of several different classes of urinary steroids rather
than specific compounds. Examples are methods for the measurement of 17
ketosteroids (Drecter et al., 1952), 17 ke;ogenic steroids (Brooks and
Norymberski, 1953) and‘estrogens (Brown, 1952). Although colorimetric
steroid assay methods offered some advantages to bioassays, substances
were present in urinary extracts which.coqld interfefe in the assay;

These materials contributed to a low sensitivity and poor specificity and

=8
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made colorimetric methods unsuitable for biood steroid assay. 'While~the
analysis of the several classes of urinary steroid metabolites was useful,
it was at best only a refleetion of blood steroid concentrations.

Substantial improvement of these somewhat nonspecific chemical and
biological assays was accomplished by the addition of preliminary steroid
purification steps. Techniques of papér chromatography (ﬁush and Mahesﬁ,
1959)@‘ thin layer chromatography (Lisboa and Dicfalusy, 1963), celite
column chromatography (Preedy and Aitken, 1961; Siitéri and MacDonald,

1963) and Sephadex column chromatography (Beling, 1963) were perfected
which allowed the isolation of one or several sterdéids. Thesernchromato-
graphic techniques contributed specificity to more conventional assays but
an inherant lack of sensitiyity in,qplorimetric and biological assays still
precluded the possibility of analyzing blood steroid concentrationms.

Murphy (1964, 1967) developed the first steroid assay techniques which
were sufficiently sensitive and specific for the analyses of blood steroids.
Her technique utilized radiolabded steroids as ligands and corticosteroid
binding globulin (CBG) (Muldoon and Wes;phal, 1967) as a corticosteroid
binding agent. This system, termed. "competitive protein binding assay",
was.patterned somewhat after the original protein hormone radioimmunoassay
of Berson and Yalow (1959) and was based upon'the'displacement of 3H labeled
cortisol from CBG by unlabeled standard and unkﬁown corticoids. Soon there-
after, other naturally oécurring biﬁding proteins were used for thé radio-
assay of estradiol-178 (Korenman et al., 1969), progesterone (Baranczuk
et al., 1973), estrone (Tulchinsky and Kofenman, 1970) and testosterone

A(Roseqfield gE.§£., 1959), Although Erlanger et al., (1957, 1958) proposed

that steroid—prptein'conjugates might be synthesized.in such a manner that
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. theyicould serye:as speciiicfantigens;lsteroid‘radioimmunoassays were'not
l‘developed unitil afterkcompetitive hinding;methods Wererin uSe. At present,
: radiolmmunoassays are used for the measurement of mlnute amounts of several
blood ster01ds 1nc1ud1ng estrogens (Emment et al., 1972 ﬁoshizawa'and'
,Fishman, 1971, . androgens (Thorneycroft et al., 1973 Buster and Abraham,
1972), and'progestinsA(Abraham”gglal., 19724b; Stone_gtial.5 l97l). Sueh‘
radioligand-binding assays and'radioimmunoassays‘hayevmade‘it poSSibleoto4
measure many steroidsfinfperipheralthood which are.present_normally in-
minute (picomolar) ouantities, thusibeing‘far superior to;theporiginal;
biologicalporfchemical analyses:ofycrudefurinary'extracts.

A Althouéhkcurxently usedlradioassays arefhighly sensitive,:most;are not
specific enouéh_to‘assay blood steroids mithout.some preliminary chrom;
‘atographic purification. Methods used for such purlfication are primarlly
‘Sephadex column chromatography (Carr et al., 1971) or cellte column chromr
atography (Abraham et al., 1971 1972) whlch are mod1f1cat10ns of orginally
;applled techniques for- the separatlon of urlnary sterOids. Some»investigae
‘torsbhave utilized the ster01d;separationEproperties of various chromato—nf
graphic‘techniques plus'steroid antibodies'and/or steroid binding proteins

-to develop multlple ster01d assay systems._ Such systems allow forﬁthe

s1multaneous analy31s of ‘more than one ster01d from a s1ngle plasma extract. ;

One method, developed by Concolino and Mbrocchi (1972),.utllized chemical
imodifications of'ster01ds and multlple chromatographic steps while another
(Dupon et al., 1973)lemployed chromatography plus derivatlve formation |
prior to assay.' Another system ut111zed paper chromatographic techniques’
-for the isolation of several ster01ds prlor to assay (West et al., 1973)..

- Such multiple_assay technigues_ohyiously offer certain advantageS'over
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more conventional single steroid assay methods but often yield poor steroid
recovery and thus require substantial volumes of plasma. In addition, the
complex nature of the chroméfograﬁhic technique'and derivative formation
used are quire time consuming. Another sﬂortcoming in somevpf these methods

are high assay blank values which contribute to-a lower assay sensitivity.

B. HORMONAL INTERRELATIONSHIPS IQ THE FEMALE REPRODUCTIVE CYCLE.

Of the hormones synthesized and secreted by the anterior pituitary
gland, FSH and IH are regulators of ovarian function. Fevold et al.,
(1931) first identified these hormoﬁes and proposed that FSH stimulated
ovarian follicular growth while LH was responsible for follicular rupture
and corpus luteum formation.  Greep (1961) proﬁosed that LH was secreted
in massive quantities just prior to ovulation. More recently the roles
of LH and FSH hgve come uhdér-closer sc;utiny.' As a result of improved.
éssay methods, ‘it has been demonstrated_that both FSH and LH are secreted

throughout the female reproductive éycle and that a massive release of
both hormones from the pituitary precedes ovulation (Rosemberg gnd Keller,
1965; Dane and Parlow, 1971), In'addition, Goldman and Mahesh (1968, 1969)
and Lostroh and Johnson (1966) have faised new'qUestions concerning the
actions of FSH'and LH on ovulation siﬁée they found that FSH alone may
céuse ovulation in both the rat and hamster.

The anterior pituitary was énce considered to be the "maste? gland",
all other endoérine tissues being subservient to its direction. It is ﬁow
recognized that the pituitary is itself partially dominated by the hypo-
thalamus and perhaps higher brain centers. Specific horménes or factors
have been idehtified or proven to exist within the hypothalamus which re~

gulate the synthesis and/or secretion of gonadotropins and other adenohypo-
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physealvhor@ones (Porter'and Jones, 1956; Talwalker et al., 1963; Wilber:
and Porter, 1970; Amoss et al., 1971; Matsuo et al., 1971). ObserQations
made during the rat estrous cycle have indicated that an increase in LH~-
releasing hormone (LH-RH) concentrations in hypothalamic-pituitary portal
blood eccurs on proestrus which results in a dépletion of hypothalamic LH-
RH contenf and is.associated’with the preovulatory gonadotropin surgei(Esan
et al., 1974; Wheaton and Fawcett, 1974).

Temporal‘relationships between steroid hormones in blood and ovulation
have also been determined. Estra&iplQl7B levels in peripheral and ovarian
vein blood have been shown to increase during ovarian follicular growth
reaching peak values and then decreasing just prior to the preovﬁlétory
surge of FSH and LH in many species (Abraham et al., 197éb; Shaikh, 1971;
Weick et al., 1973). Following ovulation, estra@iol is secreted‘by the
corpus luteum in.thg human (Mikhail, 1970) and monkey (Weick_gg;gli, 1973)
but is not elgborated in_the rat which 1ackS'a'lqteal phase (Ho;i.gg_gl.,
1968)7 ‘

Progesferpne congenfrations in blood are low during follicular growth
and’ appear to rise in response to the preovulatory gonadotropin sufgé A
(Neill et al.; 1967; BarraClough et al., 1971; Butcher et al., 1974). Con-
centrations of l7a—hydroxyp?ogesterone have a;so been measured and are sig-
nificantly higher in the luteal phase as'COmpared to the follicular phase
of the human memstrual cycle (Strott aﬁd Lipsett, 1968). Concentrations
of androgens such as:andrqstgnediong_and ;géﬁosterone ha&e also been evalf
.uated during the female reprodﬁctive-éycle: Although no- significant cyclic
fluctuatibns are‘preéentlynrecognized, the levels of both hormones parallel

somewhat the secretion of estradiol in the human (Horton, 1965; Gandy and
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Peterson, 1968) and rat (Dupon and Kim, 1973) .

The relationship of blood sterbids to the sepfe;ion'of pituitary gonad-
atxopiné is not completely undersﬁood however certain observations have
Been made. Castration of the female leads to a chronic elevation of both
. FSH and IH in serum (Gay and Midgley, 1969) while feplacement with various

ovarian steroids may suppress this post-castration rise (Parlow, 1964;
Eldridge et al., 1974a,b).. These findings have suggested the existence
of a negative feedback action of steroids on LH and FSH secretion.

Other experimental findings have suggestedvthét a positivéior facil-
itative action of stgroids on gonadotropin secretion also exists. Everett
(1948) found that steroids such as progesterone and estradiol could‘nqt
6nly inhibit or delay ovulations buticould also advance ovulation in the
adult rat. These findings have been authenticated more recently (Barra-
clough and Haller, 1970).; Other investigations have shown that steroids
may-also further increase the release of gonado;ropins in the gast;atdf
(Caligaris_EE_gi., 1971) or intact female Ying‘and.Greep, 19723 Karshlgg
al., 1973).

It has been postulated that préovulatqry secretions of the ovéry are
necessary for the elaboration of the midcycle FSH and LH surge and thus
ovulation. Most evidence éuggests that-estrédiol—l76_concentraﬁons in
blood act as a signal indicating that ovarian follicle maturation has pro-
qeeded to a state.that is ripe ﬁor ovulation. Experimental manipulations
which tend to abolish or.éounteracf‘the preovulatory'estrogen peék in.
blood blbck not'on1y ;he FSH and LH surge but ovulation as well (Shirley
et al., 1968; Ferin et al., 19695,1;; Schwartz, 1969).

The site(s) of steroid feedback control of gonadotropin secretion are
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poorly understood at the present. However, it is likely that the anterior

pituitary and'hypothalamus are involved (MqCann et al., 1968; Weick and
Davidson, 1970). Folldwing castration, LHjRH concentrations in hypothal-"
amic-pituitary blood are markedly elevated which suggests that some basal,
tonic inhibitorylinflueﬁce of ovarian steroids exists at the 1ey§1 of the
hypothalamus or in higher centers of thé brain (Ben-Jonathan et al., 1973).

Imposed upon this basal inhibitory influence may be cyclic increases in

anterior pituitary semsitivity to LH-RH caused by increasing titers of cer-

tain blood steroidS.as suggested by the‘workAof seyeral inyéstigators
(Greeley et al., 1974; Debeljuk EE.Ei:s 1972% Weick and Davidson,-1970).

It is suggested, from the previously mentioned studies, that the
female reproductivg cycle is maintained by an qrderly secretion of hormones
from the‘hypothalamus, anterior pitﬁitary and ovary. Each of these glands
have regulatory gctidns on the others and afe, therefore, essential for

the ovulatbry‘procgss;

C. ALTERATIONS IN THE ONSET AND MAINTENANCE OF CYCLIC REPRODUCTIVE FUNG-

~TION IN THE FEMALE

Stéroid hormones have been shown repeatedly to have profound influences

on reproductive processes in both the immature and mature female. Ovulatory

failure in the human is most commonly associated with polycystic ovarian

~disease and steroidogenic tumores of the adrenal and ovary. The patholo-

gical characteristics of'these:anomaliés are similar in many respects.
Chronically elevated concentrations of androgens were detected in urine
aqd/or blood in cases pf ovarian arrhenobigstomé (Mahesh et al,, 1970),
adrenal tumors:(Mahesh et al., 1968) and-polycystic ovarian disease (Mahesh

and Greenblatt, 1964). The androgens, dehydroepiandrosterone and androstene-
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' dione"have been'identified ascthe;steroids5mostfcommonly'fOundiin excé$svi
in cases of polycystlc ovarlan dlsease (Mahesh and Greenblatt 1964) Tonic,
acycllc serum 1eve1s of . gonadotroplns have been reported in: many cases of \
, ovulatory fallure 1n assocratlon Wlth androgen excess due to polycystlc
ovarlan disease (Gambrell et al.; 1973) and androgen secreting tumors
(Mahesh et al., 1968) Amel1oratlon of‘many symptoms assoc1ated with an—dy
Ny drogen excess in- the human female,‘such as hlrsutlsm and ovulatory fallure,
has been shown to occur When the source of androgen secretion’ ‘has been sup-
pressed<(Greenblatt. 1953) or'removed by tumor ext1rpat10n or ovarlan~
Wedge resectlon in polycystlc ovarlan d1sease (Greenblatt and Conlff 1968ﬁ
The admlnlstratlon of ster01ds has also been shown to be dlsruptlve
_ to normal reproduct1ve functlon in experlmental anlmals.‘ The adminlstra—
. tlon of testosterone‘proplonate to neonatal female mice or rats has been
demonstrated to result 1n permanent ster111ty (Pfelffer 19363 Barraclough
'and Leathem, 1954 Gorskl and Barraclough 1961) As‘adults, such andro- -
genized mice and rats have acycllc vaglnal cytology, cystic ovarian folli-
cles ‘and are - anovulatory but retaln the'capac1ty to ovulate follow1ng the ;
V ‘admlnlstratlon of exogenous gonadotroplns (Grant et al., 1964) - |
Although a d1rect actlon of androgen in the neonate may be resnon51--w
"ble for subsequent ovulatory fallure, s1m11ar flndlngs have been reported

_ follow1ng the admlnlstratlon of estrogen to neonatal female rats (Greene

'and Burlll 1941 Gorsk1, 1963) Slnce many tlssues are capable of convert-'3‘>

ing androgens to- estrogens (Wotiz et al., 1956 Baggett et al., 1959; Mac
Donald et al., 1967 Naftolln et al., 1971) the effects ‘of neonatal andro-'
'dgen treatment may be due to. subsequent metabollsm to estrogen. Thls hypo—

-‘thes1s is strengthened by the studles of Luttge and Whalen (1970), who-
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found that.Sd—dihydrotestosterone&did:not cause stexilization when admin-
istered to a neonatal female rats.

In the prepubertal femalefrat, the effects of apdrogen or estrogen’
treatment are substantially different from those seen in the neonate.
Frank et al., (1925) and Ramirez and Sawyer (1965a) have shown that in im-
mature female rats, short-term estrogen therapy could advance the onset of
puberty Whichlwasvfollowed by the eétablishment of normal estrus cycles.
‘More recently, Black and Mahesh (1969) reported that ghort—ferm treatment
of premature female rats with dehydroepiandrosterone, a ;elatively Weak
~ androgen, could also induce precocious ovﬁlation; subsequent reproductive
function was not evaluateq however. Black (1969) also noted. that thg ad-
ministration of other aromatizable androgens such as androstenedione and
testosterone could induce precocious‘puberty.'

Knudsen (1974), also studying the imméturé female rat, found that
treatment with dehydroepiandrosterone (60 mg/kg body weight) on day 27-29
of age resulted in ovulations on day 30-31 which gould be.synchronized to
occur on day 30 only following the administratiop of pregnént mares serum
gonadotropin (PMSG) on the AM of day 30. Without the androgen pretreatment,
PMSG usually results.in‘ovulations 72 hours later (Cole, 1936) but in the
former case, it was pregumed to augment the endogenous surge of‘gonadotrp—
piné induced by dehydroepiandrosterone treatment.

Mahesh and Knudsen_(l974)_attributed the induction of precocious ovu—
lation by dehydfoepiandrosterone to prior cgnversion to estrogen. Cyano-
ketone, an inhibitor of 3g-hydroxysteroid dehydrogenase, when administered
concomitantly with' DHA was capable of blocking uterine ballooning, FSH and

LH surge on the afternoon of day 30 and ovulation. 5a—dihydr0testostgrone,
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a non-aromatizable androgen metabolite of testosterone, was ineffective in
inducing precocious ovulation or vaginal patency.

Although short term androgen or estrogen administrapion to immature
'female rats resulted in precocious puberty, long term androgen treatment -
of both immature (Black, 1969; Knudsen,]974)—and mature female rats (Huff-
man, 1941; Roy et al., 1962) may.lead to ovulatory failure which is char-
acterized by constant vaginal cytology and development of cystic ovarian
follicles which ére similar to-those seen in the human polycystic ovarian
disease. Differing from neongtal anarogen and estrogen freatment, these
‘measures result in ovulatory failure which is not permanent but rgversible
following discontinuation ofiandrpgen trgatment.(Black, 1969).‘ In this
respect, long térm androgen treatment of‘prepubertal‘or adult female rats,
is also similarAto conditions- of ovulatory faiiure in the human female-
related to androgen exceés.'

The mechanisms thrnugh which chronic DHA therapy causes ovulatory
failure in the female rat are not presently recognized however. it appears

~that normal functioningrof the hypothalamic-pituitary complex is disrqpted.
Knudsen (1974) has reported that‘the ovaries of such animals are probabiy
not directly involved in the ovula;ory faiiure since they are qnalitatively
responsive to exogenous gonadotropin administiation. Chronic DHA treatment
resultediin tonic, low serum levels of LH.and high levels of prolactin.
The administration of LH-RH, in lgrge dosages, was capable of inducing
increases in serum LH. Similar results have been reported with respect
to cases of polycystic onarian disease inihumans (Oettinger et -al., 1975).

These findings indicate that chronic androgen administration to pre-

pubertal or adult females, but not neonates, can lead to temporary loss of
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fertility. This reversible ovulatory failure is similar in many respects
to that seen in several human anomalies. Certain basic differences appar-
ently exist between androgen induced ovulatory failure and that resulting
from estrogen treatment (e.g,; modern‘contfaceptiveﬁdrugs) since polycystic
ovarian development is associated Withithe former but not normally with the
latter type of stéroid indueed anovulation in the human ' female.

The establishment of the chronic androgen treated immature female rat
as a model of the human polycystic ovarian disease appears to be valid
.although soﬁe species differences in the response to andrdgen exist. While
neonatal androgen. (or estrogen) treatment causes permanent ;nfertility |
in the fémale rat noAsuch phenomenon has been described for the human.
.Countless cases of virilizing congenital adrenal hyperplasia (CAH) , which
has i{s origins in embryonic develbpment.and in the untreated cases, con-
tinues neonatally on to adult life due to a specific genetic defect, have
been reported in the hﬁman female. Although CAH has been associated with
massive androgen production (Rivarola‘gg_gl.; 1967) there are no permanent,
irreversible defects produced in ;he hypothalamic-hypophyseal-ovarian axis.
In éddition, there have been case reports of severe physical masculiniza-
tion of the female fetus without induction of sterility following the treat-—
ment of pregnant women with progestational agents which possess a high

androgenic biological activity as well.

D. - ESTROGEN RECEPTORS .IN TARGET TISSUES

Information concerning the mechanisms of steroid hormone action has
increased significantly during the past several years. It has previously
been well documented that the mammalian uterus is a target tissue for

estrogens (Astwood, 1938). Although specific biochemical and morphological
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changes in thls tlssue havevbeen attrrbuted to estrogen actlon,‘mechanlsmsr
"1nvolved 1n thess responses have been dlfflcult to evaluate.

" The . development ‘of hlgh spec1f1c act1v1ty radlolabeled ster01ds has
proV1ded an 1nvaluable tool An’ ster01d hormone research 'Glascock and
::Hoekstraa(l959) injected tritlum labeled hexestrol,_a syntheticgestrogen,
‘intoAéoatsAand found that the uterus accumulated and'retained radioactivityz
several hours after other non—target tlssues”had become cleared of the |
~estrogen.‘ Jensen and Jacobson (1962) found a simllar uptake and retention a
of 3H—?estradloliln the-rat uterus._ Slmllar studles demonstrated that the’
uterus in other specles also possessed estradlol concentratlng mechanlsms
-.(Korenman, 1968 Terenius, 1968) ,In addition-to.the uterus, uptake and
'retentlon of estrogens have been” demonstrated 1n the oviduct of the ch1ck
1(0 Malley and Means, 1974) and the anterlor pltu1tary and hypothalamus‘of
the rat (Elsenfeld and Axelrod 1966 Kato and Vlllee, 1967)
| Follow1ng.the‘1n1t1al'descrlptlons.of estrogen*retentlon w1thin the
uterus and other t1ssues, studles were undertaken to evaluate the nature
of this blndlng. SpeC1f1c1ty studles revealed that'the accumulatlon and
retention. of radlolabeled estrad101 W1th1n target trssues could be depressed
in vivo by.prlor svstem1c adm1n1strat1onlof unlabeled estradlolg_other :
estrogens and antlestrogens,.non—estrogenlc‘compounds were- generally in-- '
effectlve in thlS regard (Jensen, 1962 Roy et al., 1964 Terenlus, 1968
é,b);',\ . : , .

| Subsequent to rad1olabeled estradlol‘lnjectlons 1nvvrvo, radloactlv1ty
has ‘been locallzed in nuclear and cytoplasmlc cellular subfractlons of the»
V uterus (Gorskl, et al. 1968), anterlor p1tu1tary and hypothalamus (Attrama—

dal, 1964) of,thelratéu Stumpf (1968) and Pfaff (1968) have verlfled these
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biqchemical findings with autoradiographic énalyses,

Studies~empioying dialysis, Sephadex column chromatography and sucrose
density gradient.ultracentrifugation have further characterized thg associ-
afionwéf 3H-estradiol with its ;arget tissues. .Specific estrogen binding
macromolecules have been described in the cytosol (105,000 x g supernatant)
(Toft. and Gorski, 1966) and nucleus (Maurer.and Chalkley, 1967) of the rat
uterus. Macromolecular binding has also been characterized for estradiol
in the cytosol of the anté;ipr'pituitary'(Korach and Muldoon, 1974a) and-
hypothélémus (Korach and Mhldobn, 1974b) in‘rats. The evidence to date
indicates that the éytqplasmig‘reténtion of estradiol involves intgraction
with high affinity binding sites of an estrogen spgcific protein.

The accumulation of radiolabeled estradiol in the nucleus, following
in vivo administration, requires the prior association of estradiol with
the cytoplasmic receptor and transfer of the estrogen-receptor complex
to the nucleus. Tissues which are not specificvtargets for esfrogen lack
such cytoplasmic binding proteins (Jensen et al., 1968). The transfer of
the»éstrogen—cytoplasmic recep;pr complex to the nucleus has bgén found to
require molgcular transformation;(Jensen and DeSombre, 1972) Which when
blocked, inhibits nuclear accumulation (Muldoon, 1971). In addition,
Giannopoulos and Gorski (1971) have shown that as muclear translocation.
occurs, a proportiqna; decrease in cytoplasmic estfogen receptor resulgs.

Following nuclear translocation and‘cytoplasmic depletion of recep-
tors, a replenishment of cytoplasmic binding sites has been demonstrated
Which involves the synthesis of new receptor proteins (Sarff and Gorski;
1971). It has been éuggested that cytoplasmic estrogen receptor replen-—

ishment may also involve mechanisms which are independent of RNA and pro-
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tein synthesis kdidlowski,A1975); ,Thelconcentrations,of‘cytoplasmic estra-
'ldiol'receptors inqtarget'tissues“such as the:uterus; anterior pituitary
and hypothalamus are thus a product of ut1llzat10n (nuclear transfer) and
replenlshment*ofVreceptor. In V1vo, condltions of hlgh blood estradlol
titers would:be expected‘to result ln_low cytoplasmlc?receptor'levels
Whereas with low estradiolflevels,‘cvtoplasmic-receptor content ‘would be
higher. | | | | .

‘Much work has been devoted toﬂthe development of concepts concernlng
mechanisms of estrogen (and other hormone) actlon in target tlssues.~ Blof
chemlcal changes épllowrng~estrad1oliadmlnlstratlon.lnclude generallzed
increases in.RNA,.DNA}andfprotein'synthesis}KHamilton%71968;10fMalley
anq,Means, 1974). The induction7of:speci£lcjprotein-synthesis~hasralsO'
_beenjdemonstrated ln the rat‘nterus“(harneﬁianddGorski;.1970).bu;:31milar_x
studies‘have notiheen,undertakenfin;the anterior,pltuitary or hypothalamusa

These hiochemical_manitestations‘of~estrogen-actionlhave been;presumed :
to he,a:result_of the‘interaction“ofdestradiolgmith cytoplasmic receptors‘
’andptransfer'to thefnncleusjmhereMSOme association.vith'chromatin occurs
- (Hamilton, 1968; dﬂMallevuand'Means5j1§74);‘ There are;.however other ° . .
‘4consequences of estrogen treatment whlch apparently do -not requlre nuclearA
~,transfer‘of an estrogen—receptordcomplex for man1festat1on of’ blochemlcal
response (Muldoon, 1971) |

Slnce sex hormones and estrad1o1—176'1n partlcular have been shown to
modulate the secretory-act1vity of the hypothalamlc—hypophyseal complex,';
it would seem poss1ble that some ster01d~actlons.may 1nvolve 1nteraction.~
Wlth SpeC1f1C receptors 1n these t1ssues.‘ In 1n1t1a1 studles, Korach and

Muldoon- (1974 a, l974 b) could detect no. dlfference among cytoplasmlc es—



22
tradiol receptor concentrations of the anterior pituitary and hypothalamus
with respect to sex or presence of gonads in rats. These studiee however,_
do not refute the possibility that estrogen receptors may be involved in
the regulation of anterior pituitary function. Other investigators have
clearly demonstrated that cytoplasmic eatradiol receptor conceptratian'
of the uterus fluctuate as a function of blood estradiol titers in female
rats (Feherty et al., 1970; Shain and Barmi§;A1971; Lee and Jacobson,
1971). Similar fluctuations have also been-reported in the anterior pitui-
tary and hypothalamus following exogenous estradiol administration (Cid-
lowski and Muldoon, 1974).and during the rat estrous cycle (Greeley et al.,
1974). These studies have’shqwn that(cytoplasmic~estradiol receptors are.
depleted on proestrus, when.estradiol ig at its peak‘(Butcher_gt_gl., 1974)
and are high on estrus, when estradiol concentrations are‘lowered. Oﬁ the
~other hand, total tissue uptake is highest on proestrue (Shain and Barnea?
1971) when maximal.uterotropic'responses to estraaiol are‘seen'(Lee, 1974)
maximal responsiveness of the pituitary to LH-RH is also occurring at this
time (Aiyer and Fink, 1974; Greeley et al., 1974).

Other previousiy mentioned studies utilizing estrogen antagonists‘
(Shirley et al., 1968)‘and‘anti—estradiel antiserum (Ferin et al., l969)§
both of which effectively diminish the interaction;of estradiol with its
cytoplasmic receptors have been demonstrated to inhibit the preovulatory
surge of FSH and LH necessary for.ovulation. The current circumstantial
evidence indicates that estradiol receptors of the anterior pituitary and
hypothalamus may be involved in the mechanisms of estradiol modulation of
gonadotropin secretion. Further work in this area is critically necessary

to allow a more complete understanding of hypothalamic-pituitary-ovarian axis.
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| tAIII;' MA:ERiALé AND METﬁéps‘.
'A, ‘SlEROIDSQAl N - o |
'Unlebeled eteroids foriusefin rediolnnunoaesey,were obtained'fron
_ Scnwartszann,and>ueed withoutdfuffner"purificationlﬁ DHA, for injection
in animal‘snudies;'was obteined'einnet‘from‘Sohwartz Mann'Or'Stereloids
and was'diesolved in-propylene’glyeold(435;or>§.0 mé/aZml); Previous
>.studiesrutilizing meltiné poinn enelysis,:ontieal fotatiOn‘end chromato-
gxaphy nave,demonstrated:nhegnurity‘ofuthe,commereially‘Supplied DHAQ;
(Knudsen, 1974). .Inleddition, tneee;flndings~have been substentiated b&
' nadioimmunoaSSey.“ The follow1ng radlolabeled (3H) ster01ds were obtalned
from New- England Nuclear for use in stero1d radlolmmunoassay and other -
~_pnqcedures‘requ1r1ng radloactlve tracersa' 2, 4 6. 773H~estrad101f173
§10Q~Ci/mmol),> 2, 4 6 7—3H—estrone (95 Cl/mmol),. 7¥3H-dehydfoepiandroe—.
terone (21‘Ci/mmol), l 2—3H—5a—d1hydrotestosterone (44 C1/mmol), 1,2,6,
743H—test08terone‘(9l C1/mmol), 1'2 3H—A4-androstened10ne (48 Cl/mmol),
2, 4 6 7-3H—progesterone (81 Cl/mmol) and 1,2,- 3H-17 -hydroxy progesterone
(49 Q1/mmol), The-radloectlve‘sterolds Were_b;ough;.to within 99% purity ~
by partition-papef chronatograph§; iSolvent systems'used’in:papef cnroma—
’ tography were 1) llgr01n equillbrated Wlth an equal volume of 95/ ‘aqueous
methanol, 2) ligroin "and benzene (2 l) equlllbrated Wlth an equal volume
of aqueous methanol and 3) bengene equlllbrated w;th an-equal volume,of
A 50% equeous nethenol._ A.Paekafd'Model;7201‘Rediochfomatogram Scanner,was C
used fon locating radioaeniue;peeks nﬁionﬁwere then‘identified-by‘referenoe,

R

to‘simultaneouslydchromatographed~unlebeledlsteroids.'

© CHEMICALS AND REAGENTS FOR STEROID RADIOIMMUNOASSAY AND COLUMN

CHROMATOGRAPHY
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The follow1ng solvents were redlstllled pr1or to use: rsooctane, henzene,
4ethyl acetate methanol d1ethy1 ether and petroleum ether (B P 75 llOOC)
Toluene (A.C s, ) ethylene glycol (chromoquallty) and propylene glycol
(U.s. P ) were used Wlthout further purlflcatlon. Cellte, treated for re-
noval of.acld.soluble,nater1als, was.obta1ned from.either'dohns Manville
'7co.; or'Fisher?SCientific4Co;‘and nas'ignlted ln alnuffle'turnace forhnot o
less than 24 hours.at 1000 F. prlor ‘to ut1llzat1on for column chromatography. :
Sclntlllatlon fluld for liquld sclntlllatlon countlng of trltlated ster01ds,f
'was prepared using Packard Permablend II 5 grams/llter of toluene. Dex—
tran (60 000—90 000 mol. wt ) Was obtalned from Nutrltlonal Blochemleals
'Co., whlle Norlt A (Neutral decolor121ng charcoal) was obta1ned from Amend -
: Drug and Chemical Supply Co. govrneiserum‘alhum;n:(BSA}_(Fractlon.V) was - .

purchased from M;les_LaboratoriesJ;_: J;f

-C-‘ ANTISERA‘V

Antlsera speclflcifor the”radlolnnunoassay of progesterone, 17Lhydroxy—
-progesterone, testosterone, androstenedlone and dehydroeplandrosterone Were
purchased from Dr. G. E. Abraham and have been characterlzed preV1ously
(#braham et al., 1971 a,b; Abraham and’Chakmakjian, 1974). Antisera for
‘the radlolmmunoassay‘of‘estradrolleB and Sq-dlhydrotestosterone_iwere_-pre;~
.-pared and.characterlzed ln;thisglaboratory.:iAlllantiserumywere.1yophilized'
:and stored_athbCpprior touuse,"' - o o

' Estradiol Antiserum (RP#l)-

" The 17 O—carboxy methyl oxime of estrone was f1rst synthesized and then
conJugated covalently to BSA accordlng to technlques descrlbed by Erlanger
'et al. (1958) : The conJugate (2 0 mg/lnjectlon) was suspended 1n al:l

. mixture of Freundfs AdJuvant;andjglass dlstllled'Waterandjadmlnlstered
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subcutaneously'once each'weekrforusix weeks to New ZealandjWhite“rabbits.
~ After the initial.immunization'periodgpanimals.Were injected monthly with

blood.sampleshbeing-drawn.biweehlyg

DHT Antiserum (#A-3) :
.The 3—04carboxyvmethylioxime-of testosterone WaS'preparedfby the
method of Erlanger et al (1957) and’ covalently bound . to BSA~ (by Dr.,T G.

Muldoon) Immun1zat10n and . bleeding schedule for the rabblts Was as

descrlbed for the estradlol antlserum (RP#l)

'D. CELITE COLUMN CHROMAIOGRAPHY%QF;STEROIDS

, Columns were prepared by tightly packing with'a'glasswrod to a height
. of 5 cm with a 2:1 mlxture (welght volume) of cellte and statlonary sol—<'
vent phase 1n dlsposable 5 ml glass p1pettes (K1mble) | The" statlonary
solvents used were e1ther 1:1 ethylene glycol and propylene glycol (column |
_system A) or ethylene glycol (column system B) After packlng, each

column was washed W1th 10 ml 1sooctane to clear a1r bubbles from the column
After Washlng,'the columns were then ready for sample appllcation ‘and .
elutlon.i The mob111ty of several stero1ds alone and in comblnatlon w1th
vothers was evaluated on both column systems

| Brlefly, 3H—ster01ds were added to -serum or. distllled mater in glass
| test tubes-and extracted'twicefwith 5 volumes'of ether.. The-aqueous phase
‘was qulck frozen, the.organlc phase.mas decanted and drled -under . a stream
of n1trogen or under~vacuum.’ The drled ether extract was then dissolved
in 0.5 ml 1sooctane‘and transferred to the cellte column.. Thisrprocedure
was, used for the standardlzatlon of the column systems since thlS same "
method Would,be emp&oyeddwhen_unknown serum samples Were_processed for

assay.
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The column w1th sample applled was: then eluted under n1trogen pres?
sure (2—3 p51) uslng 1sooctane and various ‘mixtures of ethyl acetate and
.1sooctane as’ mobrle solventsf -In prel1n1nary studles, each 0. 5 ml- eluate -
‘vwas collected”into;counting'vrals,,evapgrated and_counted:for radloactlvlty.
'vfollowlng;the~addition:of ld nl counting.solution;‘ Optimalxconditions were
fdetermlned to allow for complete and separate collectlon of abmax1num num-.
ber of ster01ds from each columnAsystem w1th a mlnrmum total elution volume.
The spe01f1c column chromatographlc)technlques Wh1ch ‘were eventually employed

for multlple stero1d radlolmmunoassay w1ll be d1scussed further 4n Results..

. MaTHQDS' FOR.BI‘.OODZ STEROI.D.RADIOlm{UNOASSAY
When unknownbsterOids werezanalyzed;ythe followingﬁprocedures-nere'_

followed; 'To“l>or 2Am1 of“serun'(or“water)LWas'added-0-l'ml volumes (inb
phosphate buffer, 0. l M, pH 7. 0) of 3H—labeled ster01ds in trace amountsf
(400 -800. cpm/ster01d) for computatlon -of methodologlcal loses.f After equll-
_ 1brat10n, ‘the- samples were extracted as descrlbed earl1er and applled to the
'cellte.column. Several fractlons .were then‘collected from the column-lnto
Ale ml vacutalner tubes, evaporated under a. nltrogen stream and reconstltuted i

_1ﬁ varlous volumes of the approprlate buffer. Dupllcate allquots were then
-taken for assay and a thlrd allquot was - transferred to a countlng v1a1 and f
r_ppunted in 10 ml of sclntlllatlon~flu;d”forsdeterm1natlon5of»rnteraintracer
v'recovery.‘" | | R | p
Standard 11nes‘for each stero1d Were constructed over & range of 0—
1000 P8 except estradlol wh1ch covered a range of 0- 200 pg. The assay‘
procedure used for all ster01d assays Was ‘the: same except for estrad1ol—176
and DHT in nhich.standard or‘unknOWn volumes Were,0.4‘mllrather thale.S ml

and the bu@fer:used forlestradiol'assay Wasgphosphate buffer (0.1'M, pH 7.0)
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rather than a 0.1% gelatin phosphate buffer.

Each standard or unknown was incubated in 10 x 75 mm glaSs test tubes
(Corning) with its specific antiserum (0.1 ml) for 1 hour at 4°C after
thorough mixing. Tritium lgbeled standard (0.1 ml, 6,000—10,000 qpm) in
buffer was added and tubes remixed and incubated for an additional hour at
4OC.> Bound and free fractions were separated by.the addition of 0.2 ml of :
‘a dextran goated charcoal suspension (0.625 g-charcoalvandi.0625 g dextran
per'lOO ml,buffer). Tubés(were mixed again and incubated for 10 minutes
~at 4°C and then.centrifuged (2000 rpm) for 10 minutes at 40°C. Tﬁé super-
natant @ntisera-bound steroid) was decanted into counting vials and mixed
well with counting‘solution (10 ml) before.counting.

Standard lines were plotted as log dose standard versus relative per-
centage bound (the zero dqsebset at‘lQOZ). Standard lines were linearized
by a logit transformation and'thé‘unknown mass was then determined using a
_ computer generated 1inea; regression program (Hewlett Packard.Calcu;ator;
Model 9100 B);k In all assays, a Wgtér blank,wés processed exactly as un-
known plasma samples -and blank values obtained from the standard line were
subtracted from the unknowns. Fingl unknown-concentration_Was computed

based upon recovery of an internal tracer.

F. “CYTOSOL ESTRADIOL RECEPTOR ASSAYS OF THE ANTERIOR PITUITA3X AND HYPO-
THALAMUS
Anterior pituitaries and hypothalami -were removed from rats at sacri-
fice (5-7 animals per group) and placed directly into ice cold Tfis EDTA
buffer (T.E.), pH 8.0, 0.01M Tris, 1.5 mM EDTA. Within 30 minutes after
necropsy, these tissues were washed twice with T.E. buffer and homogenized

in 1.5 - Z;ﬁ ml ‘of cold T.E. buffer using all glass homogenizers (Kohtes
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Glass Co.) Which Wereisimilarly kepﬁvcold in an ice bath. Homogenates were
then centrifngcd in a ﬁeckman'LZ—GSB;Ultracentrifuge for 1 hour at 4°¢
(105,000 x g); The supérnatant (cytosol) was phen'decanted and kept at low
temperature. Two aliquots (0.1 and 0.2 ml) in duplicate of the cytosol were
then mix_ed with 0.05 ml 3H—estra.d_.iol' (1 x 10712 moles/1,41 x 10° dpm or 1x
lO-T12 moles/2.09 x 10° dpm per ml of T.E. buffer) plus buffer to equal a
total volume of 1.0 ml.-
_ Nonwspecific binding was quantified by incubacing similar aliquots of
cytosol With‘radioiabeled estradiol—l76 plus a lOO;fold molar excess of un-
‘labeled estradiol. All incubations were performed in 10 x 75?mm plastic
culture tubes (Falcon.Plastics)\f01418—22'hours at 4°C. Cytcsql receptor .
~bound 3H-estradiol was then precipitated by the addition'of 0.5 ml protamine
sulfate solution (4 mg/ml TfE' buffer). Tunes were mixed gently,vincubated
-for 10 minutes at 4°C‘and,then centrifuged at 3,000 rpm for 10 minutes at
400? The supernatant Was-decantcd (unbound fraction) and the bottom of the
assay tnbes (Which~containedlthe receptor - 3H—estradi91—l76 pellet) were
sliced off into counting viéls with a heated knife. Afcer the addition of
10 ml of scintillation fluid, vials were shaken foﬁ 30 minutes and then
counted.in a Beckman LS 230 or Packard Liquid Scintillation Spectrometer.
The efficiencies of these instruments for unquenchcd t;itium samples are
50% and 40% respectinely. Disentigrations per minute (dpms) were caleula-
ted by the external.standards metnod.‘
Specific bonnd dpms.3H—estradiol—178 was determined by substracting
the dpms bound in the presence of 100-fold excess unlabeled estradiol-178
(non specific binding)»from the tétal bound dpms in the samples_incubated

with radioactive estradiol-178 only. This method 6f correction for non
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specific binding~haslbeen'previously vélidated'by_Kerach and Mﬁldoon (1974
a;b). In addition, c&tosbi'aliquqts were eveiuated_to determine protein
concentration by the method of Lowry et al., (1951) and cytosol estradiol-
178 receptor eon;ent'qf the anterior.pituifary and hypothalamus were ex-

pressed as specific bound moles 3H-estradi¢1/mg cytosol protein.

G. STUDIES IN THE IMMATURE FEMALE RAT

Female rats of the Spragﬁe Daney strain were purchased from the
Holtzman Co. and were received no later than 23 daye of age, which allowed
a minimum period of 4 days acelimation prior to exﬁerimental manipulations.
Rats were housed 3-4 pe¥ eage‘and'receiVed'lab chow and drinking water ad
1ibitum} The lighting schedule was 14.hr light and 10‘hrldarkness/24 hr;
12:00 noon being the mid point of the light period. In all experiments to
‘be described, injections were subcutaneous..

_Animais were saerificed by decapitatien or by ether inhalatioﬁ; there
were no differences noted in the various experimental parameters eéamined
which could be attributed to the mode of sacrifice.

At -each sacrifice, the following procedures were used: after weighing
each animal, blood was collected from the‘trunk after decapitation or ﬁas
collected via cardiac puncture'undeflether anesthesiavas’e terminal pro-
cedure. Blood samples were allowed to stand at. room temperature for a
minimum of 4’hours to allow full clot retraction and serum WasAobtaineﬁ
following centrifugation for 15 minufes at 2,000 rpm. Sefumvwas then
frozen and stored at -15°C until used for steroid or gonadotrepin assays.
Hypothalami and/or anterior pituitaries were removed'and processed as
described earlier~for.estradiol¥176 receptof’analysis.' Ovaries and uteri

were dissected, .cleaned of adventitious tissue and weighed to the nearest
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0. 5‘mg, when present, uterlne fluld was dralned prmor to welghlng uterl.
Organ welghts are expressed as mg/lOOg body weight. Ovarles weretlnspected
igrossly to document the presence of’ large folllcles, cysts and/or cogpora:
lutea. Ov1ducts Were pressed between two - glass slldes and examlned micro-’
'scopically toydetermine the~presence Q@*absence-qf‘oya, which were:counted;
- Vaginal.smears of all‘aniﬁals'wdth patentsvaglnaeSWere takenjat’sacrlflce;
in addition,anost animals'wereASmeared‘déllydafter-yaginalyopening;for the'v
duratiqn‘of_each experimeuttf; - | o . |
?he7foli¢wing.expériaénts were'performed in thercourse;of_these studies_"'
in the_imnature female rat‘ﬁi.,. |
| Experiment. 1 | Female rats were treated with 8 IU PMSG (Equlnex,r .
nAyerst)/O 5 ml- sallne at lO AM at 30 days of age. Groups of srx:rats were'
lsacrlflced at 11 - 12 noon on- days 27 39 of age; _additional;sacriflce times -
: were at 6 PM on days 30 and 32 of age.- Only anterror pitultaries were-re—;
‘moved for use in cytosol estradiol receptor assays.( |
d Experlment 2. | Female rats were treated w1th DHA . (60 mg/kg body . weight/.
_.day) in propylene glycol at 8 30 - 9 00 AM on: days 27~ 29 of llfe, PMSG was
_1n3ected as in Experlment l Additlonal groups of control anlmals were
‘ treated w1th veh1cle,only onwdays*27-30 Anlmals were sacriflced dally as
in the prev1ous experlment (Exp. #l) |
Experlment 3.: A large group of 1mmature female rats were treated Wlth
* DHA and PMSG as in Experlment 2., On day 31 the rats were divided into ;
»two groups, one group recelved addltlonal DHA therapy (60 mg/kg body welght/
“day) for lO days, the other received no further treatment.: Anlmals were.
sacrlflced dally as 1n Experlment #l with” an addltlonal sacrlflce scheduled

for 6 PM on day 29.. Anterlor p1tu1tar1es were ut1llzed for the evaluatlon
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of .cytosol receptor content in these grbups.

| Experiment 4. Immature female‘rats were sacrificed daily, with no
treatment, as in Experiment #i. Anterior pituitaries and'hybothalami were
removed fOr cytosol receptor assays.

Experiment 5. Female rats were treated with PMSG as in Experiment #1.
Animals were sacrificed at 11 AM on day 29 and 2 - 3 PM on day 32 and 33.
An additional group of saline treated controls were sacrificed on the after-
nobn of day 32. Anterior‘pituitariés and hypothalami were utilized in cy-
tosol receptor analyses}

Experiment 6. Female rats were treated chronically (age 27-46) with
DHA as in Experiment 2. A group of control rats were also treated with
vehicle only. On the AM (11 - 12 noon) of days 27 and 34, groups of DHA
and véhicle-treated rats were administered LH-RH (10 ng/100 g body weight)
or vehicle (0.05 M acetic acid, 0.9% saline, 1.0% BSA) and were sacrificed
30 minutes later. 1In addition, DHA-treated rats were administered LH-RH
or vehicle at 46 days of age and sacrificed as above. Additional sacrifice
times for the DHA-treated rats were at 11 — 12 noon at 32, 48, 50, 54, 58,
61, 66 and 68 days of age after DHA had been discontinued. “Anterior pitui-
taries and hypothalami were removed for use in cytogol receptor assays from
all groups. |

Experiment 7. Eemale rats were castrated at 8 - 9 AM on day 30. In-
tact and castrate rats were then treated with PMSG or saline (il AM) and
sacrificed at 6 PM on day 30; intact females were also sacrificed at 11 AM
and 6 PM on days 31-32 and.11 AM on day 33.. Anterior pituitaries and hypo-

thalami were utilized for receptor analyses.
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A

H.- STUDIES IN THE HUMAN FEMALE

Perlpheral blood samples Were obtalned from 10 normal female volunteers
. (age 18-28 years) durlng the’ varlous stages of the menstrual cycle. These
samples were.analyzed by-thejmultlple,ster01dvradlormmunoassay teehnlques
Which»werefdeyeloped-inVthisilaboratory.. Data obtalned from such analyses
served. as an addltlonal valldat1on of the assay method." Other blood samples
"were obtalned from h1rsute, anovulatory adult females who dlsplayed symptoms
consistent wlthuthe diagnosis.of’BolycystiC»Ovarian Disease. In:addition,-
.blood samples were also obtalned from other patlents hav1nglmascu11nlzlng
tumors of the ovary | These studles constltuted the flrst time a full spec—»
trum of" ster01d hormones had been quantlfled in the normal or: hlrsute fe-
malerfrom srngle serum,samplesﬁ Data<obtarned-1n.theseahuman.studles also

servéd as a.basis for comparisonAto'findingsuin~the androgen—-treated, rat.

I. RADIOIMMUNOASSAY OF SERUM FSH AND LH '

Serum FSH and LH were quantifled by double ant1body radlolmmunoassay
technlques.' Materlals for these assays were provided through the Natlonal"
Institute offArthrltls and'MEtab011CJD1seases‘(NIAMD)~of the National In—f
stitutes-ovaealth.. The spec1f1c assay technlques utlllzed have been des—
cr1bed prev1ously by Eldrldge et al (1974 b) - The- sen81tiV1ty of these |
methods is. 10 ng/ml When 0.2 ml unknown allquots are analyzed. By a-logit
transformatlon of the LH or: FSH standard llne, it 1s poss1b1e to quantlfy
gonadotropln concentratlons whlch are.less then 10 ng/ml serum.. Interassay i
'quallty eontrol Was ma1nta1ned.by;;ncluding»standardizedfserum sampleS'from

a large serum pool in each assay.

J. . STATISTICAL ANALYSES .-
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All group data in .this dissertation are expressed as the mean *+ standard
error of the mean (S.E.) unless otherwise indicated. Differences in the-
various parametérs quantified between groups were analyzed using an unpaired
t test (Steel and'Torrié, 1960). The p < 0.05 level was chosen as signi--

ficant in these studies.



o . RESULTS

- A CELITE COLUMN CHROMATOGRAPHY OF STEROIDS

The - chromatographlc moblllty of ‘the follow1ng ster01ds was established
on cellte partltlon columns'- progesterone, androstenedlone, testosterone,l
l7—hydroxyprogesterone, dehydroeplandrosterone, Sa—dlhydrotestosterone,-3
estrone and’ estrad101—l7s' It was found that progesterone; androstenedione,
5u—d1hydrotestosterone ‘and 17—hydroxyprogesterone could be. separated and
isolated 1nd1v1dually follow1ng chromatography on column system A (statlon—‘
ary phase - ethylene glycol: propylene glycol 1 l) lhlsAwas-accompllshedv
by eluting this coluMn with 7“ml;of*isooctanef(columnAfractions‘z—lS; each
-‘fraction representing'O;Svnl eluted from the'column; colunn’fraction IVWas
AconSidered to be the void volumn§y,4;0~mlkoff5% ethyl,acetate/isgoCtane
(fractionshl6—23)-ano.4,0:mlbof-lS%;ethyl-acetate/lsooceane'(fractions;24—-
32).. ' o | "

lSinilarly, the]quantitative7lsolation and separation.of.dehydroepian-‘
~droSterone-and‘estradiolhl7s could'be achleVed'from>a fractionawhlch COnil
taing both testosterone and estrone by chromatographlng on column system B
'.(stat1onary phase - ethylene glycol) 'Thls-column Wasgeluted,wlth 3.5 ol
of-1sooctane (fractrons 2—8),‘8 0»ml:of~57 ethyl acetate/isooctane‘(frac;
’tlons 9- 24) and- 4., 0 ml of 30%. ethyl acetate/lsooctane (fractlons 25 33)

An example of the pattern of elutlon for the above mentloned ster01ds on
column systems A,and B.is shoWn in Flgure 1.

Thls two eolumn techn1que was adopted as a prellmlnary purificat1on
of blood: ster01ds for subsequent analy51s by radlolmmunoassay.- Due to. the '
low concentratlons offsome.ster01ds 1n.blood,“thls-method:was appllcableh'
only when sanple yolume>was.not-a*limitingffactor.(e;g.'greater than 2,0 ml);
Mbdlficationsyof thls method nereinecessary; houever3 for appllcation'tol
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Figure 1. Separation and Recovery of Slmultaneously>Chromatographed
dH—Ster01ds Using Column Systems A and B-

Abbreviations:

P - progesterone

A - androstenedione

50 + - b5o0-dihydrotestosterone
17a0HP - 17-hydroxyprogesterone
D - dehydroepiandrostérpne
T - testosterone

Eo - estradiol-178

Each fraction is equal to 0.5 ml eluted from the columns.
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the quantification of.steroid‘concentratonS'in small~serum.volumes sueh as
would be obtained from experlmental anlmals lihe the 1mmature rat.

Since non—polar ster01ds such as proéesterone and androstenedlone
.could not be ea51ly separated from DHA (or Sa-dlhydrotestosterone) on column
system'B, colum system A was‘chosen for:further studies. It was found
that estradiol—l78Vcould‘heweluted from:thisﬂeolumn hy‘the‘addition of a N
.final wash of 4.5_m1-of 35% ethyl:aeetatezisooctane. DHA.oouldnhe”eluted
in close proﬁimity to Su—dihydrotestosterone; yetmapart fromAandrOStenediOne
and progesterone, in the 5/ ethyl. acetate/isooctane wash. 'In*addition,;,‘
testosterone was - found to. migrate 1n a fashion 81m11ar to 17-hydroxyproges—
,terone being totally eluted in 157% ethyl acetate/lsooctane. -The-chroma-f
' ‘tographic separation of these seven.ster01ds, using thlS modified column
system A,Aare shown 1n:Eigure>2. Estrone, not deplcted was also eluted in
the 15% ethyl-acetate in isoOCtane’solvent wash. = -

| ’Thevlocation_of radioactiye steroid peaks-following:celite partition

dchromatography has been found to he5Quite consistant oVer‘the-course-of
these studies and d1d not- vary significantly among three commerc1ally avail-
able brands of cellte (Johns Manville Hi Flow (AW, ) Johns Manv1lle L—665-
A .and Flsher»Sc1ent1f1c) ' The additlon of as much - as 100 ng of each of
these ster01ds (unlabelled) plus radlolabeled ster01ds to a serum samnle

_ prior terther-egtraction and chromatography did not alter the elution-ofA‘
any steroid on. column sYStems A or B -or the;modified~s§stem>a; This would :
indioate that an overloadingfof the;celite'oolumniwould be improhahleeduring
" the analySis of serum Samples.With‘high steroid content.:‘These initial'
studies demonstrated’therresolviné pomerVofdthe celite columns.and‘suggested.

‘that radioimmunoassay of ‘several steroids from a single blood sample would



Figure 2. Separation and Recovery of 3H-Steroids Chromatographed on the
Modified Column A System '

Abbreviations:

Prog. =~ progesterone

AtA - androstenedione

DHT - Sadihydrotestosterone

DHA - dehydroepiandrosterone
1700HP -~ 17-hydroxyprogesterone
TESTO -~ testosterone

E2 - estradiol-178

Each fraction is equivalent to 0.5 ml eluted from the column.
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be feasible.

Procedures for the collection of steroids prior to radioimmunoassay
using both the two column system (A + B) and the one column modified sys-—
tem A were developed and are described in Tables I and II. Although the
buffer volumes mentioned in both Table I and II were applied originally to
the analysis of‘human blood steroidé, they have proven equélly useful for
the quantification 6fisteroid horﬁoﬁes in the fema;e rat as well. The only
modifications of these procedures employed &ﬁring studies in the fgmale
rat have been to dilute further fhose fractions containing androgens (DHA,
Sa—dihydrotestﬁsterone, androstenedione and testosterone) and estradiol-
178 when exogenous steroid (DHA) was administered,.as mentioned in the
various experimental protocols.

The radioimmunoassay of two compounds from‘a single column fraction,
as proposed in Tablé IT (modified coluﬁn‘system A) for DHA and 50-dihydro-
testosterone or for testosterone and 17—hydroxyprogester9ne, was possible
under the éonditions used because neither compound in either of these two
ffacﬁons (17-24, 26-31) interfered in the assay of the other. If binding
protéins or less specific antisera were used, this procedure wouid,pot be
advisable nor proper. Under assa§ conditioﬁs, it was found that either
radiolabeled Sd-dihydrotestosterone or DHA could be utilized as an internal
recovery tracer for both compounds when added to a serum sample since Both
steroids were readily soluble in ether (the¥extraction solvent) and in iso-
octane (the s§dlvent for sample application to the colummn), aﬁd both compounds
were completely eluted from the column within the assay fraction collected
(17-24, Table II). The same relationship was found to exist between testos-—

terone and 1l7-hydroxyprogesterone with respect to solvent solubility



. Table I. Elution Pfooeduresrwith Celite Column §ystemS'§;and’g_foran;tiple Radioimmnnoassgy

~ N

Sl

Cdn isooctanef

B 26-31 (2t5 ml)

‘estradiol—i7B'

' MOBILE . VOLUME - FRACTIONS! AND STEROID - BUFFER VOLUME2
SOLVENT - ADDED ' VOLUME COLLECTED ISOLATED j ADDED: TO DRIED
' ’ . . - S T "ELUATE .
'SYSTEM A
- isooctane '_7.0=m1s, 3-6 (2.0ml): - progestérone 2. 0 ml3
8-11 (2.0 ml) A. androstenediOne‘ C 2 0 ml
5% ethyl aeetate' 4.0 ml 16-21 (3.0 ml) Safdihydrotestosterone VZ;Ofml
in isooctane . e : ‘ '
157 ethyl acetate . 4.0 ml 26-30 (2.5 ml) 17-hydroxyprogesterone 2.0 ml
_in isooctane - ' S ' R, B Lo S
‘ ' - SYSTEM. B
‘-isoOCtane. 3.5 ml discard - -
5% ethyl acetate g ':.8,0.ml - 8-12 (2;5 n1)  -’dehydroepiandrosteronei_‘ Z.O'mlp
"1n 1sooctane S I :. ' R
18-23 (3.0 ml) testosterone . . ',2;0,mlgivJ-
30% ethyl acetater 4.0 ml | 1.7 ml -

lColumn Fractlons 1 2,7,12-15,22-25 Were

‘discarded with System B, .
2Buffer volumes added to' column- eluates’ apply to plasma or serum samples obtained from men . and women. .
Progesterone fractlon is dlssolved in 5.0 ml buffer when sample is robtained during the luteal phase of the .

menstrual cycle.

dlscarded w1th System A Whlle colum fractlons 1—7 [13-17, 24 25 were

Testosterone fractlon is dlssolved in 5 0 ml buffer When sample is obtalned from a man. -

Ty



Table II. Elution Procedures Used with Modified Column System A for Multiple Radioimmunoassay

14

MOBILE VOLUME FRACTIONS! AND STEROID ISOLATED BUFFER VOLUMEZ
SOLVENT ADDED VOLUME COLLECTED ADDED TO DRIED-
ELUATE
MALE FEMALE
isooctane 7.0 ml 3-6 (2.0 ml) progeéterone 2.0 ml 2.0 m12
8-11 (2.0 ml) " androstenedione 2.0 ml © 2.0 ml
5% ethyl acetate 5a-dihydrotestosterone
4.0 ml 17-24 (4.0 ml) o 2.5 ml3 2.5 ml3
in isooctane dehydroepiandrosterone
15% ethyl acetate : 17-hydroxyprogesterone . T
' 4.0 ml 26-31 (3.0 ml) ' ' | 4.0 ml* 3.0 m1*
in isooctane testosterone
35% ethyl acetate 4.5 ml 35-39 (2.5 ml) estradiol-178 1.7 ml 1.7 ml

" in isooctane

'lThe following column fractions were discarded with the modified column system A: 1,2,7,12-16,25,32-34.
2Progesterone fraction is dissolved in 5.0 ml buffer when plasma or serum sample is dbtalned durlng the

luteal phase of the menstrual cycle.

3Two 0.4 ml aliquots are removed for So-dihydrotestosterone assay; one 0. 5 ml aliquot is counted to determine
recovery of internal tracer; 2.0 ml buffer is added to the remainder of the fraction and after m1x1ng, two

0.5 ml aliquots are removed for assay of dehydroepiandrosterone.
%0.5 ml aliquots are removed in duplicate for the assay of both compounds and an additional 0.5 ml aliquot
is taken and counted to determine recovery of internal tracer.

Y
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and - column chromatography behav1or.'

| In practlce, when the two column technlque was to- be used for. chroma—
tographlc separatlon and 1solat1on of the varlous stero1ds for assay, tracer
amounts (400-800 cpm) of tritiated DHA, ‘testosterOne and estradiol—l7slwere '
added to one allquot of a- 31ngle serum (or plasma)- sample whlle tr1t1um |
labeled progesterone, androstened1one, 5u—d1hydrotestosterone and l7—hydroxy—
_ progesterone tracers were slmllarly added to a. second allquot of the same
sample. ‘Both‘aliquots Wereﬂthen extracted and»chromatographed separately
on the two columns. .Howevér;'nhentthe'singié.modified colunn?system A vas:
“to be used ‘tracer quantltles of radiolabeled Sa—dlhydrotestosterone and
l7—hydroxyprogesterone were added for calculatlon of recovery of DHA/Sa—J
K lehydrotestosterone and testosterone/l7—hydroxyproéesterone respectively'c

- 1n add1t10n to addlng tracer quant1t1es of radlolahied progesterone,_an—
drostened1one and estrad101—17B to the same sample pr1or to ether extrac—-‘

,t10n~and'column chromatography.ﬁ

'B. COLUMN RECOVERY OF RADIOLABELED STEROIDS

| The{different fractlons”chosen'fortthe collection:offsteroid‘hormones
prior to'assay have~been mentionedndn‘Tahles'I and:lltu Several'experlnents
were carrled out in whrch one’ radlolabeled ster01d at a- tlme Was app11ed to
the column which was thenleluted Wlth the varlous mob1le solvents (1sooctane
and mlxtures of ethyl acetate 1n.1sooctane) Fract1ons Were collected (1n_:
total) 1nto countlng V1als and the recovery of each 3H-ster01d was quantle
'fled for.each of the assay fract1ons.: Those‘O 5 mlffractlons normally dley
cardedlnere also collected separately and counted .as well.

Us1ng the column system A 93 4 2/ (S D ) of progesterone was recovered

vin.the appropr;ate‘fractlon;.thls“fraction'was contaminatedeith only ZA-or'
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less of the total androstenedione present. The androstenedione fraction -
_had a 85.5 * 9.2% recovery with no progesterone contamination. Recoveries
of 5o~dihydrotestosterone and l7—hydroxyﬁkogesterone were 87.2 + 5.7% and
88.0 + 6.4% respectiﬁely in the appropriate fractions. When estradiol was -
collected, 68.5 + 11.1% was recovered. Using column system B, 87.5 + 7.8%
of DHA was recovered in thé proper fractions. The fractional.recovery of
testosterone was 78.5 + 3.5% while that for estradiol was 87.0 + 2.8%.
There was no contamination of any fraction with steroids to be recovered
elsewhere, and the recovery of radioactive steroids in those designated
to be discarded was quite minimal (<<1%).

These studies indicated that in addition to.the consistancy of the pat-
tern of steroid elution observed, the recovery of the various steroids in
the fractions designated fo-be collected prior to assay was high and was
quite reproducible. Following the‘addition of several tracers (for calcu-
lation of methodological losses during eXtractipn‘and chromatography) to a
serum sample, the separate collection of the proposed column fractions
would allow for a correct determination of the recovery of each steroid in
question, without contamination with radioactivity arising from any other
steroid tracer. If this were not the case, there could be no valid correc-
tion applied for the loss of steroid from an unknown sample during the pro-—
cedure of serum extraction and chromatography prior to assay. As a contin-
uous quality control, the chromatographié mobilify and fractional recowvery
of each radiolabeled steroid were regularly checked at 6-8 month intervals,
during the completion of these studies. No significant alteration in ;ither

of these two parameters were detected during the course of these evaluations.
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C. ESTRADIOL ANTISERUM

Serum samples obtained from rabbits injected with the estrone-17-BSA
conjugate were checked for the presence of antibodies to estrogens. Serum
samples were diluted serially with phosphate buffer and aliquots Wer; in-
cubated with 10,000 cpm 3H—est;radiol for 1 hour at 4°C. Separation of
antibody bound and free 3H-steroid was accomplished following the addition
vof 0.2 ml dextran coated charédal solution, dincubation for 10 minutes at
4°C and centrifugation of assay tubes at 2,000 rpm at 4°C for 10 min. The
supernatant was decanted into counting vials and counted. Percent bound
was calculated'as equaling (cpm bound/total added 3H—estradiol—176) x 100.
Titer was defined as that dilution of serum which bound 50% of the added
radiolabded estradiol (10,000 cpm). Within three months, the titer of
antiserum from one rabbit (RP#1) had risen and then piateauéd at 1:50,000.
The highest titer serum samples obtained from this rabbit were pooled.
Further.characterization‘of the antiserum4was performed on the serum pool.

Standard lines were constructed for this antiserum (RP#1) as described.
in Méterials and Methods. Examples of standard lines for estradiol-178 are
shown in Figure 3. It should be noted that the standard line has a steeper
slope énd was therefore more sensitive at the higher antiserum dilution
(1:50,000). Specificity of the antiserum was then evaluated by comparing
the ability of various sterdids to compete with 3H-estradiol-178 for bind-
ing sites on the antibodies as opposed to uﬁlabeled estradiol-178. Percent
cross reaction (C.R.) was assumed to be 100%.for estradiol-178, that of
other compounds tested was calculated as follows: % C.,R. = (mass of estra-
diol~17p“which causes a 50% or other standard % reddction in antibody bound

SH-estradiol-178) + (mass of teststeroid Which, when incubated with the -



»Eigure?3:f

'Standard Llnes for Estradiol—l76 U31ng,Antlserum RP#l

" .Standard" 11nes for estrad101—176 Were Tun- w1th the antlserum‘

(RP#1) by 'incubating 0.1 ml antiserum solution (in phosphate .

nll-buffer) over a range of 0-200pg. At a ‘final antiserum dilu-

tion of 1:50,000, the semsitivity of the standard llne was -

'found to be" 2 pg for estrad101—176.e

46.



STANDARD LINES FOR ESTRADIOL USING ANTISERUM RP-1|

100

(e—e) Antiserum Dilution =1135,000
(0—o) Antiserum Dilution=1:50,000

804
o~
w
!
o
z

S 6 0
[a)
4
=)
2

2 404
w
>
<

o 204
i3

o v T g
10 20 50 100 200

Pg ESTRADIOL - 178




48“
: antiserum; causes a 31m11ar reductlon in bound 3H—estradiol;-l78) X 100;‘I
:As.shown in Table III the antiserum Wasuspec1f1c for estradiol 173 and .
estrone (90/ C. R.) Which are eas1ly separated on the - cellte partltlon
‘columns.- The antiserum had minlmal affinity ‘for synthetic estrogens or

non-estrogenicrster01ds. ol

ANTISERUM FOR SQ—DIHYDROTESTOSTERONE RADIOIMMUNOASSAY

When the modifled column system A is to be used DHA andADHT are 1so—
 lated together in one fractlon prlor to assayv(Table II) Only this assay
.fraction contalns two androgens Wthh are present in human blood samples 1ni_
"vastly different quantitles, (DHA > 5 X DHT concentratlons) concentratlonstn
of these compounds in the”serum of'female rats areiundocumented.? Slight
’cross'reaction of auhHT antiserum WithubHA Would'result~in erroneousvmea-
:surement of DHT in - human and'pos91b1y other serum samples, espec1ally that .
of’ the DHArtreated rat. |
An antiserum (S 741,.prepared‘1n sheep against testosterone-3—ox1me—
human serum albumln) was purchased whlch was reportedxto be useful for ‘the
assay. of testosterone and- DHT (Coyotupa et al., 1972) Similarly, another
antlserumkhad been developed in our-laboratory for application to the-radiof-
immunoassay of theSe7two~steroids. Spec1f1c1ty of this antlserum (#ArB,
fprepared agalnst testosterone—3-oxime-BSA) was evaluated in a manner. 31m1;>
lar to stud1es on' the estrogen antiserum (RP-l) ' The results of cross_
}reactlyity~determinat10ns areushown,in_Iable IV, Antiserumz#Ar3 cross
-:reacted primarily-with testosterone;and=hﬁl’but;reacted’minimally yith '
other androgens andlnonéandrogenicisteroids; : |
. With:the.ayailabilitywof1two-antiserakfor potential uSe in the radio-

immunoassay:of55a—dihydrotestosterone5jthe~§ui¢ability for such-utilization



‘Table III. Specificity.of Estradiol Antiserum (RP#1):

STEROID TESTED -~ . IR % _CROSS REACTIVITY
. Estradiol-178 . . T e 100 00
' Estrone o ' S 90.00
1,3 5(10)—estratr1ene—3 166 17B trlol L "20. 00. -
l6a-hydroxy-estrone - : - 31,90 -
11B-hydroxy-=estrone - - . o . 20,00 .
- Estradiol-17a ‘ R o o 14.3
Estriol o : - 9.0
‘170~ethinyl-estradiol 2.8
mestranol .. 0.04
'5a—androstane—3u 178 dlol S 1.41
'5u—androstane—36 178-diol - 0,720
3a-hydroxy—56-androstane—l7-one 0.50
Androsterone 0.30 -
1lB—hydroxy—androsterone A 0,13
- ll-oxo-androsterone = . 0.49 - -
" 4-androstene-3,11, 17—tr10ne‘ ) : 0.004
_llB—hydroxy-androstenedlone-”’”: - 0.35°
Testosterone o - 0.04 .
Dehydroepiandrosterone. 0.10"
Progesterone ' _ - -0.001
17—hydroxy—progesterone 0.001
Cortlcosterone -0.001

‘Trivial nomenclature used l7a—eth1nyl—l 3; 5(10)-estratriene—3 178- dlol
(170-ethinyl estradiol) 3 methoxy—l7a—eth1nyl—l 3 5(10)-estratr1ene—3
178-diol (mestranol)



Table IV. Specificity of Antiserum #A-3

STEROID TESTED

5a—d1hydrotestosterone

~ Testosterone

5&—androstane—3a 178-diol
50-androstane-38, 176 dlol
Androsterone . .
Dehydroeplandrosterone~
Androstenedlone' o
417—hydroxyprogesterone

. Estrone

116—hydroxy—androsterone
-ll-oxo-androsterone
'l18—hydroxy—androstenedlone
4-androstene-3,11,17~trione"
Sa—hydroxy—SB—androstane 17—one
16a-hydroxy-estrone -
llB—hydroxy—estrone .

% CROSS REACTIVITY

©100.,00 -
120000
'11.08
- 5.47
1.59
. 0.20
~1.50
0.60
"0.80
~ 0,01
©0.72
0.95
0.62
0.25
'0.001
0.001
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.was. 1nvestlgated by a serles of parallel experrments. -

Standard 11nes, us1ng 3H—DHT as radlollgand were'establlshed for DHT,
DHA -and . androstenedlone w1th both antlsera, #Ar3 and S 741, Assays Were
performed as follows. 0. 4 -or 0 5 ml of standards were 1ncubated w1th 0 1 ml -
antlserum solutlon (#Ar3 or- S- 741" respectlvely) for l hr at. 4°C.--Then‘0 1
ml of 3H—DHT was added and tubes Were 1ncubated for an add1t10na1 hour ‘at |
. 4°C. Dextran coated‘charCOal suspen51on"(0 2 ml)'was<then added' tubes
mixed -and 1ncubated for 10 min at 4°C, after whlch they were centrlfuged
at.2“000'rpm for 10-m1n at 4°C. The supernatants were then decanted and
-counted after addltlon of 10 ml of countlng solutlon (0 5/ Permablend II -
. in toluene).- The results of thls comparlson are . shown 1n Flgure 4 , It—1s
'apparent that _DHA and androstenedlone are potentlally 1nterfer1ng substances'..
'when DHT 1s assayed wlth antlserum S- 741 whereas there is. mlnlmal crossv
_reactlon w1th these ster01ds when antlserum #Ar3 is used Slnce androsteneel
vrdlone 1s well separated from the DHA/DHT fractlon in the‘chromatographlc
system used, only the 1nterference of DHA was studled in: deta11 for these
-antlsera. |

To 1nvest1éateﬂfurthervthe potentral for.DHA 1nterference Jin thlS assay.
: procedure, a 10: ml human perlpheral plasma pool was extracted- and chroma-'
ftographed uslng cel1te column system A.w1th the - follow1ng exceptlon several;
0.5 ml column fractlons (17 24) whlch would ordrnarlly be pooled were col—
lected 1ndrv1dually 1nto:l0 x;75 mm,glass culture tubeS’(Cornrng)f: The
fractions-werevthen eyaporated and:reconstituted:in‘aSSay buffer.l"Aliquots?i o
of each column fraction'were.then-analyzed'tomdetermine-the recoveryiofl'l
3H-DHT, DHA and DHT.: DHT was assayed u51ng both antlsera, #Ar3 and - S—741

while .DHA was assayed us1ng an antlserum spec1flc for DHA (S—1502) - The



~ Figure 4..

Standard Llnes Constructed for DHT, DHA and Androstenedlone
Ut111z1ng Antisera #A—3 and S—741 ' -

' Incubatlon procedures (tlme, temperature, standard volumes and A
i‘;antlserum volumes) were as.described in- -the text: Each antl—-

serum. was. reacted with various standard amounts of DHT, DHA or.

,androstenedlone (A”A) then reacted with H—DHT.. For ease ‘of .
h_graphlcal representatlon, standard’ llnes are expressed as log

dose .vs..relative percent’ "bound CPM - SH~DHT. - - Following appllca—:

. tiom ‘of a ‘logit. transformation, ‘these standazd lines are. 11nearz'5:
w 1th coeff1c1ents of varlatlon (r) greater than 0. 990 ‘
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Figure 5.

Fractional Recovery of DHT SH-DHT and DHA from a 10 ml

: Human Plasma Pool '_ _ : : o T

The sample was extracted with two wolumes of ether and chroma- -

tographed using the modified column.A system;.fractions 16-25

(0.5 ml each) were eluted and collected. separately° Each frac-
tion was evaporated, reconstituted in buffer and evaluated for
3H-DHT content, DHA conteént by radioimmunoassay, and DHT con-
tent ‘using both antisera, S-741 and #A-3, for radlolmmunoassay.
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: results ofgthisustudygareyshown‘ina%igurej5;; |
‘cWhen the peripheral;pool‘was'analyzé&;;the elutionjorlpﬂl;las measured -

: :withjantiserum'#Asj paralleled thetrecovery;of-the»radioactive tracer, SH-
a DHT.. However the elution of DHT*as measured by antiserum S 741 paralleled the :
elutlon of both 3H—DI-IT and DHA (Figure 5) Fraction~#21‘ wh1ch contained =
ionly l/ of the 3H—DHT appeared to contaln more DHT than fractlon #20 (whlch
ﬁjcontalned lZA of the recovered 3H-DI-IT) When assayed using - S—741. The~ap—.:

,parent recovery of . 1mmunoreact1ve DHT in- fraction 21 was due to . the 1nter-’~o"‘

‘:A‘ference w1th thlS antiserum by 8 ng of DHA.which was found to be present in -

A“this fraction. Column #22 which contained no 3H-DHT but: contained 30 ng
%hof DHA appeared to contaln over 0 3 ng of DHA.when assayed uSing antiserum
: S—74l. There was no measurable DHT in this fractlon (#22) when antiserum’»
,#Ar3 Was employed. It seems thatwas“little-as 8 ng of DHA-can 1nterfere‘
-s1gn1f1cantly w1th.the measurementiot DHT’when antiserum S 741 1s“used |
ﬂwhile’therevis'nogdeteetable;interﬁerenceuwithiantiserum;#Af3 by*as~muoh;_'”
M‘\;as»30»ng otuDHA.‘ “ | |
| yi As -a final evluation of these antlsera;rseveral‘serum samples>w1th
varying DHA concentration were extracted*and chromatographed u31ng celite o
column system A as descrlbed earlier. Column fractions 17 24 were pooled 8
;as usual whereby DHT and DHA were isolated together for assay. Thefconfp.yw
‘ fpentrations»of DHI»were higher;when»assayed»withvSf741fthanilevelsiohtainéd;n
"‘fon;theﬂsame samples~aSSayed;with;#Aﬁ3{}_The?hHTvconcentrations.found using;:frle'
S—Z4l‘could;he}corrected_for.DﬁA interterence." A_comparison_of'values ob—
.tainediusingnbothyantisera and'theicorrectedivalues.usin§35474l£are‘shown -
in Table V. Includedvin'thisvtahle:areithe-DHA conCentrations”of each

‘sample. Several separate evaluationsiwere made to detérmine the cross re-



act1v1ty of DHA (1—15 ng) Wlth S 741. A mean . value for cross reactmvrty |
iof l ZA was- obtalned from these studles and applled to correct the DHT
concentratlons of plasma samples descrlbed above.. The formula used was:

as-folloWsﬂ' corrected DHT (S 741) DHT (S—74l) - (0 12 x DHA concentra—b-

‘:‘tlon)

When applled to perlpheral samples (#1—5 Table V) Wlth DHA concentra—

:tlons less than 15 ng/ml thlS correct1on resulted in: 31m11ar DHT concentra—f e

g 'tlons as measured by #Ar3 and S-741. Addltlonally, when applled to adrenal s

ve1n samples (#l 2) th1s correctlon also proved useful. That'thls‘correc—'jé“ff .

tlon Worked W1th plasma samples W1th extremely hlgh DHA concentratlons may

have been c01nc1dental. Nevertheless, 1t Was concluded from these compar—”i:ﬂf17

isons. that antlserum S 741 ‘was. unsultable for the radlolmmunoassay of Su—v'
' dlhydrotestosterone Whlle #Ar3 Would be useful for the quantlflcatlon of

th1s ster01d When 1solated 1n the. presence of DHA. .

L,‘E. STUDIES ON THE RELIABILITY OF MULTIPLE STEROID RADIOIMMUNOASSAY

, ECHNIQUES

As an 1ndex of prec151on of these multlple ster01d radlolmmunoassay

‘ systems,‘pooled plasma samples Were assayed follow1ng extract1on and . chromr'
atography u31ng the s1ngle mod1f1ed cellte column system A or the two“ :
'column method (A + B) . An example ofhsuch‘an evaluatlon, 1n Whlch thec E
;slngle column chromatographic.step Was used, 1smshown in: Table VI.: Intra;
"assay variablllty, as represented by the coeff1c1ents of varlatlon (mean/ ;:
'S, D ) X 100) Was found to be low for each ster01d assayed The prec1s1on
_of the mod1f1ed column system A‘Was smmilar to that observed Whenvtwo
'column chromatographlcrsteps (A + B) were- used ThlS Would 1nd1cate that ‘

there was no loss 1n precision by us1ng the more rapld column method for'
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Table V.  Comparison of Human Plasma DHT Concentrations Using #A-3

and S—74 - '
PERIPHERAL (ng/ml)
PLASMA - . :
SAMPLE ~ DHT DHT DHT -
S-741 Corrected S-741 #A-3 DHA
1 200, .085 o .099 10.4
2 | .222 . .166 .170 4.7
3 .108 042 S L046 5.5
4 | .299 ‘ .222. ‘234 5.4
Méan * (S.E.,) 203 .13 121
(.031) -~ (.035) (.035)
ADRENAL VEIN
"= SAMPLE ="
1 .439 .070 | .079 30.8

2 .560 S .162 . .10 - 33.2




~Table VI.  Studiés(2&'Precisionlg§~8terdidrteveis;géfDefefminéd.hzﬁﬁSihg:Mb&ified:ColuﬁnfS&éteﬁlA.';J'U

- s

o 7~Estfé@ibl~,'Ptoges;{ :x5

aeDHT.? DHA,A‘?Teétosterbﬁél*"ifbhydrqxj:;V?,{LApdroéféngdidhé%
o terone - e ‘ SR S R

_progesterone .-

S Meéhncbn¢9nfra;‘ili' vq036t1»»F _g253g_‘ .647-‘£ 8;039-'.'"f6.7f05 ‘.1‘) ,:11949»
tion (ng/ml) o T

| ‘Standard Devia~ | <003 . ..0l4 . . ,037  1.030 - .376 - - .165° .
B T ST T e T
B - e P S T A S
‘Standard Error . | . .00L° . .007 - - .015 .421 153 0 U067 TLiowo27

Coefficient'of |  8.9% - 5.4% . - . U5.87 12.8% - . 5.6% . - = -8.5% - - . hi3gcol
_ Variation.. o o ' S L oo S peo e AT

4.69:.AZ“-ﬁE<i.: ili?jé'j‘“{5f¥f-; ,:ﬁ?wf’jﬁgf;ljf??-
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ster01d 1solat1on prlor to. assay..-ﬁ_

Another crltlcal cons1derat10n 1n;such a’ method is the contrlbutaon of
1nterfer1ng substances, Wh1ch may be accumulated>dur1né ektractlon andb
chromatography, to: the calculated value for each ster01d assayed. The de—

véree of sens1t1v1ty of thlS multlple stero1d radlolmmunoassay techn1que, or -
any other method, lS related 1nversely t0'the extent of such 1nterference
‘(method blank) The amount of 1nterference may. be quantlfled after extrac-‘
t1on and chromatography by- the assay of - ster01d-free samples such as Water or
buffer. - Summary data descrlbing ‘the ‘method" blank in- each ster01d assay o
'(‘ lO or more) are presented in- Table VII. - No-s1gn1f1cant-d1fference‘1n
blank values (pg) Were noted Wlth respect to e1ther the @ne or two column
Achrpmatographic*methods. | - N

- In addition to?the;abovedcrlterla,vthe'recoverleSuoffthe ygfigﬁgn_f?.'
steroids.durlngiactual’assay conditions Were-evaluated.-AIt»was5previously,t
determined thatkcblumn.recovery~ofxeach’steroid‘masﬁhoth;consistantiand'A
adequately high.r lt was. found that the overall recovery of . blood ster01ds
~ during the multlple ster01d radlolmmunoassay was srmllar to. that found when
_'each ster01d was 1nd1v1dually chromatographed and collected accordlng-toa
the procedures outllned in Table I and II, U51ng column system A 85
10/ (S D ) of progesterone, 76 18/ of androstenedlone,'74~ 17/ of- Su—DHT,v
‘ and 92 15/ of . 17—hydroxyprogesterone were recovered (n =‘25) Wlth ,A§>
acolumn system B 81 17/ of DHA, 72 ‘ 16/ of testosterone and 76 + 107% of
estrad1ol—l7B were recovered (n 33) When the modlfled column system A
" was utlllzed for the 31multaneous separatlon of the seven stero1ds for
| assay, 80 9/ of " progesterone, 81 15/ of androstenedlone, 78 + 12/ of

DHT/DHA, 88 + 10/ of 17—hydroxyprogesterone/testosterone and 65 * 1O_A.of7z



Table VIL:. Studies on Non-Specific Interference (Blanks) In Steroid Radioimmunoassays

S T ER OTI D . A S S A Y E D

fa Estradiol' Proges- '_ 5a~DHT DHA. Testosterone 17-hydroxy- Androstenedione
: terone progesterone
Water or 4.9 3.5 6.9 4.7 8.2 . 6.3 11.3
Buffer ' : ,
Blank (pg)
Standard 4.5 2.8 3.6 2.0 4.5 , 4.3 4.0
Deviation : '

TY
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»estradlol 175.were recovered (n 100)
’The accuracy of these methods were studled as a flnal rellabillty
l'evaluatlon of the multlple ster01d rad101mmunoassayvtechnlques.. The mostfv
: effectlve means of establlshlng accuracy was to analyze human blood samplesl
p:by these assay methods and compare the results to‘concentratlons reported

s 1n l1terature for each ster01d measured. Ind1v1dual serum or- plasma sam—’

' ‘lf ples were obtalned from normal adult male and female volunteers and Were

L malegf= ;62\; .04 ng/ml females

.. assayed following chromatographlc separatlon ofAster01ds w1th both the

Jone and-two column methods;. The results of thlS study arevrepresented in

. Table VIII.: . |

Slgnlflcant d1fferences 1n levels of‘therpotent-androgens Sm-dlhydro—>vj

. testosterone and testosterone were noted ' among ‘.men > and Awomen;' (testos terone- Co

n, -
H 4

I+

‘males’ 0 7 ng/ml females

=47 o;ﬂzs’

0 2 ng/ml) Per1pheral~concentraf o

A+'

0. .ll(.

?|+ff

--tionsfof the weaker androgens were equlvalent in mean and women (DHA -

‘vmen} ,5?7‘ ‘l l~ng/mlriwomen‘=;4;2 + 0. 4 ng/ml androstenedione - men

1.2

o

O 3 ng/ml females = l 3 % 0. 3 ng/ml) Concentratlons of l7—hydroxy—

tprogesterone 1n men (l 6 0 4 ng/ml) were not dlfferent from those found

dln women duringAthe 1uteal phase of the menstrual cycle (1 3 0 3 ng/ml),
-both were 51gn1f1cantly hlgher than levels of thls ster01d in: women durlng
the folllcular phase of the cycle (0 l7 0 05 ng/ml) eProgesterone“levels
:v1n women prior to ovulatlon were’ low (0 ll 0 02 ng/ml) as were 1evels 1n
;7men (0 l7 0 04 ng/ml), serum levels of th1s compound 1n women durlng the
:luteal phase was much hlgher (5 4 l 6 ng/ml) Plasma levels of estradlol—‘?f
'173 1n ‘men (0 027 0 012 ng/ml) were 51milar to that found durlng the‘:r'L”

early folllcular phase of- the menstrual cycle in women-. (0 041 0 015 ng/

04 ng/ml 5q-dihydrotestosterone -;,j



Table VIII. Pefipheral Blood Steroid Levels ig;NGrmal Menjandswémenr

STEROID CONCENTRATIONS. (ng/ml)

: Eétrédiol Progestérohe '17+hydroﬁyprOgesterohe“ f;DHT-,-LTéStoéterbne  DHA 25 Androstenedione .

T aaris
L0430 U186 = o ses L 412 6
Co.0020 o T L0970 . . L2 . 0,705 0 3064 3
2037 w253 109 - 6k7 - . 6.77 - 8.
. SR 200 e 35 k26 ok
MEAN £ .027  .167 . 1.55 o 1 618 . 4,70 . 5,68 .
(8.E.) ... (. 013) (. 038) o N & 35)» o »( 037) o ( 703) (.o
Day of - f'J‘ ';-" % FEMALES" S

. j - Cycle o R ) (early follicular phése)

4 2022 - - L0650 .36-,( - ";«. 071 1262 4.0

5 - L0015 . .,082° : - 100 - 2102 - L2260 - T 2,90 -

8 - .097 126 S I .083 °© ¢ .216 . - 3.9 1 6Q
0 © .033 .08 . 14 » . .023 . .076 2.1

1 040 _.190 R - 13§i‘: L +073 o 252'; 3.4

+ .41 109 a7 .70 .20 75  3;26';ff, 0.99
?) (ot (.023) ¢ ) 1(.013) 2 os4> €35 0 G 33)
» o . (luteal phase) o DU

Lolr ‘;491\
185 ... .360
094 . ..320

16 .069 '4470 2 6.3
3 6.3
6 . . - _ - 0
1 0 134t .33 . 4.9
2 4.3
1 5.1
9 0.4

- 1.4
- 18 .. .068 . . 6.89 1.7
.18 . ...084 10.12- = L. L9
22 . §052¢ 0 4393 . 0 14

26 ',4‘019 - . 0.0 7 0.3
MEAN- £ . .058 .- - 5.41 1.3
(S.E.) " :_. (. 011) '1(1 58) (.2

3118 L2160

1.0 ¢ L1490 344 5.
29) o (.022) ( 044) '» (0.
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. ml) but Were 51gn1flcantly lower than concentratlons 1n Women after ovula—

'_tlon and corpus luteum formation (

‘f 0 Oll ng/ml) Slnce the above

o concentrations are quite 31m11ar to the c1ted 1evels reported in literature :

and. reproduc1ble.

(Table IX), it was felt that the technique.developed for multiple ster01d

‘ rad101mmunoassay Were accurate in addition to being prec1se, sen31t1ve

. F HORMDNAL STUDIES IN THE HUMAN FEMALE WITH PHYSICAL AND BIOCHEMICAL

SYMPTOMS INDICATIVE OF EXCESSIVE ANDROGEN PRODUCTION

The research presented in this dlssertatlon Was performed With a- prime'

goal of galning more 1n81ght 1nto previously establlshed androgen 1nduced

. alterations 1n the reproductlve ax1s of the female rat as Well as those‘

’I"documented in"the human female. Although many studles have been reported

which dealt W1th concentrations of various hormones in: human females hav1ng

: _ovulatory failure assoc1ated With excess1ve androgen productlon, feW in- S

vestlgators have quantified a full spectrum of sex ster01ds (e. g.; andro-v‘

”gens, progestins and estrogens) 1n such patients._ To afford a ‘more complete

. understanding of the reproductive dlsorders in these patients such studies

Were carried outs. Serum 1evels of sex ster01ds 1n androgenized human fe—':f]’f:"

‘males may then serve ‘as an establlshed ba51s to Whlch studies in. the DHA?‘

' treated female are‘comparedw

- Serum ster01ds were. quantified by multlple ster01d radioimmunoassay

fﬂv techniques Ain 13 untreated patients exhibiting symptoms commensurate With

the: d1agn051s of polycystic ovarlan dlsease. The results of thlS study are

' compared to serum ster01d concentratlons of normally cycling adult Women

41n Flgure 6.‘ Concentrations -of progesterone in the hirsute, polycystic

«.ovarian dlsease patlents were . s1gn1f1cantly higher (p < 0 01) than levels



Table IX. Perlpheral Blood Ster01d Concentratlons 1n Normal Adult Men and Women:as Reported in Current’
Sc1ent1f1c Literature

STEROID CONCENTRATIONS AND (REFERENCES) ng/ml % S.D.

- SUBJECT

Testosterone DHT . DHA : Androstenedione
.- Males 4.9 £ 1.6 (1) 0.54 = .19 (5) 2.7 .2 {8) 1.3 £ .4 (2)
6.7 £ 2.3 (2) 0.53 + .11 (6) 5.1 £ 2.9 (2) 1.2 £ .4 (11)
5.3+ 0.5 (3) 0.47 + .17 (7) — 1.1+ .3 (6)
Females  0.227% .07 (1) . 0.15 £ ,05 (5) . 2.5% 0.7 (8) : 1.8 £ .6 (10)
0.12 + .08 (4) 0.17 £ .03  (6) - 7.4 £ 2.4 (9) 1.1 £ .5 (4)
0.17 £%38 (3) ©0.16 % .05 () 5.0 £ 0.9 (10) 1.4 £ .3 (11)
REFERENCES

1. Coyotupa, J., et al., 1972 2. Gandy, H.M. and Peterson, R.E., 1968; 3, Strickland, A.L., et al., 1973;
4. Osborn, R.H, and Yannone, M.E., 1971; 5. Ito, T. and Horton, R., 1970 6. Tremblay, R.R., e et al.,
1972; 7. Barberio, J.M. ‘and Thorneycroft, I.H.; 1974; 8. Buster, J.E. and Abraham, G.E., 1972; 9. Rosen-
field, R.L., et al., 1972; 10. Rlvarola, M. A.,_et al., 1968; 11. Thorneycroft I.A., et al., 1973.

g9



Table IX. Cpntinued

SUBJECT
: 17-hydroxyprogestérone Estradiol-178 ' Progesterone

Males 0.9 + .3 (12) .024 + ,007 (15) .23 + .06 (18)

| Lo @y 028 £ 009 (16) .12 + .04 (19)

1.2 i'.é_,(14) — . .28 + .15 (20)

Females . 42+ .20 (12) .065 + .014 (15) .54 + .10 (18)
F* .30 (13) .069 + .056 (16) | ©.32- .51 (19) -~

40t .2 (14) .037 £ .010 (17) .50 & .34 (20)

1.7 + .5 (12) | 137 + .036  (15) 8.6 + 4.7 (18)

L*% 1.3 (13) . .099 + .054 (16) | 5.8 — 10.3 (19)

1.3 + .6 (14) EE 13.1 + 3.6 (20)

, REFERENCES :

12. Strott, C.A. and Lipsett, M.B., 1968; 13. Stone, S., et al., 1971; 14. Youssefnejadian, E., et al.,
1972; 15.  Korenman,. S.G., et al., 1969; 16. Emment, Y., et al., 1971; 17. Dupon, C., et al., 1973;

18. Abraham, G.E., et al., 19713 19. Cargille, C.M., et al., 1969; 20, West, C.D., et al., 1973.
, F*_Indicates\samples obtained during the early follicular phase of the menstrual cycle (days l—lQ).

- k** Indicates samples obtained during the luteal phase of the menstrual cycle (days 16-28).

99



.. Figure 6.

Peripheral Serum Levels of -Steroid Hormones in Hirsute Women

'”Wlth Polyeystlc Ovarian Dlsease and in Normal Adult Women

Peripheral Blood samples were obtained between 8 and 12 AM
from 10 healthy, normally menstruating women and 13 untreated
hirsute patients in whom a diagnosis of polycystlc ovarian
disease had been made. Steroid concentrations were quantlfied
by radlolmmunoassay following extraction of 1.0 ml serum
samples and isolation of steroid fractions using. cellte
column chromatography techniques described earlier. Steroid
concentrations are expressed as the mean * S.E. of 10 (normal
Women) and 13 (hlrsute women.) determlnatlons.
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69 .
of this_sterold.in{normal”Womenhdurlng.therfolllcular'phase‘ofxthe menstrual
cvcle.h Progesterone levels 1n such patlents Were; however not at great as
;levels found durlng ‘the 1uteal phase in. normal women. .A‘s1m11ar sign1f1cant i
,dlfterence (p < O 01) was noted W1th respect to. serum 1evels of 17-hydroxy—
.progesterone in hlrsute women' when: compared to levels dur1ng the- folllcular
.'phase of normal,Women.' There Was no dlfference‘between-concentratlons of
;17—hydroxyprogesterone 1n hirsute or-normal luteal phase females. When
compared to average serum concentratlons of androgens throughout the men—“
<.strual cycle in normal Women, levels of Sa—dlhydrotestosterone; testosterone,
androstenedlone;pand DHA were 31gn1f1cantly elevated (p < 0. Ol) An- h1rsute
women. . Estrad101—l76 concentratlons, though elevated . were not 81gn1f1cant1yl‘
-h1gher in hlrsute women than normal cycllng females;‘ |

In most of these h1rsute patlents, serum gonadotroplns were low, at .or
below -the sens1t1v1ty of both the human FSH and LH radlolmmunoassays..<">

S1m1lar studies’ Were conducted in a. more llmlted number ‘of . severely
’masculinlzed humanifemales Withﬁovarranltumorsftn = Z)eand:congenital»adrenal
hyperplasié:(dAH,>(n~=.l). 'Results‘obtained from:thése»evaluations are' |
‘shown in Table X. In the flrst patlent “who Was only 13 months old the
- most notable flndlng Was serum 1evels of testosterone ‘which Wereﬂhlgher
than those.found 1n»mostknormal.adult‘females.y-Concentratlons of?ster01ds
in,infants-are'largely undocumented,rhoWever androéen leVelsfare’generally'
Qulte low. EConcentratlonS"of alllsterOids Were elevated.in thelsecond~“ |
patlent (18 months of age)’ Who was dlagnosed as hav1ng ‘the 118-hydroxy1ase
de£1c1ency form'of congenital adrenal hyperplasaa, Serumjconcentrat1ons ot_
progesterone, ll—hydroxyprogesterone3{androstenedione, teStosterone and-Sd—
»dihydrotestosterone)Were siénrricantly higher (p < 0.01):ln;thisAchild:than

V.-



Table X. Concentrations of Serum Steroids in Severely Masculinized Patients Having Ovarian Tumors or
Congenital Adrenal Hyperplasia '

STEROED CONCENTRATIONS (ng/ml serum)

PATIENT DIAGNOSIS TREATMENT "Estra- Proges— 17-hydroxy- DHA A Testos- DHT
: diol terone progesterone terone
1. Ovarian Tumor none ' . - s | 0.7 v 0.1 0.3  0.30 _—
(unclassified) '
2. C.A.H. " none .094. 2.37 - 5.0 3.2 3.6 0.73  .154
3.  Ovarian ‘Adrenal  none - .034. 3.9 . 3.6 . 5.7 8.2 3.0 550"
Rest Tumor.. ' :
3. Ovarian Adrenal Dexametha— .032 - 3.1 3.5 - 2,0 10,0 3.5 . 700
Rest Tumor sone o
3.  Ovarian Adrenal 1 day post- .022 0.5%  0.9% 9.4 2.2%  0.7% —
Rest Tumor operative ' .
3. Ovarian Adrenal 4 days post- .029 0:2% 0.6% . 7.9 0.7%  0.5% 0 272%
Rest Tumor 4opera;ive

* Indicates a significant decrease in serum steroids in patient #3 following surgical extirpation of the

ovarian tumor.(p < 0.01),

0L



1
serum’levelShofithese.hdrnones.lnian'adult female. . In thé»third patient,:
~who had-secondary anenorrhea:of l5'months;duration—associate& with'an adfh
renal-restitumor"(or-lipolc‘cell):ofmthéfouary, leyels-of:l7-hydroxpproges-'
\terone, anﬁrostenedlone;’testosterone7andlulhydrotestosterone were signif
ficantly higher (p < 0.0l)'thah“concentrations‘of,these'steroids?lnﬁnormal-
_women.s'progesterone.concentrations'Wereghiéher thsn levels;during:the |
follicular-phase offnormal uomen,»hut Were not aboue the normal'range:of
values for women in the luteal phase of the menstrual cycle. Serun levels
of DHA were normal rn thlS patlent whlle estradiol concentratlons were sub-
."normalf ,No decrease,ln the:markedly elevated_stero;ds»ln4thls patlenttwere

.}de;ected durlng’aurenal'suppression,(2 mg- of uexamethasone/é_hours’2_3-.
‘days)}‘.FolloWiné surgicalﬂremoval:ofrthe;ovarian;tunor,‘serun lerels of the -
‘ eleVated'androgens,aslwéll‘asiprogesteroneyand'l7—hydroxyprogesterone were.\
decreased, - Serum Féﬁ and Lh which were tonlcally suppressed prior to
. surgery, 1ncreased in the 1mmed1ate post—operatlve period and the patlent

' resumed regular, ovulatory menstrual cycles within two months after surgery.

G. STUDIES DURING THE NAIURAL ONSET OF PUBERTY IN FEMALE RATS

'; The onset of puberty in 1mmature female rats is not a- synchronlzed
event and therefore»@oes'not occur:at'a:speglﬁlc’age.for all anlmals Wrthin,;_‘
an egperimental group.f-Because'oflthe*normal heterogeneity Which-egists“'
among‘experinental!animalsg discréégfhiochemical\snd~mqrphological‘chsnges
are difficult.to document:in relation to peripuhertal deVelopment;: Sinilar'

~dlfflCultleS are also encountered When the estrous cycle of the. adult female -

1 - rat is studled although the problems are less profound. Any longitudlnal

study in ﬁntreatedfimmature'female;rats whlchiattenpts:to;characterlze‘

. the onset of natural puberty must; therefore, be viewed with normal varia-
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tions inAmind;y

hatherithan try“to:mapfout“specific acute.hormonal‘changes-inla group¥>
- of maturing female rats, thlS 1nvest1gat10n was undertaken in order to de—,
_'termine if-a- pattern of change occured ’ Blood ster01d levels; cytosol es—vu.

tradlol receptors;‘ovarlan and. uterine welghts of untreated female rats

. from 28-29: days of age were evaluated. Alterationszin\these experlmental'
'Hparameters were‘then related to the onset of puberty as- evldenced by . the
occurance of vaglnal opening and ovulation in- young,t ntreated feuale rats.»
" In- addition, the pattern of change, 1f any, could then be compared to that
observed during the synchronized 1nduct10n of puberty follow1ng PMSG or
-DHA plus PMSG treatment 1n'1mmature female rats. (Experiments 1-3, 5 and 7)

‘,

Ovulatlonj Vaglnal todogy =

. Ova’ were first detected 1n untreated female . rats at 36 days of age
.( 2/6) ’ Although ev1dence of ovulation (ova and/or corpora lutea) WaS‘..
xlfound in most animals sacriflced on days 37 -39, a few’animals showed no
evidence of impendingjor:prior=ovulation:at theseﬁtimesf A 31milar asyn—
_chronyfwas.noted‘withcrespect-toivaginal opening;‘SO?-of the rats sacrlflced'
‘at 36 days of age had open vaginae (100% closed at 35 days of age) while
some rats still had closed vaglnae as late as 39 days of age. Onveach~day:5'
1of sacrifice, after vaginal patency, female rats. had varled vaginal cytology'
,ranglng from pure estrus (all cells . corn1f1ed ep1the11al) to those in .:
'Whlch a mixture of eplthellal leucocytes and nucleated cells were found.A»

0var1an and Uterlne Weights '

Changes in- ovarian and uterine weights in- these control female rats e
(28-39 days of age) are shown in Table XI.; No 51gn1f1cant dally changes'd

in ovarlan welght were detected from 28—33 days of age.' Significant in-
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‘Table XI. Ovarian. and Uterine Welghts During Sexual Maturatlon in
Untreated Female Rats'

Age At S , mean * S.E.
Sacrifice k , ,
Ovarian Weight - Uterine.Weight
28 AM._ 26.1 % 1.8  8L4 5.2
30- AM 28.9 * 1.2 i 93.8 £ 9.6
32 MM 26,5 2.4 | 124.1 % 26.3
33 AM 25.5 % 1.4 - 1l4b x 23.3
35 AM 32.7 ¢ 2.0%  148.7 £ 16.8%
1436 AM 39.1 % 2,1%. . - ' 123.9 £ 7.7
37 AM 30.5'i'2;1' ' 128.0 + 14.5
39 AM 30.1 % 2.7 123.3 = 7.1

Indicétes n = 6 animals/day.

% Indicates organ weights are s1gn1f1cantly hlgher (p < 0.01) than those
prior to 32 days of age. '
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' creases (p <. O Ol) dld occur at 35 and 36 days of age, ovarian weights Were
however,reduced,on days 37.and 38;l ‘A signlflcant 1ncrease (p < 0. Ol) in"

’ uter1ne Welght occured at. 35 days of age, ‘one- day before the flrst ovula-
'tlons Were detected No statlstlcally s1gn1f1cant dally changes rn uter-
4_1ne Welght Were noted durlng the 1nterval of 35—39 days of age. Uter1 of
these animals‘were,vhowever 31gn;£;cantly;heav1er,(p < 0,01)'than those

fsacrificedfprior}tohsﬁ days of age."

-Serum Sterold Concentrations'
Perlpheral concentratlons of ster01d hornones in- these anlmals\are
-shown in Table XII. Three serum pools per day (tWo anrmals/pool) Were‘
o assayed by multlple ster01d rad101mmunoassay technlques descrlbed earller.
i No s1gn1f1cant alteratlons in- any ster01d Was noted prlor to 33 days of
‘age; Estradlol concentratlons 1ncreased at 33 days of age and then 1ncreased

. -~

further at 35 days of age, 1evels at both t1mes being signiflcantly h1gher

| ': than that observed at 32 days of age (p < 0 Ol) The 1ncreased serum con~

centratlons “of estradlol Whlch occured at 33 and 35 days of age c01nc1ded
well" Wlth the increment in uterlne Welght observed at 35 days of age (Table
XII). 'No%further 1ncrease‘in serum estradlol occured from 35 to 37 days‘of

age. Progesterone levels ranged from 1 8 to 4 7 ng/ml durlng the perlod

‘ Aﬂof 28—33 days of age° no statlstlcally s1gn1ficant dlfferences were noted

from day to day at thlS tlme. At 35 and 36 days of age, 51gn1f1cant in-
. creases 1n progesterone concentratlons were noted (p <-0.01 as compared
to levels at 32 days of age) which co;ncided With»the.lnltlal increases in
ovarian Weight at‘35_days:9f age and presencelof ovarian corpora-lutea by.
36 days ofnage, Serumvlevels of l7—hydroxyprogesterone were also fairly

. tonic' from 28 to 33 days‘of age andrthenfincreaSed at 35 and 36 days ‘of ‘



Table XII: Serum Concentrations of Steéroid Hormones Before and During the Onset of Puberty in Untreated
Female Rats! - ' ' ' - ' ' '

Steroid Concentrations (ng/ml) mean * S.E.

| Age at

Sacri-. Estradiol frogesterone' 17-hydroxy— | Testos- Androstene- DHT DHA
fice progesterone  terone dione

28 AM .012 £7.007 4.2 % 2.5 '. 76 % .23 .05L % .003 .18 £ .04 050 £ .024  1.86 % .81
30 AM 018 * .009 2.6 + 1.5 40 £ .07 144 £ .053 .24 % .05 .029 £ .006  1.06 % .25
31 AM  .019 % .002 3.6 £ 0.8 .59 % .14 111 £ .038 .22 * .07 .075 £ .014 =

32 AM  .009 + .006 - - 1.8 % 0.8 .84 £ .52 .052 % .004 .17 * .02 .037 '+ .009  1.22 £ .85
33 AM .025 + .003% 4.7 % 1.0 - .60 £ .26  .024 £ .024 .24 + .07 044 010 0.86 % .19
35 AM  .037 % .018% 10.9 % 3,3% 1.03 £ .004 .259 % ,184% - .37 * .09 058 + .003  1.03 % .73
36 AM  .038 £ .001% 22.2 % 0.3% 2.20 + .56%  .240 * .118% .79 + ,31% .073 £ .026  1.38 % 1.01
37 M .044 % .016% 11.1 + 1.2% 1.16 £ .29 .135 £ .052 77 + .28 ©.103 * .018% 1.73 % 1.42-
39 AM  .027 % .009% 14.8  1.5% 1.66 * .29  .082  .052 .88 * .09% .091'£‘.021 0.66 £ .07

! Three 1.0 ml serum pools, composed of sera of two rats each, were assayed in duplicate for each sacrifice.

* Indicates that steroid concentrations*aréAsignificantly higher (p < 0.01) than concentrations at 32 days
of age. : ‘ : . . v
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age;- Serum levels of progesterone and l7—hydroxyprogesterone were 1ower

\:~.at 37 and 39 days of age . than day 36 but ‘were Stlll hlgher than preovula—'”

tory concentratlons ‘at 33 days of age. -

'Peripheral concentrations‘of»testosterone and,androstenedione were

51m11arly low at" 28—33 days -of age but serum levels of both ster01ds in-

creased at 35 and 36 days .of age. Testosterone levels then decllned at 37
and 39 days of age but androstenedlone levels remalned 31gn1f1cantly hlgherffp
~(p < 0. Ol) than concentrat1ons at 33 days of age or earller. Serum dlhy-'

drotestosterone (DHT) 1evels ‘were highest from 36 39 days- of age, no sig-

n1f1cant dally changes 1n serum concentrations were noted w1th respect to-

' thls'compound DHA levels 1n female rats from 28-39 days of age’ dld not’
‘ appear to fluctuate a great deal and due to the rather large da1ly varla—Agl
| tlon,‘no statlstically 81gn1f1cant changes were establlshed In general '

'levels of- these ster01d hormones were hlgher from 35 39 days of: age (when-,;

,,:j_

ovulatlons and ovarlan corpora lutea Were apparent) than correspondlng con—.:j: -

Tcentratlons 1n the yet 1mmature female rats sacrlficed from 28-33" days of

age.

‘CytosoljEstradiol-ReceptorSr'

Cytosol estradlol receptor concentratlons of the anterlor pitultary

Vand hypothalamus are deplcted 1n Table XIII. The blndlng capac1ty of both {7

t1ssues was - found to be hlgh and constant at 28, 30 ‘and. 32 days of age. A
51gn1f1cant decrease (p < 0 01) in - receptor content. of both the anterlor A'

p1tu1tary and hypothalamus occured at 33 days of age when estradlol 1evels;

‘y1n serum had‘lncreased Receptor levels of both t1ssues then remalned at aji,‘ i
lower level from 35-39 days of age. : Slnceﬂthe,day‘of'estrusad1d-not,occur"

~ on a‘spec1f1c day(for;all anlmals,-a_dramaticidepletionrreplenishment cycle
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Table XIII. Cytosol Estradiol Reéceptor Levels of the Anterior Pitditary
and“Hypothalamus. During Sexual Maturation in Untreated Female

Specific Bound moles 3H—estr‘adidl/mg cytosol protein
Age at mean * S.Ef
Sacrifice
Pituitary x 10714 Hypothalamus x 10715
28 AM 15.1 + 0.2 : 8.1 + 0.3
30 AM 16.1 = 2.5 | 8.8 £ 0.2
32 AM 12.0 £ 0.9 | 8.3+ 0.7
33 AM 8.7 + 0.8% 5.8 0.2%
35 AM 7.5 £ 0.1% 6.3 + 0.2%
36 AM 7.0 £ 0.4% 5.8 £ 0.1%
37 AM 9.5 + 0.8% | 6,1 £ 0.2%
39 AM 7.4 + 0.6% . 5.4 % 0.1%

Two different cytosol aliquots, in duplicate, were assayed for each
sacrifice,

* Indicates that receptor levels are significantly lower (p < 0.01) than
that of -animals sacrificed at 32 days of age or earlier.
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in receptor: levels aSsociated'with%oyulatiOn”was”not_détectedfin these . . -

ey

studies. . .. . w7

e

H, EFFECTS OF PMSG TREATMENT IN THE IMMATURE FEMALE RAT -

‘The. normal onset of puberty 1n the female rat does not occur at a -
prec1se age’ but rather. may occur over a range of. days. BecauSe of this 1m—g
prec1s1on, s1gn1f1cant changes related to- ovulatlon 1n the pubertal rat-

are d1ff1cult~to document. The PMSG-prlmed 1mmature female was . thus studled

Jin detall in order to clearly deflne changes in blood ster01ds, gonadotro-

pins and cytosol estradlol receptors Wthh are assoc1ated Ulth the synchron—”‘

1zed'1nduct10n of precoclouS‘OVulatlon. Data,obtalned in this 1nvest1ga—'hr .
tion Would serve as a bas1s for comparlson to the precoc1ous puberty -assoc—

‘,1ated Wlth the admlnlstration of DHA.

-Ovulatlon) Vaginal tology

The 1n3ect10n of 8 IU PMSG to. 30 day old female rats resulted in pre-‘

- c001ous ovulatlon on.. day 33 of llfe -as ev1denced by the presence of ov1duc— )
,tal ova'andﬁovarlanfcorpora lutea. In - the three experlments in whlch PMSG

'Wasaadministered; no ova weredfound\asalate as 6 PM,on;day 32 of life.

Furthermore;none of‘the contrdl (vehicle—treated)'animals'showed~any evi=:

:ﬁ'dence of ovarlan or uterlne stlmulatlon .prior to day 35. Thefnumber'of

ov1ductal ova detected (after PMSG) were falrly con51stant among these

experlments.} Experlment #2 -8 ova  per an1mal°'Exper1ment #5. - 6 6 ova- per

:anlmal' Experiment #7 -.11 ova: per an1ma1.4 In. addltlon,'the maJorlty of f

PMSG—treated rats had open vaglnae on the mornlng of day 33 (only one rat -

had vaglnal openlng prlor to th1s t1me), all d1sp1ayed typlcal estrus type_

vaglnal smears con51st1ng prlmarlly of corn1f1ed eplthellal cells.

. Follow1ng estrus at day 33 the PMSG—treated .rats apparently began



e
.fcycling regularly._ Vaglnal smears taken on days 34 and 35 of l1fe were:fi

":usually composed of leucocytes, 1nd1cating vaglnal diestrus. Nucleated

cells Were the pr1nc1ple cell type found on day 36, 1nd1cat1ng that the

f"rats were in: the proestrus stage of the estrous cycle. Day 37 was char—tf

acterized.mainly by estrus type smears again (4 days after the inltial i;;
‘Afovulation) Ova. were however not found in all anlmals sacrlflcedvat this

- [time.t As- on*days 134 and 35 the maJority of rats agaln had d1estrus typef;‘

}smears on days 38 and 39 of life. ”4

-Ovarian Weights .

The effects of PMSG admlnistration on- ovarlan welght are summarlzed e

in: Table XIV.A A cons1stant finding in these experlments was that ovarlan

weight 1ncreased s1gn1f1cantly (p < 0 Ol) by the AM of day 31 24 hours'g;{f”’

after PMSG treatment but d1d not 1ncrease further untll the PM of day 32{-4
LThe highest weights were usually recorded on days 33 (estrus) and 34
'the one group which was - studled through a second estrus cycle, a second

~_1ncrease in ovarlan weight was noted on day 37 (estrus)

Uterlne Welghts

Changes in uterine welght after PMSG therapy are shown 1n Table XV.\ g

yUterlne welghts were elevated w1th1n 8 hours after PMSG administration :f;,;"'

however 51gn1f1cant 1ncreases were not noted until the AM of - day 31. Uter—"

i 1ne welghts rose progressively follow1ng PMSG treatment and reached peak

values on - the morning of day 32. On the. day of estrus (33) uterine weights<:‘{i'

.j,decreased and were lowered further on. day 34 A second increase in’ uterinef;fwifu

welght was noted on day 36 (proestrus) followed by a decrease on day 37

(estrus) Uterine and ovarian welghts of control anlmals ‘were not 51gn1f1-_' —

,cantly higher on day 33 than 1n “the PMSG—treated rats on the mornlng of
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XIV. - Changes in Ovafian Weightl Following Treatment of Immature

Femalé Rats With 8 IU PMSG or Saline at 10 Am, 30 Days of Age

Age at

Ovarian Weights (mg/100 g B.W) Group Mean EfS.Ef

 Sacrifice Experiment #2  Experiment #5 Experiment #7  Experiment #7
: (Controls)2

30

AM? 25,9 £ 0.7 26.9 £ 1.9 A 27.2

+ + 1.3
30 PM 34,5 + 1.8% . 32.3 % 2,6% 25.0 + 0.5
31 AM 42,1 + 3.3% 40.6 + 2.2% 31.4 % 1.0
31 PM ; N | . 40.4 £ 2.4%  26.8 £ 0.9
32 MM 41.8 £ 2.2% 39.3 +.3.1%
32 PM 49.2 + 3.6% 32.9 + 2.8% 52,2 + 3.9% 31,6 & 1.0
33 AM 53,6 & 2,9% 56.3 & 4.7%  26.3 + 2.0
33 PM | 50.7 & 2.2
34 AM 56.2 + 3.6% |
35 AM  51.5 % 2.3%
36 AM 52.9 * 4.8%
37 AM 54.9 * 2,6‘
38 AM 43,6 £ 3,4%

l'n = 6-7 animals per experimental group for each sacrifice.

2 Ovaries were obtained from saline—treated rats.

* Ovarian weights of PMSG-primed rats are significantly higher than

treated controls (p < 0.01) within the same experiment.-

vehicle-
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Table XV. Charnges in Uterine: Welght1 Follow1ng Treatment of Immature
Female Rats Wlth 8 IU PMSG or Saline at 10 AM, 30 Days of Age

Uterine Weights. (mg/100 g B.W.) Group Mean * S.E.

Age at
Sacrifice Experiment #2 . Experiment #5 Experiment #7 Experiment #7
: ('_Controls)2

'3Q A¥  8L.8 % 10.9°  56.9 % 3.9 71.7 £ 3.9 -—-
30 PM 103.6 £ 10.8 91,9 £18.1% 78,5 % 5.9
31 AM 110.1 + 11.9% 7 137.8 % 7.9% 78.4 £ 5.4
31 PM o - 148.2 + 15.9% . 91.9 * 8.3
32 AM 197.2 + 8.3% ©193.2 + 18.4%
32 PM 212.9 * 10.1% 200.6 + 7.0%  212.0 + 8.3% 78.0 + 6.5
33 AM 160.9 + 13.7% - 169.9 = 11.6% 73,9 + 10.7
33 PM . 189.9 + 9.2%
34 AM 123.9 £ 8.9%
35 AM 130.9 £ 4.7%
36 AM  174.3 1'8;1*
37 AM 144.9 + 13.6%
38 AM

125.1 *+ 5.4%

I'n=6-7 animals per experimental group for each sacrifice.
Uteri were obtained from saline-treated control rats.

* Uterine weights of these PMSG-primed rats are significantly (p < 0.01)
higher than salire-treated controls within the same experiment.
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Blood Ster01ds

The admlnlstratlon of 8 IU PMSG to 30 day old female rats caused srg-
’ nificant’ changes rn concentratlons of all blood ster01ds measured.~4Estra-
,.d101—173 levels (Fig..7) rose steadlly follow1ng PMSG and reached peak

_values on - the AM of day 32 Whlch were 51gnificantly (p < 0 01) hlgher thand

'pre—anectlon levels or’ concentrations found 1n vehlcle-treated controls.’
__By 6 PM (day 32) estradlol—l7B levels ‘had begun to fall and were s1gn1f1-
cantly depressed (p < 0. 01 as’ compared ‘to concentratlons on: prevlous days)-'
h‘on the mornlng of day 33 (estrus) -

After PMSG - admlnlstratlon, serum 1evels.of 5u4d1hydrotestosterone
(Flg. ) 1ncrease@ sllghtly through day 31 but fell on the AM of day 32
5dfd1hydrotestosterone‘levelsiweretthen increasedron the PM of-day~32 and
'declined onhthe mornlng of day-33;n After PMSG treatment ‘serum concentra—'
tlons or progesterone and 17—hydroxyprogesterone (Flg. 8) ‘were elevated
vfrom the PM of‘day'30—31'but fell-on-the AM of day.32.v ‘A 31gn1f1cant 1n-
crease (p < 0. Ol) 1n both ster01ds was noted at 6 PM on. day 32. Levels'
of these ster01ds-then»decllned on»the mornlng of~day:33 and only proge:_s--.~
terone was : 1ncreased s1gn1f1cantly (p < 0, 01) on day 34 (dlestrus) éon—
centratlons of . l7—hydroxyprogesterone and progesterone in vehlcle-treated'
-rats showed no 51gn1f1cant changes from day : 30-34 V B |

Changes in concentratlons of dehydroeplandrosterone, testosterone and'

handrostened1one follow1ng 8 IU PMSG or: sallne 1n3ectlons are. deplcted in 1

” _Flgure 9. Each rose, after PMSG con the next mornlng (day 31) At 6 PM

on-day 32, a second 51gn1f1cant 1ncrease in DHA and androstenedlone ‘was

noted 1n.thefPMSG—pr1med rats;'testosterone also 1ncreased.but‘the change
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Per_pheral Serum Concentrations: of Estradiol-178 and Sa—dlhygro—"

testosterone 1n the PMSG—Prlmed Immature Female Rat. -

Female rats were bled “by.. cardlac puncture under ether anesthe31a

~as a termlnal procedure at '‘the 1nd1cated times from 29 to 34 days’

of age. 8 IU.PMSG:in 0.5 ml- saline or vehicle- (controls) was.

‘Vadmlnlstered S.C. at 30 days of age- (10 AM) to -all animals.
‘Steroids were- quantlfled by tradioimmunoassay following extrac-

t10n and chromatography using" the modified ‘celite column system

A, A1l -points represent the mean ‘steroid ‘concentrations (+ S.E.) .
obtalned from' 6-to:7 1nd1v1dual serum samples (h.& ml each) per

experlmental group for each sacrlflce.
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Figure 8. Peripheral Serum Concentrations of Progesterone and 17-hydroxy—
progesterone in the PMSG—Prlmed Immature Female Rat.

For details, see Figure 7. N
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Figure 9. Peripheral Serum Concentrations of Androstenedione, Dehydroepian-

drosterone and Testosterone in the PMSG-Primed Immature Female
Rat:’ g ' '

For details, see Figure 7.
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was‘not significantQQi'
.:A significant'decreaseiln'all“threedcomhoundsioccured on the'Aﬁ“of'day
: 33 none 1ncreased slgnlflcantly on day 34Aalthough androstenedlone 1eve1s
were st111 31gn1f1cant1y hlgher than that prlor to PMSG.; ConcentratlonS‘

of DHA and testosterone (day 33 and

'34) were not dlfferent from those levels
: found in sallne—treated controls._w B o | |
Serum concentratrons of . these.seven ster01ds Were also studled trom
day 35 -39 - in the PMSG-treated rats‘durlng wh1ch a second estrus had been
'detected. A great‘deal-of varlation'lnavaglnal cytology, ovarlanaand'uter—,
" ine we1ght was found>among the 1nd1v1dual anlmals whose serum was analyzed
and 31gn1f1cant changes Were d1ff1cult to establlsh for any part1cu1ar day.-
The fallure to obtaln samples inc the PM espec1ally on: day 36‘ may be par—
tlally respon31ble for thlS.: A s1gn1f1cant (p < 0 Ol) increase : ‘in serum
estrad101—l75 was noted however, on the AM of day 36 ( 037 + .011 ng/ml),'
(proestrus) as compared to the AM of day .35, (012 005 ng/ml) or day 37

(-013 +.005 ng/ml)

© Serum Gonadotroprnsj:

| "éerum'levels ofigonadotropinsyfFSH and,LH - were also quantified in
femaledrats after the. 1nJectlon of-8 1v PMSG. or sallne (controls) The‘

: results of these analyses are shown 1n Table XVI,' In the PMSG—pr1med rats,'
A 31gn1f1cant (p < 0 01) increases in serum levels of FSH and LH were noted
én- the afternoon of day 32, 53—57 hours after treatment. No~such 1nereases,
in gonadotropln concentratlons were detected in vehlcle—treated controls.

Serum LH and FSH decreased on': estrus (day 33) to levels not 51gn1f1cantly o

d1fferent from those of sallne—treated controls.

Qytosol Estradlol Receptors
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Table XVI. - Serum~Concentrat10ns!g§‘FSH and LH in Female Rats! Following
~ Ireatment with 8 IU PMSG or Saline at 10 AM, 30 Days of Age

ng/ml of Serum, Group Mean * S.E.
- Age at
- IH FSH
Sacrifice
PMSG SALINE PMSG SALINE -

30, 11 AM 36.9 £ 9.1 8.5 % 2.7
32, 11 AM | 31.2 %135 | 46.5 £ 7.8
32, 2 PM 349.5 £ 37.9% | - - 86.5  16.9%
32, 6 PM 459.3 £ 10.0% | 132.1 + 28.9%
33, 2 PM 47.0 £ 2.9 32.1+ 6.2 ||

1 n = 7 animals per sacrifice.

% Serum FSH and LH in these PMSG-primed rats are significantly higher
(p < 0.01) than levels on day 30 or in saline-treated controls.
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Changes brought about.ln anterlor prtultary cytoplasmlc estrad1ol 176’
receptor concentratlons by PMSG ‘are" summarlzed in: Table XVII. Estradlol-
178 receptor content of the pltultary was descreased as early as 8 hours_
lafter PMSG treatment in. 1ntact female rats.: In female rats castrated on-A
the morn1ng of day 30 the 1n3ect10n of PMSG (Exp. #7) did not cause a
decrease at 6 PM on day’ 30, in estradlol receptor levels of the anterior
p1tu1tary gland . (9. 2 0. 4 x lO 14 moles 3H—estradlol—l78 bound/mg cytosolz ’
protein) - The depletlon of cytosol estradlol—176 b1nd1ng capaclty contlnued
on day 31 of age and reached a nadlr on the PM of day 32. On day 33 (estrus)
‘a s1gn1f1cant 1ncrease (p < 0. Ol) cons1stantly occured in. levels of cytosol
receptors, Thls replen1shment of receptor b1nd1ng capac1ty contlnued on
the days of dlestrus (34 35) and another depletlon was - noted on day 36
(proestrus)f' Receptor 1evels of the anterlor p1tu1tary were agaln replen—
ished on'estrus-(day 37). ; |

_ As shown in Table XVIII hypothalanlc cytosol estradlol receptor con~
centrat1ons were also decreased follow1ng PMSG treatment of 1ntact female
rats,- Slgnlflcant differences between PMSG and sallne;treated controls
Were noted-by-the PM'of day 30. PMSG‘treatment'of ovar1ectomlzed rats“

(Exp. #7) had no . effect on cytosol receptor concentratlon (9. 6 0.2 x,f
10715 moles 3H—estrad101—l76 bound/mg cytosol prote1n) Progress1ve decreases_‘
1n receptor blndlng capaclty in: PMSG—prlmed rats Were found 1n day 31 w1th
lowest levels belng obtalned on day 32 Replenlshment of hypothalamlc |
'estradlol 176 receptors occured on day 33 (estrus) A No 31gn1ficant fluctu—
:atlons_;n receptor=levels.of-wehrcleftreated controls were detected‘in these

studies.
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Table XVII. Cytosol Estradiol-178. Receptor Levels in the Anterior
Pituitary Gland! Following PMSG: (4,IU) or Saline Treatment
at 10 AM, 30 Days. of Age’

Spec1f1c bound moles 3H—estrad:.ol—]]ﬁ/mg cytosol '‘protein’
Group Mean + S.E. x- 10714 ‘

‘Age at
Sacrifice Experiment #2  Experiment #5 Experiﬁent #7  Experiment #7
o : : (Controls)
30 A2 8.2% 0.3 105 % 1.9
30 PM 5.8 + 0.5% | 6.21-¢ 0.3%. 8.3 + 0.2
31 AM 5.5 = 0.4% ' 8.7 + 0.3
31 PM 4.5+ 0.7%  10.4 + 0.1
.32 AM 2.3 & 0.2% 3.4 £ 0.4% 9.0 x 0.5
32 PM 1.9 £ 0,1% 5.9 + 0.2% 1.3 #°0ul% 12,6 + 0.5
33 AM 6.5 & 0.1% 8.9 =+ 0.3%* 114+ 1,1
33 PM 10.5 + 0.2
34 AM 7.2 % 0.1%
35 AM 8.2 0.7
36 AM 3.3 £ 0.1%
37 AM 5.0 £ 0.1%
38 AM 6.3 % 0.4%
39 AM + 0.1

8.0

1 Two different cytosol aliquots, in duplicate, were “assayed per experiment-

" al group for each sacrifice.

2 Receptor concentrations were quantified in pltultary cytosols obtained
from saline-treated control rats. :

* Receptor concentrations in these PMSG-primed rats are significantly lower
"(p < 0,01) than saline-treated controls within the same experiment.
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Table XVIIT.  Cytosol Estradioel-178. Receptor Levels in the Hypothalamusl
' ‘Following PMSG (8 IU) or Sallne Treatment at 10 AM, 30

Days of Age

Specific bound moles 3H—estrad101—l76/mg cytosol protein
Group Mean * S.E. X 10-15

Age at
Sacrifice Experiment #5 Experiment #7 Experiment #7
S } (Controls)?

30 AM? 9.2+ 0.4 101 £ 0.3
30 PM 7.4 £ 0.5% 9.0 = 0.7
31 AM : 5,9 £ 0.1%
3L PM - 4.5 £ 0.2% 10.1 + 0.5
32 AN 2.6 + 0.2% 9.4 0.2
32 PM 4,6 + 0.2% 1.9 % 0.1% 9.9 0.1
33 AM 9.6 + 0.8 10.4 *.0.5
33 PM 8.7 + 0.4

! Two different cytosol aliquots, in dupllcate, were assayed per experiment-
al group for each sacrifice. :

2 Receptor concentrations were quantified in hypothalamic cytosols obtained
from saline-treated control rats.

% Receptor concentrations in these PMSG-primed rats are significantly lower.
(p < 0.01) than saline-treated control values within the same experiment.
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I. EFFECTS OF SHORT-TERM DHA TREATMENT ON THE HYPOTHALAMIC~PTITULTARY-—

OVARIANIAXIS'OF‘THE”IMMATURE‘FEMALE'RAT‘-

It has been previously estabiished'that DHA treatment}can induée the
early onset of puberty in the immatufe female rat (Black and Mahesh, 1969).
In an effort to more c;early determiné“the ho;ﬁonal changes that are associ;'
gted with DHA treatment and precocious ovulation, immature female rats were
studied during and after treatment with DHA (60 mg/kg BW/day, age 27-29).
In'two experiments, PMSG was administered to DHArtrgated rats on the AM of
day 20; PMSG treatment was omitted in experiment #6 (chronic DHA adminis-
tration).- Véhicle—tfeéted female rats were also evaluated during the.inQ
terval of 27—3ibdays of age.

Ovulations and Vaginal Cytology:

~ It was found that ovulation could be induced on~day 30 in female rats
treated with DHA plus PMSG. The number of ovi&uctal ova'Maried.from_3—10
in individual animals; of those rats treated-with DHA-plus PMSG, 100% were
found to have ova and/or corpora lutea by.the morning of day 31. Ovulationv
wasifound to occur as early as day 30 or as late as day 32 in animals treated
with DHA only; the number of ova found at sacrifice wére similar to that
described earlier. Vaginal patency occured by day 31 in more than 907% of
the DHA-treated female rats (alllexperiments). No,vehicleftreated control

animal was ever found to have an open vagina prior to 35 days of age.

Ovarian Weight

Changes in ovarian weight in the DHA and yehiclé—treated feméle rat .
are presented in Table XiX;' Ovarian weight in the'grdups treated with DHA
plus PMSG did not change apprec;ably from the morning -of day 27 until the

morning of day 30. Significant increases (p < 0.0l) were noticed in DHA-



Table XIX. Changes in Ovarian Weight During Short-Term Treatmént 6f Immature Female Rats With DHA

Age at | : Ovarian Weight, mg/lOO'g‘B.W.c mean & S.E.

Sécfificé DHA plus PMSG! . . Control? . DﬁA3 ‘ Cont:ol3
27 AM 0.3+1.3 290519 ©29.3 £ 0.8 31,2 + 1.7 25.3 £ 1.4
28 AM 31.8 £ 2.7
29 AM: 28.5 * 1,1 32.1 £ 1.6 30.8 £ 0.7 - 34.1 % 1.6 28,5+ 1.7

29 PM | 32.2 2.0
30. AM 30.7 £ 1.4 39.8 * 2,5% 27;4'i 0.5 31.3 £ 2.9 27.0 + 1.2
30 PM 38.4 + 3,2% 39.4 £ 2.6% 28.4 £ 0.9 |
31 AM 39.7 £ 2.7% . 59,8 % 4,9% 27.3 + 1.1 42.5 +'3.0% 31,2 % 1.2

1 Rats were administered DHA (60 mg/kg BW/day) in single daily injections (S.C.) at 8:30-9:00.AM at 27-29
days of age. 8 IU PMSG was administered (S.C.) at 10 AM on day 30 of life; n = 6 animals per sacrifice.

2 Controls were injected with 0.2 ml propylene glycol (vehlcle for DHA) and 0.5 mg saline (vehicle for PMSG)
as in ! above; n = 6 animals per sacrifice.

Rats were treated chronically with DHA (60 mg/kg BW/day) beginning at 27 days ‘of life; controls received
daily propylene glycol injections (0.2 ml), n = 6 animals per sacrlflce.'

* Ovarian welghts are significantly higher (p < 0.01) than those obtained at 27 days of life (DHA-treated
or controls) and correspondlng controls of the same age.

Negd
(%)
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~ treated ratslon the mornlng of day‘30 1nlonly onevexperlment other grouns o
_treated Wlth DHA plus PMSG or DHA alone 1ncreased 91gn1f1cantly on the PM .
of day 30 or the AM of day 31 respectlvely. These dramatlc 1ncreasest1n
‘ovarian welght Were usually aSSOC1ated w1th the presence of hemmorrhaglc
ﬂ-,folliclesAoricorporavlutea.‘ Ovarles of vehlcle—treated 1mmature female
vrats'mere:COnsistantly»smalljand'devold of Such morphological.ev1dence'of
gonadotropinustimulationa 'No‘significantlincreases?in ovarianiweight'wereﬂ
noted from- age 27 to: age 31 days 1n these control groups.

Uterlne Welght

Uterine welghts of DHArtreated rats (Table XX) ‘were elevated as early
- as 2/ hours after the first 1nJect10ns on- day 27.. A progressive 1ncrease
in uterine Welght occured from day 27 to day 29 in. DHA—treated rats.
Marked accumulation of lumlnal fluld Was apparent by the morning of day 29
‘:1n these groups.A Control uterlne welghts were falrly constant Pa.nd ‘were
'31gn1f1cantly lower (p < 0. Ol) than those of DHArtreated .rats (ages 27 29)

'From the morning of day 29 to the morning of day 31 uterlne Welghts in: DHA-;

treated rats remalned elevated (p,< 0. Ol) and Were v1rtually unchanged dur-'j:,.

'1ng.th1s time. The Welghts on. days 27-31 were qumte con31stant from exper—'xu
' 1ment to experiment in both vehlcle-treated controls and androgen treated
'groups.i It may be noted- here that the uterine Weights of the DHArtreated

animals in these studles on day 29 (Table XX) were almost 1dent1cal to thosejf“

B achieved in PMSG—treated rats on. day 32 (Table XV) before ovulation.

Serum Ster01d Concentratlons
The alteratlons 1n perlpheral serum ster01d concentrations resulting
- from short-term DHA treatment are’ compared to levels in: vehlcle—treated

controls 1n:TablesH%leand XXIi-r‘Wlthln,FWO,hOUZS‘?ft611DHAjadmlniStrathH,‘-




% Uterine weights are

significantly higher (p < 0.05) than controls. -

*% Uterine weights are significantly higher (p < 0.01) than controls.

Table XX. Changes ig;Uterine Weights During Treatment of Immature Female Réts With DHA Plus PMSG!
: , gz_Vehicle? R 4 o o
Age ‘at " Utérine Weigﬁt;Amg/IOO’gABW”. mean * S.E.

Sacri‘fice‘ DHA plus PMSG! _ Control? - DHAS Control3
27 AM 71.8 £ 4. 6% 78.1 £ 6.5% 51.9 + 3.8 82.1 % 2.9%%. 54.3 * 3.3
28 AM 102,9 + 4.4%% - 149.1 % 12.3%%. 53.1 + 2.9
29 -AM 197.6 % 10.5%%  206.9 * 14.3%% 81.3 * 7.8 209.4 £ 8 4%% 77.0 * 4.6
29 PM 203.2 t 7.9%% |
30 AM 196.2 £ 10.7%% - 204.2 * 12,5%% - 78.8 + 7.9 226;0:i 7.0%% 75.0 + 4.0
30 PM 255.9 & B8.3%%  195.1 & 9.9%% 78.6 t 6.4 |
31 AM 212.9 + 20.2%%  215,0 + 10.0%% © 82.5 = 7.0 240.0 * 17.0%% 78.0 * 5.1

1 See Table XIX, l; n = 6 animals per sacrifice.:

2 See Table XIXQ 2;n = 6_animals*per sacrifice.

3 See Table XIX, 3; n = 6 animals per sacrifice.

‘16
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concentrations of testosterone,.androstenedione, DHT and DHAlweré signifi;
cantly increaSeé (p < 0.01) over serum levels in'controlﬁ‘(Table-XXI).
These elevations were.maintained'at fairly conStant‘concgntrations from
day 27-29 during DHA therapy. It appeared that the markedly elevated
concentrations;of androstenédione; testosterone and DHT were the result
of peripheral'metabolism 6£ the injected. steroid, DHA. Oﬁ—fhe AM of day
30, (24 hours after the last‘injection of DHA) levels of tﬁese steroids
had fallen by approxiﬁéteiy 75% But wexe:still}significantly higher than
copcentrations in vehicle—treatéd controls. The decline in serum testos-
terone and androstenedione levels was‘checked following PMSG administration
at 10 AM on day 30, whereas DHA and DHT concentratidns continued to fall
throughout day 30. No significant.chaﬁges in serum levels of ﬁhésé steroids
were detected in vehicle-treated controls from day 27—31;

Changes in serum estradiol, progesterone and'l7—hydroxypr9gesterpne
following ﬁHA treatment (o:vvehicle) are.shown in Table XXII. Serum estra—
diol .was significantly elevated (p < 0.01) for the three days of DHA treat-
ment‘and then declined by 50% on the morning of day 30. Concentrations on’
the AM of estrus Were_however still signifigantiy higher than levels fQund
in controls. Following PMSG administration, estradiol levels were main-
tained at concentrations ‘which increased slightly at 6 PM, day‘30 and 11 AM,
day 31. Progesterone levels were elevated over controls on day 29 but- fell
on the morning of estrus (day 30) in DHAétreated‘rats. Following PMSG
treatment, progesterone levels were again significantly elevated over
vehicle-treated controls on the morning of'day 31,;Eoinciding with the ap-
peararice of ovarian corpora lutea.: l7—hydroxyppogesterbne concentrations

were also increased on day 29 following DHA treatment. Serum levels of



Table XXI. Effects of Short-Term DHA! or Vehicle? Injections on Peripheral Serum Androgen Levels in
- 'Immature Female Rats ' : o

' Age at Steroid Concentrations (ng/ml serum) mean * S.E.
Sacrifice | Testosterone Dehyd;oepiandrosterbﬁe . Androstenedione Dihydrotestosterone
DHA " " Vehicle - DHA Vehicle DHA Vehicle - DHA | Vehicle
27 AM 4,01 £ | - .056 + | 95.63% | .270% | 4,14+ | .59 & | .921% .| .057 %
LJoXx | .004 - 18.61% | .020- .08% | .18 | oL148% .034
28 AM 3.84 £ | ..051 % | 68.79t | .428% | 3.81 & | .150f£ | .623+ | .039 %
.17% |~ .003 Do2.72% 00199 | 41% | 069 .049% .019
29 AM | 4.91% | .065% | 98.11 % 3.87 +| .268 £ | .589 % 044 *
.24 ©.018 5.74% R S T .067 .056% .020
30 AM 1.42 = | .056 + | 26.17 £ | .155 & 0.74 + | .292 = | .159 = .041
.62% .014 5.16% - | .061 | .12% 2074 .017% .016
30, 2 PM 99 | 15.72 | 1.06 & | 097 =
21% | 2.73% .08% | .019
30, 6 PM | 1.38 % | .052% | 10,17 * | .156 % | 1.04 + | .191 % | .061 * .036 *
\ © .15% .029 1.54% .052 J16% | 049 049 1,009
31 AM .69 + 114 6.58 * .225 % 0.75 + | .187 = | .030 * 040 £
.12 .041 - 2.31% .090 L13% .050 .030 .015

1 see Table XIX, 13 n = 6 animals per sacrifice.
.2 See Table XIX, 2; n = 6 animals per sacrifice.

¥ Indicates significant differences between DHA dnd vehicle-treated controls at p < 0.01.

66



Table XXII. Effects of Short-Term DHA! or Vehicle? Treatment on Peripheral Serum Levels of Estradlol
Progesterone and l7—hydroxyprogesterone An Immature Female Rats ’

Aﬁge~at o ' : Ster01d Concentrations (ng/ml serum) mean ‘*+ S.E.

- Sacrifice Estradiol Progesterone 17—hydroxyprogesterone

DHA . - Vehicle ... ... .. DHA. ... .. Vehicle , .\DHA Vehicle

27 A4 - .252. % .063% .035 % .022 2.45 + 1.20 -  2.09 *+ 1.31 J796 + 045 . .805 * .220
28 AM .208 * .051% 3.05 £ 0.95. 1.00 * 0.66 745 £.105 843 £ ,275
29 AM .222 £ ,022% - .034 £ .013 7.72 £ 0.77% 4,19 + 1.63  1.529 * .159%  .936 % 154
130 AM .109 + .018%  .020 * .009 1.44 + 0,78 5.18 + 1.23  1.159 + .412  1.432 + .295
30, 2 PM .100 + .023% C9.72 £ 2.71% 2,340 + .538%
30, 6 PM°  .120 * .032% .004 + .003 5.37 + 0.97- 3,57 £ 1.03  2.082 * .486% .817 * .195
31 AM (146 + .032% .064 + .029 7.38 £ 1.38%  1.35 £ 0.39  1.609 + .397% .870 + .136

! See Table XIX, 1; n = 6 animals per sacrifice.

It

2 See Table XIX, 23 n = .6 animals per sacrifice.

* Indicates significant differences between DHA and vehicle-treated controls at p.< 0,01.

00T
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this steroid were similar in DHA and vehicle-treated.groups on the morning
of day 30 but following PMSG administration, 17-hydroxyprogesterone con—'
centrations Were~s1gnificaﬁtly higher than controls on the PM of day 30 as-
well as the AM of day 31. |

Serum Gonadotropin Levels

The treatment of immaturg female rats with DHA wag found to result iﬁ
a preovulatoryrsurge of FSH and‘LH in gerum'on the PM of.day‘ZQ (Table
XXIII). An additional‘significant‘increase (p < 0.01) in serum concentra-
tions of gonadotropins‘was found on tﬁe PM of day 30 in these animals. No -
_elevations in serum FSH was detected on ﬁhe morning of déys'27-30. LH -
levels were similarly constant on the morning of day 27-29 but'were sig-
niﬁicantly elevated'on the morninéiof'day 30 és éomﬁared~tq days 27—29;
These nocturnal elevations plus the increase in cifculating_gonadotropic
hormone resulting from_PMSG administration were undoubtedly responsible for -
the ovulations which were detected throughout day 30 in these groups.

Cytosol Estradiol Receptors

Concentrations of cytosol estradiol receptors in the anterior pitui-
tary were significantly depressed (p < 0.0i) in DHA-treated rats as comparéd
to vehicle—treated.contrqis (Table XXIV). ‘A progressive lowering of recep-
‘tor content of the anterior pituitary (DHA-treated group) was notedvfrom
day 27-29. There was no replenishment of receptors on the day Qf ovulation
(30) or day 31 in these androgenftreated groups as:gompared,to that estab-
lished on estrus in.the PMSG—primed immature female rat (Téble XVIL ana
XVIII). A similar decrease was found in .concentrations of hypothalamic
qytésol estradiol receptors during DHA treatment (p < 0.01) as compared to

vehicle-treated controls, Table XXIV.-- As with the anterior pituitary re-
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Table XXIII. Effects of Short-=Term DHA1 Treatment on Serum Gonadotrop;ns
: © in- Immature Female Rats S

Serum Gonadotropin Concentratlons (ng/ml)

Age at ' o mean + S. E..

Sacfifice A n FSH IH
27 -AM 4 49.9 t 6.7 ©15.0 £ 0.7
28. 40 4 21.8 = 4.1 13.7 * 1.2
29 AM 4 .39,9.i'5;8 B 16,4 + 2.5
29 PM 4  155.7 £ 64.9% 235.5 + 105.8%
30 AM 4 32.0 £ 3.0 45.9_i'9.1*
30 PM 4 | 170.6 * 39.5% 339.0 £ 47.4%

1 See Table XIX, 1.

*Gonadotropin concentrations are significantly higher (p < 0.01) than
concentrations in DHA-treated rats ages 27-29 AM.



Table XXIV. Changes in Anterior Pituitary and Hypothalamlc Cytosol Egtradiol Receptor Concentratlons
: Follow1ng Short Term DHA' or Veh1c1e4 Treatment of Immature Female Rats

Specific bound moles 3H—estradiol/mg cytosol protein mean i:S.E,'

Age at
Sacrifice ‘ Anterior Pituitary x 10-14 : © Hypothalamus x 10-15
‘ DHA : . _ “ Vehicle ... .. | DHA ‘ ~ Vehicle
27 AM 2.80 + ,20% 7.70 + .85
28 AM 2.11 # .02% |
29 AM 1.83 + ,09% 1 ©7.08 £.14 4.96 £ .15% 8.07 + .29
29 PM 2,17  .06% |
30 AM 2,38 & .16% | 8.23 + .03 5.43 & L44%  10.1 ¢ .03
30 PM 2.36 + .16% | ~, |
+ + . 04% 8.65 + .04

31 AM 1.79 & .13% , : 5.78

l gee Table XIX, 1; Two different cytosol aliquots, in duplicate, were assayed for each sacrifice.
2 See Iable XIX, 23 Two different cytpsol aliquots;, in duplicate, were assayed for each 'sacrifice,

*Receptor concentrations in these groups are significantly lower (p < 0.01) than in vehicle-treated controls.

€OT
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ceptors,: there was no replenishment of hypothalamic estradiol receptor con-

centrations on’the day of estrus, day 30, or the next day..

J. STUDIES IN THE IMMATURE FEMALE RAT FOLOWING. INDUCTION OF QVULATION

WITH DHA PLUS PMSG

Although both natural and PMSG induced puberty are followed by the
establishment of regular gstroué cycles in the rat, no thorough examination
has been made of the post—-ovulatory period in female rats after short—term
DHA plus PMSG treatment. .The interval of 31-40 &ays of age in such animals
was therefore a critically important period in‘these studies. Vaginal cy-
tology, ovarian and uterine weights, blood steroid and gonadotropin leﬁéls,
and cytosol estradiol receptor content of'ﬁhe anterior pituitary were es-
tablished for feémale rats in which pubérty had been advanced‘by short-
term DHA (60 mg/kg BW, 27-29 days of age) plus 8 IU PMSG (11 AM, 30 days
of age). Experimental findings in these animals (from 31-40 days of age)
were compared:ito those of female rats in which DHA plus PMSG tfeatment was
followed by additional daily DHA administration (60 mg/kg BW) from 31-40
days of age.

Ovulation, Vaginal Cytology

Unlike the PMSG-treated or untreated female rat, the first ovulation -
in those female rats administered DHA and PMSG was not followed by the imf
mediate establishment of regular estrous cycles. No differeﬁces in vaginal
cytology were detected between those groups of rats in which DHA was con-
tinued'or discontinued after day 30 of life. From day 32-40, 85-100% of
animals checked each day had diestrus vaginal smears; the number of rats
exhibiting pure estrus type smears was. 107 or less during this interval.

The high percentage of diestrus vaginal smears in these groups could not be
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'attrlbuted to a‘mechanlcally 1nduced pseudopregnancy since all anlmals were
inot smeared dally, vaglnal smears - of one—half of all’ anlmals were ‘not " tahen '
'untll the tlme of sacrlflce.. The percentage of dlestrus’and estrus'smears
was 31mr1ar regardless of when vaglnal cytology was evaluated In addltron:f

to the constant pattern of vaglnal cytology, no ova Were ever found at

,sacrifrce 1n the ovlducts‘ofjrats ;n"these$stud1es;(ages 32540).

' lOvarian-hefght-

Dally changes 1n‘ovaraan weight are’ presented in Table XXV “for those “
animals. 1n whlch DHA treatment was.continued and those in Whlch no further j
_treatment Was.glven; .Ovarlan we1ghts were at a peak on the mornlngs of
day 31 and 32 in- both groups and tended to decrease thereafter., Those‘
anlmals Judged to. be 1n d1estrus had large ovar1es with numerous corpora u:
_ lutea, those in estrus had smaller ovarles w1th few,llf any, corpora lutea.-
‘The ovarles of rats 1nlwh1ch DHA.Was contlnued were - generally heavier than‘
:those rn whlch androgen admlnlstratlon had been dlscontlnued throughout
-Vthe 1nterval of day 31—40 The exceptlons,‘at ages 34 and 37 were - due
flprlmarily to an- exces51ve number of constant estrus type anlmals sacr1f1ced‘:

:on these days in the DHArtreated group. .

4‘Uter1ne Werght

Uterine welghts of these rats are compared 1n Table XXVI. Uteri were"
‘_qulte heavy and the1r welghts were fairly con31stant through day 34 dn- |

:those anlmals 1n Whlch DHA Was cont1nued and in those Ain whlch DHA was dfs— ‘
iCOntinued; " From day 35 onward uterlne welghts of the anlmals wh1ch re; gn
..ceived no further androgen treatment fell progress1vely. Those of the DHAr_{
, treated rats remalned the same .or 1ncreased sllghtly and were. s1gn1flcantly'_

heav1er (p < 0 Ol) from day 33—40 than those 1n whlch DHA treatment was.
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) Table XXV:  Ovarian. Welghts 1n Female Rats (Age 31—4Ql,1n Whlch DHA was
, Continued or Discontinued Follow1ng»Precoc1ous Ovulatlon
Enducedlhl DHA and PMSG Treatment : :

. o Ovarlan Welght
Agg at S (mg/lOO g B?W ) mean 4 S E.

Sacrifice ‘ e
DHA » .. S0 . DHA
Continued‘ BRI © . Discontinued.

-

31 50.8%4.9 . 49.3.% 3.1

I+

32?AM,V.uA © 6L0x49 - 53.8% 3.8 )

+

32PM . 56,3 £'2.8% EEE 44,2 £ 3.4

I+

33 50.1£1.0 . . 48.0£3.0

3 45.0

L+

36 . iflj L 4791 2.9

I+

35 L N T A 41,2 +32.4

I+

%6 385 %2.2 o - o 34,9%1.8

i v.

37 32.9+16 - . 37.4% 3.4

I

38 4hBx 4% 34525

I+

39 - 42526+ . 33813

40  39.8

+

2.4% . 32.4%71.0

i-= 6 animals per treatment group. for each sacrifice.

% In&lcates a'31gnificant dlfference (p. < 0.01) bétwééﬁ-ovarlan weights-

of rats in which DHA was. continued or discontinued follow1ng the 1nduc—
tlon of ovulatlon Wlth DHA plus PMSG..‘l' '



‘Table XXVI:

Uterine Weight Changésﬂig Rats!

107

in Which. DHA Treatment Was..

Continued or Dlscontlnued Follow1ng_the Induction of Breco—

:k cious Ovulatlon W1th DHA and PMSG o

Age at .-

Uterlne Welght

(mg/iOO g B W ) ‘mean -+ S.E. .

Sacrifice -

DHA

: o ];DHA :
Continued Discontinued"
, 31‘ ~”'~--227;i-,35_‘~ .Y218ii;8»
;BZVAM.; ,_‘.,o‘f'-211 £9. 195.% 9
32PM u"”o'»217i£ §f4 109t 19
33 216 + 6 | 194 £ 14
34 . g 223 £ 9% 192\; 11
35 217 £ 17%% :}65ji{§
36. - 231 + 10%% 140 £ 7
37 228 7k 135 +8
- ‘33 ‘270 * 19**,f bl'..ll§:1’4
39 239 & 174 U
40 249 ;zio**'~ ’*.‘110‘5]6

=o6 animalsrper:treatment group'for éach sdcrifice;” ‘

* Indlcates significant dlfference at p’ < 0 05 among groups sacrlflced

the

same day.

[y

‘ *k Indlcates 31gn1f1cant d1fference at p. < 0 01 among groups sacrlflced

o the"

same day.;
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Adiscontinued'at age,291days, The?increase'whichfoccured at day 38 was in
all prohahility due to an overuadjustment:of,theleAldosage;which wasﬁcal—

‘culated on the basis of.group,body‘wéightsneveryisecond_day.

'Serum'Steroid Concentrationsf
Blood stero1d concentratlons of these two experrmental groups follow-‘

‘-1ng precoc1ous ovulatlon 1n.the DHA and PMSG—treated rat are shown in. "
: Tables XXVII and XXVIII.. - N

) By 31 days of age, . serum DHA concentratlons ln rats. receiylng no fur;
ther DHA admlnlstratlon were. s1gnlf1cantly lower (p < 0, 01) than corres—t
pondlng rats in wh1ch DHA treatment was. contlnued (Table XXVII) ' In the«
follow1ng days, serum concentratlons of DHA were ! malntalned at very hlgh
1evels-1n rats 1n wh1ch DHA‘treatment‘was:contlnued ’ DHA levels fell ccon-

tlnuously from age 31 onward 1n those rats ‘in whlch androgen treatment was

dlscontlnued and only reached normallevelsEafter a lO-day w1thdrawal per1od.‘1
--By age . 31 days, serum concentratlons of testosterone and DHT (Table XXVII)
,were s1gn1ficantly higher (p < 0'6l5 in rats receiv1ng contlnued DHA
_treatment as. compared to those 1n whlch androgen treatment was stopped. 3
By -35 days of age,‘perlpheral serum:levelsjof.testosterone*and_DHT_had
.declined,to'normalflimits»in;rats\treated*withfpﬁapandyPMSG only; serum -
, ] ST I T R _ _ :

concentrationsﬂof theSe'compounds were_maintained.at1fairlyvconstant leyels
:from age 31—39 in DHArtreated rats._" o | ' |

# Androstenedlone levels at - 31 days of age were also 31gn1t1cantly de- B
'creased 1n rats rece1v1ng DHA and PMSG treatment only as compared to those
rece1v1ng DHA ‘and PMSG. plus addltlonal DHA treatment (age 31—39) (Table XXVII)
Concentrations attalned by age 33 1n ‘rats: 1n whlch DHA was d1scont1nued were f»d

.s1m1lar to levels found after ovulatlon on day 34 in PMSG—treated rats~4>

e



. Table XXVIL,

Perlpheral Serum- Androgen Concentratlons in - Rats1 Pretreated w1th DHA Plus PMSG Durlng

Androgen Withdrawal or Contlnued DHA Therapy

& Concentratlons of each ster01d Were151gn1f1cantly higher (p < 0,01) in rats treated contlnuously Wlth
DHA, age 31 39 days.

. {Steroid“Concentratieﬁs#-_(ng/ml)‘ mean * S;E;
~ Sacrifice . 'Treatment" _ Testosterone: 'Androétenediene‘ DHAV_  DEﬁ3‘
31 DHA 13,109 * .373 4484 375 86.27 10,33 439 * 144
31 — °0.840 £ .207 © 1.111 * .182 14.49 -+ 2.34. . - .118 + .057
33 5.396 +.678 2,202 % ,558 1 56.20:% 6:96 ~  .308 + .071
33 | 0.451 % .106 - 0.674 + .067 2044 £ 1045 2043 £ .024
35 DHA 3.836 +.651 4,462 £ .372 - . 95.75 % 7.74 - .767-% .233
35 e - 0.057 * ,030. 0.737 £ .165 C1.27% .42 .076 £ .022
37 DHA- 4,436 + ,169 4.187 + .271 92.34 £ 8.44: 535 & .04L
37 — 0.017 £,009" - 0.521 * 115 61 & .15 .084-+ .028
39 DHA 5.334 % .527 2.927 £ 454 55.43 & 4,64 278+ .064
| ,39 — 0:038 + .013 0626 + 104 .36+ .17. 104 % 016
1 6 animals per treatment group. for . each sacrlflce day.,

60T
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(Fig. 9).A:No)furtherddeollneiwasdfoundsin serum 1evé£s'of:androstenedione
from age:33—39'lnﬂthese;rats;Z.Elevated eoncentrations Of‘androstenedioner
were maintained in those rats rece1v1ng DHA treatment from ages 31-39 and
daily fluctuatlons of androstenedlone paralleled the rise; and fall of DHA
.,1evels 1n;these rats.”::’ | | |

..Serum levels ottestraleIel?s; progesterone and l7§h&droxvprogesteroneA
ln-these eXperinents are.shownﬁin lahlevXXVlII;v Concentrationstot'estra-

V diol-178 were not- dlfferent in e1ther enperlmental group at 31 days of age
but by 33 days of age levels of this ster01d were 31gn1f1cantly lower Ll
(p < 0. 05) in rats- durlng androgen w1thdrawal as compared to those re—nd"
ce1v1ng contlnued DHA treatmentJTfoa37“days of age, serum levels of estrae

.d101—l75 1n rats reoerv1ng no addltlonal treatment Were equlvalent to post-‘

: ovulatory 1eve1s 1n the PMSG—treated rats (Flg. 7) |

| Serum concentratlons of progesterone and 17-hydroxyprogesterone Were

similarly elevated in hoth experimental groups-at‘Sﬁtand533 days of age;t

. From age 35 39, levels of progesterone and l7-hydroxyprogesterone rema1ned"
'elevated'1n those rats. rece1v1ng contlnued DHA treatment, levels of these :

.-sterolds 1n>rats reee1v1ng no addltlonal treatment began to decllne and '
”were.srgnlfrcantly lower,(p £ 0. 01) ‘at 35 37 and 39 days of age.f When._‘
eonsidered>as-anfindividual,group,‘rats w;thlconstant estrus type vagina1:
smearslhad’low‘serunrlevelshotVbrogeStins;: Concentrations of‘prOgesterOne'

.were srgnlflcantly lower (p < 0. 01) in the constant estrus anlmals (mlxed

f ages) than in anlmals ages 31“39 of e1ther experlmental group. In constant

estrus anlmals, l7-hydroxyprogesterone 1evels were lower (N S ) - than levels

in rats. 31 and 33 days of age (DHA contlnued or dlscontlnued) . The s1gn1—

: flcant.differencesxln serum'progesterone;levelsrbetween«constant‘estrus'



Table XXVIII.

Peripheral Concentrations of Estradiol, Progesterone and 17-Hydroxyprogesterone During

Androgen Withdrawal or Continued DHA Treatment #n Rats Pretreated with DHA and PMSG

Steroid Concentrations (ng/ml) mean+ S.E.

Age at A
Saqrifice Treatment. n Estradiol Progesterone 17-Hydroxyprogesterone

31 DHA 6 .053 = .030 11.32 # 1.51 1.408 * ,209
31 —_ 6 .076 £ .026 10.49 + 1,18 1.892 + .374
33 DHA 6 .122 + .037 13.07 * 0.65 1.832 + .339
33 —— 6 .031 £ .009 13.56 * 0.60 1.213 + .174
35 DHA 6 .107 £ .019 15.00 + 1.59 - 1.767 + .239

, % < P
35 — 6 .039 % Q19 12.98 *+ 1.10 0.883 + ,159
37 DHA 6 .078 * .020 13.40 * 0.70 1.794 + .219

' ®k % ) | k%
37 —_— 6 .008 £ ,007 10.99 £ 1.10 0.683 + .238
39 DHA 6 .190 * .035 14.29 + 1.07 1.812 + .355

%% %% X3
39 _— 6 .005 * 004 7.08 £ 1.03 0.652 + .078
Constant 6 — 4.66 * 1,23%%% 1.046 * .243

Estrus '

*Indicates Significant difference at p<0.05 in steroid levels of rats on the same day. -
%% Indicates significant difference at p<0.0l in steroid levels of rats on the same day.
#%% Progestérone levels in constant estrus rats are significantly lower (p < 0.01) than in any

other group.

TTT



112
animals and animals primarily in diestrus aré a reflection of the high
steroidogenic activity of ovaries with corpora lutea (diestrus rats) as’
opposed to those ‘in estrus (prior to complete luteinizization of hemofr—
hagic follicles). |

Gonadotrépin

Sefum levels of FSH=and LH in ‘post-—ovulatory rats during andrqgen
withdrawal or chronic DHA administration (age 31-39) are depicted in
Table XXIX. |

At 37 and 39 days of age, serum levels of FSH in rats treated with
DHA were significantly higher (p < 0.05) than in those receiving no further
treatment. By 40-days of age, there was no difference in serum levels of
FSH between the two groups. Serum levels of LH were suppressed in both
groups at 37 days of age. By 39 and 40 days of age, serum LH in animals
receiving no further DHA treatment'had inéfeaseﬂ‘to concéntrations signi-
ficantly higher than that found in the DHA-treatéd rats, in which LH-;e—
mained suppressed from age 37-40.

Cytosol Estradiol Receptors

As shown in Table XXX levels of pituitary cytésol estradiol receptoré
were significantly depressed following the precocious ovulation induced by
DHA and PMSG. A gradual increase from 32-40 days of age in levels of these
receptors was noted in those. rats in which DHA treatment was discéntinued°
There was no increase in estradiol receptor levels during this period in
rats treated cbntinﬁously with DHA. 1In fact, a significant decrease was
detected at ages 39 and 40 which paralleled the:ihcreased estradiol levels
detected in serum of these rats at 39 days of agé (TébleVXXX). A signifi-

cant difference (p < 0.01) in-reéeptor binding betWeen those rats chroni-
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' Table XXIX. - Serum Gonadotropin Leﬁels”igiRétsfPretreatédzWith;DHA.énd:
- PMSG During Androgen Withdrawal or Continuous DHA Treatment

"_SefumiGonadbtropin.Concentrationsx;
: . . "~ (ng/ml) mean t S.E. '
Age-at . L -

Sacrifice ' Treatmént;’n o . FSH ,; IR o LE

o

2.7 - 84 t0.5

o]

W s e

I+

-5 27,1 3.9% 9.8.% 1.2

M

39  EA 5 46.2%48 6.8

0.4

I+

Ce— 4 33.1:% 8,9% 19,1 % 8,9%k

"

40  DHA . 6 462 %3.3 . 7.2+ 0.3

—— 6 43.0£3.0. . 117

O

1

% Ihdicates~sigﬁifibaﬁf'differéﬁéés'étfpf?fO:Ol”in7gdhadéffopin levels
of rats sacrificed the . same day. C _—

%% Indicates sigﬁificéﬁtf&ifferénéesEat*ﬁ,s 0.05 in gonadotropin levels

of ‘rats sacrificed the same day. T B :
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Levels of Qytosol Estradlol Receptors1 of the Anterlor

nPltultary in Female Rats Pretreated w1th DHA ‘and PMSG

~ During Anérogen‘W1thdrawa1 QE,Chronrc,DHAiTreatmentf .

Age at

Anterior Pltultary Cytosol Estradlol Receptor Concen—
' trations - (Specific bound moles x 10~ 1% SH--
Estradlollmg_cytosol protein) meap t S.E.

"Saerifvice;-' o DHA DHA :
" Chronic '~ - Discontinued--
32},; 124 % .10 : 1.51 ;%:-f;ig
33 1,39 %..18, f 162 % ‘7,09 -
T R 03 . 1.83 + .06% B
35 1.71% .09 2,11 £ .00%
. i gh T el T
39 0.79 + 01 EEAREN - '.v2.08 £ 11
s | 0.?1 £ .01 . '3.qo-.¢ .09%

1 Two dlfferent cytosol allquots, in dupllcate, were assayed for each
treatment groupnper»sacrlflce.: :

* Cytosol estradlol receptor concentratleﬁs are 31§n1fiCantly hlgher
(p < 0.01) than. ‘groups of s1milar aged’ rats rece1v1ng contlnued DHA

treatment.
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cally treated with DHA and those undergoing androgen withdrawal was. appar-

ent by day 34; this was a consistant finding through.40 days of age.

K. EFFECTS OF CHRONIC DHA TREATMENT ON THE REPRODUCTIVE 'AXIS OF IMMATURE

FEMALE RATS.

This study was carried out in order to evaluate changes in several
experimental parameters associated with chronic DHA treatment: and the sub-
sequent ovulatory failure (blood steroids.and gonadotropins, cytoéol es—
tradiol receptors, vaginal’cytology and organ weights). In addition, . the
androgen withdrawal period was closely studied, during which regumption
of regular eétrous cycles Was anticipated. Starting at 27 days of agej
and. continuing through 46 days of age, DHA (60 mg/kg BW) was administered
daily to female rats. The response to LH-RH (10 ng/100 g BW) was also
established ‘before (27 days of’agg) and aftér'DHA induced precocious
ovulation (34 days of age) and at the end of chronic DHA administration
(46 days of age). |

Ovulations and Véginal_Cytology

By 32 days of age, vaginal patency occured in 100% of the DHA-treated
female rats. Greater than 90% .of all animals (n = 58) examined at age 32
were found to have estrus type vaginal smears. From day 33 until 46 days
of age, 75%‘of the DHA-treated rats exhibited constant diestrus vagiﬁal '
patterns; the remaining 257 had constant estrus vaginal smears. In no
instance did the vaginal cytology of any animal change from constant dies-
trus (or vice versa) during the period of 33-46 days of.age. Foliowing
the last DHA injection (age 46), tﬁe vaginal cytology of each animal re-.
mainéd constant for a short but variable length of time subseqﬁent.to the

resumption of regular estrous cyels. The interval between androgen with-
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drawal and. 1n1t1al resumptlon of regular)cycles was found to be 9 3+ 2. 7
(s.D. ) days (calculated as the number of days requlred for dlestrus anlmals
_to change to estrus, or the number of . days for constant estrus anlmals ‘
to change to dlestrus) Equlvalent CapaCltleS’tO resume regular estrous
cycles, as Judged by vagrnal cytology Were found -in both constant estrus
and constant.dlestrus anlmals. “The 1nduct10n of constant vag1na1 cytology-
. and the return to-regular estrous cycles is graph1cally demonstrated for

a representatlve group of rats.in Flgure 10.f It should be noted that on a
group ba31s there was a great deal of varlatlon 1n the vaglnal smears of
the rats- on any glven day durlng androgen withdrawal

’Ovarlan*Welght

Ovarlan Welght -during and follow1ng chronlc DHA treatment rs shomn
;inxTable XXXI) Ovarlan welghts were hlghest at 32 and 34 days of age,..
at Whlch time numerous corpora 1utea were found in those anlmals exh1b1t1ng
':dlestrus‘vaglnal smears; By 46 days of - age (after 20 days of DHA admlnls- ;,
tratlon) ovarian welghts in constant d1estrus rats were 51gn1f1cantly
_heav1er than those recorded in constant estrus ‘animals whose ovaries Werghed:
less on a- mg/lOO g BW than those of untreated controls at- 32 days of age.
.Ovarlan cysts were’ apparent in both constant estrus and constant" dlestrusvﬂ'
anlmals ‘at 46 days of age but not 1n 34 day old DHArtreated rats.' Fdllow—ii
ing the d1scont1nuat10n of. DHA treatment, ovarian welghts of . prev1ously
constant-dlestrus anlmals decllned accompanylng a:regre831on of corpora
T'lutea.. By 61 daysvof age; oyarlan Welghts Were s1gn1f1cant1y lower L
(p < 0. 01) than ovarian. welghts of 48 day old rats (2 days post DHA) | Cone

s1derable varlatlon was noted among morphology (corpora lutea hemorrhag1c -

',folllcles, cySts,.etc.) and welght'of ovarles.from,1nd;v1dual'rats wrthln-



Figure 10.

Vaginal Cytology of a Group of Representative Female Rats

During and After Chronic DHA Administratiom. -

Note the chronic vaginal smears of each rat during and
shortly after DHA treatment and the non-synchronized
résumption of estrous cycleés during androgen withdrawal.

A}
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Table XXXI. Ovarian and Uterine Weights in Female Rats During Chronic DHA Administration and During
Androgen Wlthdrawall

I

Organ Weights (mg/100 g B.W.) mean *.$:E.

Age at
Sacrifice Group Ovary Uterus
32 P " pHA o 37.8 + 2.6 176.6 + 12.5
Control 28.1 + 1.5 67.7 +:5.8
34 M. DHA- 43.6 £ 4.9 | 215.0 + 7.8
Control 29.3 + 1.6 127.0 + 16.8
46 AM DHA, Constant Estrus> 17.7 i‘2.8 % 196.7 % 12.0
DHA, Constant Diestrus 38.5 £ 4.1 240,3 + 13.3
48 MM 2 days post-DHA 34,7 * 4.5 | | 208.4 * 17.3
50 AM -4 days éost—DHA | 29.9 t 4.4 201.1 £ .7,6
54 AM 8 days post-DHA 31.5 * 3.7 193.3 £.19.6
58 AM 12 days post-DHA | - 30.4 3.5 158.0 = 9.0 ®%
61 AM 15 days post—DHA | 23.5 % 1.3 %% | , 156.0 * 9,7 %%
66 AM 20 days post—DHA 24,9 * 3.1 \ 122.6 = 17.4 **
68 Al 22 days post-DHA 32.5 1.5 | 132.2 % 11.9 #%

1 Female rats were administered DHA (60 mg/kg BW) daily from age 27-46 days; control rats were treated with
propylene glycol (vehicle) only; n = 6 animals per treatment group for each sacrificé.
* Indicates a significant difference between ovarian and/or uterine weights of groups sacrlflced on the same
day (p < 0.01) ages 32-46.
** Indicates that ovarian or uterine weights:are significantly lower (p<0 01) than those obtained from rats
age 48 days, previously treated Wlth DHA for 20 days.

6TT
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‘veach sacrifice;group'during-the«androgenzwithdrawal,period. AsTa'résdiﬁ
no: stat1st1cally s1gn1f1cant changes could be demonstrated from day 50
fthrough day 60, at Wthh t1me all’ anlmals had undergone ‘at least two
consecutlve=estrous cycles;;~0n-a gross morpholog1ca1 ba51s; a progressive’
regress1on of ovarlan cysts‘was apparent, however.these f1nd1ngs were mot .
‘verlfled by hlstologlcal exam1nat1on. |

'Uterlne Welght

o Uterlne welghts of DHArtreated rats, qu1te hlgh at 32 and 34 days of -

- age, were mainta1ned through age 46 days (Table XXXI) No s:;gnlflcant.

: dlfferences in. uterlne welght could be establlshed between constant estrus 7
and constant dlestrus»anlmals at‘46,daysiof'age. Follow1ng DHA w1thdrawal

h uterlne welghts remalned elevated from 46 54 days of age. A s1gn1f1cant o
decrease occured at 58“days of age (p < 0, Ol) and no further statlstically
: 51gn1f1cant alteratlons in- uter1ne welght were noted from 58—68 days of

"age,

iséﬁan?Steroid Concentrations lh

Pooled serum sanples (serumAfrom two animals used to form each pool)
were: analyzed ‘by multlple ster01d radlolmmunoassay technlques (n= 3 pools
per’ sacrlflce-day) ThlS wasldone in. order - to minimize the expected varla—vy
tlons in stero1d levels of 1nd1v1dua1 rats durlng thlS tlme of androgen:_'
Awithdrawal and non-synchronlzed resumptlon of regular estrous cycles.

~ The- results of these evaluatlons are shown in Tables XXXII and XXXIII.

Serum levels of androgens (DHA androstenedlone, testosterone and DHT)Z“"‘

"were 81gn1f1cantly hlgher (p < 0 01) in DHArtreated rats ‘as compared to"
Iveh1cle—treated controls at 32 days of age (Table XXXII) . The levels of*

these androgens were slmllarly h;gh at‘46'days.of agep(following 20Adaysv..



»; Table XXXTT. Serum Concentrations'gfﬁAndrogens EE;Female Rats}-Ddrihg}and After ChroninDHA Administration?

: : ‘Stéroid Concentrations (ng/ml):,mean~i‘S.E+m~f
Age at . SR I
Sacrifice

'DHA  Androstenedione - . ' ‘Testosterome - .U DHT

0L

o

: 2.2 0.07 £0.04 . 0.13£0.04 - 0.04

'v32~PM4(Conttol)‘

o

T

s2omm T 4B 420.0% 4,01 % 0,72% - 488 %0.38 ©  0.44

.
I

.46 MM, Constant Estzus =~ 158 £ 8.0 .  5.13 £+ 1.50° - 6.63 £ 0.84 . . 0.46 % 11

L1000

W
o
T

'46°AM, Constant =~ - . 157 £ 4.0 9,99 % 0.97#% .- 8,93 + 0.83 .
- Diestrus - ' oo : ‘ R o o e

48 99 % 27.0t  4.20£0.35 . 4,97 a4

S+
I+

0.8 . 029

M

o
I+

- 54 23 7,7t 1.66 0.13t - 0.14

M

0.43+ . 0.65

St

0L,

01%

H+

0.09+ - - 0.100

I+

58 21

I+

I+

0.41+' ; 044

61 :,_f7;6-i'73,5T~ . 3.14x 1.94 . 0,31 % 0.18t 7 0,09 & .02

e

o

;El”

66

g

4.1 % 1.6% - 0.69 £ 0,324 - 0.23 £°0.07+ . . 0.07 % .0Lt

- 1 Three 1. 0 ml serum pools, sera - from,two,tatSvperprQl, Were_assayed,in'duplicate“fdrneachftreatment_gfpﬁp P
. per Sacrlflce.'.' R T R IR
2 See Table XXXI,: u- S : o : : '
*Indicates that" ster01d levels are s1gn1flcantly hlgher (p<0 01) than 1evels in 32 day old vehlcle—treated
_controls,
*%Indicates . that serum levels are 31gn1f1cantly hlgher (p<0 05) than concentrat1ons in 46 day old constant
estrus rats. - :
tIndicates that serum levels/follqylng DHA w1thdrawal are . s1gn1f1cantly 1ower (p<0 01) than constant estrus (e
“and constant diestrus rats at 46 days of age.” = - : , : L

‘ﬂz



Table XXXIII.

Concentrations of Serum Estradiol, Progesterone and 17—Hydroxyprogesterone in Female Rats

Durlng,and After Chronic DHA Admlnlstratlonl’2

Steroid Concentration (ng/ml). ° .-

mean + S.E.

Estradiol Progestéerone 17—Hydroxyprogesterone
32 PM (Controls) 0.019 + .009% 3,29  2,37% 0.85  0.22%
32 PM 0.090 + .030 19.90 % 2.90 1.69 + 0.15
46 AM, Constant Estrus 0.070 * .020 13.11 i'6760* 2.43 + 0.51
46 AM, Constant Diestrus 0.090 * .020 31.48 * 4.00 2.82 + 0.37
48 MM 0.220 % .080 34.29 % 3.30 2.89 0.73
54 AM 0.130 * .010 24.48 + 0.92 1:.26 + 0.21%%
58 AM 0.050 * 0.10%%* | 6.93 £ 2,18%%% 1.64 + 0.34
61 AM 0.010 £ .003%%% 9.90 + 2.91%% 1.71 £ 0.23
66 AM 0.023 + .005%%% 1.43 + 0.53%%%. 0.61 + 0,14%%%

1 Rats were treated chronically with DHA (60 mg/kg B.W.) starting
2 Three 1.0 ml serum ‘pools, sera from two ‘rats per pool, were assayed in dupllcate for each treatment group

per sacrifice.

* Indicates that
%% Indicates that
*k% Indlcates that

steroids are significantly lower (p < 0.01)

at 27 days of age.

than levels in rats sacrificed the same day.
steroids are significantly lower (p < 0.05) than levels at age 48 days,
steroids are significantly lower=(p < 0.01) than levels at age 48 days.

T
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oflbﬁadadmlnistratlon)v"No'signiflcant*differences among.serum levelsfof*
DHA, testosterone or DHT were apparent between constant ‘estrus and constant
dlestrus_animals.i Androstenedlone levels were; however hlgher (p < 0. 059

in constant - d1estrus rats sacrlflced at 46 days of age.-, o

- Two days after DHA treatment”was dlscontlnued age.48 an approx1mate
iSOé-reductlon in_serum‘levels ofjthe'ahovelmentloned gour sterolds was.
deté?ﬁédf nFurther"reductions in‘peripheral serum3concentrations of  DHA,
.androstenedione, testosterone‘and DHT‘occured fromm48‘to-66Adays‘oﬁlage,
'durlng‘whlch a resumpt1on.of regular estrous cycles occured. ‘No differen4
t1atlon in the contrlbutlon to perlpheral ster01d 1evels Was poss1ble be—-
_ tween endogenous secretlon and metabollc conver81on of. the 1n3ect1on ster01d
:ADHA,‘ However, the clearance of DHA ndvandrostenedlone was - notlceably
_slower‘than that of testosterone.and DHT, whlch’suggests that some secretlon,'
_ of the former ster01ds may have occured dur1ng the androgen w1thdrawa1
period. In add1t1on, the return to basal DHA and androstenedlone 1evels
~in; the 1ong term DHArtreated rats was. retarded as. compared to that observed
follow1ng short term DHA plus PMSG treatment (Table XXVII)

Serum levels- of estradlol, progesterone and l7-hydroxyprogesterone
v(iable4XXXlIIx; were alsofsignificantly.higher;(p‘g Q,Ol):dn'3g~day;old'-
~ DHA-treated rats thanrvehicle-treated~controls;:flhedmarked elevation'inf
progesterone and the lesser 1ncrease in serum 1evels of l7-hydroxyproges-
;terone were undoubtedly the result of enhanced ovarlan secret1on due to the
:presence of large, apparently functlonal corpora lutea in most DHA—treated
‘rats" sacrlflced at- thlS time (age 32 days) : The 1ncreased estradlol con—.
-centratlons }n these.rats‘was,‘however probablygdue~to the'metabolrsmiot.

DHA.-
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Similarif;Lincreased;serun’concentrations‘offthese7steroids were: o
found at 46 days of age 1n the chronic DHArtreated ‘rats.. There was no
s1gn1f1cant difference in levels of estradiol and l7-hydroxyprogesterone
:1n the . constant estrus and diestrus animals.'nProgesterone'concentrations
were, however,vsignifiCantly higher (p‘< 0‘01)~in-the'constant‘diestrus
:rats, which also had much larger ovaries. (Table XXXIII) studded with many :
corpora 1utea.. No 1mmed1ate decrease in serum levels of any of these
' 'ster01ds was found follow1ng w1thdrawal of DHA treatment at 46 days of age.
By 58 days: of - age, 12 days after the last DHA inJection, a 51gn1f1cant de-
'crease in serum levels of estradiol and progesterone occured A further
~lowering of estradiol levels nas noted at 61 days of age Whereas proges-
terone concentrations 1ncreased at-this time. An-initial decrease in 17;
‘hydroxyprogesterone occured at 54 days of age, however no further. decreases
occured through 61 days of age. By 66 days of age,. serun levels of estra—.
diol;.progesterone and l7—hydroxyprogesterbne were’equivalent,to levels
in 32 day old control female rats. | o

Pituitarngespons1veness to LH—RH

The response to LH-RH (lO ng/lOO g B W., administered S.C.).or vehlcle
was evaluated before and soon after the induction of precocious ovulation
in DHA:treated'rats;:similar”evluations,were conducted,inxcontrol‘animalsy
of the‘same age}‘ In}addition%}4§¢day‘oldhhHArtreated'rats (constant.es—_
.trus:plus COnstant‘diestrus)gwere(administeredth—RH or{vehicle aloneﬂ The
results of these.studies are shown in Table XXle} At 27 days -of. age;
_LH—RH caused a 31gn1ficant.1ncrease‘W1th1n 30 mlnutes 1n serum LH (p<< 0 ,01) -
-, and FSH (p < 0.05) in controltanimals;>«There Was‘no‘detectable-increase
in“LH:or_FSH»over controllor‘vehicle_inﬁected_levels:ingthe 27_days.old

v N



1 in Female Rats

, Table XXXIV. Serum Gonadotropin Concentrations Follow1ng,LH-RH or Vehlcle Admlnlstratlon
Treated With DHA®

Gonadotropin Levels (ng/ml).. . mean * S.E.
Age at
Sacrifice n: Group Treatment LH ) FSH
27 AM 6 Control — . 8.2 £ 0.4 69.0 + 14.2
6 Control Vehicle 7.9 £ 1.0 - 81.2 + 11.4
5 Control LH~-RH 35.4 £ 9.2% 142.4 + 19,9%%
4 DHA -— 9.6 0.6 43,1 + 12.3
6 DHA Vehicle 7.7 £ 0.4 64,9 £ 7.4
6 DHA LH-RH 9.7 £ 1.2 78.7 £ 16.2
34 AM 6 Control —_— 18.3 + 6.4 63.5 = 15.0
‘ 5 Control LH-RH 169.5. = 63574~ 104.6 = 34.0
6 DHA _— 7.6 £,0.4 44.3 + 4.9
6 DHA LH~-RH 7.2 £ 0.3 50.5 + 14.8
46 AM 6 DHA —_— 6.7 + 0.4 67.7 + 4.1
6 DHA Vehicle ‘ 7.1 + 0.2 62.4 + 3.3
6 8.2 £ 0.5 67.6 + 5,5

A ... LB-EH

Rats were sacrificed by decapitation before and 30 minutes after treatment with LH-RH (10 ng/100 g B.W.)
or vehicle.
Rats were treated contlnuously with DHA (60 mg/kg B.W./day, age 27-46 days) or propylene glycol.
* Indicates significant difference in serum levels of FSH ox- JLH in LH—RH—treated rats as-compared to controls
(time 0 and/or véhicle-treated, time 30 minutes), (p < 0. 01) o
*% As above at p < 0.05. , o
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DHArtreated rat.f At 34 days of age, near the tlme of natural onset of pu-~
berty, basal LH levels in- control rats were 1ncreased as. compared to- control
1evels in 27 day old’ rats, the response to LH—RH was greater 1n the 34 day
old group as compared to 27 day old- rats. The apparent increase in:FSH -
1evels-1n:34 day old.controls after LH-RH was-not statistically signifiCant;‘
»There was no preceptlble 1ncrease in-LH or FSH in- the 34. day old’ DHA—treated
: rats.' Basal LH and FSH levels 1n the DHA-treated group at thlS age were. '
’ «notlceably lower than those obtalned for: 34 day old controls' they were-
however not dlfferent from'levelsrln 27 day old DHArtreated rats;' On ‘the

last day of chronlc DHA admlnlstratlon, (age 46) there was no 1ncrease in

serum LH or-FSH. 30 mlnutes after LH—RH. The data for 46 day old rats are

'.zcomprised of values obtalned in both constant . estrus and constant dlestrus

rats; no dlfferences were notedrln‘LH or-FSHﬂlevels-of those rats'obtalned

- at t1me>zero mlnutes (control), 30'm1nutesvafter LH—RH or 30 mlnutes after

_ veh;cle. It ‘appears : that the pltuitary response to 1ow dosages of LH—RHdls j'
suppressed.hy DHA-treatment}i Thlsflmparrment.was evddent:four.hours after
thevfirst‘DHAulnjectlon on»day:27;:fn;§4 day,oldrratsvatvwhich time.corpus
-;utgum development was.apparentvanq{at‘46 days of age after 20Adays of.DHA'.
,adminiStration; . | | |

Serum Gonadotropins

The<changeS'in serum levels ofdgonadotropins; FSH and LH;ﬂfollowing DHA
‘w1thdrawal are shown in Table XXXV A gradual increase:in serum LH was.found\
to occur throughout‘the w1thdrawal perlod. 4The f1rst statlstlcally 51gn1f1— '
cantp1ncreasejwas,obta;ned 1nv61.day.old rats. Thls increase was further sus—f
tained at 66 and 68}days:of‘agewwhenfserumiLHalevels were}significantly‘higher‘_<
(p < O Ol) than 1eve1s at 46. days of age.w Serun»levels of FSH-declined slight-

» ly from 46-61 days of age but were 1ncreased s1gn1flcantly (p<0 01) at 66



Table XXXV. Serum Gonadotropin Concentrations During Androgen Withdrawal in Long-Term DHA-Treated

Female Rats!~

Serum Gonadotropins (ng/ml). . .-

mean * S.E.

Age at ‘ Number of days after

Sacrifice , Last- DHA Injection n. 1H ' FSH
oy 0 6 6.7 £ 0.4 67.7 + D41
48. AM 2 6 7.6 + 0.6 61.6 + 5.6
50 AM 4 6 8.6 £ 0.4 60.0 + 423
54 AM 8 6 9.0 £ 0.9 53.2 + 7.8
58 AM 12 6 9.3 + 1.1 55.2 = 6.4
61 AM 15 6 10.1 # 1.3% 51.6 = 6.8
66 AM 20. 6 14.9 * 3,7% 108.2 + 28.8%
68 AM 22 6 12.4 + 0.8%% 72.3 + 15.6

! Pemale rats were treated chronically with DHA (60 mg/kg B.W./day, age 27-46 days).

*Indicates a significant increase in serum levels of LH or FSH as compared to levels at 46 days of age,

(p < 0.0Sw;

**Indicates a significant increase in serum levels of LH as compared to levels at 46 days of age, (p < 0.01).

LTT
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daysiof.age.' Concentratlons of FSH at’ 68 days of age Were not 51gnif1cant1y

different than those found at 46 days of age. The 1ncrea51ng't1ters of.
serum LH durlng androgen Wlthdrawal were assoc1ated temporally with the

decreas1ng levels of most blood ster01ds.quant1fied durlng the 1nterva1

of 46-61 days of age? when,a resunptlon;of‘regular:estrousvcycles-Was-

' documented.' | . -

- QytosolrEstradiol:Receptors:;j

. Cytosol estradlol receptot content of the anter1or p1tu1tary and hy-
.-:pothalamus fOllOWlng DHA.Wlthdrawal are shown in Table XXXVI hothvan- '
‘tetlor p1tu1tary,and hypothalamlc estradlol receptor levels were signifif
cantly‘dehleted_at 46.days,of:ageh(asncompared_to cytosollfeceptor‘content‘
..in’untteated female'rats in other'experiments) A gradual replenlshment

" of blndlng capac1ty was noted for both tlssues from age’ 46—54 days of age.-
The flrst s1gn1f1cant increase - d1d not occur unt11 58 days of age in the
anterior pltultary.and.hypothalamlc cytosol:estradlol receptor~concentra-
tions; Hypothalamlc estradlol recentor 1evels were falrly con31stant from
1 58= 68 days of age. Whereas anterlor p1tu1tary receptor levels were’ futther .
replenlshed at these tlmes.v By 68 days of age, cytosol estradlol receptor
concentratlons of both the anterior p1tu1tary and hypothalamus were equlva—-
Vlent tojconcentratlons found on estrus-and dlestrus in PMSG—prlmed rats |
(Table XVfII)' The- replenlshment of theAcytosol estrad101 receptors (age

’ 46—68) paralleled the increases. in- basal levels (AMD of serum LH durlng
'_‘the DHA Wlthdrawal perlod (Table XXXV) In addltlon, the flrst s1gnf1cant
'1ncrement in cytosol estradlol receptor levels of the anter1or p1tu1tary
-and- hypothalamus (age 58 days) occured at the‘same'tlme that a’ 51gn1f1cant

decreasezan_serum estradlol wasvdetected (Iahle_XXXlII),' These bio-



Table XXXVI.

Changes in Cytosol Estradlol Receptor Concerntrations of the Anterlor P1tu1tary and

_'Hypothalamus During Androgen Wlthdrawal in Long—Term DHAL-Treated Female Rats2

Age at-

Sacrifice -

. Number' of .Days After

Last DHA Injection

Cytosol Estrad101 Receptor Concentratlons

(spec1fic bound moles H-estradlol/mg cytosol proteln) mean ,"S.Eus

Pituitaﬁy 3_10—14“

Hypothalamus x 10‘15

o
: o
.50
.\_58
.
s:66 |

68 -

12

15

20 .

22

3034 -
.3.76

. 3.96.

4.90

. 6.04
6.20 :

L .

+

.06

vt2§~"
‘;22v's
83
R
Loues
;72*%”.

“..86** 3

3.05.

3#39

I+

3,37

I+

8,35

' 7.55

H-

7.85

'H

8.09

I+

"+

M

w+j

.03

;Qggi

.38
58

sk

64**:1

.25**~'

L 16%%.

1 Female rétSnWéfe tréated'chronically, beginnihg

-at 27 days

',2 ‘Two dlfferent cytosol allquots, 1n dupllcate were. assayed

* Signifdicant increases 1nfestradlol'receptors_(p~<s0.05} as-

- %%*Gignificant increases in estradiol'recéptqu'(p < 0.01) as

of'age, With.DHA (60;mg/kg
on each'sacrifics;r

compared to age 46.

_compared to age 46.

ﬁ.W;) for 20sdsYS;{

6T
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chemical changes also. coincide well with the average number of days re-
quired for resumption of estrous cycles in the -chronic DHA-treated rat

(9.3 % 2.7 days).



V. DISCUSSION

MULTIPLE STEROID'RADIOIMMUNOASSAYKTECHNlQUESf‘

~

' The most 51gn1f1cant technlcal advance in endocrlne research durlng
:*the past 20 years has been the - development of new methods for hormone'
.quantification. The most successful oftthe current techniques are.radlo;"
“'1mmunoassays whlch offer sens1t1v1ty, orec1S1on and reproduc1b111ty. Since
-the;introduct;on oﬁwsuch methodsttor thevmeasurement ofsandlv;dual steroid
Ahormones,_investigatorsﬁhavevrecoéniaed thelpotentialiof%radloimmunoassay
;—for"quantlfication of several.sterold hormones‘from:single{hloodﬂsamples;h
A multlple sterold radlolmmunoassay’methodlwas developed durlng these
studles and was - applled to the measurement of estradlol—l76 progesterone,
;17—hydroxyprogesterone,,androstenedlone testosterone, dlhydrotestosterone and
‘/dehydroep1androsterone in serum of human volunteers and female rats.- The
_development of-two antlsera for use ln_thexmeasurement ofwestradlol-l73
_ ‘ ; : .

and dlhydrotestosterone was a necessary prerequ1s1te for th1s method due

to the unavallabllltv of spec1f1c antlsera to these compounds..‘The antl-f'
sena'developed_for estradlol? RP#l (Tab;efIII, Flgurei3) and for dihydroé;
testosterone,_#Ar3 (Table‘IV);.plus those:antiseradobtained from.commercialg
,sourceS’werevfound~to'be suitable;for useiln the’context‘of;a multiplen
: steroid radioimmunoassay‘method..;The;requirementlln such'methods.or'ln
‘sinéle'steroid assay methodsffor‘sPecificity Oftthe antisera WassdemonStra— :
j_ted at length for the dlhydrotestosterone antlserum, #Ar3 when compared
ito another antlserum, S =741, currently employed for the radlolmmunoassay

of thlS compound (Flgures 4 5 and Table V) |

Chromatographlc separatlon of the seven sterolds,_lsolated 1n1t1ally

by;ether extractlon'of'l—z,ml of serum (or‘plasma), Was achleved using

131
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'célitéybartitionVCOlumnS-EVWhéﬁfthézserum:vélume~w§s‘S#ffiCieﬁf-(grEétef
,than,tmogmlj'and'thus—theiquantity*ofbeach:steroid*hormoneﬂto beﬂmeasured
_:wasbadequate;Vaitwo:column;technlqueg(column4system'A;+ 3)1wasjadoptedlfor
. the lsolatidnf «of'the seven"compounds :(‘Figure.‘ 1. " Table ). Hovvever, mhe'n-' \.
_the sample volume was- 11m1ted as expected Wlth small anlmals,va s1ngle
cellte column method (modlfled column system A) (Flgure 2) was. developed
and utilized for the separatlon and collection of: the seven stero1ds from
a single serum ex;;act'Priorrto assay'astdetailed_in Table II.

" The overall recovery,of‘all steroid‘hormones folloWing ether'extrac%
tiongiof serum and column chromatography Was qulte hlgh (68—93/) and Was.
”" reasonably cons1stent for each compound regardless of Whlch column method.
. was employed. The prec181on of these methods (Table VI) was comparable
to that reported for s1ngle ster01d assay methods (Korenman et al., 1969
.:Buster and Abraham, 1972 Horton, 1965 Abraham et al.,. 1971 Strott and
Llpsett, 1968; Mayes and Nugent,’ 1968) and the accuracy is acceptable as’
Judged by comparlng values obtalned in normal male and female serum by
these methods (Table VIII) to those reported in 11terature’by a varlety
of ster01d assay methods (Table IX) The'method blanks for thlS multlple_
'.ster01d RIA are very low (Table VII) whlch contrlbutes greatly to the hlgh
degree of sen31t1v1ty poss1ble Wlth th1s technlque. The chromatographlc
‘method is 31mple enough to allow tor the slmultaneous proces31ng of as,
.‘many as elght columns and requlres about two ‘hours: for the complete separ-e
. ation and indlvidual collect1on of . all seven ster01ds for subsequent radlos:l’
1mmunoassay. o - | |
Other multlple sterold radlolmmunoassay methods have‘also been devel—

oped recently by other 1nvestigators.= One such technlque was - descrlbed by
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Concolino and Marocchi (1972}-andrallows.the simultaneousiquantification.
of estradiol, estrone, testosterone and éndrosteﬁedione from a single plasma
extract. This method, which is quite complex, required the extraction of
4-6 ml of plasma plus three column chromatbgraphic séparations for the ‘iso-
lation of estrqne, estradiol and testostérone (plus DHT). Androstenedioné
was also;isolatedAbut had to be.coﬁverted‘(sodium borohydridelreductiqn)
to testosterone and rechromatographed on fhin layer plates prior to assay.
All féur compounds were then éuantified by competitive protein binding(assay.
Theureéovery of compounds ranged from 45-607% for. androstenedione and 65-90%
for estrone, estradiol and testosterone.

Another multiple steroid assay technique was recently reported by
Dupon_gg_gl.5(1973). Estrone,.estradiol, testoste?one,_androstenedione‘
and progesterone were measured from a 'single 4 ml plasma sample. The
method ;equired several chromaﬁographic steps (one Sephadex column plus .
two thin layer separations) in addigion to enzymatic convérsion‘éﬁ andro-
stenedione to testosterone prior to assays Steroiés were then quantified-
by radioimmunoassay (estrogenms) or competitive binding assay (androgens
plus progesterone). The complexity of the chromatographic steés, high
blank value associated with thin layer chromatography, and requirement for
large sample volume make this technique somewhat less than optimally desir-
able for routine use. In addition? this meth@d‘had a poor recovery of the
androgens and progesterone which ranged:from 32% to 60%.

The multiple stéroid-;adipimmunoassay systems described‘in this dis-
sertation are superior to these two‘methods‘with respect to the critical
areas of sensitivity, resolviﬁg power (separation.of steroids) an& time

required for sample preparation prior to actual assay. In addition, the



v

134

multiple steroid‘radioimmunoaSSayEmethods'(Systems‘A WBrand'modifiedZSys;.'

tem A) allow for the measurement of a broader spectrum of ster01ds than
,the above mentloned methods or-. any other ster01d assay method currently in.

' use.

'r PERIPHERAL STEROID LEVELS IN THE NORMAL AND ANDROGENIZED HUMAN FEMALE

' Studles of ster01d levels 1n normal human females and those Wlth
endocrlnopathles (polycystic ovarlan dlsease, ovarlan tumors, congenltal
adrenal hyperplas1a) ylelded a great deal of 1nformat1ve data.r Concentrae
tions  of weak androgens - dehydroeplandrosterone and androstenedlone‘— -
were: 51gn1f1cantly hlgher in patlents W1th polycystlc ovarian dlsease than
in normal Women (Flgure 6) In addltlon, levels of more potent androgens -
testosterone and dlhydrotestosterone = merev-elevated to a:lesser.degree,t
in the hlrsute patlents (Flgure 6) Elevatlons in serum levels of andro— ‘
gens, descrlbed in these patlents conflrm‘the studles of Mahesh and Green-'t

Tk

blatt (1964) who found that ovarles and ovarlan veln blood of such patlents

contalned high concentratlons of DHA and/or androstenedlone.» Other 1nves—

:tlgators have reported simllar elevatlons 1n perlpheral blood 1evels of

various androgensb;n.hlrsute'Women;(Klrschner;and,Bardln;_1972;,Osborn and’

’Yannone,_1971);>'

An unexpected flndlng in evaluatlons of ster01ds in patlents Wlth ‘

» polycystlc ovarlan dlsease Was the s1gn1f1cantly elevated concentratlons

of l7—hydroxyprogesterone and progesterone._ As shown in- Flgure 6 levels

of these compounds were cons1derably hlgher than concentratlons found in.

‘ normal women durlng the foll1cularfphase of»the;menstrual.cycle;~ Abraham

and Chakmakjlan (1974) have recently evaluated a serles of hlrsute pat1ents

and also report ncreased serum levels of progesterone ‘and . l7—hydroxypro—
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gesterone,vinﬁaddition'to;tHE'eipeoted‘eleVations'oﬁ'androgensrin such |
patients.

These findings;indioate thatga7éenerali£ed‘inerease in sernm-iemels
of.mostvandrogenApreeursors‘oocursfin polycystic‘ovarian'disease.,‘Honever,

' estradiol levels Were notlspecifically increaSed.and in some.instances were
,reduced in- 1ndiv1dual patients hav1ng polycystic ovarian disease, substan—».
tiating the hypothe31s that some forms of this disorder may be related to :
a reduction in the ovarian aromat1z1ng enzymes necessary for estrogen form—i>

ation from androgen precursors-(Mahesh and Greenblatt 1964) |
In~addition;to'the patients withtpolycystic.ovarian disease, itrwas
found that“increasediandrogenvsecretion.occuredfin the~liﬁited,study of .
patients with'ovarianﬁtumors and,eongenital adrenal:hyperplasia‘(TaBle“X)g
Previonsfstudies-of androgen:levelslin-imnature*females indioate that'conf{,:
centration-of testosterone islloWer:tnan that in addlt_wonen;iaslare‘the
concentrations of;DHAiand‘androstenedione‘(Gandy.and Peterson,.1968); _Thef
levels of these conpbunds;inrtheochild with congenital»adrenal'Hypernlasia”‘
and that of‘testosterone inltne_infant'ﬁith an ovarian-tunor were_equivalentl
.to or higner'thanllevels Of-testosterone,;androstenedione“andeHAjin the‘
" adult female (Table X); lihé egtrenely elenated serum levels of progester1
one, l?—hydrOXyprogesterone;‘androstenedione,'testosterone; and.pHT with
apparently normal serum concentrationslot DﬁA‘found in the anovulatoryi -
patient Wlth adrenal rest tumor- (Table X) confirm prev1ousiinlﬁiszg‘analysis-'
 of the biosynthetic capac1tylof this neoplasm (Sandberg et al;,’l962)‘ .A{
dramatic reduction of serum levels of the prev10usly elevated ster01ds was_»;
noted following surgical extirpation of the tumor. The subseqnent resump-

- tion of”ovdlatory menstrual.cycles in this patient}offers additional prodf
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s

.of -the inhibitpry effepts‘of-exCesSiVe~serum steroid levels on ovulation

in the human female as has Been found previouSly‘in many.patients with -

polycystic ovarian disease (Greenblatt} 1953; Greenbléﬁt and Coniff, 1968).
These analyses of human steroid concentrations represent the first

timé that a full'spectruﬁ of compounds, including androgens,‘progestins

~ and estradiol, have been measufed from a'single'serumAextract. The results

obtained in these studies indicate that the multiple steroid radioimmuno-

assay methods Whiéh were developed during the completion of this research

endeavor are a potentially useful tool in both routine élinical as well as

experimqntal endocrine.research.

STUDIES IN CONTROL AND PMSG-=TREATED IMMATURE FEMALE RATS

Pertinent data previously described in the Results section in tabular
fdrm, will be presepted graphically for the purpose of this discus§ion
in an Appegdix~(Figﬁres 11-19). Parameters diScussed,'suCh as organ weights
and serum concentrations of a particular steroid are presented concomitantly
for all experimental treatment groups. - untreated controls, PMSGy .short-term
DHA plus PMSG, and long-term DHA in individual figures} When viewed in
this fashion, correlative changes in individual parameters are more easily
compared from one experiment to anothe¥. In-addition, similarities as well
as disparities which were documented during the opSet'of puberty and ovula-
tory failure in female raté are more easily identified.

Studies in Untreated Immature Female Rats

The hormonal events associated with the natural onset of puberty in the
female rat are at present only partially understood. Because of the'paﬁcity
of information concerning this period din the female rat, untreated female

rats were studied before and during the expected time of the first ovulation
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(which defines the.evént of . puberty). Uterinéwapd,ovarian weights. were
determined, oviducts were examined to'detect ova, vaginal patency was
documented and steroid levels Wererquantified in peripheral blood of fe-
male ratg from 28-39 days o£ age.' In'addition,\c0ncentrations of anterior
pituitary and hypothalamic cytosél estrédiol receptors were quantified
Aduring the.peripubertal period.

Thg first indications that puberty was imminent were increases in
uterine weight (Figure 11) which followed a subtle increase in circulating
levels of estradiol beginning at 33 days of age (Figure 13). Although no
detectaBle incfease:in ovarian weight was apparent at 33 days of age (Fig-
ure 12), previous studies have demonstrated that a maturationai or devel;
.opmental change in the ovary begins at 32 days of age, prior to amy in-
crement in ovarian'weight‘(Knudsen‘ggngl., 1974) . These same reseérchers
reported that an increase in uterine weight occured at 32 days of life and
continued through 36 days of agg'théreby following an increase in the number
of large (type 6-7)'ovariaﬁ follicles.at 32 daysAof age.

In these studies, the first increase iﬁ ovarian weight occured at 35
days of age followed by another increment;theAnextAday (Figure 12). The
increased ovarian weight occured at a time when gonédotropin levels would
be expected to be elevated (Knudseh.gg_gl., 1974). Serum levels of estra-
diol, progesterone,,l7fhydroxyprogesterone,,testosterone, androstenedione
levels were significantly increased at 35 days of age when compared to
levels at 32 days of life (Figures 13-17) . A further incréase in peripheral
- serum levels of progesterone and 17vhydroxyprogesterone'Was detected at 36
days‘of life, at which time ova and‘corpora‘lutea were first noted in these
studies. Serum levels of progesterone, 17-hydroxyprogesterone, estradiol

¢
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and androstenedidne remained elevated from 36-39 days of life during'which
time the mejority'of'animels were found to ovulate from the first time.

The ;dle of blood steroids during puberty of the female rat ere not
clear at this.time; Previous etudies by Presl gE_gl,.(1969) have shown
that an increase in peripheral estradiol concentretione occurs at the time
of puberty in femele rats, as have these studies. It has been further
demonstrated that progesterone 1eyels are low (1-4 ng/ml) in female rats
at 28 and 33- days of life, prior to the omset of puberty (Ramaley and
Bartosik 1974), substantlatlng the findings of relatlvely low levels of
progesterone in these studies (Figure 14) prlor_to 35 days of life. There
are no known studies to Which,tﬁe serum levels of other stereids (17-
hydroxyprogesterqne; testoeteroney:androstenedione, DHT (Figure 18) or DHA
(Figqre 19) may be compared iq thefimmeture female rat, It.would‘appear
from this inﬁestigatioe that serum levels of ail of Fhese compounds are
relatively stable from 28-33 days.of life, increasing only after the first
increment in serum estradielzat 33‘days of‘life. The marked elevations
of most of-the'eteroids'quagtified»from 36-39 days of life was probably
due to the preovulatory surges of gonadotrepins in indiﬁidual rats sacri-
ficed during ehis time.

Of ‘all the steroids studied in relation to sexual maturation of the
female rat, estradiol has received the most investigation? A great deal
of evidence hae been put.forth which would implicate estradiol as being
important for prepubertel developmenteof ;he female rat.. Administration:'of
‘estradiol antibodiee:for four.daysgsta;tinglat 10. through 25 days gf age was
found to_effectively impeir the-normal,increase in,ovarian.and uterine

weight found in untreated female ‘rats. (Reiter. et al., 1972a) . The site of
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action of estradiol in immature_female rats was found to,bg‘in part a local
effect on the ovary itself (Bradbury,'1961);' The mechanism of this local
estrogen action was shown té be an enhancement of the ovarian growth re-
qunSe to exogenously adminis;ered gonadotropins in hypophysectomized fe-
male rats (Meyer’and'Bradbury, 1969; Reiter et al., l972b)»or éndggenous
gonadoterins as well in the intact.female rat (Reiter et al., 1972a). The
increasing leveis of estradiol secreted by the maturing ovary may also
interact with the hypothalamic-pituitary complex to induce puberty. . Estra-
diol administration has been shown to_advance vaginal opening aﬁd ovulation
in the immature female.rat_(Frank et al., 1925), as have other steroids
which may be éqnvertéd to éstrogen (Black_and_Mahgsh, 1969). -

An increase in serum\levels of'estradiél was detected at 33 days of
age in this study of the untreated female rat (Table XII) which coincided
with a éignificant decrease in cytosol estradiol receptor concentrations
of both the anterior pituitary aﬁd hypothalamus (Table XIII). The increase
in serum estradiol levels and depletion of estradiol receptors preceded any
increase in qther steroid hormqnes measured and also preceded the expected
preovulatory surge of gonadotfopihs reported to occur frbm 34-38 days of
life in Holtzman rats (Knudsen et al., 1974), A similar depletion of hypo-
thalamic estradiol receptors (cytoéol) hag_been reportéd,by_Katp‘gg_gl.'
(1974) in peripubertal female rats at 35 days of age as compared to levels
at 21 and 28 days -of age. They found‘that the hypothalamic cytosol eétra—
diol-rece?tors remained deéreased in rats at 38 days of age which had not
ovulated (closed vagina), but was replenished in those following vaginal
opening. No disfinctioﬂ was made»in_;he current stgdy between those rats
with closed or open vaginae with respect to cytosol receptor 1eveis; however,

‘the majority of rats studied had ovulated during the period of 36-39 days
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of:age.’ No replenishment.df'estradidl receptors was found subsequent to
the initial minér'depletion-at'33 days of age. There was no significant
. decrease in serum 1evelsvof estradiol ‘during this time .of unsynchronized
ovulations either, which would make complete replenishment of cytosol re-

ceptors unlikely.

Studies iﬁ-the PMSG—Primed Immature Female Rat

Although a pattern of hormonal. changes was establishgd‘by the evalua-
tions conducted in £female rats during natural puberty, it was of.interest
to more clearly identify spetific changes "associated with the synéhronized
onset of puberty. Pregnant mares serum gonadotropin (PMSG) has been used
extensively by others to induce precocious, synchronized ovulation in the
immature female rat since its first description by Cole (1936) . . The ad-
ministration of 8 IU PMSG at 10 AM to 30 day old,femalevrats'was found, in
these studies, to cause ovulation at.33 days of age (mean number of ova =
6—11)’in4a11“trééﬁéd animals. Subsequent reproductive function was appar-—
ently not impaired by PMSG treatment since regular estrous cycles ensued
after the initial ovulation at 33 days of age.

Ovarian weight increased initially at 6 PM on day 30 iﬁ PMSG-primed
female rats (Figuré 1223 saline treatment being ineffective. v0varian weight
then increésed furthérAat 31 days'of age but did not.increase again until
the PM of day 32 (technically proestrus). ‘Uterine weight was increased fol-
lowing PMSG‘administration from day 30 ~ the AM of day 32 (Figure 11) at
which time uterine balloqning was ‘evident. Uterine weight then declined on
‘the day of estrus (33) and decreased further the next day (34, diest;us«I}.
Ovarian weight remained elevated on‘estrus.and numerous‘gdrpora lutea were

found at this time on diestrus, day 34.
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Current concepts.canerning thelPMSGiinduced’precbcious ovhlation'state
that ovarian steroid syntheSis and secretion following PMSG administration
has a facilitative effeét on the preovulatory release of FSH and LH on the'
evening before ovulationQ(Schwartz, 1969;:Strauss and Meyer, l962).>,In'
these studiés, PMSG was found‘tovhave an immediate steroidogenic effect,
, causing a significant (p < 0.01) increase in peripheral serum levels of
estradiol (Figure 13),4prog¢sterone (Figure 14) and 17-hydroxyprogesterone -
.(Figure 15) within 87hours. Serum 1¢velé‘of1testosterone (Figure 16) and
‘androstenedione,(Figure 17) were also increased on the PM of day 30 folidw—
ing PMSG administration, But,the_iqcreaseé<were not statisticglly signifi-
cant, Progesterone and 17—hydroxyprogestérone leveis declined on the morn-
ing of day 31 whereas estra&iql; aﬁdrésteﬁédione‘aﬁd testosterone levels
increased. further (p < 0.01) Maximal'uterine Weightﬂand acqumulapion of
luminal fluid correlated Witﬁ_the maximal serum 1evels of qstradiol on the
- AM of day 32. Periphgral levels of androstenediqné, pngesterone andil?%
hydroxyprogesterone were allvdgpréésed oﬂ the morning of day 32 while es-
»tradiol_and testostgrone increased further. On the PM of day 32, Serum
cqncentrations of progesterone, l7—hydroxy§rogesterone, androsten;dione,
testosterone, DHA and DHT were signifipantly higher than levels in saline-
treated controls or in PMSG primed rats;sacrificed prior to this time; es-
tradiol levels declined in relation to thoée~levels found on.thermorning
of day 32.  The incregse in serum levels of the former steroids at'6 PM of
day 32,(proestrus) and further~6varian‘grthh (Figure 12) occured after a
significant increase in serum FSH and LH.(Table«XVI). The decline in es-
tradiol at this time (during and aftérathe FSH/LH surge) supports the in

vitro studies of Chattértonﬁggggi. (1969) who found that LH inhbited estra-
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ddol synthesis'in'ovariesVremovedAat nroeStrus-and}estrusgfrOm'adult rats“
Serum 1evels of each ster01d (Flgures 13-19) and gonadotr0p1ns (Table XVI)}

' decllned on. day 33, estrus and only pregesterone levels Were 1ncreased on‘,
:day 34, dlestrus I | | 7 B “

The tlming of the preovulatory dlscharge of FSH andeH on. the after—
~ noon of day 32 .in - these studles (Table XVI) iis 1n agreement Wlth the flnd-j,
: 1ngs of others who studled the PMSG-prlmed 1mmature female rat. (Costoff'.
et al.,. 1974 Strauss and Meyer, 1962) » The progresslve.lnereases in-blood

ster01ds follow1ng PMSG adm1n1strat10n are; also s1m11ar to flndlngs in:

preV1ous-stud1es. Wllson et al (1974), us1ng PMSG—prlmed (PMSG at day 30)

Wlstar and Sprague Dawley rats, found that estradiol concentratlons in. perl-i‘

1 pheral blood 1ncreased progress1vely, reachlng peak concentratlons on. the
.1morn1ng of day 32 prlor to ovulatlon at 33 days of age.i Estradlol levels
1 then- decllned durlng the evening of day 32 and were not. s1gn1flcantly
'h1gher on estrus.- (day 33) than levels found 1n sallne-treated controls.:
Progesterone levels (Wilson et al., 1973) 1ncreased 1n1t1ally after PMSG
adm1n1strat10n, fell on the morn1ng of day 32, rose sharply on . the. PM of
:7 day 32 and then decllned on ‘estrus.. Slm1lar patterns of ster01d levels
after PMSG treatmentdhave“heenldocumented by others in. the 1mmature female
rat (Horlkoshl and Welst 1971 MEyer et al., 1971 Zarrow et. al., 1971)
_and in adult hamsters (Baranczuk and Greenwald 1973) No-prev1ous studles»
have evaluated levels of l7—hydroxyprogesterone or androgens (testosterone;”
androstenedlone; DHA or DHT 1n untreated or PMSG—prlmed 1mmature female .
ﬂ__ratsfor‘hamsters. JIn another spec1es, McCracken and Balrd (1969) have
-demonstratedran anorease5;n~ovarran‘seeretlons of;androstenedlone‘followingg

PMSGptreatmentnof female sheep.
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The dramatic élevations in serum steroids Qbservedlon the. PM of day
32 (56 hours after PMSG administration) are undoubtedly the results of_the
preovulatory surge of FSH/LH. Meyer et al. (1971) have previously demon-.
stféted the requiremént of this predvulatéry LH/FSH surge for the elabora-
tion of a progesterone "surge“;on the PM of proestrus in PMSG-primed imma-
ture-female‘rats; The massivé increase in progesterone and other steroids
at the time of the LH/FSH surge may be chéractériStinEﬁiyﬁof tﬁe PMSG
primed imma;ure female rat. _However, several studies have shqwn the acute
effects of gonadotropins on ovarian steroid SECretioniin adult réts _
(Ichikawa'ggﬁglf, 1972), rabbits (Okender et al., 1971; Mills et al., l972)~.
and dogs (Aakvaag and Eik-Nes, 1969).-

Thé decline in peripheral steroid_lgvéls on estrus (da& 33, Figures
_13f19) and the apparent major sgcretibn-of oniy progesterone on diestius
(day 34) is in agreement with the proposgd,biosynthetic cépacity of the
post*ovulatoryrrat_ovary (Huang and Pearlman, 1960; quikoshi and Weisty
1971). ‘

In view oi theirathérgpﬁor dqcumentation of changes in.sFeroid hormone
levels_during'natural anduinduced'pubérty in the female raﬁ, a comparison
of these results to findings during ;heﬁadult,rat estrous' cycle would seem
appropriate.: Many similarities appear to.exist between alterations in steroid‘
concentrations in blood at the time of puberty and those changes noted pre-
viously in normal adult cycling rats.

Estradiol concentratioﬁs have been found to rise in both ovarian vein
blood (Hori et al., 1968; Shaikh,:l97l)'and'peripheral-blood (Butcher et al.,
1974);beginning10n diestrus 'II (of a four day estrous.gycle)~and reach peak

values in the morning of proestrus.. The increasing titer of blood estradiol
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lcorrelates well vlth ‘the 1ncrease in uterlne welght and uterlne fluid.ac- ‘
Acumulatlon (balloonlng) whlch precede ovulatlon 1n both PMSG—prlmed and
A adult female rats (Schwartz, 1969) : Slmllar 1ncreasing levels of estradiol -
and‘elevated-uter1ne welght Wlthsfluld aecumulatlon‘(Figures 13 and ll)

Were found to occur 1n both perlpubertal control and PMSG—prlmed 1mmature
female rats in thlS study.f S | |

l7—Hydroxyprogesterone (Shalkh and Sha1kh 1975) and progesterone.con—
centratlons have been shown.. to be low on. the morn1ng of proestrus in the |
adult female rat,‘lncreaslng-only after'the'lnltlation-of the preovulatory‘
gonadotropln surge on the afternoon of proestrus (Uchlda et al., 1969;
Barraclough et al., 1971 Butcher et al., 1974) Progesterone and l7-hydroxy—
progesterone levels were also found to be elevated in both PMSG—primed |
(day 32) and in pubertal control female rats in thls study (Flgures 13 and
14). Serum estradlol levels declined throughout the afternoon and evenlng,
of proestrus 1n>the adult female rat (Butcher et al., 1974 Hor1 et al.,~
A'l969 Shalkh 1971) and 17—hydroxyprogesterone (Shalkh and Shalkh 1975),
_estradlol and progesterone concentrat1ons were lower on estrus than levels
found on the PM of proestrus (Butcher et al., 1974) AAsimllar-decl1ne 1nfv
. serum’ estradlol on the PM of proestrus (day 32) and. decrease in 17-hydroxy—.f
progesterone, estradlol and progesterone on estrus (day 33) was - documented in
the PMSG—prlmed 1mmature female rat (Flg 13 and 15) Serum estradlol« 17-
hydroxyprogesterone and progesterone concentratlons d1d not fall dramat1cally -
dur1ng the t1me of ovulations‘ln the"group of untreated control rats at pu-
:berty (F1g. 13 and 14) however,vthls was: probably due to the lack of syn—
chrony among 1nd1v1dual anlmals Wlthln the exper1mental group.' A decllne .

in levels of estradfol,zl7éhydroxyprogesteronenand progesterone was‘noted atjage
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39,,hqwever:(Figureé 13-15), a time ét which most rats had already ovulated.

Blood levels of testosterone (Falvo et al., 19723 Dupon.and Kim, 1973)
and -androstenedione (Dupon énd Kim, 1973) have been shown to be highest on
proestrus in the;adult cycling female rat. These findings are in agreement
'With‘thé patterh of secrefions observed in the PMSG-primed female rate
(Figﬁres 16 and 17). Sé;um levels of both compounds were alsb elevated
during non-synchronized ovulations in untreated control female rats at
the time of natural puberty (Figures 16 and 17).

In the adult female rat_(and other species), the ovary, through its .
steroid secretions, appears to induce the preovulatory surge of FSH and LH.
Most experimental results tend to implica;g estradiol as the steroid re-
sponsible for the preoﬁulatdry'gonédotropin release '(Schwartz, 1969).

Ferin et al. (1969a) demonstrated thatlthe administration of,estr;diol
.antibodies on diest¥ﬁs II‘;nd broestfus could block ovulation in the adult
female rat. Neill et al. (1974) found that the inhibitory effects of estra-
diol antiserum could be refersed by the concomitant administration of
estrogen. Similar inhibition;of ovulation (Ferin gﬁ_él,, 1969b) -has also
been observed in thé PMSG-primed'immature female rat: anti-estradiol anti-
serum, but not antiserum to testosferone or normal'rabbit serum, prevented
ovulation, which was reversible'foilowingbthe-administration of. stilbestrol,
a.synthetic'esfrogen. Otheré.have also demonstrated the.requirement for
estradiol secretion prior to ovulation singé administration of estrogén
antagonists also blocked o&ulatiqn and the prgovulatory surge of gonado-
tropins in the adult female;rat'(Shirley et al., 1968; Lébhsetwar, 1970).
The facilitative effects of estradiol on gdngdotropin secretion have also
been demonstrated in the monkey (Karsch et al., 1973) and iﬁ man (Yen et

al.; 1973) .
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,Proéesteroneg,another;steroid[stndied~entenSively_in relationship to
gonadotropin~seCretion;'appearsftoxhavefa’facflitative{action on;FSH/LH;
‘secretlon only When adm1n1stered to, or secreted in,. an. estrogen-prlmed
anlmal (Everett 1948 McPherson et‘al.,lln press) ._Itfls doubtful that
progesterone plays<a phy51olog;cal‘role‘in the elaborationfof the preovu%-r
latorv”sdrge.of g0nadotropins-inothetfemalé~rathsince.peripheraluserdm‘ '
concentratfons,do:nottrisenappreciablyroniproestrusaprior;to massive gonad—

otropin'release (Butcher:et al;,-1974);f‘ln7addition, administratibnAof.pro—’_*

gesterone antlserum, unllke estrad1ol antlserum, has no. effect on. the t1m1ng¢ H

- of ovulatlon in adult female.rats (Ferln et al., 1969a)

.The 81te and mechanlsm of ster01d (estradlol 1n partlcular) actlon on
the secretlon of gonadotroplnslls not clear. .Bothmthewanterlor.p1tu1taryd
Vand hypothalamus have béen, 1mp11cated as srtes of . ster01d feedback actlon
-on gonadotropln secretion (Welck et al., 1971 McCann et al., 1964) ' The
: facilltatrve;or stlmulatory actlon of estradlol appears to re51de prlmarlly
"_inuthe‘anterior pltultary. We1ck and Dav1dson (1970) observed that the
imbigntation;dflestradlol pellets 1n the anterlor p1tu1tary of rats two
days_in:advance»of'ovulatlonx(onudrestrus’I@);caused a‘premature‘snrge of
gonadotropins}‘tfdrthervnoriéindfcated?thatAestradiol:probablv;actstbv senaf
sitizing the anterlor p1tu1tary to hypothalamlc -stimulation: (Welck et al.,
1971 Aiyer and”Flnk— 1974) ThlS theory of sen51tlzatlon has recelved
further ver1f1cat10n by the studles of Greeley et al., (1974)~ﬁ ,Theyvob—
served that’ estradlol treatment of castrated female rats in Whlch the an--
terior. pltultary had been removed from hypothalanlc 1nflnence, potent1ated
ithe response of . FSH and 1H te exogenous LH-RH. . Althoughithe preV1ously ‘»

mentioned studles-rndlcate.that estradlolvmayAactiatmthe5leveluof the ‘an- -
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terlor p1tu1tary,ﬂthe role‘of the hypothalamus 1n‘the 1nduct10n of the pre—
ovulatory gonadotropln surge cannot "be overlooked. A

| Several 1nvest1gators have reported on the presence of luteinlsing
hormone releaS1ng factor (LH—RH) “in the hypothalamus.' These studles have'”
shown that ‘a depletlon of hypothalamlc content. of LH—RH precedes the pre-;
ovulatory surge of FSH/LH on - proestrus in- the adult female rat (Wheaton
A'.and Fawcett 1974 Eskay et al., 19743 Ramlrez and Sawyer, 1965) Admln;
ulstratlon -of pentobarbltal on the afternoon of proestrus blocks the surge
'of gonadotroplns and thushovulatlon by preventlng the depletlon of hypo-l |

thalamic: LH—RH (MEyer et al., 1974)

| .The f1nd1ng of cycllc fluctuatlons 1n‘anterior pltultary and.hypothal-i
- amic estradlol receptors in the PMSG-prlmed female rat suggested a poss1ble
‘relatlonshlp of the receptor to.both serum estrad1ol and gonadotroplns..

‘There seemed to ex1st a temporal relationshlp between fluctuatlons of serum

.estradlol (Flgure 13), serum levels of FSH and LH (Table XVI), and the
depletlon/replenlshment of cytosol estrad1ol receptors (Tables XVII XVIII),
"As estradlol tlters rose in. blood after PMSG admlnlstratlon (Flgure 13),
cytoplasmlc estrad1ol receptors of the anterlor pltultary and hypothalamus
were. progrés31vely depleted (Tables XVII, XVIII) When'depletlon'ofvrecep—'

' tors was - max1mal (day 32) the preovulatory surge of FSH/LH occured (Table

_XVI);u On.’ estrus, day 33, serum estradlol levels declined 51gn1f1cantly

(Flgure 13), cytosol estradiol receptors of the anterlor p1tu1tary and hy— ST

B -fpothalamus were replenlshed (Tables. XVII XVIII), and. the preovulatory

gonadotropln surge Was completed.‘ The»temporal relatlonshlp between deple-j7
tion- and replenlshment of cytosol estrad1ol receptors and serum gonadotropln

"levels in. the PMSG—prlmed 1mmature female rat:.is demonstrated more ' clearly
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in-FigureNZOVn lheulnltral depletlon'ofvcytosol estradlol evident as early
as 8 hours after PMSG treatment was dependent upon the presence (and
‘presumably the secretory response) of the ovary, 1n rats ovarlectomlzed
?;prlor to PMSG adm1n1strat10n there was no decrease in cytosol estradlol
receptor concentratlon of e1ther~tlssue. The studles of Cldlowsk1 and
_Mnldoon (1974) have demonstrated‘thatuln ovarlectomlzed female rats,vthe
”admlnlstratlon of estradlol,causes-arrapld depletron.ingestradrol receptors L
of anterlor pltultary, hypothalamus and uterus.z The time>required for-ﬂv
Arestoratron of cytosol estrad1ol b1nd1ng capaclty in these tissues. Was
approximately 15 20 hours after estradlol treatment. ThlS 1nterval between_
depletion and replenishment correlates well w1th the replenlshment 1n.an—"
terior pltultary and hypothalamus on estrus (day 33) in- PMSG—prlmed female
-.rats follow1ng max1mal deplet1on .at’ 32 days of . age, ; N

Follow1ng £he 1n1t1al precocious ovulatlon 1nduced by PMSG at 33 days
of. age,- -the - rats began regular estrous cycles. -Three-days;later,_at-BG
days.of.age, most‘rats=were in proestruS'agaln'(as'on.day'325 at‘which;-‘
time’ a s1gn1frcant 1ncrease (p <O0. 01) in serum estrad101 levels (Flgure.”
l3), uterlne balloonlng andqs1gn1ficant depletlon (p < 0 01) of the p1tu1~
tary cytosol estrad1ol receptornconcentratlons (Table:XVII) Wererdocumented.A
,Many‘female rats then ovulated the next day, age: 37 days, as:eyidenced by
oV1ductal ova, fresh corpora lutea and vaglnal?estrus. Thesehstudies;demnn+
strated a temporal relat1onship between preovulatory lncreases rn serum
»estradlol depletlon of estradlol receptors of ‘the hypothalamlc-pltultary
complex and the ensulng.preovulatory gonadotropln surge required for ovula—

tlon. They further: demonstrated that in those rats in Wh1ch regular estrous‘

_cycles follow precoc1ous ovulatlon (1nduced by PMSG) 5 -a- cyc11c depletlon/



Figure 20. Correlative Changes in ;Serum,Go'nadotropins' and Cytosol Estra-
o diol Receptor Concentrations of the Anterior Pituitary and

Hypothalamus ‘Following PMSG Administration to 30 Day old Imma-
ture Female Rats ' - ' .
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breplenlshment of cytosol estradlol receptors occured._.

'l‘CYCllC changes have been prev1ously demonstrated fonwlevels of uterlne Q
' estradlol receptors durlng the estrous cycle of the rat.; The fluctuatlons

: observed appear ‘to. be related to’ changlng levels of estradlol in blood.
'DeHertogh et al. (1971) found an 1ncrease in total‘uterlne uptake of radlo—‘
”.labeled estradlol after 1n Yivo admlnlstratlon, on: proestrus. In z&trg'
j-stud:n.es show that cytosol estradlol receptors of the uterus are depleted

on. proestrus (Lee and Jacobson, 1971) | In addltlon, Greeley et al (1974b)
.found that cytosol receptors of . the anterlor p1tu1tary and hypothalamus

were depleted on proestrus, a t1me of enhanced response to exogenous LH—RH,-
1and were‘replenlshed on estrus 1n“adult?female ratsiz.The apparent‘dlse

. crepancy.betweenjresults obtainediinygigio'and;infyiyoianises fromltech— :
nical'differences which'may-beTreconciled; Jensen et al (1968) and also“
Giannopoulos and - Gorskl (1971) ‘have shown that, after estrad1ol 1nteracts;
-w1th 1ts cytoplasmlcdreceptor 1n Vlvo, the receptor—estradlol complex 1s
transported to the nucleus, thus rapldly decrea31ng the avallable blndlngﬂ

sites in the cytoplasm. It has- also been shown that estradlol stlmulates*

‘the replenishment ofvitS’own“receptor-(Sarff1and»Gorski,_lQZl; Cidlowski

'and'Muldoon;rl974)s' Thusi'if receptor4$tili2ation:and:translocation-to the -
-nucleus (1n v1vo) occurs at'a rate in excess of receptor replenlshment
(as may be the case. when estradlol levels are rlslng in blood) there‘w111
.be a net decrease 1n avallable estradlol receptors in- the cytosol (1n v1tro)
4 although an 1ncreased ‘total tissue uptake (1n v1vo) may occur.

The deplet1on of cytosol estradlol receptors 1nvtarget t1ssues of the-

adult female rat correlates well with. the flndlngs in. the PMSG—pr1med im-

-mature female rat on. proestrus, (day 32 and 36, as shown in Figure 20 and



o Table XVII) These findings, 1n additlon to the prev1ously established ,

temporal relationshlp between perlpheral serum estradiol and the preovula— '

tory gonadotropin surge 1n 1mmature and adult female rats, strengthen the

hypothesis that fac111tat1ve estradiol actlon on - gonadotropin secretion mayf'
be. modulated by an 1n1t1al 1nteract10n w1th cytosol receptors of the an—.»'?
ter01r pituitary and/or hypothalamus. 'The exact.biochemical nature of'r

_ estradlol action 1n ‘the. anterior pitultary and hypothalamus are however,_‘

Stlll undocumented at the present.

v.fSTUDIES IN THE DHArTREATED IMMATURE FEMALE RAT

Consrstant w1th the f1nd1ngs of others (Black and Mahesh, l969,_ ;
Knudsen, 1974), DHA was: found to. induce precoc1ous puberty 1n immature
. female rats.- Treatment w1th DHA (age 27 29) plus PMSG- (age 30) y1elded

1h1gh percentage of ovulation whlch occured primarily at 30 days of age.«‘

§

Treatment of,such rats w1th‘DHA alone‘was also capableyof 1nduc1ngiprecof ;1' o

4 a‘c1ous puberty in 1mmature female- rats, but ovulation was less synchronized -

: occuring from 30-32 days'of -age. - Durlng the three days of DHA treatment
(age 27—29), uterlne weight 1ncreased progres31vely, reachlng peak propor—
:.tions at 29 days of age (Figure ll) when ‘uterine. ballooning was ev1dent.

A' Similar preovulatory increases 1n uterlne Weight were prev1ously demonstra—
-ted in. control female rats underg01ng natural puberty as . well as in PMSG—-
.primed female rats (Flgure 11) Unllke the control .and: PMSG—prlmed female }*i
°rats, uterlne welght in rats«treated w1th~DHA'plus_EMSG-dld'not declineion ff
'the day of estrus (day 30) as- shown 1n Flgure 10. The‘fi..l:_'s-‘;t»in'c:.retrlentvV‘:i.‘n"va
ovarian weight occured at 30 days of age (Figure 12) Ovarian‘weight7then.ki'
:rose progress1ve1y to reach peak values at 32 days of . age, at whichwtlme |
numerous corpora lutea were present 1n the maJority of an1mals.~ A s1milar

increase in ovarian,welght,*c01nc1d1ng_wrth corpusnluteum formation was
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- found in the=rats«treated,withfPMSGdonlyuatséiland_34gdays'ofaaée>(flgore:
2. ' .

Changes in‘hlood”Steroids,zas;the5resultlof”DHAnplns PMSG treatmentﬂ‘.
'ofzimmature female“rats;fwere also.evaluated.. thhdn.threeihours after~
the first bHA‘injectionsﬂ(at'27.days of'aée) serum'levels"of estradiol~
‘(Flgure 13), testosterone (Flgure 16), androstenedlone (Flgure 17), DHT
.(Figure 18) and. DHA (Flgure 19) were 31gn1f1cantly elevated (p < 0 01) when ‘
compared to vehlcle-treated controls sacrlflced at 27° days of age._ Serum |
levels of progesterone (FlgureQ13) and'17—hydroxyprogesterone (Flgnre‘lS)
- were, however, not'affected by?DHA'treatmentrandfremained within normal
linits at 27 days of_age; Serhn;concentrationsxof‘DHA; DHT,:testosterone,
~androstenedione and%estradiol remadned‘significantly'elevated>trom.22429'days"
of age.during-DHAoadministrationg‘serom'levels”of.progesteronepand'17—hydroxy—
‘progesterone 1ncreased only at 29 days of age. The‘preovulatOry‘elevation.
of . these ster01ds 1n the DHArtreated rat s 31m11ar (although d1fferent
1n*absolute quantltles) tO'that documented.ln the PMSG—prlmed 1mmature o
female rat at 30—32 days of . llfe, prlor to ovulatlons at 33 days of aée.',

-t

While the marked elevatlons of ster01ds An. the latter experlmental model
arose due to the trophlc actlon of*PMS¢ ‘on . the ovary, elevated serum levels'
of estradlol testosterone, androstenedlone, DHT and- DHA were undoubtedly
the result of metabollc conversion ofaDBA;rather,than_;nduced ovarlan
".act1v1ty at 27 and 28 days of llfe. Prior studies.havemdemonstratedbthat,
DHA may be converted readlly to other androgens as well ‘as to estrogens
(Knapsteln, et al., 1968 Welsz and G1bbs, 1974 Naftolln et al ,» 1971;

~-Kalvert and Block 1968) “In- add1t1on, the uterotroplc action.of DHA has

been_foundvto‘be dependent upon‘metabollcAconvers;onvof,DHA 1tse1f (Knudsen,
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1974). 1In support of this hypothesis that elevations.of.es;radiol,:andré—
‘stenedione, testosterone and DHT arose from metabolism of.DHA .instead of
ovarian secretion is:the finding“that serum levels of progesterone (Fig-
ure 14) and l7—hydroxyprogesterone (Figure 15), both.Qf'which are.notAby=
products of DHA metébolism;but”which'were increased after PMSG»treatﬁent,
were not initially elevated during DHA administration. Following’therlast
injection of DHA at 29‘days of life, serum leVels.of DHA as well as concgn—“
trations of testosterone, androstenedione, DHT and estradiol’(Figures‘l35
16-19) dec¢lined dramatically,'further-implicating DHA as the principal source
of the latter compdunds}

Following PMSG administration to fats.preViously'treated with DHA;
serum levels of progesterone (Figure.l4) and 17;hydroxyprogesteréne (Figure
lS)lwere elevated on the PM of day 30, as was the case in rats receiving
PMSG treatment only.> The'rapid decline in serum concentrétionS'of DHA and .
its metaboliteé was slqwed by the injection of PMSG, With serum estradiol
and - androstenedione agtually increasing on the PM of day 30.

Preovulatory elevations in serum steroids (day 27-29) in the DHA-treated
rat were ¢onsis;eﬁt with findings in thé other experimentalvmodéls discussed~
80 far. It would seem that the increased levels of steroidstinfthe DHA-
treated female rat Were_probablyvfesponsible for the precocious ovulation
obseﬁved at 30 éays of age via soﬁe facilifative'feedback action on gonad-
otropin secretion. - Althoﬁgh PMSG was -found toAhave some:steroidogeﬁic
actions in raﬁé priﬁed with DHA (e.g.; estradiol, progesterone,‘l7—hydroxy—
progesterone), the ovulations Whiéh occured at 30 days of age were probably
only synchronized by PMSG administration in which PMSG acted in concert with

endogenously released gonadotropins (Table XXIII).-
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, As in the previously presented experimental mode;sh(ﬁormal'pubefty and
 PMSG induced‘precqcious Qvulation)? a temporél_relatiqnéhip,between elevated
serum steroids and the preovulatory gonadotrqpin_surge.was found in‘thé DHA-
treated female rat. In addition, a depletion of hypothalamic and antérior
pituitary cytosol'estrédiql-receptors, Whicﬁ coincided with increased serum
estradiol ‘titers, preceded ovulation. In.Figure 21, the relationship be-
tween cytosol receptor depletion . and serum FSH/LH 1eve1§ in the DHA plus
EMSG?treated rat ié documented. - A progressive decline in cytosol estradiol
- receptors in the anterior pituitary occured on.déy_27-and 28 and significant
depletion-of the anterior pituitary ahd hypothalamus ‘was detected at.29‘days_
of age. On the evening of day 29 and day 30, serum}leyels of FSH and 1H
were significantly increased. This.depletion of cytosol estradiol receptors
and the subsequent preovulatory surge of gonadotropins seen in the androgen—
treated female rat (Figure 21) is almost identical to that previously shown
_to occur in the PMSG-primed. immature female rat.(Figure 20). A major dif-
ference is apparent thereafter between the two experimental models however.
Cytosol estradiol receptor content of .the anterior pituitary. and hypothala-
. mus-were replenished on estrus (day. 33) in PMSG-treated female rats (Fig-
ure 20) while there ﬁas no_reStoration of cytosol estradiol receptor concen-—
trations on day 3020r.3l in raﬁs treafed with DHA plus PMSG (Figure 21).
The failure of thé'latter gfoup to feplenish cytosﬁl estradiol receptors was
probably due to the fact that serum levels of estradiol (Figure 13) remained
elevated at 30 and'31'days of age in contrast to the.dramatic decline iﬁ
pefipheral estradiol coﬁcentrations on estrus (déy 33).in-fhe PMSG—primed\

rats (Figure 13).



Correlative Changes in Serum Gonadotropins and Cytosol Estra-
diol Receptor Concentrations of the Anterior Pituitary and

" Hypothalamus Following DHA (Day 27-29). Plus PMSG (30 Days of
Age) Treatment of Immature Female Rats

Figure 21.-
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Studies -in the Immature Female Rat Follow1ng Inductlon of Ovulatlon w1th
: Short—Term DHA Plus PMBG :

_ Because of the 1mmed1ate post—ovulatory perlod (31—40 days of age)
1‘follow1ng short-term DHA (age 27-29) plus PMSG (age 30) had not been eval—
uated 1n the past th1s 1nterval was. studled and compared to that in PMSG—
» primed female.rats. As preV1ously p01nted out female rats prlmed W1th |
'PMSG began’ normal estrous cycles follow1ng the 1n1t1al precoc1ous ovula-'{
tion- at 33 days of age.” In contrast to these flndlngs, rats treated w1th

- DHA plus PMSG became acyc11c after the early onset of puberty.. In an ef—:
'tfort to develop an understandlng for th1s ovulatory fallure, rats ‘were .
‘ studled exten51vely durlng the perlod of androgen w1thdrawal. As an - ad—:.
ditional comparison,. another group of rats were treated W1th DHA plus PMSG
and then treated daily (age 31 40) Wlth addltlonal DHA.»

, It was found that nelther group of DHArtreated rats ovulated or dis—'
played cycllc vaglnal smear changes assoc1ated with normal estrous cycles
asifound”rn rats.treated~w1tthMSG only?:wfrom 32740’days ofiage, the magorf'“

”ity'of.female rats.(SSZ)‘were iﬁ constantfdiestrdsgvthe:remainder were‘
found.to have constant estrus vaglnal patterns.:ANo differences‘were4noted
with respect to vaglnal smear patterns whlch could be related to- the dlffer-t

_enceSvln_treatment durlng'thls t1me'(d1scont1nued DHA or-further androgen,
admlniStration) Since spec1al precautlons had been taken to avoid mechani-~’
' _cal 1nductaon of pseudopregnancy,‘ltvwas felt that the constant vaglnal
cytology, pr1mar11y d1estrus, was. due to some other factor. |
Ovaries of rats treated cont1nuously wlth DHA (31 40 days of age) were
found to be" heav1er than ‘those of rats dur1ng androgen Wlthdrawal (Table
- XXV). 0varian weights of both‘grodps were heav1est at 31—32 days of age,»

declinlng slowly thereafter.(Flgure lZ).'WNo(regresslon_of corpora luteag
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was evident in rats.receivihg cpﬁtinuedlDHA:treatment and .only minimal-
regression was noted in rats:iniwhiCh.DHA has been’ discontinued.

Uterine weights were’éieﬁatedv(approximatély'ZOO‘mg/lOOAg B.W.j in
v bpth groups at 324days'éf_gge but began to decline slowly in rats receiving
'no further DHA administration. The decline in uterine weight was noticeably
retarded as‘compa;ed to that'found beginning at 32 days.ofvage in rats
treated with PMSG only (Figure 11).

It Qas felt that patﬁerns of peripheral steroids in female rats during
androgen withdrawal might reﬁeal clues as to why'these animals failed to
cycle after the initial evulation at 30.days of age. By 31 days of age,

a significant (p < 0.01) deérease in~serum.leveis of androgens (DHA, DHT,
testosterone, androstenédidne) had occured in those rats as compared tb the
group treated with DHA (31-40 dgys of age) as shqwn in‘Table XXVII. By 35
- days of age, serum levéls of testosterone and DHT had declined to gdncen—
trations equivalent to‘those found after_ovulation;inFPMSG-treated rats.
At this time, DHA was still sigaificantly higher in‘blpod (L3 ng/ml) than
levels found before and after ovulation in rats primed with PMSG only. In
fact, serum DHA conceﬁtrations did not return to basal levels (.3 ng/ml)
until 39 days of age, 10 days after the last DHA injection., Serum levels
of androstenedione at 35 days of age were léss‘than levels at 27—29.during
DHA treatment butfwere stiliisignifigantly higher'than concentrations prior
to ovulation in vehicle-treated controls. Insufficient.evidehce exists
from these evaiuaiions to determine at wh@fistage‘androstenedibne concen-
trations did reach basal levels.

 Estradiol ‘levels were significantiy depressed by 33 days of age as

compared to rats in which DHA treatment was continued; however basal estra-
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diol concentrations (levels. found on days other.than frpeStrue)'ﬁere:ﬁot
attained:until’37fdays'of age.(Ieb1é:XXVIII);-.It.ShOUld'be noted that al--
though serum leyels of estrediol'Werellow; female rats‘did not begin to cy-
ucle at this time during the androgen withdrawal period. Serum levels of
progesterone were high (in excess ofilO ng/ml) after oVulatioh from 31—37:
days of age in;femaleurats during androgen withdrawal as well as in female:
rats treated eontieuoﬁsly with DHA (3l~4Q days of age). The sustained ele-
vations in serum.pfogesterone,are'compatible with the»predominant finaing‘of
constant diestrus vaginal smears‘and mprphological appearanee of the ovary
in most rats (enlerged With‘nqmerous eorpqra_lutea).' Progesterone concen=
trations die.beginlto‘deciine at 35 days of age in rats in which DHA had
- been discontinued. ‘However, concentrations at 39 days of age were still in
excess of levels found on estrus in PMSG-primed female rats (Figure 13).
When compared to the majority of rats in eonstant diestrus at:all ages (31~
-39) progesterone levels in the small_number~ofkconstant estrus rats (miged
ages) were significgﬁ%;y iewer (p < 0.01) as shown in Table XXVIII. 17-
hydroxyprogesterone coneentrationS‘Were maintained by continued DHA treat-—
ment whereas a significant decline was noted in rats'during<androgen with-
drawal by 35 days of age (Table XXVIII). vTﬁe fluctuations of these steroids
during androgen withdrawal are depicted in Figures 13-19 and may be compared
to the other experimental groups more readily by examination of these graphs.

The chronically elevated serum levels of progesterone and 17-hydroxy-
progesterone in rats treated chrqnieally with DHA are consietent with find-
ings in pseudopregnant female rats'(conStant diestruS) reported by-ﬁartosik
and Szarowski (1973).: Knudsen (1974) has‘reported,thet prolactin levels are

elevatedfduring chronic DHA administration. ‘Previous studies have demonstrated
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.that prolact1n is. luteotrophlc in the rat (MacDonald et al., 1970) and that;
' prolactln 1s 1ncreased durlng pseudopregnancy in. adult female rats (Freeman'
et al., 1974) Slnce Serum. DHA 1evels were st1ll elevated as, late as ‘eight-
days after the last 1nJect1on .of DHA at 29 days of" llfe, 1t is p0551ble
thatvthe‘prolongedielevatronsﬁln'perlpheral.blood‘of:DHA‘may:actito malntainj
corpustluteum'function’injrats.afteerHA Withdrawalf(as.evidencedbby,sustained
'elevationsfinAserum‘progestérone)i,,A previous report (Singer.et al;,;l§71).
has;demonstrated‘that DHa_administrdfionﬁtO‘feﬁale rats, following'induction
of ovulation'with EMSé pluscHCéA(hunangchorionic'gonadotroPin)guresulted
1,in:ovarian_enlargenent and;apparent;increased,luteal-hioSynthetfe{aetivity;
rThey-proposed thatutheiobServednovarian stinulation_wasddue tO'prolactin,
.secretlon under the influence of DHA.y ThlS f1nd1ng 1s in. agreement Wlth ‘the
’report of Knudsen (1974) and also the observatlons on : ster01d secretlons
durlng the post—ovulatory perlod 1n thlS dlssertatlon;

Black (1969) and Knudsen (1974) have both concluded that prolonged DHA -
treatment (after the 1nduct10n of precoc1ous ovulation) results 1n a sup-

pressed secret1on of'LH. In the present 1nvest1gatlon, it was found that

, .serum levels of LH were suppressed durlng the post—ovulatory period in rats

';,'treated w1th DHA plus PMSG (plus or m1nus addltlonal DHA admlnistratlon)

At 37 days of age, serum LH was found to be less than 10 ng/ml 1n both "
”groups, LH was - however sllghtly hlgher 1n rats rece1v1ng no. addltlonal DHA
admlnlstratlon.4 It should be recalled that by 37 days ‘of age, estradlol
'.concentratlons were w1th1n normal 11m1ts durlng androgen w1thdrawal.‘ At 39

, days of age, . .when serum levels of DHA and estradlol Were low, 1nvadd1t10n

to the. decllnlng preogesterone levels, LH levels were 51gn1f1cantly hlgher s

- than that found in rats durlng contlnued DHA treatment (Table XXIX) A



s1m1lar relatlonshlp was. found to ex1st at 40 days of age Wlth resPect to j
serum-hﬁ levels.; FSH concentratlons,were 31gn1f1cant1y h1gher in ‘rats.
‘ durlng contlnued DHA admlnlstratlon at 37 days of age, but not. at 39 and
'340 days of age due to rl51ng serum 1evels of FSH in: those ratsnrecelvlng
"no DHA treatment'(Table XXIX). | |

e Cytosol estradlol receptor levels of the antermor pltultary were de—A.
;pressed at 32 days of age, 31m11ar to preovulatory concentrations at 29
days ‘of age (Table XXX) As previously mentloned there ‘was no. 1mmed1ate
Vreplenlshment of receptor.concentratlons of the anterlor‘pltu1tary-or hypo-
lfthalamus at the tlme of. ovulatlon An- DHA plus PMSG—treated rats, replenlsh—{'
. ment waS»found,to occurnlnrratsfrece1v1nngMSG.only at the~t1me-ofﬁOVula—;'
"tion.' No statlstlcally‘s1gnif1cant dlfferences Were detected in cytosol
estradlol receptor content of the. anterror pltultary of rats treated Wlth

DHA plus PMSG’ or those rece1v1ng addltlona' DHA treatment (31-40 days of

age). until 34 days of age. .From thls,day onwardj‘aﬂgradual.replen1shment-
,‘of receptors was noted in: ratsbrecelv ng no further DHA treatment further,f
depletlon .of anterlor pltultary estrad1ol receptors occured in chronlc
DHA-t reated rats.- Asnnoted~ear11er3 H levels wete depressed after the pre->
'_coc1ous ovulat1on and d1d not begln to 1ncrease~unt11 serum levels of pre- .
av1ously elevated steroids Were normal1zed; .

A temporal relatlonshlp between estradlol receptor.replen1shment and
basal (AM) LH levels Was apparent in. thlS study.; ThlS assoc1at1on is graph-:
:lcally‘presented 1n.F1gureA224 As cytosol receptor 1evels of: the‘anterlor
'i‘pltultary were replenlshed (dur1ng androgen w1thdrawal) serum TH . concentra; :

tlons rose, as cytosol estradlol receptor levels remalned low, depletlng

.even further, a. decllne 1n serum LH was noted 1n rats treated w1th DHA



~ Figure 22,  Correlative Changes in’Serum Gonadotropin .Concentrations 'and -
- - . Cytosol Estradiol - Receptor Levels.in the Anterior Pituitary.
"of Female Rats Induced .to Ovulate with DHA Plus PMSG Treatment
» As Determined DurltLg 'DHA Wlthdrawal or. Contlnued DHA Admlnls-"
‘tratlon (Age. 31—39). . - :
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(31—40 days of age) Although hypothalamlc receptor levels were : not docu—a
'mented in thlS study, 1t 1s ant1c1pated that fluctuat1ons 1n thlS t1ssue

paralleled that of the anterlor pltuitary.«

\tratlon wr7:

Chronlc DHA treatment has preV1ously been shown to cause ovulatoryr
fallure and development of polycystlc ovarnslml 1mmature (Knudsen; 1974
. Black 1969) and’ mature female rats (Roy et al., 1962) . The flndlngs of':
ovulatory fallure and formatlon of polycystlc ovarles ‘in thls 1nvest1gar;;
"tlon are con51stent w1th the report of Knudsen (1974) and Black (1969) |
Chronlc DHA treatment (as Wlth short-term DHA plus PMSG) resulted in pre—
cocious ovulatlon'(day 30—32) 1n 1mmature female*rats. Follow1ng th1s 1n—i
'ductlon of . puberty,‘female rats experlenced ovulatory fallure as ev1denced _
:by constant vaglnal cytology (75/ constant dlestrus, 257 - constant estrus)
At 46, days of" age; ovarlan cysts Were found in. rats exh1b1t1ng both types :
of vaglnal_cytology;."; o ‘

‘Qvarian and uterlne meighthwerefsignltidantlyrhigher atkég;ahddddﬁdays::
of;age in;DHAjtreated rats than;inzcontrols“(vehlclejtreated)fof;%heTsame'f’
agef(Table{XXXIy\ﬁfofﬁ6 days ofrage;.ovarlanfwelghts'of:conStantTdiestrus‘i".
XXXI) There was ‘no- statlstlcally s1gn1f1cant d1fference in uter1ne Welghts ;fi
ofreither’group. As demonstrated 1n rats pretreated Wlth DHA plus PMSG |
_'(Table XXVIII), progesterone and 17—hydroxyprogesterone concentrations wéré,”
V51gn1f1cantly hlgher after ovulatlon (day 32) than ‘serum concentratlons of
vehlcle—treated controls (prepubertal), .as shown in. Table XXXIII.: Proges*

terone and: l7—hydroxyprogesterone concentratlons remalned elevated through—
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out the;DHAytreatment period (27-46.days of age). " At 46. days of:age,
serum‘progeSterbné levels were signifigantly higher‘inﬂconstant_diéstrus
ratsr(who'haa heavier Qvariés'ﬁith3manyyco;pora lutea)”than in constant
estrus rats (smaller ovaries which appeared to be devoid of .corpora lutea).
Serum levels of all steroids were elevated during the DHA treatment périodl
(Tablés XXXTT and:XXXIII) and were roughiy equivalent at 46 dayé of age to
.levels noted previously from age 31-39 in rats treated with DHA following
DHA plus PMSG priming (Tables XXVII and XXVIII) in another experiment.

As mentioned in the‘introduction,AKnudsen‘(l974).¢onc1ﬁded’that the
sensitivity of the anterior pituitary to tropic influence Wés not impgired
by chronic DHA treatment. However, since.the‘dosage'of LH-RH used to corro—.
borate this hypothesis was high (100 ng), it was felt that impaifment or
lack thereof in"pituitary‘résponsiveness to LH-RH wqul&\best be identified
with allower dosage. Two to three hqurs‘affer DHA.administration'(8:30 -
9:00 AM) it was found that serum levels of LH were equivalent, to controls
at 27 days of age, but Wére substantially lower at 34.days_of age in the
DHArtreated.grOup (Tabie XXXIV). There was no detectable incréase,in LH
or FSH 30 minutes after a low-dose‘of LH-RH (10 ng/100 g BW) in DHA-treated
rats at 27 or 34 days of age. A siénificantningrease’in serum LH occured
at 27 and 34 days of age in control_rats; FSH 1ev¢ls were . also inéreased
. but the increment n@ﬁed at 34 days of aéeiwas not statistically significant.
At ‘46 days of age, basal 1LH levelsiwere,low in the DHA:treated rats and’
neither LH nor FSH responded to.LHrRH_administrationz _From this evaluation,
it is appareﬁt that at a low dose of LH—RH,-significant differences‘quekist*
beﬁween the pituitary'responsiveness.of DHA:treatéd and untreated immature

female rats.- A complete comparison of theSe'findingsfto that of Knudsen
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(1974) .1is Qifficult‘because he did not conCQmitantly,assess'the responsive~-.
‘ness’ of control‘female‘rats;tO'loofné LH~RH.

’ With»discontinuation'of‘chronic-DHA.treatment, female rats resumed
normal -ovulatory estrous cycles as has been graphically demongtratedvin
Figure 10. Although the returnvto normalcy was not a éyﬁchronized event
within the expgrimental.éroup; the interval’between DHA‘withdrawal‘and~
resumption of estrous cycles was calculated to be 9.3 % .2.7 days for the
experimental group. Because of the lack of synghrony, anlmals sacrificed
on selected days during the fostfbHAgtreatment period were in various
stages of -the estrous cycle. For this reason, no attempt-waslmade_to
relate steroid hormone levéls‘tola particular stage of the estrous cyqle
during the period of androgen withdrawal. In addition, it was felt Fhaﬁ a
more meaningful,analygis of the androgen withdrawal period could best be
performed by comparing,.on a déyito day basis, clearance of,sferoids arising

.from DHA administfation-to the other parameters quantified (i.e.; serum
gonadotropins, cytosol estradiol receptors,.ovarian and uterine weights).
A slow decline in peripheral serum concéntrations of DHA was detected
from 48—66 days of age,after,the:last DHA injectioﬁ at 46 déys of age
(Figure_l9). Serum concentrationé of testosterone (Figure l6)'and DHT -
(Flgure 18) appeared to decline at a fastér rate whereas androstenedlone
levels declined initially at 48 and- 54 days of age but no further signi-
,ficant_fluctuatiohs ocgured from 54-66 days of age. Serum levels of es-— |
tradiol (Figure 13) were also elevated for a>prot;actéd period of time as
~ compared to testesterone and DHT concentrations. It is‘possibie-that'
endogenous sggretion of DHA, androstenedione and estradiol by the cystic

ovaries could have contributed to the retarded decline in serum of these
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_steroids.‘ Evidence forfsubstantial endogenous steroid synthesis and secre-
tion was demonstrated by the significant elevations in serum levels of pro-
gesterone and 17ehydrox§progesterone.beforevand.for_several days after DHA
withdrawal at 46‘days of age (Figures 14, 15). Previous in vivo studies
in the human female with polycystic ova:ian'disease‘(Figure 6) have indi-
cated that cysﬁie Qvaries%are.extreﬁely active .in steroid secretions.
Sfudiesein the female rat treated neonatally with. testosterone (Wéisz and
Lloyd, 1965; Rosner et al., 1969; Falvo et al., 1972) also demonstrate that
cystic ovaries are biosynthetically active. The sustained elevation in
uterine weights from 46-54 days of age is further indicationrof prolonged
exposure»ef this tissue to high serum titers of estradiol and other steroids.
At;58 days  of ege (12 days after the last DHA injeetiop) serum_levelsl
of estradiol (Eigure 13).and.progeeterone,(Figure 14) were significantly
lower than concentrations at 48'deyS'of age; uterine weight was also signi-
ficantly reduced at this time (Figure 11). The number- of days required for
‘'normalization" of peripheral steroid concentrations correlated well with
thevlength of time required for resumption of estrous cycles in these rats.

This suggests that one or a number of the elevated serum steroids had been

exerting an inhibitory influence on the hypothalamic-pituitary complex, pre
venting cyclic secretion of adequaee amounts of FSH and LH required for
ovulation. "

Serum conCentrafions of LH were found to be suppressed by chronic DHA
treatment as predicted from the studiee~of Black (1969) ana demonstrated by
Knudsen (1974).n Similar suppression of serum'LH’hed.been found dufing con-
tinued DHA‘administration‘(ege 31-39). of rats indueed.to ovulate by DHA

(27-29. days of ege)lplus>PM$G_at 30 days of age (Table XXIX). Twenty days
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after chronie DHA administfation;hserum'LH<Was low (46. days of.age) while -
FSH levels were nOrmal.dr'slightly4elévatedlatithis'time;1 A noticeable
graduél increase in serum- levels of LH occured from 0=8:days after the last
DHA injection;'FSﬁ levels declined slightly during this time (Table XXXV).
By the morning of -day 61, a significant:increase in serum LH had occqred
and-at 66 days of ‘age serum levels of FSH and LH were significantly higher
than those found at 46 aays of age.

Associated with the decreésing titers of peripheral steroids and per-
haps related to the Qbserved pétternrof gonadotropin secretion was a gradual
replenishment of cytosol'eSFradiol recegfbr levels of the anterior pituitary
and hypothalamus (Table‘XXXVI)i. Theltemﬁaral relationship of cytosol estra-
diol receptor’repleniéhment‘and gefgm levels Qf FSH and LH is demonstrated
graphically in Figure 23.  In this regard, itvshoﬁld.be noted that the
first significant increase\iﬁ estradioi’binding‘capacity of the anterior
pituitary and hypothalamus was detected at 58 days.of age.  From 61 days of
age onward, receptor concentrations of the anterior pituitary and hypothal-
amus were equivalent to those reporteéd by Cidlowski and‘Mleoon (1974) in
intact adult female rats;‘ifresﬁective of estrous cycle day.. These studies -
sugéest that aASignificant.tempo;él’corrélatioq exists between the decline
in previously elevated serum steroids,'xeplenishmeﬁt of cytosol estradiol
receptor content, normalization of serum LH and FSH, and. resumption of
regular estrous:cycles in,preyiously,anqvulatqry femalefrats,

In rats treated continuously with DHA (10 or.20 days),.there appeared
to exist~differentiél.effects of DHA administration on sérum levels of FSH
.as opposed to LH during:the.pefiqd of ovglatory,failurea. LH was chronically

suppressed whereas FSH was normal or slightly elevated as:previously reported



Figure 23.- :

Correlative Changes in Serum Gonadotropin Levels ‘and Cytosol

Estradiol Receptor Concentrations of the Anterior Pituitary:

and Hypothalamus of Female Rats During Androgen Withdrawal

After Chronic (20 Days) Administration of DHA.
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by Knudsen' (1974). No unimpeachable explanation’ for these findings is |
- possible at £he'preSEnt;'hoWéVEr, the findings of other investigators
lends support t0‘£hese'data; Histological and biochemical evidence has -
been providéd by. the work of Costoff (1973) . and Steinbergef’gg_glmj(1973)¢
which_demOnStrates‘that two'différent cell types exist in the réf anterior
pituitaryAwhich'synthésiZe and_Secreﬁe}goﬁadotroPins, one for Fsﬁ and an=:
other for LH. in addition, Costoff gg_gl.{(1974) found that in‘rats*treatéd
with PMSG at 30 days of age, a degranulation of LH cells of the anterior
pituitary eccuréd beginning early on the afternoon Qf day 32. . Concomitant
with this degranulation,.serum levels of 1H increased‘draﬁatically.> A‘de4
granulation of FSH cells occured later on thq afternoon of day 32 which ¢
also coincided with an increase in serum-levels of FSH at that time. Addi-
tional evidence for the possibility that - FSH and LH may be regulated by .
separate control ﬁechanisms,has come from the work of McCann et al. (1968) .
who- found two hypophysiotropic substances in the hypothalamus, Qne'eliciting
primarily_LH secretion and the other causing secretiqn of FSH.

In a different type of study, various investigators have notéd that
following‘qastration_of immature and mature female (aﬁd male) rats, ; sig-
nificant elevation df serum FSH and LH occurs. Replacemeﬁt therapy Wwith
androgens., estrogens, and éstrogens plﬁs progesterone'in.castrated,female
rats has revealed that the post gastrational,rise‘in serum LH is more readily A
suppressed than that of FSH. . At,high'doses>of replacemént stefbids, an -
increased secretion of FSH occurs at a dosage that completely suppressed
serum LH:(Eldridge 25_3;;;f1974 a; Eldridge et al., l974,b; MePherson-gg_gl.,
1974;JMcPhefson'gE_§l:, inrprgss,”1975%#'

These reports, in addition to that presented herein, suggest that the
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secretion of FSH and LH in .the female rat may beiﬁnderﬁseparaté'control
mechanisms and' that ﬁheﬂsuppreSSion?of'LH at a time.or normal or enhanced
FSH secretion may arise due to differential sensitivities of these control
machanisms to steroid hbrmone feedback .at the-anteribr~§ituitary, hypothal-
amus and/or higher brain centers. .The particular steroi& (or steroids)
'responsiblg for the aberrant, tonic secretion of FSH and LH in long-term
DHA-treated rats, cannot be'specifiqally idéntified'from these’experimeﬁts.

A significant elevation of éeveral compouncs. was documented during DHA
administration, much of which probably arose from metabolism of DHA itself.
A cﬂronic.depletion of cytosol estradiol receptors of the anterior pituitary
~and hypothalamus was noted in these_studies in association with tonically
elevated serum steroidsvand.acyclic, abnormal gonédotropin secretion. ' Al-
though high. serum concentrations of estradiol alone can\céuse acute deple-
tion of cytqsal~estrédiol receptbrs (Cidlowski and Muldoon, 1974; Gianno-—
poulos ‘and Gorski, 1971), the chronic deprgssiOn of gytpsol estradiol recep-.
_tors may arise.through twq separate circumstances. Continual utilization,
of available cytosol receptor and translocation to the nucleus as well as
. failure to replenish cytosol estradiol reéeptdrs in the cytoplaém can both
cause chronic depletion of receptors aS*measured'iE_ziézg.

In addition to elevated serum levels of estradiol; there was signifif
cant elevation -of androgems and progesterone (in:mdst animals) during long-
"term DHA administration. uStﬁdiés in other-laboratories as well as in.our
department. indicate that steroids other than estradiol may modifj,thé»inter—
action of estradiol with its cytoplasmic receptor. Ruh'gg_gl, (l975), have .
shown that DHT, a steroid found in high quantities folloWing'DHA treatment

could cause depletion of uterine cytOSol estradiol receptors. This was ac-
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complished through a.t;anslocation offestradioléﬁree}estradioljrecepfor to
the nucleus.'.Korachhand.Muldoon'(in,preés,'1975)_haVe studied the .inter-
action of DHT with the'estradiOi'receptOrlignzigxg:and found that it can:
bind to low affinity sites on the estradiol. receptor and impede the forma-.
tion of the estradiol-receptor complex in the cytosol. Another study has
shown'that proges;eroneﬁcould block certain stimulatory effects of estra-
diol on oviductal growth in adult monkeys (Brenner et al., 1974). This
inhibition WaSIfound.to be associatedfwith,a depression of estradiol binding
éapacity of estradiol receptors in the cytosol of the oviduct. There was
no demonstration of direct competition of progesterone for estradiol binding
sites on the.receptor and therefore the depletion may have been due'to an
inhibition of receptor synthesis (replenishment).

These studies point out the potential importance. of steroid hormones,
in addition to estradiol, which are present in peripheral blood of normal
and eiperimentally:altered female rats. ‘It_alsq appears tﬁat compounds other
than estradiol alone should be quantified when’oneﬂevaluates the relation-.
ship between steroids and gonadotropin secretion. As further studies are
completed which evaluate the reiétionship between stgroids'(and perhaps
other hormones) and ﬁﬁe estradiél receptor, a more precise understanding of
~ mechanisms through which steroids modulate’the secretion of gonadotropins

‘may be forthcoming.



VI. SUMMARY

Multiple steroid radioimmunoassay methods, which combined the use of
a very reliable cellte column chromatographlc separation .and reasonably
specific antisera, two of which. were developed in this laboratory, were
perfected. With these ;echniques, it was possible to simultaneously
quantify as‘maoy as seven steroide following an ether extraction of a single

“serum (or plasma) sample. These methods, which were shown to yield results
comparable to that achieved by single steroid asseys,‘areasuperior.to,other
techniques cufrenfly'employed for fhe analysis of several steroid hormones
in a single blood»sample. In‘eddition, the_simplicity, sensitivity and-
xeproducibility of the multiple steroid radioimmunoassay method make this
technique equally applicable to routine as well as experimental analyses;

Studies conducted in the untreated immature female rat revealed that
puberty, ohich_may’occu; from 36-40 days. of age in Holtzman rats,. is pre-
ceded by a significant increase in serum estradiol levels as well as othef
.steroid hormoneejincluding testosterone, androstenedione, progesterone and
l?—hydroxyprogeste;one. In conjunction with increasing titers of these
seeroids, a eignificant decrease in cytosol estradiol receptor levels of the -
anterior pituitary and hypo;haiamus occured prior to the expected preovula-—
tory release of anterior pituitery gonadotropins, FSH and LH.

In a more synoﬁronized animal model, the PMSG;primed'imméture female
rat, a similar temporal relationship was found to occur before ovulation at
33 days of age, 3 to 7 days before natural puberty. PMSG treatment resulted
in an acute increese in serum levels of estrediol, progesterone, l7-hydroxy-
progesterone, androstenedione and"testoeterone within 8 hours. Secretion of

estradiol and its immediate precursor, testosterone, was sustained through
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the morning of day 32.(proestrus). A~progressive.aepletion;of'cytosol es—
tradiol receptors bf“;he'anterior'pituitary andfhypothalamus paralleléd
the increasing titers of serum estradiol. When maximal depletion was
~reached, a p:éovulatofy discharge of FSH and ILH occured which evoked a
dramatic but transient increase in blood levels of:eacﬁ steroid assayéd
except estfadiol oﬁ the evening of day 32.. Day 33, estrus, was Qharacterized'
.by a replenishment of cytosol receptors and-a decline in serum levels of .
all steroids. \The cycle of increased serum estradiol and cytosol estradiol
receptor depletion was repeated at 36 days of agei(?roestrus) prior to a
second .day of estrus at 37 days ofiage, at Wﬁiéh-time serum estradiol deé-
clined and receptors were again repleniéhed.'

Changes in steroid hormones;,cy;oéol“estradiol.receptdrs and gonado="
tfopin levels in the DHA—treated‘immature:ﬁemalelrat prior to precocious
ovulation were very.similar'to'those‘demonstrated_du?ing»no;mal puberty and
PMSG'induced.ovulgtion. A significant'increase‘in'serum levels of es;radiol,,
testosterone, androsfenedione,xDHA and DHAvwas'found‘Within two hours after
'DHA administration to~27Aday‘old‘female rats. The increased serum levels
of these steroids were maintained through'29 days of age at which time pro--
gesterone and l7—hydroxyprogesterone concentrations were also increased as
compared to vehicle-treated controlé. -Cytosol estradiol receptors of the
anterior pituitary and hypothalamus were depleted during DHA,treatment and
» preoVulaﬁory gonadotropin surges were found to occur ‘on the -afternoon of day
29 and - 30. |

‘in contrast to the actions of PMSG, steroid_levels,remained,elevated
and cytosol estradiol receptors remained depleted for a prolonged time

following precocious ovulation :induced by short=term DHA plus PMSG. No ovu-
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latipns or'cyclic changes in vaginal cytqldgyywere found to.oc¢ur for at
least 10 days after .such precbciou5~puber;y;u Du;ing thé“lO day interval,

a siow'decline in periphe:alﬁste:bid leyéls.oc¢ured which coincided with a
'gradual_restoration of‘cytoéOl estradiol receptor binding capacity 6f the
anterior pituitary and increasing serum levels of LH.

In rats treated continuopsly with :DHA (lo‘or 20 days), all parameters
studied remained constant: serum levéls of steroids were abnormally highﬁ}
cytosol estradiol receptors of the\anteriOr'pituitary and hypothalamps were
debléted; serum levels of LH‘were'low whereas FSH levels were normal'or
slightly high} no ova, fresh gorpora»lutea or.éyclic changes’in'vaginai
cytoology were. detected. During chronic DHAAadministration, a relaﬁive
insensitivity of the antérior'pituitary Fo‘low doses of LH-RH, as compared

“to untreated con;rél rats, Was'demOnstrated.'

Followiﬁg discontinuatibn‘of ﬁHA administra;ion:(short-;erm or chronig)
serum levels of testosterone and DHT fell to within normal limits within a
few days Whereas,tﬁe decline in DﬁA.énd-androstenedione was mqrevprblonged;
In addition, serum levels. of progesterone were found to be chronically
elevated in moét_animalé aﬁd deéliﬁed slowly after DHA withdrawal as a result
of prolonged corpus luteum function.: Estradiol;concentraﬁions‘in serum fell
more rapidly following short-term DHA administration than after 20. days of
DHA treatment, which also resulted in ;he,formatioﬁ.of ovarian cysts.

_Although'an aésogiation was .found to exist between serum levels of es-
tradiol and concentrations.bf anterior pituitary and hypothalamic estfédiol
receptors, the possible involvement of other steréids; Whichnwere also af-.
fected by DHA treatment_cannot benruleduéut,at,the present. . As cytosol es-

tradiol réceptor concentrations were being replenished during DHA withdrawal,
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serud levels of LE, which had been:suppressed-vere. also: Found ‘to: gradually
increase: . ‘ - | S | | |

It.is-suggesfed;iﬁ:theéé}3£ﬁdiés”thatlesﬁradiélfrécéptdré,mayvplay.aA
role iﬁ.mbdulating:the{response'of;thefhypoéﬁgiamiéhanterior{pituitaryr
unit tofchanging;levels of‘sérum'est;adiéi“én@ﬂpééSiblyaotﬁer‘compoqnds,;ﬁ _,1
the femalé‘rag;g bifecf;pféof’for‘suéhigﬁninﬁoivemeﬁtfhas,ﬁgplbeén.estab%_:
<iisﬁe&; héwéver.if'iéjﬁbpedﬂthat-thé;é%idéﬁ;é.ﬁfd;iéedfwili“be_conéidered":”'A

'..prpvoéétivegenough'to~inducé»furthef{stﬁdY‘b&‘others.w
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Figure 11. Uterine Weights in Female Rats: Fluctuations Associated
_ With 'the Orset of Puberty, Ovulatory Failure and Androgen
Withdrawal. . ‘ o ' R

\
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Figure 12.. Ovarian Weights in Female Rats: Fluctuations Associated With
the Onset of Puberty, Ovulatory Failure and Androgen Withdrawal
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Figure 13. Serum Concentrations of Estradiol-178 in Female Rats:

Fluctuations Associated with the Onset of Puberty, Ovulatory

Failure and Androgen Withdrawal.
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Figure 14, Serum’ Concentratlons of Prog‘es‘terone in Female Rats:
o Fluctuations Associated.with the Onset of Puberty, Ovulatory
Fallure and Androgen Wlthdrawal
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Eigure'15;~ Serum Concentrations of 174Hydrdiyproges£er0ne in Female Rhts.

Fluctuatlons Associated with ‘the. Onset of Puberty, Ovulato:y
Fallure and Androgen Wlthdrawal .

208



SHORT TERM DHA PMSG ONLY CONTROL
PLUS PMSG '

LONG TERM

DHA

|7-HYDROXYPROGESTERONE

Ng/ml

O - N W H

O — N W b

l,l l_rﬁlil*l‘l*l‘l*;"l

DHA PMSG
¥ ¥ 14

AT

L L L L L L e e e e |

DHA

/,
¥ T T T T ¥ T T ¥ I?/ll T T 1 1

30 32 34 36 .38 404648 54 586! 66
 AGE AT SACRIFICE ‘

- 28




v

Figure 16. Serum Concentrations of Testosterone in Female Rats:
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Figure 17. Serum -Concentrations of Androstenedione in Female Rats:
‘Fluctuations Associated with "the Onset of Puberty, Ovulatory
 Failure and Androgen Withdrawal '
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Figure 18. Serum~Concentrations¢g£jDihydroteStosterOne'ig;Female Rats:

' Fluctihations Associated with the Ornset of Puberty, Ovulatory
Failure and Androgen Withdrawal. ' i
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Figure 19.. Serum Concentrations of Dehydroepiandrosterone in Female Rats:

Fluctuations Associated with the Onset of Pubertyi_Ovulatqu
Failure and Androgen Withdrawal )
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