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I. INTRODUCTION 

One of the most intriguing problems in·the ·field of reproductive 

endocrinology has been· to identify and develop an understanding of the 

relationship between steroid hormones and the secretion of anterior pitui­

tary gonadotr?pins. It·has been demonstrated that gonadal steroids may 

have both a _facilitative and inhibi.tory influence· upon·:;the synthesis and 

secretion of follicle stimulating horm?ne (FSH) and luteinizing hormone 

·(~LH) • The mechanisms ·involved in the regulation of ad~nohypophyseal se­

cretions are poorly unders~ood. As a result, points of critical control. 

which apparently involve interaction among·the gonads, anterior pituitary, 

hypo'thalamus·and.probably higher brain centers, are the subject of many 

current investigations. 

A .great. deal of information concerning the interplay between. :steroids 

and gonadotropin secretion has been· derived from studies dealing.with fe­

male·infertility. · Ovulatory failure ·in t~e human has been associated 

most commonly with polycystic ovarian disease -·Stein Leventhal Syndrome­

and androgen producing tumors of the ovary and adrenal. Character~stics 

shared by these two disorders are·disruption of ovulatory menstrual cyc~es, 

aberrant FSH/LH secretion ~nd symptomatic and/or biochemical evidence of 

excessive androge~ production. That the abnormal prod~ction 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 circula'(:ing andro;;.;. 

gens and restoJ;ation of fertility. .Thus a cause-effect relationship has 

been .proposed between exc.essive androgens or their metabolites and loss· of 

normal reproductive function in the female. 

In order to mo~e fully investigate the influence of androgens on 

-1-·. 
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·fertil~ty in. the female, several animal.models _have been developed. Gorski 

and ~arraclough (1961) rep~xted that the_ admin~stration of testosterone 

propionate to ~eonatal female rats induced pe~anent infe~tilityo .Altho~gh 

this .experimental model has receive_d. much attention, it is perhaps not. 

adequate for comparison to androgen induced infertility in the hulJlan femal~ 

which is reversible;.· Another, more clc;:>sely r~lated experimental model has 

been developed and studied previously in this laboratory. Black and 

Mahesh (1969) found that short term administration of ·a ·weak androgen,. 

dehydroepiandros~erone (DHA) to immature female rats _could ind~ce preco­

cious ovulation; . chronic treatment however led to subsequent development 

of polycystic ovaries and .ovulatory fid::lul;'eo Wit:hdrawal of androgen treat­

ment permitted a resumption o~ regular estrous ·cycles and proven fertilityo 

Pituitary and serum levels of _both F~H and LH hav~ been found to be tonic 

during the period of chronic ·nHA the:rapy . (Black,nl~969; Knudsen,_ 1974) ~ . The 

precocipuf:? ovulations induced -by DHA treatment at 27,-29 days of age were 

not synchronized, occuring on one of several·. days th~reaft;:er. The admin-. 

istration of pregnant mares serum gonadot:ropin (PMS~) on day 30,. an-agent 

which itself may ca~se premature ovulations 72 hours later in the immature 

rat, could effectively synchronize ovulations.to occur only on day 30 after 

three days of DHA. treatment. 

From the previous.mentioned studies it appears that androgens, or their 

metabolites, may have both stimulatory and inhibit~J·y actions with regards 

to gonadotropin secret~on.· Estradiol-1713 has also been found to exert both 

positive and negative influen~e on the secretion.of FSH and LH ashas pro­

gesterone. In general, the actions observed with progesterone· ·have been 

dependent upon prior exposure to or concomitant administrat;:ion of e~tro-
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gens~_ Conclus_ions · concerning_ the role· of ~stradiol and pr~gesterone are:-_ 
' . . 

4eri ved {rom. ~tudies ·:in· which·. these ·steroid~· have been ~easured i~ bl~·od 

d~ring various reproductive ~states' in. addition to conclusions-· reB;che4 as 
~ '" . . . . 

a res~lt of .e~?genous ad~i~istr~tion.; ,· 

1
_It ·is· not· entirely ··clear '.wh~th~r· all the. effects of ·DHA in the imma-

. . ' . . 

ture female rat are direct ·or· vi~ metabolic ·.conversion. ·_ .. It has· .been sug~ ~-, 

gested hm~ever, that. some. conv~rsfo:il ·is. reqtt_ited· in·. the· inductfon of._ pre-· . 
... 

cocious ovul~tion since· the administration .. of cyanoket_one· effective~y 

blocks pr.~mature puberty. while. DIIT·,' a non-:-:-aromatizable 'androgen-;: will. not 
. . . ' ' . ,. . . . 

precipitate· early ovul_ation.·. irt inunature · fem,ale: rats •. · In-, th~ chronically 

DHA~treated f~male ·. r·~ts'; .. the_: pri.mar.y :_ defe.c't. responsible. f()r. anov:ulation is. 

pr<;>bably not. -in. the·· :·ovarian ovula~o~y- m~chapism-.since.· ~he. a~niinist~ation -· · 
. . . 

of ,e;&:ogenous. gonado.t~_opins ·ca~ over~:i.d~ :the. DH.i\· ef~ect and. caus.e ovulatiqn. 
. . - . 

·In addition, ··there· :i.s. _some· ·e;Y:±'d~ric~ t~ suggest_ tha1:;·. the_. pftuitar'y. i~ a·t ··· 
. - . . . 

least;. qualitatively J:esponSive to exogei]-QUS LRF .although ~he dosag~ used·.··. 

was high ... · ~hus ,it··.would _appear. ·that tli~. actions- of DHA- in· the inunat~re· 
- ~ ·,_. 

female rat are due to ·soine ··alter~tit>n in.· th~ norinB:l ster9id' milieu and the 

site .of act:i,.pn ,is. proba,hiy:lo.cated·~wf~hi~ .. -the.,hypotl;t.alamic~anterior.: p:i.t·ui-. · 
• o ' - ~ • •' • • • I • ' ,> • • • ' • • • 

·_. \. ;··:' . 

. Inve~tigations. ,receri:tly __ :comp,let:~4 .in_ t~i~ _:department ·have .shown· that. 
I'' . t' • '1,' • 

spec:i,.fic I es~'l:·ogeri receptors are· 'pre~:~n-t .in both' the· 'anterior .pituitary' .and" 

hypo.thaiamu~ o( J.P.~.l~: :and fetn.ai~ .rats<'cK.o_rach.: and }I~ldoon·;· 1974a, 1974b) •. 

Altho-ugh the _steroidal state· of both-. sexes· and ·the observed patterns· of· 

gonadotropit?-. _.secretions' are .·diff~rerit, -these receptors. may play: a key regu-
• .• • • ·. '.1 •• - ' - - •• 

.. latory rol~ in t.h~ -s~cret-ion ·of- FS~ [ind/or LH .. in· bo.th! · The· stud·ies :of 

Cidlowski and ~uldoon: (1974) have .. indicated -·that· the concentrations of cy-
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toplasmic (cytosol) receptor in both tissues of male and fem~le rats may 

be altered by the admiriis.tration of estrogens. Within one hour after es­

tradiol treatment b6 cast·rated rats, cytosol receptor content -is signifi­

cantly reduced w~ile 15-20_hours later, replenishment of receptors·to pre­

injection concentrations occurs~ S~milarly, Gre~ley et.al~ (197.~~)~_' found 

that cytosol estradiol receptor le-yels in the anterior pituitary and hypo­

thalamus fll.t.ctuate during_the acl.ult rat estrous cycle:' on proestrus, a time 

of high circulating estradiol, receptor levels were:.,~low, while on. ·estrus, 

a time of decreasing.blood estradiol_concentrations, 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 DHA-treated female rat re­

main to be answered. First, it remains to be determined precisely what 

changes in blood steroids occur after DHA treatment in relation to the 

induction of precocious ovulation or with chronic DHA therapy, the devel­

opment of polycystic ovaries and infertility. A second cr~tical problem 

is to identify mechanisms existing at the level of·the hypothalamic-pitui­

tary unit through which ·peripheral steroid ho~ones may alter the synthe­

sis or secretion of FSH and LH. Previous studies have attempted to study 

this problem, however the exact nature of the interaction between stero.ids 

and the hypothalamic-pituitary unit has been difficult to define .• · 

The mos·t logical means of addressing this first questi.on would be to 

quantify daily changes in several steroids in peripheral blood of individual 

.rats during the various reproductive 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, Sa-



.' ~· . . 

\ ' 

·- _ dihydrotestosterorie .. and- e~ft.radi~i-i7s-~; ··Other ··stet.ofds · su~h as pro_gesterone · 

and ·17a .. _hydroxyi)roge~ter~n:le ··slioutd ·also ·be .. quantif~ed in.'-order to. detect· 
' ' . 

changes in endo-genous · ste·rPid .-secretion·~ as opposed to. alteratio1:1s wh:i,.C:h 
. . . ·.• ' _, 

arfse thr_otigh the metabolism .of ·exogenously . administ~red DE;A. · 

At ·present, . there: -are .methods avaiiabl~ for the quantification of each · 

pf 1;-he above mentioned c~mpouilds ~ However, due to the l~~ita~ion:s imposed 

by utilization' of smali. experime~_tai: animals' the volume ·of blood. would be 

insufficient·. for the· analysis -of ·more thari ·one or two steroids from a!_l. · 

individual sample. -

· ··rn. light of re_cent findings __ , th~ .dist~nct -possibility exis~$ that· 
- .- . - . . _· . . - . -. -. 

estrogen recep~ors of- the· anterio-r pituitary and. hypothalamus ·.may consti-:-

tute a locus- for the -modula'!=_ory .·ac-tion ~of ·estradiol: and possibly' ot;h~r­

steroid hormones upon ademohyp-~physeai- s~-~·retion. of LH and- FSH. The mea-~­

surement of cytosol·.estradiol receptors .in· these tissues thus would. be an:-­

important adjunct 'to the study of _th~ DHA~t-reat_~d ·femal·e. rat. Alterations.' 

in r~cep~or concentrations·, .. brotigqt --about py. ·various experimental proce­

dures, coupled ~ith .observa~ions 'on. ci-rculating levels: of ~several :steroid 

·hormones and gonado-tropin-s should contribute to a more co.mplete_ understand­

- _ing of. fertility and-~ ~lso' ovu1atory.· failure. -· 

· The. primary_ ~im· of:·this- ·irtve~tigation- was·_ to more ·fully. evalucite. the 

. DH!\-treated immature .female·. rat.-·dur:ip.g pr~cocious ovulation, ovulat:ory· 

.failure· and . andr~gen wi'thdrawal, . at ;Which. time. a 'restoratlon .of normal . 
. - ·• 

reproductive :funct;i.on ,would. o~ccur. Of part:i,.cular :interest .. was· to· iderit;i.fy 

. : alte~ations ·in-blpod s-teroids ·-.b~ought. a,bo~t .-by DHA t~ea:tment: ._and -relate . 

these ~hang~s' tO s.eru~ .gonadotropir1s·and cortcentrati.or{s. of ~Yt9S_C?l estra-

'diol receptors·_ of .the anterio.r· p'it'uitary and 'h-ypo~hala~us. 'the following 

··,. 
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objeCtives were thtis chosen aJ me.:Us to fulfill the basic aim of gaining 
. . . 

~ more complete under~.tanding~ of ·tep;oductive func.tl.on in the DHA-treated 

rat model: 
~ . ' .. 

1. the develoPment and.lalidation of methods for multiple steroid 

radioimmunoas$ay whi.ch would' make_ -p<:>s'sible .the simultaneous ineasti.rement of 

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

2 o the measurement of. ·blood steroids and- cytosol ~stradiol receptors 

of.the anterior pituitary and hypothalamus during the- natural onset of 

pub~rty; 

3~ the measurement of 'blood, steroid$·, gonadotropins and _.cytosol -es-

.tradiol. receptors ·of the -anterior pituitary and hypothalamus during the. 

synchronized onset 0~ puberty in PMSG-priin.ed immature fe~al~ rats.. . Ex~er- . 

imental findings in _this animal.preparation __ plus· those ·during unsync.hronized. 
J 

ovulat'ion (2 o) would ·_be. c'?nstdered. to _be . represerttative of normal puberty . 

. which is followed. by the establi~hment of regular estrous ·cycles; 

4 o the :measurenieD:t of: :blood. ~teroi,.ds, · gonadotr~pin·s 'and cytosol es­

tradiql _receptors of . the anterior ~pituitary_ and hypothalamus. duri~g. DHA- · 

induced precocious puberty· w~:L~h. i~.· _synch~o11ized with PMSG; 

So. a study of .. the immediate· p·ost-tivuiatory ·period following the in-

duct ion of. ovulation•wtth ·-nHA plus ·.P~SGo. 
. - . . ' 

Concentrations of blood steroids_, 

gonadotropins and cytosol ·estradiol receptors would 'be compared b'etw~en·· 

groups of rats in ·which DHA admin:i,stration would be stopped, or continued 
. . .. 

for· 10 ·days a;fter ·the early On$et ;·of puberty; 
' . . 

6 o . the measurement of blood : s·tero:(ds ,. gonadotropins and cytosol es-

tradiol receptors of the·anterior·pituitary.and hypcithalB:ffius.during chronic 

DHA treatment., which· would result in. oyulatory failure, and· followin,g- the 
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discontinuation of DHA, at which time a restoration of fertility would 

otcur. 

It is hoped that the results of this investigation will contribute 

significantly to a more lucid comprehension of the hormonal interplay dur­

ing normal female reproductive function.and the changes brought about by 

androgen excess. 



II. LITERATURE REVIEW 

A. METHODS FOR STEROID HORMONE ANALYSIS 

The evaluation of steroid hormone concentrations in biological fluids 

has been hampered in the past by a lack of .sensitive and specific assay 

techniques. Many methodological ~dvances have contributed to the current 

capabilities in this field. A brief review will demonstrate the degree 

of these refinements which has occurred over the past several years. 

The earliest methods employed for steroid hormone measurement involved 

the response 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; Hooker and Forbes, 1947). These 

techniques were utilized primarily for the analysis of crude urinary ex­

tracts or whole tissue homogenates. The variabiliJ:y in individual animals, 

lack of specificity, poor sensitivity and lack of differentiation among 

compounds of high and low biological activity in a mixture, were contribu­

ting factors which necessitated the development of more precise chemical 

methods. 

Newer techniques for st·eroid hormone assay were perfected which util­

ized colorimetric endpoints. Most of these techniques 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 ketogenic steroids (Brooks and 

Norymberski, 1953) and estrogens (Brown; 1952). Although colorimetric 

steroid assay methqds offered some advantages to bioa~says, substances 

were present in urinary extracts which could interfere in the assay. 

These materials cont-ributed to a low sensitivity and poor specificity and 

(_-B---. 
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made colorimetric methods unsuitable for blood steroid assay. While the 

analysis of the several classes of urinary ~teroid metabolites was useful, 

it was at best only a reflection 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 paper chromatography (Bush and Mahesh,. 

1959) .; :_t}hin layer chromatography (Lisboa and Dicfalusy, 1963), celite 

column chromatography (Preedy and Aitken, ~961; Siiteri and MacDonald, 

1963) and Sephadex column chromatography (Beling, 1963) were perfected 

which allowed the isolation of one or several steroids. These,;:chromato-

graph~c techniques contributed specificity to more conventional assays but 

an inherant lack of sensitiyity in. ~olorimetric and b:j,ological assays still 

precluded the possibility of analyzing blood steroid concentrations. 

Murphy (1964, 1967) developed the first steroid assay techniques which· 

were sufficiently sensitive and specific for the analyses of blood steroids. 

Her·technique utilized radiolab:ied steroids as ligands and corticosteroid 

binding globulin (CBG) (Muldoon and Westphal, 1967) as a corticosteroid 

binding agent. This system, termed. "competi'tive ·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 
I . . 

cortisol from CBG by unlabeled standard and unknown corticoids. Soon there-

after, other naturally occurring binding proteins were used for the radio-

assay of estradiol-17S (Korenman et al., 1969), progesterone (Baranczuk 

et al., 1973), estrone (Tulchinsky and Korenman, 1970) and testosterone 

(Rosenfield et al., 19?9). Although Erlanger et al., (1957, 1958) proposed 

that steroid-pr_otein conjugates might be synthesized in such a manner that 
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th.ey .-could serve· as ~peci·~i:c_ 'B.ntig.e~s·, .. steroid radioimmunoassays were· not 
. . . 

deyeloped until after ~-o~p~tftive binding. methoc1s were in use. ·At -·present, 
. . 

radioim!nunoassays are .used fa~ __ the measilrement of minut·e amo-urits· of several 

blood steroi¢1s including estrogens (Emment et al., 1972; ¥oshizawa·and ----- . 
. . 

-_F~shman,. 197~),. androgens· (Thorneycroft e~ ,al• ·; 1_973-.; Buster. and. Abl;:'aham, 

197~), and ·progest;i.ns (Abraham· et -·al~ ~ 1972 .. b;_ Sto~e et al.;, 1971). Su~h 

radioligand bf:nding assays and . radioimmunoas'says have made it possible to 

measure many ster~id~·. :.in ·peripheraL-blood whic~ are. present norma~ly in ·. 

minute (picomolar) quan~ities, thll:s being far superior to:the original 

biolpgicai o:r~che~ical analyses·· of. crude· urinary extracts. 
• • • ' • • . I .- • • • •1, ' 

Although currently used. r;:tdioassays are- .higJ:ily sensitive, .most are not 
\ .. ' . ' . . .·. ' . . . 

specffic enough_to·~~say blood steroids without.~ome prefiminary chrom­

atographic purification. Metho<ls-·used. ·fo-r. such pur=i;.fication are primarily· 

Sephadex _column chromat()graphy. (Ca;r.r_ ~t-al:.; 1971) .·or celite column chrom-
. . - -

atography (Apraham -et al., 19_71". 1972). which are modifications of orgi"nally 
. . -- - ' ···~- -

applied t~chniques· for· the ·sepa_r,ation :of urinary ~teroids. _ Sam~ inve~tiga­

tors h,av_e utilized the steroic;l.-.separation :p.ro'perties of various chromate-

graphic techniques plus ·steroid ant:i,.bodies· and/or steroi~ bind:Lng proteins 

·to develop ~ultipl~ ·.stero;i.~ · a~say systems~ Such- syst~ms al_low for·:i::ibtie 

simultaneous analysis of -more· than one stero:i,.d- from a singl.e p_lasm:a extract. 

One metho.d, developed ·l)y Concolinq. and Morocchi (1972)_, util~zed chemical. 

·:modifications of ·steroids ·a~d multiple ch~omatC?graphic steps while _another . 
. • I' • ' : ' t • ' ~ • • • 

(Dupon ,et al •. , ~973) e~ployed . .chromatography plus derivative ~ormation 

pr~or t:o a~say. Anot~er system utilized paper' C.hr'om~tographie techniques·_ 

. for the isolation of several steroids prior· to assay (West· et a1.·, · 1973) • . -\ . . . . .-. . '• ·.· ---. 
Such m~ltiple assay techni_ques_ obv}.ously offer certain adva.Iltages · over 

/w !''; 
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more conventional single steroid assay methods but often yi:eld poor steroid 

recovery and· thus require substantial volumes of plasma~ In addition, .the 

complex nature of the chromatographic technique and derivative ·formation 

used are quire time consuming. Another shortcoming in some of these methods 

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

B. HORMONAL INTERRELATIONSHIPS IN THE FEMALE REPRODUCTIVE CYCLE 

Of the hormones synthesized and secreted by the anterior pituitary 

gland, FSH·and LH are regulators of ovarian functiono Fevold et·al., 

(1931) first identified these hormones and proposed that FSH.stimulated 

ovarian follicular growth while LH·was responsible for follicular rupture 

and corpus luteum £•ormation. · Greep (1961) proposed that LH was secreted 

in massive quantities just prior to ovulation. More recently the roles 

of LH and FSH have come under·closer scrutiny. As a result of improved. 

assay methods, 'it has been demonstrated that both FSH and LH are secreted 

throughout the female reproductive cycle and that a massive release of 

both hormones from the pituitary preced-es ovulation (Rosemberg and Keller, 

1965; Dane and Parlow, 1971). In addition, Goldman and Mahesh (1968, 1969) 

and Lostroh and Johnson (1966) have raised new·questions concerning the 

actions of FSH and LH on ovulation sinc.e they found that FSH alone mp.y 

cause ovulation in both the rat and hamster.. 

The anterior pituitary was once considered to be the "master gland",. 

all other endocrine tissues being subservient to its direction. It is now 

recognized that the pituitary is itself partially dominated by the hypo­

thalamus and perhaps higher brain centers. Specific hormones or factors 

have been identified or proven. ·to exist ·within the hypothalamus which re­

gulate the synthesis and/or secretion of ~onadotr~pins and other adenohypo-
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physeal horlnones (Porter ·and Jones, 1956; .Talwalker et al., 1963; Wilber· 

and Porter, 1970; Amoss et al., 1971; Matsuo et al., 1971). Observations 

made during the rat estrous cycle have indicated that an increase in LH-

releasing hormone (LH-RH) concentrations in hypothalamic-pituitary portal 

blood occurs on proestrus which results in a depletion of hypothalamic LH-
' 

RH content and is associated· with the preovulatory gonadotropin surge (EsRay 

et al., 1974; Wheaton and Fawcett, 1974). 

Temporal relationships between steroid hormones in blood and ovulation 

have also been determined. Estradipl-17S levels·in peripheral and ovarian 

vein blood have been shown·to increase during ovari~n follicular growth 

reaching peak values and then decreasi~g· just prior to the preovulatory 

surge of ~SHand LH in many species (Abraham et al., 1972b; Shaikh, 1971; 

~eick et .al.; 1973). Following ovulation, estradiol is secreted by the 

corpus luteum in the human (Mikhail, 1970) and monkey (Weick et al., 1973) 

but is not elaborated in the rat which lacks ·a lutea,l phase (Hori et al., 

1968). 

Progesterone concentrations in blood are low during follic.ular growth 

and· appear to.rise in response to.the preovu~atory gonadotropin surge 

(Neill et al.; 1967; Barraclough et al., 1971; Butcher et: al., 1974). Con­

centrations of 17a-hydro~yprogest.eron~ have also been measured and are sig-

n:ificantly higher in the lut:eal phase as compared to the follicular pl?.ase. 

of the human me;;1strual cycle (Strott and Lipsett, 1968). · Concentrations 

of androgens ·such as androstenedione and te,s't'osterone have also been eval-

uated during the female rep:rodtictive ·cycle·.. Although no significant cyclic 

fluctuations are·presently recognized, the levels of both hormones parallel 

somewhat the secretion of est'radiol in the human. (Horton, 1965; Gandy arid 



13 

Peterson, 1968) and rat (Dupon and Kim, 1973). · 

The relationship of blood steroids to the sec·retion of pituitary gonad­

atropins is not completely understood hqwever certain observations have 

been made. Castration of the female leads to a chronic elevation of both 

FSH and LH in serum (Gay and 'Midg:bey, 1969) while repl_acement 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 suggested that a positive_ or facil­

itative action of steroids on gonadotropin secretion also exists. Everett 

(1948) found that steroids such as progesterone and estradiol could.not 

only inhibit or delay ovula~ion~ but_ could 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 r~lease of gonado:tropins in the castrater·:~ 

(Caligaris et al., 1971) or intact female Ying and Greep, 197.2; Karsh et 

al., 1973). 

It has been postulated that preovulatory secre.tions of the ovary are 

necessary for the elaboration of the midcycle FSH and LH surge and thus 

ovulation. Most evidence s:uggests that·estrad:Lol-1713 concentrations in 

blood act as a signal indicating that ovarian follicle maturation has pro­

ceeded to a state.that is ripe for ovulation. Experimental manipulations 

which tend to abolish or counteract the preovulatory·estrogen peak in 

blood block not _only-the FSH and LH surge but ovulation as well (S~irley 

et al., 1968; Fer in et al~, 1969a,b; Schwartz~ 1969). 

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

pituitary and hypothalamus are involved (McCann et al., 1968; Weick and 

Davidson, 1970). Following castration, LH-RH concen~rations in pypothal-· 

amic-pituitary blood are markedly elevated which suggests that some basal, 

tonic inhibitory .influe~ce of ovarian steroids exists at the level of the 

hypothalamus or in higher centers of the brain (Ben-Jonathan et al., 1973). 

Imposed upon this basal inhibit~ry influence may be cyclic increases in 

'anterior pituitary sensitivity to LH-RH caused by increasing ti~ers of cer-

tain blood steroids as suggested by the. work. of several investigators 

(Greeley et al., 197-4;_ Debeljuk et ai., 1972;· We.ick and Davidson,, 1970). 

It is suggested, from the preyiously mentioned stud~es, that the 

female reproductive cycle is maintained by an or.derly secretion of hormones 

from the hypothalamus, anterior pituitary and ovary. Each of these glands 

have regulato~y actions on the others and are, therefore, essential for 
' . 

the ovulatory·process. 

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

TION IN THE FEMALE 

Steroid 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 anomal~es are similar in.many respects. 

Chron.ically elevated concentrations of androgens we-re detected in ·urine 

an_d/or blood in cases of ovarian arrhenoblastoma (M,:ahesh et al'!, 1970), 

adrenal tumors·(Mahesh et al., 1968) an~ polycystic ovarian disease (Mahesh 

and Greenblatt, 1964). The androgens, dehydroepiandrosterone and androstene-
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diane;_ haye been. identified as, the-_. s__.ter-oids· -most_. "Commonly found in excess · -

in cases of polYcystic ovarian disease (Mahesh and Greenblatt, 1964). Tonic, 
- ' . 

acyclic serum lev-els :of·. gonadotropins hav·e: been repo_rted: in :ma11::Y· cases -o.~ 
' ' . . . 

OV'll:latory failure---in association With androgen_ e~cess due· to_ polycystic 

ovarian d·i•sease --(Gamh-rell et·/ al.-, .1973) and· androgen sec-reting tumors 
-.···· • • t - ... - ,. • ... • ' ••• ~-' ••• 

(Mahesh et al.' ~968) •. -- Am~~_io~ation':_ of ;~any sy~ptoms asso~iated with an- -

drog~n excess. in. ·the -h~an· fe_m,al~, s·uch .as hirsutism, and ovulat~ry failure·,_ 
~ , ' • , , , I , .~ , , - • ' ' • ' ' 1 • • 

h:as been ·shown to ·occur when_ the source- of ·and rageD:._ secretion; -pas been- sup­

pressed -(Greenblatt., 1953) _or removed by tumor extirpation or ovarian-
- .,·' -. . 

wedge res~ction in po_ly~yst~-c ovar~an :dif?ease · (Greenblat"t:: ·and· Con~ff, 1968))~ 

·The- adminis_tratfon -·o-f s-teroids has --also been shown -tq be· disruptive 
- -

to normal reproductive funct;:i~~ in e~peri~:n'!;~l ant~_~ls ~ ·The administra-

tion of te~tosteron~ propionate to' n~onatal female mice ·or rats has. been 

d~monstrated to res~lt in P'7.tmanent. .. sterilit_y (Pfeiffer_, 1936; Barracl<;>ugh 

and Leathem,_- 1954,;_ Gorski~ ariq _Barr~clough, 1961). 'As ad1:1lts, s.uch_ andro~- · 

genized .mice. and rats h~ve· _acyclic vaginB:l. cytology, c~stic ova~ian folli"':' 

cles ·and .are- anovulatqry but r~tain . the-·: capacity to ovulate. fo!lo~ing· -tb,e 

, adm:i.ni_stratio~ o~ ex:ogeno~s .:gonadot:+opins (Grant_ et al. ,_ 1964). 

Altho~gh a 4irect.~~tiop. of·an4rogen in the neonate m.ay be responsi~ 

-' bl~ for su~seq,uetlt ovulatory' failure,- similar. :!=indings_ have 'been ·reported 

fo~lowing the ac4rtini~tratiqn. of. es-trogen to -'neonatal female rats (Greene_ 

and Burill -~ : 194i-·( Gb~ski, _ 19~-3) .:\ : Bfnc~-- ¢a~y tissue.s a:re capa~le -of ·convert- -
-· . ~ 

_ ing -androge~s_ to estrogens -~W'ot-iz .et- al~-~- l956; Bag_gett- et al., 1959; Mac 

Donaid et al._ ,- _ ;L96T;- N~ftoiin·:: ~1:- at'·-~_;. 1971)- th~-:- effects ~of ·neonatal and~o~ -
. . - - . . . . . . . ' 

.. gen · ti'eB:t~ent ·may_· be,dl,le- to. ~s~b~equent ·m~tabo.lism to· ~strogen~- _This hypo-
_, 

·t.hesis is streng~h~ri~d . by ·the. studies of Lut tge- and -Whalen (1_9.70)-, who-
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found that Sa-dihydrotestosterone; .. , did not cause ste.rilization when admin:-

istered to a neonatal femal~ rats. 

In the prepubertal female. rat, the effects of androgen or estrogen· 

treatment are substantially different from those seen in the neonate. 

Frank .et al., (1925) and Ram.irez and Sawyer (1965a) have shown that in. im--- . 

mature female rats, sbort-~erin.estrogen therapy could advance the onset of 

puberty which was followed by the establishment of normal estrus cycles • 

. More recently, Black and Mah~sh (1969) reported that short-term treatment 

of premature female rats with dehydroepiandrosterone, a relatively weak· 

andr<;>gen, could also induce precocious ovulation; subsequent reproductive 

fun~'t;ion was not evaluated how.ever o Black (1969) also no.ted. that the ad-. ' . 

ministration of other aromatizable an~rogens such as .androstenedione and 

testosterone could induce precocious puberty. 

Knudsen.(l974),.also studying the innnature female rat, found that 

treatment with dehydroepiandrosterone (60 mg/kg body weig~t) on day 27~29 

of age resulted in ovulations on day 30-3~ which ~auld b~ synchronized to 

occur on day 30 only following the administration of pregnant mares serum 

gonadotropin (PMSG) on the AM. of day 30. Without the androgen pretreatment, 

PMSG usually.results. in ovulationf:; 72 hours later (Cole, 1936) but in the 

former case, it was pre$umed to augment the endogenous surge of .gonadotro­

pins induced by dehydroepiandrosterone treatment.· 

Mahesh and ~ud.sen. (1974) attri~uted the induction of precocious.· ovu-

la~ion by dehydroepiandrosterone to prior co~version to estrogen. Cyano­

ketone, an inhibito~ of 3S-hydroxysteroid dehydr9genase,.when administered 

concomitan~ly with· DHA was capable of blocking uterine bal+ooning, FSH and 

LH surge on th~ afternoon of day 30 an4 ovulation. Sa-dihydrotestosterone, 
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a non-aromatizable androgen metabolite of testosterone, was ineffective in 

inducing precocious ovulation or vaginal pat~ncy~ 

Al~hough short term androgen or estrogen administration to immature 

female rats resulted in precocious pu~ert,Y, long term androgen treatment 

of both immature (Black, 1969; Knudsen,~74) and matu~e 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 are similar to those seen in the human polycystic ovarian 

disease. Differing from neon,atal androgen and E;strogen treatment, these 

measures result in ovulatory failure which is not pernn3.nent but reversible 

following discontinuation of· androgen tr~atment. (Black, 1969). In this 

respect, long term androgen treatment of_ prepU;bertal or adult female rats, 

is also similar to conditions· of ovulatory failure in the human female· 

related to androgen excess. · 

The mechanisms through which chronic DHA therapy causes ovulatory 

failure in the female rat. are not presently recogn;ized however. it appears 
' ' ' 

. that normal functioning of the hypothalamic-pituitary complex is disrupted. 

Knudsen (1974) has reported that the ovaries of such animals are probably 

not directly involved irt the ovulatory failure since they are qualitatively 

responsive to exogenous gonadotropin administration. Chronic DHA treatment 

resulted in tonic, low serum levels of LH and high levels of p·rolactin. 

The administration of LH~RH, in large dosages, was capable of inducing· 

increases in serum LH. Similar results have been reported with respect 

to cases of polycystic ovarian disease in humans (Oettinger et ·al., 1975). 

These finding~ indicate that chronic androgen administration to pre-

pubertal or adult females, but not neonates, can lead to temp_orary loss of 
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fertility. This reversible ovtilat·ory 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'contraceptive·.(:.drugs) since polycystic 

ovarian development is associated with the former but not nor~ally with the 

latter type of steroid induced 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 some species differences in the response to androgen exist. While 

neonatal androgen. (or estrogen) treatment causes permanent infertility 

in the female rat no such phenomenon has been described for the human. 

Countless cases of virilizing congenital adrenal hype~pla~ia (CAH), which 

has its origins in embryonic development and in the untreated cases, con-

tinues neonatally on to adult life due·to a specific genetic defect,. have 

been reported in the human female.. Although CAH has been associated with 

massive ~ndrogen production (Rivarola et al., 1967) there are no permanent, 
. . ' -- . 

irreversible defects produced in the hypothalamic-hypophyseal-ovarian axis. 

In addition, 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 prog;estat.ional agents which possess. a high 

androg.enic biological activity ra:s 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). Altho~gh specific biochemical and morphological 
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changes in .thi·s t±ss.ue have bE?en attributed to estrogen ·_act-:;i.oJ;t; .me~ha~isms 

' ' 

inyolved i~ the$e-responses-have ·been difficult '!;:a' evaluate. 
' ' ' 

· The .development ·of. high spec:i.fic a_ctiyity radiolabeled steroids has 

provided an. inva:J_uable tool in ·.steroid ·hormone research. Glascock and 

Hoekstr~- (l~fS9) :i.nj:~cted 'tritium labeled hexestrol,. a -~ynthetic .-~strogen ,-
·-·· 0 L 

. . . . : . . . 

into goata ·and found .. that the utel;'u.s acctimula.t~d and ·retained radioactivity 
. . 

several hours after .<;>ther non7-ta~get t'issues_.·had. bec~me. cleared oi the . 
. · ' . . .. . . . . 

. estrogen.. Jenseri.··an~ Jacpbson '-(1962). found a similar uptake· anA retr,enti.on 

.of 3H-esttadioL in the rat uterus. :Similar stud:i.~s -demonstr.ate<:'l: that the: 

uterus in _other species ·also pOS$eSsed: estradiol CQri.centrat:i.ng mechanisms 

. (Ko1;erimari, 1968; Teren:i.us,1968).· In additi~to the uterus, uptake and 
. . ~ : . . 

. . . •. ' . 

retent=i:.on of -estrog~ns. have been· de1llonstrat~d· .··in· -the· oviduct of the chick 

. (O'Malley and Means, 1974) and·t~e· ·anterior pituita~y and hypot}lal~us of. 

the rat (Eisenfeld and ~elrod, .19.6~ ;· Kate.' ~d ·Villee, 1967). · 

F_ollowing. the.· initial -~escr~pt.ipns. of e~trogen:_-reten~·=i:.on within the 

uterus and other .tis_sues, . sttidies,._.were uridertakert _to eva.iuate, the ·nature·. 
. ' . ' . ' 

of this binding. Specificity ~tudies revealed . that the . ac_cu1;11ul?tion and 

retention. o~ radiolabeled. €:strad.iol ._wit;:hin.;: target .. tissue~·. ~oulc1. be depr,e$9,ed 

in vivo by.prior systerri.ic_adniinistration .-o:f.unlahele~ estrad;i.ol,_ ot~er 
' . . . . ' . 

estro~ens an4 anti~s·t:rogens ;, non~e·s_t:rogeni,c compo_~nds. were- general:J.y ,in~. 

effective in tpis _reg.~rq ·(Jensen, 1962 .. ; _Roy _et a~., 1964; +erenius, 1968 

a,b)~. · 
- ' 

~ubsequep.t to .rad.iolabe!'ed estradiol ~!lj ecti~ns in· vivo,_ radioa~tivity. 

has· ;been lo.caliied ·:in nucl~,ar··. and·. cytopLasinic .. cellular subfractions of the 
' • • ' . ' ' ' • • • • • :. :. •,·, ~~ ' ' ' ," ' ' :' ·., ' : :· • ' ' •• ' I • .: ~ • • : • - • • • - ' ' ' ' • 

uterus ((k>.r.s~i~ et.·a_i•, 1968), ·anterior· pituitary.: and hypothalamu~_ (At~rama­

dal,. 1964) qf the .. rat~ ·. · St:~mpf · (1968) ·and· ~faff. (1968). hav~ -.ver:i.fie.d these 
. ' 
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biochemical findings with autoradiographic analyses~ 

Studies employing dialysis, Sephadex column chromatography and sucrose 

density gradient ultracentrifugation have further characterized the associ­

ation of 3H-estradiol with ES target 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, 196 7) of the rat 

uterus. Macromolecular binding has also been characterized for estradiol 

in the cytosol of the anterior pituitary.(Korach and Muldoon,· 1974a) and· 

hypothalamus (Korach and Muldoon, 1974b) in rats. The evidence to date' 

indicates that the cytoplasmic.retention of estradiol involves interaction 

with high affinity btnding sites of an estrogen sp~cific 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 estroge~-receptor complex 

to the nucleus. Tissues which are not specific targets for estrogen lack 

such cytoplasmic binding proteins (Jensen et al., 1968). The transfer of 

the-estrogen-cytoplasmic receptor complex to the nucleus has been found to 

require molecular transformation. (Jensen and· DeSombre,. 1972) which when 

blocked, inhibits nuclear accumulation (Muldoon, 1971) ·• In addition, 

Giannopoulos and Gorski- (1971) have shown that as ·nuclear translocation 

occurs, a proportional decrease in cytoplasmic estrogen receptor results. 

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 suggested that cytoplasmic estrogen receptor _replen­

ishment may also involve mechanisms which are independent of RNA ·and pro-
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tein synthesis (Cidlowski, 1975). .The concentrations. o£ .cytopl~smic estra-­

diol ·.receptors in: ... targe·t ·tissues such as. the 'uterus~ ant~rior pituitary 
. . ' 

and. hypot~alanius are thus a prod;uct, of utilization (liu.clea-r:' traiJ.sfer) and 

replenishment>of .receptor~· In vivo,.. conditions· of high blood estradiol 

titers would .be expected to result 'in.lm·( cytopla~mic; .. receptor levels 

whereas with low estradiol.ievels, cytoplasmic receptor content·would be 

higher. 

Much work has been devoted toJthe. deve'!opment. ·of concepts cqncerning 

mechanisms of estrogen (and ot4e:r:h6rinon~) ··action. in target .tissues.·, BiC?­

chemical changes :!.~;ollow~ng· ·est~adi~ol .. ·administration. include ge~eralized 

increases in .RNA, .DNA .a~d ~protein synthesis ·:(Ha~i.lton, 1968; O_'Ma:ley 

and .Means, 1974). · The :i,.nduct·i.on ·.af ~specific _prot.ein ·synthesis has also· 

· been ·demonstrated in the rat uterus . (Barne~~ and Gorski,. 1970) but.. similar 

studie·~ have not .be~n. undertaken, in: the ap.~erior. pituitary or hypothalamus. 

These ~iochemical mani~est'~~ions · o.f -estrogen· ~etion have been presu111ed 
. . ' . . . . 

to .be .. a res,til t of the interaction .. of · es tradi,ol ,with cytopla.smic receptors 
. . . . ~ - . . 

·and .:transfer· to the nucleus -where,some assoc:Lation withchrc;:>matin occurs 

(Hamilton, 1~68; _ O~)Malley .. and· ~eans ~ .1974) .. · There are, hpw~yer, ·other : .. 
' . . . . . -

. con~eq~e~ces .of estrogen, ~reatment wlii.ch apparently ·do -not require nuclea~ 

transfer of· an estrogert-:rec.epto,r co~plex .. for TI).anifesta1;i6n ·of bioche111icai. 

response (Mu~do_on,, 1971).: 

Since sex hormones and· e.st;radiol;ltS· in parti(!ular. have beert shown· to· 

modulate the secretory . ac ti v~ ty . of' .the ·.hypothal~ic-:-hypoph:y~eal. complex' 

it would seem poss:i~le that: ~o~e ~teroid: actions. ~ay involve inte.raction . 
. ·. '. . ·.. . ' :. ·. 

with· specific :~e.ceptors in these. ·tis.sues. In __ init~al studies, Korach. and. 

Muldoon· (1974 a, .1974.b) :_~coti~d.· detect. no.: dlfferen,ce: among cytoplasmic es-

.. ~. -
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tradiol receptor concentrat::Lons 'of the ante.rio~ pituitary and hypothalamus 

with respect to sex or presence of gonads in rats. The$e studies however, . 

do not refute the possibility that estrogen receptors may be ~nvolved in 

the regulation_ of _anterior pituitary function~ qt,h~r investigators have 

clea+ly demonstrated that cytoplasmic estradiol receptor concentrations· 

of the uterus fluctuate as a function.of blood estradiol titers in female 
•,, 

rats (Feherty et al., 1970; Shain· and Barne~>;,· 19_71; Lee and Jacobson, 

1971). Similar fluctuations have also been r~ported in the anterior pitui-

tary and hypothalamus following exogenous estradiol administration <cid­

lowski and Muldoon, 1974) and dur.ing the rat estrous cycle (Greeley et als, 

1974). These studies have shown that cytoplasmic estradiol receptors are 

depleted on proestrus, when .estradiol is at its peak (Butcher et al., 1974) 

and are high on estrus~ when estradiol concentrations ar~.lowered. On the 

othe.r hand, total tissue uptake is highest on proestrus (Shain and Barnea, 

1971) when maximal. uterotropic. responses to es.tradiol 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)o 

Other previously mentioned studies utilizing estrogen antagonists 

(Shirley et al~ ~ 1968). and ant.i-e.stradiol antiserum (Ferin et al. ·' 1969) ·, 

both of which effectively diminish the interact~on :of estradiol with its 

cytoplasmic receptors have been dem.onstrated to inhibit· the preovulatory 

surge of FSH and LH necessary for. ovulation. The current circumstantial 

evidence indicates that estradiol recepto_rs of the anterior pituitary and 

hypo~halamus 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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III.-. - MATERIALS ~D METHODS ' 

A.. - STEROIDS 

Unlabeled st~roids for use_ in radioimm~noassay were pbtained from 

Sc~wartz -~ann. and used without ;further· puJ:ification.·-· DHA, for injection 

~~ animcl,l studies~. was obt~:i.ned ·either from Schwartz Mann or Steraloids 
. - . . . . . . ·. . . -

. - -

and was dissolved in-propylene- gly~ol (4-.5_-or 9.0 ~g/.2ml) ~ Previous-

studies utilizin.g me.lting pq.:i,.nt analysis., ppt~cal ~otation 'and chroma~o:-
' . . . ' . 

graphy have demon~trated the 'p~rity of.- the commerciatly supplied DHAJ;: 

(Knudsen, 1974). Iri ad_di~ion;. th,es.e findings· have _been supstantiate~ by 

radioi~unoass~y. ·· The foilo~ing-- r·adiolabeled ( 3H) _steroids :were obtained. 

~rom Ne"t:V England ·Nucle-ar for· use· _in ste:roid · radioimm~~oass~y -an_d ot~er 

· pr:qcedures·. requ:i,.ring radioactf~e .tracets·t:· · 2,4,6.,7.-:- 3H..;..estradiolc-17(3 

"(iO'Q: Ci/mmol) , 2; 4, 6, 7-3H~estro~e • (9 5 C:iJmmo;L) , ·_ · 7~3 H~dehydroep:l.al:'dro~-
' .. ..: ·. . .. ·. . . 

terone (21 C_i/mmol), . 1,7~3f{~Sci~dihydrotes~osterone (44 Ci/mmol) ,_ 1,2,6, 
. - . 

7~3H-:-testost~rone '{91 Ci/mmol), 1;2,-3H~84-androsteried:i,one (48 Gi/mmol), 
. . . . . . 

. 2,4 ,6, 7-3H~progest-erone- _(81- ci/~ol) . and, 1,2 ,o:-3H-17 ~hydrc:>XY · proges~erone 

. (49 'Gi/~ol). The --radioactive :stero:i,.ds .were brol)ght. to wit4in 9~% purity 
~' . . . - . . 

by partition :paper chro:mat:og_raphy~ _··-Solvent systems ·use4 ·in. paper chroma­

. tographY.. were 1) lig .. roin equilibrated. ~ith a.rl eq~al volume of 95% aq:t~eous 
. . . . 

methanol, 2) ligroin ··and· henzene-_ (2: 1) _.eq1:1~librated with an. equ-al v.olume 

of aq~_eous· me:thanol _and 3~ ·_ b.enz.ene: eqailj.brat~d with an · eq.U:af· volume. ·of 

50% aqueous methanol. A Packard'Model_7201-'R,a.diochrqmat~gra.m ·scanner was 
,· -. .. . 

use~ for loca'ting J:adi9active _·peaks :~iiD.~~h .were then identified by reference 

to ·simultaneously_.chromatog-raphed· unlabeled steroids • 
. , .:·· ·. 

B • .- CHEMICALS -AND REAGENTS· FOR STEROlD RADIOIMMUNOASSAY . AND COLUMN 

CHROMATOGRAPHY 

·' 
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'!'he following solvents--were. redist-illed. prior. to u,se: :f-sooctane, benzene, 

ethyl, aceta1:e, metha~ol, . di.ethyl e_ther and petroleum· eth~r (E. P ~ ·-i5-1100C). 
' . . . . . - -

Toluen~ (A • .C .S ~ t: e thY:lene glycol._ ( c~ronioquality )' and _propyl~P,e glYG()l 

(U.S.P.) ·~e-r.e used ~ithout ·further _·purification.· .Celite,_ treated for' re­

Jl10val of. acid'. soluble. ~atc=rials'. was -·~btait{e~ from' eit~er. Johns ~anville 

· Co., o~ Fisher-Scien:tifi.c ·co •. and. was· ignit~d i~ a muffle. f_urnace for·. riot 

less ~han_ 24 _.ho~rs at: 1000°;F .. pri.or 'tp. :Ut::ili~a~~o~ _for _column: chromatography. 

Scintillation fluid, . for liqu-~d _sc:tritillatic~m counting of tritiate~- steroids, 

was prepared using Packard ·Pert"Qablend. tr:·-, . s: grains/liter of toluene. Dex-
. - . ' . ·. ,.. ~ . . . . . . 

.-' - .•· : ·:- . - . . . - . - -

trari (60~000-90,000 mol. ~wt~) was_.obtained- from Nut·~itional:Biochemi~als 
. '· '. . . . ·. 

Co~,.while ·Norit_.A. (Neutral-deqolorizi.ng_charcoal) w$$ obtained from Amend 
. - - , ' : : ' . : ~ - . •. . -· ' .-.. . : ~ - ' - - - - ' ' . ' . ' 

- . - ,. 

purcpas~d frotn Miles. Laborator:Le.s .: · 
'·: ~: 

G· ANTISERA . 

Antisera speci:(i:c.··for th~ ·r.adiol.~urioassay of p·rogesteron~; l7r-Jl):af'Q~~:~~ _ 

progesterone;. testoster.one, androstenedione __ :and dehyc;l:toepiandroste";!:"One _Were. 
- ·,_ ' . 

- - . . -
. . . - -

purchased from D~. G.E~ Abraham.:, and 'have :b~en c4~racterized previ011f?lY 
- . . - .. ·. .· ... . . ' . - . . . -' 

. . - - ' . 

. (Abraham et _al. ~- 1971·a,h; _Abrahani .. ai1a·>cliakinakjian, :1974)_.· Ail.tisc=ra f.or· 
.. ·-- •;:. ·· .. · .. 

the radidimmunpass'ay .Of .e:stradi'~l~I713. apd ·sa-dihydrotestosterone_:were -pre~_ 

·_pared and. character:Lzc=d in, this : la~ora~ory. ·. All. antf:serum :were -lYc:>.phili·zed · 

an~ s.torc=d ·at.5°C_prior to use.· 
.' . . ' . . .~ . ' 

Estradfol Antiserum (RPiil) 

The_ 17;_0~ca;t;boxy· .methyl oxime of estJ;Oiie- was first ,synthesized and then 

conjugated. covalently to __ BSA. accordi,.rig ~o techn:i,ques. described by_ Er~ange~ 
. . . 

·et al. (1958l'. · The conjugate .. (2.0 -,mg/injection). WB:S SUSpended in a .1:1 

mixture of Freund_' s Adjuvant -and glass distilled ·wa·ter arid. admini~tered 
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subcutaneously· once eacl?- ·week for si~ week~--. to New Zeai-anc;l White r.abbi ts. 

After the initial. immuiiiz(:ltion 'per:i;.od,-_ an,imals- were injected mont'hly with 

blood. samples· .bein'g ·drawn_ biwee~ly. 

DHT Antiseru~ (1/A-3) 

. The 3-0~c~rboxy methy( oxime of testosterone was · .. prepared :by the 

method of Erlanger. et- ·a~.: (~957_) arid·. covalently bound __ Jo BpA ~(by Dr._ T. G. 

;Muldoon). Immunizatio?- .and:bl~e~ing schedule·for the rabbits. was-as 

described for the estradiol· anti,~~rum (RP111)-:. __ 

. n.· CELITE COLUMN .CHRO:MATOGRAPHY. ... Oi STEROIDS 

Columri.s. were prepared by tightly_ p_acking wi_th -a glass:. rod to a height 

of 5 em with a 2:1 mixture (we'ight::volume) of celite -anci s_tatfonary sol-.· 
~ . 

vent pha~e ·:tl+ disposable 5 ml glas~ .'pipet~es (Kimbl~). The- stationary 

solvents used were -either 1:1 eth;ylene -glyc?l- and .propyl~ne ·g~ycpl. (col~mn 

system A) or. e-thylene ·glyc.ol. {_col~m system. B). Atter packing, ~ach 

·column .wa$· washed with 10 ml. isooc.tane to -~1e.ar· air bl.ibb~es from 'the column. 
' . 

After washiD:g, the cplumns were- then-- ready_ for- _sanJ.ple applicat.~6J+ _:.and 
. -

elution.- The-.mobility of several steroids alone and in combfna'(:ion···with ·. 
' -,- . . 

oth~rs ~as eva~uated on bqth .·column system~~ · 

Briefly, ~H~steroid~ w~re added t~ ._se~~ or distilled wa,ter.: in glass. 

test tubes- and extracte.~. twice wi.th 5 volumes of ether. The aqueou_s phase 

was-quick frozen; the organic phase was decanted and dried under.a·stream-

of nitrogen or under: vacuum. Th_e dried. ether .extract wa~ then_ dissolved 
.. ' . .. ·- . 

:Ln 0. 5. -ml isooct'ane and·. tr~nsferred to the celit·e -collJ.IIlll·· ·This proce(:].ute 
- - . 

was. used for the standcirdization -~of .the· column sys ~em~ _s::i.nce . this s~e · 

method woul~ be- emp~_oy~d .whe~ _unknown· serum samples were. _processed for 

assay. 
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The colu~,. with samp~e applied~ WS;S· -th:eri eluted under. .n:i,.trogen pr~.s...: 

sure·_. (2-~ ·psi): :us:i,.~g isooc:t·ari€7 . and· vario:Us ·mixtures of _ethyl a~et~te ~nd . 

. isooctB.n~ as· mobile solvE?nts ... _·In ·-preliminP:ry ·.studies, ·.each o. 5 ml ·eluate 
. . ': >" . ' 

was collected ·i!lto ·counting vials; . evapp~ate~ a~d cbunted ·for r·adioactivity · 
• • • • 1 - • ' • ... • • - ·- •• ' • 

. . . 

fo1lo:wing. 
1
t:he :.ci.dd-i.ti6n :of 10 m~ counting sotu~·ion~ · Op~imftl. c_pnditiqns were 

( - . . . - . 

determined to allow for complete arid separate·collection of ani~imuni.num-. 

her. of. stero~ds from each column system with a miniinum total elut.ion ·-volum~. 

The specific· col:umn ch:romatqgraphic te.chn~ques ~hich ·wer.e eventually ·employed 

for mul t~p1e .$ ter:oid , radi6innmino~ss~y wi,ll. be dis·cusseq . ft,1rther . in Results~ 

E. METHODS FOR.BLOOD STEROID-RADIOIMMUNOASSAY 

When unknown ··ster-oids were·. analyze~_; .. the following -procedures were· 

followed. ·To· 1 or. 2 ml.of . .serum '(ot··water)-.was· added O.l ml volum~s (in·· 

phosphate·buffer.,_· O.l_.M, -1?~ .. 7.:0)• of: 3ll~labeled steroids ·in,trace~-~niolints · 

(400~800 <;-pro/steroid) for computation ··.of. methodologi-cal lose.s ~ .. Af~er equil-
., 

' -~ . 

ibrat1on, ·the: samples. were extracted,· as. described earlier and applied to the 

· celite. column~- .Severa:(_ fractions. were then c6llect~d from the colunm into 
. . '. - . ' -

.10. ml :vacutainer tubes·, evaporated .'l:lnder a -~it~oge~ ·stream· and reconstituted 

in various volumes;· of the appropriate·buffer~ Duplicate_aliquots·w~re then· 

taken for assay 'and a third aliquot was . transferred to a countip.g vi_al 'and 

counted in 10 .'ml of sciri.tiilation ·fluid ·for determinc;ition. of· intera:lf\Ltracer 
- '"'"~· -.· 

recovery.· 

Standard. ll:nes-for each ·steroid were constructed. over a rat'l:ge·of 0-

iooo pg except estt·adioi; wh;ich··'covere<;l a range of Q'-200.'pg-. 'rhe-;assay.: 

p·rocedur.~ us eel,· for· all steroid· af3says: wa~. the: same ·:exc~p~ .. fo! · estradiol~l;iS . 

and DHT in wh;i...ch sta~·dard or unknoWn v6lumes were .0.4 .ml· :rather than 0.5 ml 

and the bu:[fe-r .us.ed for estradiol a~s·ay was phosphat~ bt;ffer (0 .1 ·M, pH ._7. O) 
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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 labeled standard (0.1 ml, 6,000-10,000 cpm) in 

buffer was added and tubes .remixed and incubated for an additional hour at 

4°C. Bound and free fractions were separated by.the addition of 0.2 ml of 

·a dextran coated charcoal suspension (0.625 g charcoal and·.0625 g dextran 

per 100 ml .buffer). Tubes .were mixed again and incubated for 10 minutes 

at 4°C and then centrifuged (2000 rpm) for 10 minutes at 4oc. The super­

natant ~ntisera-bound· steroi~was decanted into counting vials and mixed 

well with counting solution (10 ml) before counting. 

Standard lines were plotted as log dose standard versus ~elative pe.r­

centage.bound (the zero dose set at 100%). Standard lines were linearized 

by a logit transformation and the unknown mass was then determined using a 

computer generated linear ,:r,,egression program (Hewlett Packard. Calculator~ 

Model 9100 B). In _all assays, a w~ter blank was processed exac~ly .as un­

known plasma samples ·and.blank values· obtained from the.standard line were 

subtracted from the unknowns. Final unknown·concentration.was computed 

based upon recovery of·an internal tracer. 

F. CYTOSOL ESTRADIOL RECEPTOR ASS~YS OF THE ANTERIOR PITUITARY AND HYPO­

THALAMUS 

Anterior pituitaries and hypothal~i·were removed from rats at sacri­

fice (5-7 animals per group) and placed directly into ice cold Tris EDTA 

buffer (T.E-.), pH 8.0, O.OlM Tris, 1.5 mM EDTA. Within 30 minutes after 

necropsy, these tissues were washed twice with T.E. buffer and homogenized 

in 1.5- 2.·.~ ml·of cold T.E. buffer using all glass homogenizers (Kontes 
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Glass Co.) which were similarly kept• cold in an ice bath. Homogenates were 

then centrifuged in a Beckman L2-65B.Ultracentrifuge fort hour at 4°C 

(1~5 ,000 x g). The supernatant <.cytosol) was t.hen de~anted and kept at low 

t.emperatu,re. Two aliquots (O .1 and 0. 2 ml). in ~uplic~te of the cytosol were 

.then mixed with 0.05 ml 3H-estradio~ (1 x l0-12 moles/1~41 x 105 dpm or 1 x 

lQ-12 mole~/2.09 ·x 105 dpm per ml of T.E. buffer) plus buffer to equal a 

total volume of 1.0 ml.· 

Non'~·.specific binding was q1.1antified by incubating similar aliqu9ts of. 

cytosol with.radiolabeled estradiol.;...l7S plus a 100-fold molar excess of un­

labeled estradiol. All incubationf> were performed in 10 x 75· ... mm p'lastic 

culture tubes (Falcon Plastics) . for. i8-22 ·hours at 4°C~ Cytosol r.eceptor . 

. bound 3H-estradiol was then precipitated by the addition of 0.5 ml protamine 

sulfate solution (4 mg/ml ToE. buffer). Tubes were mixed gently, ·incubated 

fo:t: 10 minutes at 4°C and. then centrifuged at 3,000 rpm for 10 minutes at 

4°C. . The supernatant was- decanted (unbound fraction) and .. the bottom. of the 

assay tubes (which· con.tained the receptor - 3H-estradi<?l-17S p~llet) were 

sliced off into counting via~s with a heated kntfe. After the addition of 

10 ml of sciptillation.fluid, vials were shaken for 30 minutes and then 

counted in a Beckman LS 230 or Packard Liquid Scintillation Spectrometer. 

The efficiencies of these instruments for unquenched trit,:fium sam,pl~$ are 

50% and 40% r~spectively. Disentigl!ations per minute (dpms) were cal~cula­

ted by the external standards method. · 

Specific bound dpms .~H-estradiql-1713 was determined by substracting 

the dpms. bound i.n the presence of 100-:-fold excess unlabeled est:tadiol-1713 

(non specific binding) fro:m the tG>tal bound dpms in the samples incubated 

with radioactive estradiol-1713 only. This method pf correction for non 
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specific binding has been.· previously validated by Ko~ach and Muldoon (1974 

a,b). In addition; cytosol aliquots Vfere evaluated.to determine protein 

con~entration by the method of ~awry et al.~ (1951) and cytosol estradiol-

17S receptor content.of the anterior pituitary and hypothalamus were ex­

pressed as specific bound moles 3H-estradi,91/mg cytosol proteino 

G. .STUDIES IN THE IMMATURE FEMALE RAT 

Femal~ rats of the Sprague Dawley strain were purchased from the 

Holtzman Coo and were received no later than 23 day~ of age, which allowed 

a minimum period of 4 days acclimation prior to experimental manipulations• 

Rats were housed 3-4 per cage· and· received· lab chow and drinking· wate·r . ad 

libituw. The lighting schedule was 14 hr light and 10 hr darkness/24 hr ;. 

12:00 noon being the mid point of the light period. rn all experiments to 

be described, injections were subcutaneous ... 

_Animals were sacrificed by decapitation or by· ether inhalation;· there 

were no differences noted in the various experimental parameters ~xamined 

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 trtink after decapitation or was 

collected via cardiac puncture'under' ether anesthesia as' a 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 was·obtained 

following centri·~.ugation for 15 minutes at 2, 000 rpm. Serum was then 

frozen and stored at -15°C until used for steroid or gonadotropin ass~ys. 

Hypothalami and/or anterior pituitaries were removed.and processed as· 

desc:ribed earli.er ·for estradiol-17S receptor· analysis. Ovaries and uteri 

were dissected, .cleaned of adventitious.tissue and·weighed to. the nearest 
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0.5 mg; ·when--present·, :uterine '·fluid ~as ·drained prruor .. to ·we:i.ghit?-g ·uteri. 

Orga~ ,wedgqt~ ·are ex;presse·Ci. as. :~g/l~Og: .. body ·.we~ght •. Oyaries _w:_ere. inspected 

grossly. to documen·t -the presep.ce of· 19-:t;.ge follicles~ cysts· an,d/ or CO;~por·a · . 

lutea. . b-viduct.s- were· pres_ sed .. betweeri: two glas_s slides and examined ~icro-:-_· 

scopically to· d~te __ rmine ;the ·presen·ce o#J' abs~n~e of ova, whic~ were ·counted. 

,. Vaginal smears of all animals ·with p~teni. vaginae· were ta~en at· sac~ifice; 

in additi~n, ·~ost anima~s · w~r~ sme~red, daily ·after -vaginal _opening_. for th(a 

durati~~ of each experimell:t:. -: -· 

~he follow.ing exp·erime~t:s were ·per.formed in the course ·of these studies 
. . 

in .the immature female rat·.:· · 

Experiment. 1~ - Female rats were. treated .with 18. IU PMSG '(Equinex, 

_2\yerst.)/O;SID:l·saline at 10 M.-1_ at 30 days of age. Grou,ps ~:e·six rats :were 

sacrificed at. 11 -- 12 nqon on·· ~ays ··.zi.:..39 of • ·age;_ . additional·. sacrific~ times · 

were. ·at .6 P:M on days 30. and 32· .of. age~· Only ·anterior pituitaries wc:re re-· 

. moved for use in cyt9sol estradloJ. ._recepto+ c~.ssays ~ 
'' o ~' ' • I ~~ • ' • ' • ' ' ' • ~ ' ' ' ' ' 

Experim~nt · 2 ~- ;Female ::r~i":ts·.·_wer;~ -~reated w:ith DHA __ (60 1ng/kg body. weight/ 

.day) _·in propylene. glycol·at 8:30. ·- -~:00 AM. on· days -~7~29 of:·life,' PMs.G was, 
. '• •' ' ' - -·, • , I ' 

. . ' . . 

inJected as in Experimenf 1. _Addit~_onal·.groups- o;f control ._animals were 

treated with ·~ehicie only ofi·,·d.ays·'2?~30~ ·.· Animals· were sacrif~.eed d_aily as 

. in the p-~~viptis · experim~nt ,(Exp ~ 111) ~ 
. ' . . . . 

Experiment 3.·. -A_targe'_group of··ininiature female, rats wer·e t.reated wit_h 
. . ·. . - •' 

DHA·an~ PMSG_as in Ex~eriment 2 •.. _Ori ,<;lay ·31~-- the rats wer;e divided into 

two groups; on·e group received additional DHA th~rapy .(60 _.-mg/kg body weig-h_t/ 

· day) .for Io' days, ·the other rec·eived .. n6· further t.reatmen t ;- Animals were . 

sa_crificed ·daily_ a~ it?-- Expe-~imen1: '/)1 with ·an_' additioni:ll-- saer:Lflce.: scheduled. 

for 6 PM· OJ;l day 29~: Ante'rior_ pituitaries :were utillze9,.· for the ~~alu~_tf{)n 
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of cytosol receptor content in these groups. 

Experiment· 4. Immature female rats were sacrificed daily, with no 

treatment, as in Experiment #1. Anterior pituitaries and ·hypothalami were 

removed f;q.r 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 sacrif1ced on the after-
\ 

noon of day 32. Anterior pituitaries 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 vehicle-treated rats were adm:Lnistered LH-RH (10 ng/:100 g body weight) 

or vehicle (0. OS M acetic acid, .Oo 9% saline, 1. 0% BSA) and were sacrificed 

30 minutes later. In addition, DHA-treated rats were administered LH-Ra 

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 5 50, 54, 58, 

61, 66 and 68 days_of age after DHA had been discontinued. _Anter~or pitui-

taries and ~ypothalami were removed for use in cytosol receptor assays from 

all groups~ 

Experiment. 7. Female rats were castrated at 8- .9·AM on day 30. In-

tact and castrate rats were then treated with PMSG or saline (11 AM) and 

sacrificed at 6 PM on day 30; intact females were also sacrificed ~t 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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. H.' STUDIES IN THE :·HuMAN FEMALE~·. 

PeripJ:leral blood samples·wer,e obtained from.lO normal female volunteers 
........ 

(age 18-28 :ye~rs) during. ~he; vE,ir~6u$ s·t.ag~~ .' of.:·_the :p.Ienstrual cycle. These 

sampl~s were. ·analyzed by the.multip~e steroid· radi6i~unoa.ss~y tec~niques 
. . ' ,. . -

which- were·· develoi)ed in .this.' ·iahoratory;. ·.Data· obtained· from. such ~nalyses · 

ser'Ved. as an addit'io11aF valid~tion· :of'· t4~ ·, as:say method. ·· Oth:er blood ·samples· 

.·were obtaine~ 'from hirsut~, anovulatory_ adul.t females who. dispiayed. symptoms 

consistent with :-the diagnosis qf: J?olycys~ic- Ovarican Disease. In.- addition · · . ' . . , 
.blood samples·weie also obtained.from·other patients having masculinizing 
. . . . ', . . . . \ - ' . 

tumors.· of t~e. ovary.··.·. ';l'hes.e: st·u·dies con~?~itut·ed the first . time a full spec-
. . . : . . . 

trum .of· ster~:i,d. hornibnes had· b~e~ qu-antified. i~ ·.the normal. or hirsute fe-

male from single ser?m ··~anipl~s ~, Data obta~ried ·in. these. hujnan. s:tudies also 

serv~d'. as a .basis· for comp~risori ··to~ find:i:rl:gs .. iri.·· the androgen-treated. rat·. 

I. RADIOIMMUNOASSAY ·.oF SERUM FSH AND·. LH . 

Ser:~· FSH and LH w~re · quantified by. double antibody rad.ioimmu~oassay · 

techniques •. Materials·for these a~~ays were provid~d through the National· 
. . . 

Institute of.· Arthri t~s _and· M~tabolic. ·Diseases · (NIAMD) · of th:e Na,t.ional In--. 

. . -
s~itutes -of Health. The s_pecific ·assay techp.iques _utilized. have ·beeri des-

cribed previously by ~ldr:i,dge et al~ (1974 b). The-sensitivity ·qf.these 

methods is .10' ng/ml wh~n 0.2 ml unknowp.~ .. aliquots_ are. analyzed~ . By a log:i,.t 
. . 

transformat1on of the· LH or FSll· st~dar~ line, it .. is' possible ··to quantify 
• .. > • •• 

gonadotropin .concentratiOn$ ::whieh ·aJ;"e ·less· _then· 10 · ~g/ml serutn. _-. Inter assay 

quality ~ontro.I was. m~intained. by. including -standardized:· serum samples· from 

a large .serum pool in each, assay.~ 

J. STATISTICAL ANALYSES 



33 

All group data in . this disser'tation are expressed as the mean ± standard 

error of the mean (S.E.) unless otherwise indicated. Differences in the· 

various parameters quantified between groups were analyzed using an unpaired 

t test (Steel and.Torrie, 1960). The p < Oo05 level was chosen as signi-· 

ficant in these studies. 



IV. · RESULTS. 

A. CELITE ·COLUMN ·cHROMATOGRAP}IY OF:. STEROIDS: .. 

The~ chromatographic mob'ility of.: the following: steroids was . established 

on celite partition: colutilnf3: · ·proges-terone;· androstenedio~e~ t~stosteron~'-

17~hydrox~progesi:erone' dehydr~.epiandros t·e~one; sa~dihydrot~s to~terone ~ 
1 ~ •• ' ' • • • • • ; • • • • • : • ' • • • ' • ' 

:~' 

ef;trone and ·estradi91-17(3. · _-It was .found t,hat proge~terone, ·.an4rostenedion~, 
. : . . . . 

5a.,-dihydro'testoster~ne· ·and .·17...:.hydroxyproges'terpne could ·be·. s~parated and-
• • • - 1 • • 

' . . 

isolated individitally following-chromatography on.cplumn systemA (station-
- . . . ' ' : - ' ' ' . ·: . ~ . . . . . - . . 

.-' . . . . ,· 

ary phase·- ethylene· glycol: . prop-ylene _glycol, -·1 :1). Tl;lis was· accomplished· 

by eluting this colunin with 7· -ml·_of ·isooctane .. (column fractions 2-15; e~ch 

. fraction repr~senting -0:5 ml elu·ted- from the column; column fraction 1 _was 
. . 

·cons'idered to .be the--void v9lumn~ ,. 4.0 ·ml o~ :5% ethyl. acetate/i~:?~.o'ctane· 

(fraction~ ·16~23) ·and 4.0 ·ml 9f -1,5% .ethyl acetate/~SOOCtN:ine· (fr·actions: 24-· 

32} •. 

Similarly, the _quantit-ative ·isolation and separation. of. dehydroep:tan- · 

· drosterone and estradioJ-~17 (3 could: be achieved· from a fract;:ion.·whi~h con-· 
. - - . . ·. . - . 

tains both' testosterone and ·.·estrone b.y '~l:lromatographing. em 'column. $ystem :~ 

. (s'tation~~Y phase·:- ethylene glycol}. ·This- column wa~. ·eluted ·_with .3. 5 ml 
. . ' . . . . . . . 

of -isooctane. {fractions .. 2-8),. s. o .--mi .of- 5% _ethyl aceta.te/isooctane. (f~r,a,c~ 
·_ . . . -.. . . . . . 

tions _9-24): and· ~-~o }nl of 30~ :. ethY:l: acetat~/i.soqctane · (f:ractions· 25-33) ~--· 

Ar_J. example .. ~f the pattern of ·elution- for. ·the above mentioned ·steroids' on. 

column systems A . .and B. is ~show .. in Figure 1. 

This two col~mn ·t:echniqtie was adop_te~ as a preliminary . purification · · 

of blood· steroids fi>r ~ubsequerit analysis ,.by· radicil~unoassay •. · __ -Due to. the 
. . - - . . 

low concentrations of ::some,. steroids in .blood~ .. this· ~ethod: was. applic~ble .· 

only when sample volume was riot. a ·limiting·' factor' (e.g. ·greater than 2.0 ml} •. 

Modifications ·of this method were· neces·sary, howev~r·, for appl:i,c·ation ·to · 
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Figure 1. Se~aration and .. Recovery·Ef.Simultaneously -Chromatographed 
H-Steroids Using Column Systems A artd B., __ 

Abbreviations: 

p 

A 
Sa 
17aOHP -
D 
T 
Ez 

progesterone 
·androstenedione 
Sa~dihydrotestosterone 
17-hydroxyprogesterone 
dehydroepiandros ter_pne 
testosterone 
estradiol-17[3 

Each fraction is equal to 0.5 ml eluted from the columns. 
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the quantificatiop._ of steroid concentratons·in small- serum volumes such as 
' ' ~ . . ' ... _ 

would be . obtai~ed. from_- experiril~~tai. 'animals like t~e inUnat.ure-. rat. 

Since non~polar s.teroids 'SUCh as progesterbne and androstenedione 

could· not be e~sily .separat~d--from J)~··_(or·.- S·c:t..::.dihyd~o.testosterone) on .colu~ 

system B, column system A-was chosen f~_r ·fU:rther studies.- It was found_ 

that estradiol-17 f3 could be .eluted ·froin thi.,s •, column by the addition of a 

f:i,.nal wash of 4.5 ml of -35.% ethyi :acet.ate/isooctane. DHA could. be eluted 

in close proximity to 5a-dihydrotestosterone, yet apart from and~Oste~edicine 
and 'progesterone, in the 5% ethyl acetate/isooctane wash. rn·additi9n, 

testosterone was -found to. migrate in a fashion similar to 17-hydroxyproges-· 

. ~eron~, ·being totally eluted in 15% ethyl acetate/isooctane. -The chroma-·.-· 

tographic separation 'of thes_e seven· steroids, using this modified. column· 

system ,A;-are shown in.Figure.2. Estrone, no't depicted, was also· eluted in 

the 15% ethyl. acetate l.n iso6ctane ~olvent wash. · 

'Th~ location of radioactive steroid peaks- following -celite partition 

. chromatography l{as been f~urid .to be: quite consistant over 'the -course -of 

these ·studies ·and did not·vary significantly. among three commercially avail­

able ·brands of celite (Johns ·Manville Hi -Flow. (A. W.) , ·Johns Map.vilie 1.:.665-:-

A, . and Fisher· Scientific) • · The addition of as mu¢p ·as 100 ng _of·_ each. o:f 

these steroids (unlabelled) piu·s radi_olabeled steroids- to· a seru~ sampl~-

prior to_ethe-r·extraction and chromatography did not alter the elution-of 

any steroid on. column systems A orB-or the,niodified system A. This would 
. . . 

indicate that an overlpading. of ~he. celit~ ·column would he improbabl,~·.t:1during 
. . . 

the analysis of serum samples. with· high ster·oid content. • These initial· 

studies demonstrated, the resolving power' of the ce1ite colulD!ls-and·~uggested 

that radioitinnunoassay.of'several steroids from a·singte .blopd sample would 



Figure 2. Separation and Re·covery of 3H-Steroids Chromatographed ..2!!. the 
Modified Column A System 

Abbreviations: 

Prog. 
b.4A 

DHT 
DHA 
17aOHP -
TESTO 
E2 

progesterone 
androstenedione 
5adihydrotestosterone 
dehydroepiandrosterone 
17-hydroxyprogesterone 
testosterone 
estradiol-17(3 

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 colunm system (A + B) and the one c'olunm 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 steroids,- they have proven equally useful for 

the quantification of'steroid hormones in the female rat as well. The.only 

modifications of these procedures employed during studies in the female 

rat have been to dilute further those fractions containing androgens (DHA, 

5a-dihydrotestosterone, androstenedione and testosterone) and estradiol-

17(3 when exogenous steroid (DHA) was administered, as mentioned in the 

various experimental protqcols. 

The radioimmunoassay of two compounds from a single colunm fraction, 

as proposed in Table II (modified column system A) for DHA and 5a-dihydro­

testosterone or for testosterone and 17-hydroxyprogesterone, was possible 

under the conditions. used because neither compound in either of these two 

fractiOns (17-24~ 26-31) interfered in the assay of the other. If _binding 

prot~ins or less specific antisera were used, this -procedure would not be 

advisable nor proper·. Under assay conditions, it was found that either 

radiolabeled 5a-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~slilvent for sample application to the colunm), and both compounds 

were completely eluted from the colunm within the assay fraction collected 

(17-24, Table II). The same relationship was found to exist between testos-

terone and 17-hydroxyprogesterone w4th respect to solyent solubility 



Table -I. Elution Procedures_ with C_elit.e Column System8 ·A c:~.nd ~ f~r, Mul-tiple Radioimmunoass·ax 

·MOBiLE 
SOLVENT. 

isooct~e 

5% ethyl acetate · 
in isooctane 

15% ethyl acetat~ 
in isopctane · 

·isooctaqe. 

5%· ethyl acetate . · 
"iri'isooctane 

30(o e~hyl acetate · 
·in isooctan~· 

-VOLUME 
ADDED 

1.0 ·~1 

4.0 ml 

4.0 ml 

3.5 mi· 

.8~0 ml 

··4.0 ml 

FRACTIONS 1 AND 
. VOLUME COLLECTED 

,3-6 (2.0 -ml): 

8-11 (2.0 ml) 

16-21. ··(3~-0 ml) 

26~3o (2.5-ml) 

discard_--. 

8~12 (2. 5 ·ml} · 

18-23 {3. 0 ml) 

26-,31 (2.5 ml) 

SYSTEM A.·· 

SYSTEM-B 

S'j'EROID 
ISOLATED· 

· BUFFER VOL1JME2 
.AtiDE-:6 TO DRIED 

-·.---:::._;Y 

pr~gesteronc;:! 

androstenedione· 

5a~dihydrotestostero~e 

17-hydroxyprogesterone 

· dehydroepiandros teron~ ·. 

testosterone . 

estradio1-17s· 

. ELUATE 

2-.0 ·m1 3· 

2~0 ml· 

2.n ·ml 
. . 

2.0 ml· 

4 •. 0 ~1 

_ 2-~-o inl 'f · 

1.7 m1 

1colu.nrll. Fractioq.s 1,4,7;12-15,2~-Z5 were discard-ed with :Systein·A while _colum fractioris·l-7, .13-1?,24-25. were· 
··disc~rded with System B'! · · . . _ . . · · . _ . · · 
2Buffer- yolumes added to· column-_ eluate·s apply to· plasma or serum ·samples obtained from. men; and women. 
~Progesterone frac-tion·. is dissolved in 5.0 ml :buffer when sample is .·obtained during· ~hf~: ;luteal phase of the 
menstrual cycle. · · 

4Tes~osterone fr~ctionis dissolved in 5~0 ml buffer whertsample. is obtained from a man. . . . 

' ,J::o-
1-' 



Table II. Elution Procedures Used with Modified Column System_! for Multiple Radioimmunoassay 

MOBILE 
SOLVENT 

isooctane 

5% ethyl acetate 

in isooctane 

15% _ethyl acetate 

in isooctane 

3'5%· ethyl acetate 
in isooctane 

VOLUME 
ADDED 

7.0 ml 

4.0 ml 

4.0 ml 

4.5 ml 

FRACTIONS 1 AND 
VOLUME COLLECTED 

3-6 (2~0 ml) 

8-11 (2 .. 0 ml) 

17-24 (4.0 ml) 

26-31 (3.0 ml) 

35-39 (2.5 -ml) 

STEROID ISOLATED 

progesterone 

androstenedione 

5a-dihydrotestosterone 

dehydroepiandrosterone 

_ 17-hydroxyproges terone 

testosterone 

estradiol-1713 

BUFFER VOLUME2 

ADDED TO DRIED­
ELUATE 

MALE FEMALE 

2.0 ml 2. 0 ml2 

2~0 ml 2.0 ml 

2~5 ml 3 2.5 ml3 

-...-\~,:-(~·----~~--~f .. _ 

4.o ~i4 3.0 ml4 

1. 7 ml 1. 7 ml 

· lThe following column fractions were ·discarded with the modified column system A: 1,2,7,12-16,25,32-34. 
2.Progesterone fraction is d~ssolved in 5.0 ml buffer when plasma or serum sample is obtained during the 
luteal phase of the menstrual cycle. · 

3Two 0.4 ml aliquots are removed for 5a-dihydrotestosterone assay; one Oo5 ml aliquot is counted to determine 
recovery of internal tracer; 2.0 ml buffer is-added to the remainder of the fraction and after-mixing, two 
0.5 ml aliquots are removed for assay of dehydroepiandrosterone. · 

40.5 ml aliquots are removed in duplicate for _the assay of both compounds and an additional 0.5 ml ~liquot 
is taken and counted-to determine recovery of internal tracero -

+:-o 
N 
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and ·column chromat_ography_ behavior~-
. . . . . - . 

In-.p~ac~i·ce, ·when. the· two colvmn ·.t~chnique was to· be: used. for. chronia-

tograph~c separat'i,o? and isolat_iori :Of the· yariOUS 'steroids. -for· assay, tracer 

amounts (400-800 cpm) of .tritiated· DHA, ·testosterone. and estradiol-1713- were 

added to one aliquot of a ·single· se_rum (or p~asma) . sample while tritium 

labeled progester·one; · androstenedion~,· Sa-dihydrote_stosterone and 17-hyd-roxy­

progeste~one tra:cers· we~~ s~ni~l~r-ly added .to a. second aliquot of the .sani.e 

sample. Both aliquots were( then extrac;.ted and chro111atographed sep.CJ.rately 

on the two coliunns. However,· ~hen-: ·the sing,J:e'. modifi~d ~olumn ·:sys t~m A was 

·to be used, tracer quap.tities • of radiolabeled Sa~dihydrotestos~erone and·· 

17-hydroxy~rogesteron~.~ere a4ded for calcuiation of recovery of DHA/5~~ 

. dih)Tdrotestosterone and testosterone/17~hydr:oxyprogesterone respectively 

in addition to. adding tracer ."quantities of -radiolal:eled proge_sterone, an­

drostenedione, and ~stracliol-17_!3 to the saine sample prior ·to e"f:her· extrac-· 

tion ·and· column chromatog~B;phy. _· 

. - -_- . . ' ' . --
. . ' - ' . . -· 

·B.· COLUMN RECOVERY OF RADibLABELED.STEROIDS 

The' different fractions' t!hosen' for: the collection .of steroid hormones 
.. 

prior to'. assay have -be~ri nientione~. ·in· Tabl~s I and·. II·. . Several experiments 

were carried out in which one' radfolabeled steroid. at a:. time was _·applied to 

the. colunm. which .was then eluted ·with the. yariou·s. mobi-le soivents (isooctane 

·and mixtu~e~.·- of. _ethyl a~eta:t.~ ... :Ln:.±s.rio~t.:ln~) '! .· .Fract.ions -'w~re collected ·(i~ 

total) into counting vials ·and ~he·~. recoyery of_ each 3H-st~roid was· quanti_: 

fied for each~ .o:f" tlJ.e· ·ass51y :f.~act.io~s-~· .. Tho~e ·_o':.S Il11· fr'act:i.ons n~r~a~ly dis-

carded ~were also· c<;>ll~cted: separately and counted.: as well~ · 

Using the· coltiinn system A,~ 9-J ± .. 4 .·.2%. (~. D~) -_~i. progesterori:e. was recovered 

in.the appropr~a:te.'f~~ction;. this ·fraction·was contamin~ted-with ()nly 2% or· 
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less of the total androstenedione present. The androstenedione fraction 

had a 85.5 ·± 9.2% recovery w~th no progesterone contamination. Recoveries 

of 5a-dihydrotestosterone and 17·-hydroxy~rogesterone were 87.2 ± ·5. 7% and 

88.0 ± ·6. 4% respectively 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 the 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 it1dicated that in addition to .. the consistancy of the pat­

tern of steroid elution observed, the recovery of the various steroids in 

the fractions designated to be collected prior to .assay was high and was 

quite reproducibleo F?llowing the addition of several tracers (for calcu­

lation of methodological losses during extraction'an4 chromatography) to a 

serum sample, the separate collection of the proposed column fractions 

would allow for a cc;>rrect determination. of the recovery of each.steroid in 

question, without.coritamination 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 chromatographtc mobility and fractional recovery 

of each radiolabeled steroid were regularly checked at 6-8 month intervals, 

during the completion of these studies. No significant alteration in either 

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

Serum samples obtained from rabbits inj'ected with the est:tone-17-BSA 

conjugate were checked for the presence of antibodies· to estrogens. Serum 

samples .were diluted serially with phosphate buffer and aliquots were in­

cubated with 10,000 cpm 3H-estradiol for 1 hour at 4°C. Separation of 

antibody bound and free 3H-steroid.was accomplished following the addition 

of 0. 2 ml dextran coated charcoal solution, ·incubation 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-17S) x 100. 

Titer was defined as that dilution of serum which bound 50% of the added 

radiolabied estradiol (10,000 cpm). Within three months, the titer of 

antiserum from one rabbit (RP#l) had risen and then plateaued at 1:50,000. 

The highest titer serum samples obtained from this rabbit were pooled. 

Further characterization of the antiserum was performed on the serum pool. 

Standard lines wer~ constructed for this antiserum (RP#l) as described. 

in Materials and Methods. Examples of standard lines for estradiol-17S are 

shown in Figure 3. It should be noted that the standard· line has a steeper 

slope and 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 steroids to compete with 3H-estradiol-17S for bind­

ing sites on the antibodies as opposed to unlabeled estradiol-17s. Percent 

cross reaction (C.R.) was assumed to be 100%.for estradiol-17S~ that of 

other compounds tested was calculated as follows: % C.R. = (mass of estra­

diol-17S .. cw'fli."(?.h causes a 50% or other sta11:dard % redU:c.tion in antibody bound 

. 3H-estradiol-17S) +-(mass of test steroid which, when incubated with the 
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Figure: 3~: ·Standard· Lin·es. for. Estradiol-17(3- Usipg ·Antiserum 'RP/11 

-'-

' 'Standard' lines.· for' es'tradiol-17S were' ·run with :the' arttis·eruni 
(RP/11) by ··incubating· 0.1 ml- antiaerum solut.i9n (in ·phosphate . 

·buffer) -over- a :r;arige· of 0-200pg.:. At ·a 'final· antiserum dilu­
tion- of 1:.50 ,~_QQQ., th-e. sepsif;.ivity of-·the standard· line was. 

·found to be-··2 pg for estr~diol-17(3. 

46. 



STANDARD liNES FOR ESTRADIOL USING ANTISERUM RP-1 

100 

C\1 
LLJ 

It) I 

J: 

~ 

80 

Q_ 6 0 u 
0 
z 
::::> 
0 
CD 40 
'#. 
LLJ 
> 
~ 

.LLJ 20 
0:: 

( ..... ) Antiserum Dilution= lt35,000 
(o-<>) Antiserum Dilution= 1:50,000 

0._-----.--------~----~------~---10 20 50 100 200 
Pg ESTRADIOL- 17/3 



) 

antiserum, causes. a sim.ilar ·.reduction in bound 3H-estradiol-~713) x 100. 

As shown .in ·Tabl~ III;. the .antiser~ was: specific for estrad'iol~l7S and 

estrone · (90% c. R~) ·which .aie easily ~sep~rated. on the ·celite · p:a1M:i-tion 

columns. · The antise·rum had minimal affinity ·for synt~etic_ estrogens -pr-

non-¢strogeD:ic ··steroids •. · 

D. ANTISERirn-FOR_-5~-DIHYDRO.TESTOSTERONE ·RADIOIMMUNOASSAY· 

48 

When-.:~h~ .. m6~;(f.i·e·d···coiu,mri_.~sys;~m:··A. is· Fo··be us~d~ 'DHA. and.~DHT are iso­

. ·lated together in_ one fraction p~io.r, to -·assay ·(ra·ble II)~_, O~~Y -th:J.s as_ say 

. fractiqn -conta:lns two ~1:u:ir~gens· _whi_ch ·are present· in ·hl:lffian blood samples· in. 

vastly .different quantit:i,es; · (DHA ::> 5 x ·DHT concentrations); conc.e"Q.trations·. 
. ..._ ... · . - :. --;· ··, '· ._ .-· ,· ._... . ' 

of t~ese compounds in. ·the''·serum of ·fem~le rats are und~cumented., Slight 
. . - . . . 

·cross reaction of a··DHT ant;:ise.rinn with. D~A would result- in errone.ous. mea-

· .surement .of ·DHT in -human,.and ·possib~y .othel;. s~rum. samples, espec~B..lly that 

of'the-DHA-treated rat •. 
. . . 

An antiserum (S'~74l;.prepared in_~heep against -testosterone-3-oxime-

huma~ ·ser~~- albumin) was .purchas~d·:.wtii.ch :·was ,reportedl:t:·o~· b.e . useful for_·. the 

assay. of testoste.ron,e and 'DHT (Coya'tupa "et al. ;_ 1972) .- Si~_ilarly, another 

antiserum had been developed in oul;' · labor.;:ttory for appl~cation .to the -r~~dio-.. 

immunoassay of thes.e two steroids" ·sp,~cificity o:J: 'this antiseru:m> (/IA-:-3, 

·prepared ·against .. testosterorte-3-oxim<=:...BSA) w~s· evaluated in a manner. s~~i­

lar ·to. st~dies- on· the estro~en antfserum···.(:RP~l) • ·The results of cross 
. . 

react:ivity -·determ~riat:f..ons are. :sho~ in. Table IV· •.. Antiserum /IA-3 cr.ass 
,·, 

reacted primarily -with tes,tosterone and -~HT.- but reacted .minimally with 

. . 

other androgens and'non~androgetl.ic _steroids. 

With the. availabil:lty. ·of 'two- antisera for potentia],. use in the radio-

immunoassa~ ·of- Sa-dihydrotestost~ro~e; ·the Js'!l~;tabili-ty for such,·. utilization 
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Table III. Specificity,·of· Estradiol· Antiserum (RPI!i) .: 

STEROID-TESTED 

Estradiol-1713 
Estrone . . 
1,3 ;5(10) -estratriene-~·,16.S, 1713-triol_ 
16ct-hydroxy-estrone 
1113~hydroxy~estrone · 

. Est~adiol-17ct 
Estriol 
·17a-ethinyl-estradiol 
. mestranol .. · . ·.. . . , . .. . . 

5ct-al_ldros tane~ 3a ,.l713.;..dibl 
· 5ct-and:~;ostane-313 ',1713:...:d.io1.· 
3ct~hydroxy~·sl3-~drostane..;.17-one 
Androsterone · · 
11~-hydroxy~androsterori:e . -;;: ·· . · 

. 11-·oxo-andi:'osterone· ·." · .· 
' 4.:..androsteJ;le-3 ,11,17-tf~ot}:~-· 
· 1113.;.;hydroxy-andro.stenedione . · 
Testosteron~. · ' · 
Dehydroepiandrosterone . 
Progesterone 
17-hydroxy-progestetqne 
·corticosterone 

:.J J, 

% CROSS REACTIVITY 

100.00 
. 90.00 
. 20.00 .. 
31~90. 
20.0'0 

. 14.3 
9.0 
2.8 
0~'04. 

.1.41 ' 
·0'!72' '· 
0.50. 
.o.3o .· 
0.13 .· 
0.49. 
0.004 
0.35 

· o.o4 
·o._lO' 
. o. 001 
0'!001 

-0.001 
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Trivial nomenclature· us·ed: 17~~ethinyl-i, J·, 5 ( 10).-esttatri~q.e~3-,"1713-diol · · 
(17ct~eth:J_ny1 es.ttadiol)-' 3. methoxy~l7~:-ethitiyl~1,3 ,5(10) -estratriene~3;. 
1?13-diol (mestrano;I} .• , 
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Table ··Iv. Specificity of Ari.t.isetum IFA-3 

STEROID TES-TED 

5 a~dihydr·otes·tos t ~r,.one 
Tes:tosterone 
sa~androstane~3a,i7S-dio1 
5a-androstane..:..3S,l7S~dio1 
Androsterone . 
Dehydroepiandro~terone · 
Andros teneciione· · · · ·. 
17~hydro~yp~ogesterone 
Estrone 
11S:hydroxy-androst~rone. · 

. ·11-oxo"'7"androst.erone · · · · 
11S-hydr9xy-and~ost¢~edione. 
4-androstene~3 ,11, 17.,-trione:. . 
3a~hy4roxy-5S-androstane~17-one 
16a~hydroxy..;.estrone · · 
11~-hydroxy-es.trone 

·..:. 

% CROSS REACTIVITY . 

100.00. 
·zoo.oo 
'11.08 

5.47 
1.s·g· 
0.20 
1.50 
0 •. 60 
·o.·so 
. 0.01 
0~72 
.Q.95 
0.62 
0.25 
·o. 001 
0.001 

50 



5,1 
. . . . . 

. was._·.irivestJgated by·: a series of par~llel. ~xpe~ime~ts • ." · 

Standard .line·s··, ·us.±ng .· 3H~DHT.<as radiolfgand wer~ · ~stabl:f.:sh~d· Jor- DHT ~. 

DHA ·and androstened:ipne. with botit~tisera,_ /FA-3 .. arid S~741~ _As~ays were 
' . ' 

performed- ~:s follow~-: o~-4 :·or o~s ml of ·stand-ard~ were in~U:bated with .0.1 ml 

an1:iserum solutf:9n. (11~-:-J.o~ ... s-741·· re~pectively) ~-.br: ·1::. :hr. at_ 4°C.. ·Then 0. ~ 

ml of r~Ji--DHT was --.~dded ~~d. tub·~s -~ere. ·inGubated for a~-- ~dditio~al- hour::}- at 
' . ' . 

4°C~ Dextran coat~d-ch~r-~oal s·uf:!pension· (0.2 ml) _was. then added; tubes· 
. .. . ' ~ . ' . . ' . - . ·. . . : ~ . . . 

mixed. and incubated for 10 min at; 4_~.c,_. a;f~_er' wh~ch .they· were centr~fuged· 
. . . . . . . . . . . . 

at 2-,ooo ·rpm for 19 min· at 4°C •. · The .sup.ernat~rits ~ere ·then decant~d aild:. 
- . 

. . - - . - . 

counted· af.ter ·addition of 10 ml of' cou~ti~g ·solution. ,(0. 5%- Pe~ab.iend II 
·· .. - . -

in toluene).·· The :t:"esults- of this· c~parisoii are .shown 'in -Figure 40!·. It -is 

apparent that DHA ar:td · androste11:edion~ are potentia~ly :Ln.terfering_· substances· 

. when DHT is assa.yed ~ith attt-iserum S-.741 wh,e~e·a·s there. is. minimal cross·.-
. . . . . . . ' .... 

reaction .with·th~se st'eroids when antiser~m IFA-3 is used. Since androsterte"-:-

_diane is well. sepa_rate~ ~r.oll?- ~he -.-DHA(DHT fraction_ in the .ehro~atogr~phic . 
: -~ ' •• - • • •• -~ : ' • • • •• -. ,:::- - •• • ' • ·, • • - '· • '. j • • • '. • - •• ~ ·_ • • ' • • - • 

antisera. 

To -investigate· fl!rther ·the -.'p~b:ntial -for ·:nH.A· i};lterferenc~ in this assay. 

procedu·re, ·a; .lO:;_m{:hl.;liilan:, periphea::al plasma. p~ol_.was extracted· arid ·chr6ma-· 

· tograph~d using ce~i te column sys~eni A with the. fo;t.fowing· exceptiop. :, , seve~al · 
. . . . ' 

0. 5 ml column fra~tigns (17-24) whi'<~!h ·would ordiriari~y be pooled. were·-· col-

lecte_d individually into ;LO x :75 :nun -_~lass_. C.u~ture tubes· (Corning). · The 

fractions were then evapo~ated and---reconstituted· in· assay b.uff~r.- · Aliquots ·_ . 
\ _, . . ' - . . 

.· . . ' . ', . ·. - . -

of each column fr.action 'were .then . ~alyzed 'to 'determine. the recovery~ of'·. .. 

3H-DHT, DHA and· D~T. ·. DHT was a~s~yed U:sing b.oth- antisera, 1/A-3 B:nd S~741, -. 

while-DHA·was assayed_·_ us'ing· an antiserum specific- for ·nHA (S~1502). · The 
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Standard_Liries Constructed:for DHT, DHA and Androstenedipne 
Utilfziri.g Aittisera- /IA;_3: artdT-i4f":"" -- --

Incubkti9tt pro.cedtires (tim~, ·temperature, standard volumes- and 
· antiserunr volumes) were as .. descriljed. ·in-._ the te:Kt~ :Each' anti-. 

serum. iTa.~. reacted with va~ious · s~anciard .. amounts. o{ DHT, DHA, or . 
. androstenedione (A4A). then reacted with 3H-DHT.· For ease :of . 

' graphical: .representation~ staridard.',lines ar~ .express-ed. ·as 'l<;>g 
dose v:s. ·._-relative percent 'bound CPM · 3H_:DHT ~- · ·Fo~low:ing .. appl~ca- . 

. tion :of -~: logit. tran$form:a.tiori,. .. the1;3e standa:td ··lines are ·tinea~._ · 
• y with 'coeffi~ients of _varfation' (r) ·_greater than 0;990~' ' 

''' 
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CROSS REACTIVITY EVALUATIONS ON ANTISERA zMI A-3 AND S-741 

( o- - -o) Assay using ... A -3 

(...,._....)Assay using S-741 
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Figure 5. Fractional Recovery of DHT ,- 3H-DHT and DHA from .5!. ·10 ml 
Human ·Plasma Pool· 

The sample was extracted with· two v:.olumes of ether and chroma-· · 
· tographed using· the modified· colunm·. 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·content by radioimmunoassay, and DHT con­
tent 'us·ing ·both antisera, S-741 and /IA-3, . for radioimmunoassay. 

54 
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r~sults of 'this stti~y-;ar~ shoWn 'in .. ~igure ·~5~-,-

, -When the p.er~p!lera,~ pool was aril:ilyze-d ,';c; the ~lution ·of DHT :t ·as "Qieasured -

-with· an~iserum- 11~-~ para~leled the ·r~cqyery -of the- .r_adioac·tive tr.~c;er, 3H~-
. . . . . ' . 

DHT. ~owever ,. th~ 'elution ._of I ])HT' ~a:s -m~a~ured' by an_tiserurft S-741 -:p-aralleled- the 

·elution of ·both·- 3H-DHT, and- :bRA- -(Figure 5)·.. -Fractfon. 1121 ,. which _·contained: 
.,_ . . . . . . - . . . . ' :.·. 

-. only 1% of tl~¢- -3H~DHT appeared to contain Jnore DHT- than- fl::action ·1120- '(wh~ch -
. ,'' ' ; _., .. ;, .. . . . . . ' . ' . -

-- :· 6ontairied 12%_- of ~P.~ r~.cover~d -3n~DHT)_:_ when assayed- us:i.ng 8~741_.- - Th~_, a:p..;. _. -
.. . ' ' . ' . ,. . . . . . . . . -' ' -~- '.. ·. . . . 

par~nt ·recovery: .of .·ininil.ln~r~activ~ DHT in -fraction 2l _was:· dt.ie td. the :inter-·_-
. . ,. . . . ' . . . . -~- . . . . ' . . . . 

this' fr ~c t: ion ~ Cblumn _//22, which-contained no -3H~DHT but··contairi!=d- 30-··ng .-.. ' •. ' ' . ,. . ~ . . -. . . . . ' ' ·- . . ' . . .· . ' ' . . . ' 

_of DH,A; appeared _'to, co:p.tain .over 0" 3- :rig·- o{,DHA when:_ assayed u~:i,ng -'ant;i.set;um-
' • • ' I ' '• . •,•' '•',1 ' ' ,. ,' 

·.·, .· 

S-74_1., There was' nc(·measurable DFit -in .thi$ fracti'on Uk22~ '-~when antiser.urit. 

-IJA-3 -~as einployed ._: It' seems, _:Ehat ;;·i~-- li~~1e~ as :'8'_ n.g ':of' DHA_· can- iri~erfere-
'; ':. . ... , 

-s:t.gti~ficantly- with· the m~&surement ~f DHT --w:~etl .antiserum 8.;...741 is used :: 
. . ·, . . . -

-.whiie -there ·is ri-o, ~e:t~ct~bie i~t~-rferenc-~ :·-&ith; .~tis~rt.im-.{IA--3 by ··as -much · 

as 30 -rig of ._ pHA. __ _ 
. ~ -· \ . 

•,. 

As --a- final e~iuit:ton ''of these snti~era; :sever~i: seru~ samples with' 
. ' . , · .. - ~ . . 

- l' ' 

varY:ing- DHA concen~tation were e;ictracte~Ji~and chromatographe.d- using celite 
' . . . . .. ' .. _ •'. .·· . -' 

. . . . . . ' . 

~o1umn system ! as de-sc;rib~d earlier. . Column fr~ctj.ons---17...:..24_- were pooled 

-as- .us11al- wqe~~by- DHT·- an-d- DHA -~ere i.~olat_e:d_. together ;for -·assay. The, con-
. . '· . . . . , ,. - . '. . '• . ~ .. . . . ' ' . . . . ', 

· centratioris- of :DHT :were higher when_ ~ss'ayed: wi~h.. S-741_ .than levels- obtained·-

- on the sai:ne san,tpies·- ciss-ayed_ w~th· _ lfA-..;.3.,- The, ·DHT c.oncentrat~on~. founc1 using: --
. -

~-741 could- be ·.corr¢ct¢d for DHA interference. - A compaJ;ison of values ob-

. t'ai1lec1 usi11.g- both_ a!ltise-ra ·and- the.· correct~d- ~alues using- ~..;,741 _ct.re -shown 
• • • • '. : i- •••• ,; • • • ' • 

in Table V; Tq.cluded :in thi~ tabl~ are. -~he DHA concenttatl.'ons ·of each 

. samp-le. Sev:eral ~eparat;~ ._evalgatiorist.~~er~ made to ·detennirie the crpss re-
.- ' 
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act,iv:Lty of. DHA (l.:.;..J-5 ng)_ .with S-7.41.,· A·meari .value- for ··cross reactivity 
.. 

.. of- 1. 2%· ·was :_obtained f:tom -.t:h~se 'st-udies and app_lied :to- correct -~l,le. DHT -

c~ncenti~tions .. of ·_piaS.ma S.aiiJ.ples.' described· ~hove.-- ·.The- fbrmula used was·. 
I - • • - ·.· • : ·,· .. : • • • ';' , ,• •. 

. . -

~s···f_oilows:· · .G.orrecte'd :DI.:J~ ·,(S;;_741)· = DHT _(S-7_41) .- (O;tz· ·x. DHA concentra~ :-

ti~p.) .• ~. 

_, .: Wh~:g. appli-ed to·-:p_er:Lphei-~1 :s_.amJ?_les·_ {111~5, ·Table' V)_ with· DHA_:. ~ortcentra~ 

. _tions. l~s£( ~h~ iS.-ngimi,_ -t~is_ cor~ectio~· .. :resuit~d .. iri·similar DH:r coricentra~: 
. . . . 

·. . .. . . . 

. tions .as· measured _by 1/A-3 ··and· s:...741~ · Ad.dit:Lo_nally,· ·when_·_ appii,ed ··to- ··adi:,-e~~l. 
-·· 

vei# '~f?~ples·· ·( #i-,:2).: ·. th·is · co.rrectie>n: ·also. proved· us'eful·. · -T~at -this .. corr~c~: _ 
. . .... _ .. ·'' .. ' ,. . ·, ' . . . 

tion -~-~rk~c1 with P:t~spta ·s·a~ples .with -ex~_,re~e'l¥ _high· :Dl!A !i()nceiitrations·_ maY­

have peen ·_co.inciqental. · ~ev~~theless .. , · __ it ,:Was-':coricluded'·-from these c~mpap-­

isons. that· antiserum: S~74l··was.- urtsuita'ble .. ,fol;.the .rad-ioirtmiunqas_say- of Sa-;-
. . - . . . ~ ' -. . . ' ~ ·- . . . --: . . . . . . . . .· . ' . ..- .- ~ . 

dihy!lrotes~6S.t~;t'one,w~ile~- /IA"--3 :wdu;f;d be u~eful f_~~, the qua_ntifieation of· 

tpis ,~teroid · whe~ · isoiated.- :i.n. the ·presence. of DHA~ · · 

E •. : ·sTUDIES . ON ·THE_- RELIABlLlTY-. OF. MULTIPL-E S-TEROID RADIOIMM:ur.\rOAS.SAY 

· TECHNIQUES · 
. -. 

_· .. .'-As-~ ,:fnd·e;~ _of :pi._ec-i_Eii~n_--ot'~--~h~se ·mult.iple_._ s_.teroid radioi~~iloass~y·>,- . 
:::·· .'.' 

sys terns,- pooled _plas~aJ samples w~r~ as.sa:yed .f·oilo\iin~- -~x~raction- and. c~ro~-: 

atogr~ph,y ·uS.ing )z;ijE7~:.0-s,ip;gl~ modi'fied_ ~~lite.- ;colu~ .-system :·A o~ ~J:te.-. ·two .. 
. . ' . - ': .... ~ .. - ~· . :>~·~·-:· .. :: ~ .· --~ ... 

column meth~d (A + B)... Ail example _of ·sucp.·. an evalu~tic?n:, in- wh~Gh· the . 
• l -~ ~ . 

single column· ·chroinatogr~phi~ ·. s:t¢p' was us~d .. ,: i$· ,shown in. Taple :VI. . Irttra~. 
·. ,· . . . . .·. •': 

·assay-. -~~r~abil:i.ty , .. -_as.' }.7~presented' .by --~·the ... c~effi~ie~ts of :·-variation (mean( 

. S.D-.)·~ ·100) _-.~~s fo~d- to .be low for' -e~ch- st-~roid. assayed •.. The_ precision 

of . the modl;.fie~l COlt1n1n._.syst~m A WB,$'.' sinrllar td· .:that obseryed wheri' =twp 

there was no. loss_ .in .pre~;:i,.sion. :by.· ~sing-- the more', rapid column method for 



Table V~ Comparison of Human Plasma DHT Concentrations Usfng·#A~3 
and s~741 

PERIPHERAL 
PLASMA· 
SAMPLE 

1 

2 

3 

4 

Mean ± (S.E.) 

2 

DHT .. 
·s-741 

.209 

.222 

.108 

.299 

.203. 

(~031) -

"!439 

.560 

(ng/ml) 

DHT 
Corrected s·.-741 

.085 

.16'6 

.042 

.222 . 

.. 113. 

(. 035) 

.162 

DHT · 
#A-3 

.099 

.170 

~046 

.234 

.121 

( ~ 035) 

.079 

.110 

DHA 

10.4 

4.7 

5.5 

5 •. 4. 

33.2 

58 
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r'ab1e V,I. ' Studies :_on Precision of\ Ste-rofd- tevels as, ··net:·e-rmined '~' ti$ing Modified Co1unin: S}fs'terii A 

Mean Concentra- · · 
- -tion (~gjinl) _ 

_- s tru;i.dard Devia..;,. 
·tion 

' S taJ;ldard · K~rqr 

Co.e:fficietit ·~of·. 
Variation-

· -Es·tradip1 Pr:oges- _.­
. terone 

~036: ~253--

.;003. - -01014 _-

.ooi :. 007 

8.9%- 5~·4%'· 

-\· 

S · T . E -~ R ·. -'O ·- I D A S .· S A.· _y E ·. :0. 

" . .· . 

·5·a.~DHT DHA . · ·restosterone·- - ··l'l-hydtoxy:: _' -- _·_:Aildros·t-enedi6ne ~ 
· · _ prog~s;terpne · · ~ . 

.647 8. 039 - -6~ 77'0 --- 1. 9'49 --
'--

~037 ~- 030. -~16' - • 1'65 

.015 .421 - .15~ ~0($7 

··:;~·s. -'8%--' 12- 8'% 
•:) ·~~- 0 -~· ,o ·-s~6%~ ·8.5% 

,··.··-

:;:, \' 

·::·. 

1~-518 

,._ 

-:_.·q:~s ·{.''· . 

-:.027 

·:4,,-_ _._,3:% -'-~ -- .. __ --
.. • .. o_. ..:~ .-

t. ••. 

1.11 .. 
-\0. 



st~:f;oid 'isolation· pr~or to. assay_~ . 
_:-· ·. 

Another ~r-it~cal --consi.derati.bn ,~n such a.:.methpd is th,e contribution, of 
' . . 

_in~erfering substanc~s ,. whi'ch :ma:y ·be· a~cctimulated during extr·acti.on. and · 

chrotri~t6graphy, to -the calculate~ ·value· :£:pr each· steroid .assayed. ·.The de~ 

gree of sensitivity·. of. this mu~tip:t.·e-·steroid radioiinm':IJ;toass·ay·:_techrii_que~ or. 
. . . ' . 

any other methoc1; :Ls relat~d invers.ely · to ·the · e:x:'t.ent _· o~, :~u-ch iri~erf,.ere:nce 
' . . . 

·(method blank)~ The ·amount of. interference may .. be ·q~antified· .after_ ~~tr9:c- · 

tion 'an4. chromatogra~hy by -:th.e('assay_ of --steroid~free sampl~s' such as :W~ter;· ·or. 
·_. . '·. ·,_ . ' . ' · .. _ 

buffer. · Summary ~lata d_escrtbing -the ·method ·blan~ 'in· each· steroid· a.~say · 

(n_: = 10 o:r l'f:lOlj.e) a,re presented· i'n ·_Tabl~ VII •. · No. s:lgnificant. difference· .. :in 
. ~ ' . . 

blaJ;J.k·values (pg) __ were noted·yit~- respe_ct to· either the ~ene-- <;>r two ·column: .. 

chromatographic --~eth,bds. ' 
. ' ·._ .. . . · .. · .. · 

In additi-on to \th.e ·above· criteria, the ·recover.ies ·of· the variou~. 
. ' ' 

steroids-during actual ?-Ssay condi-tions were- eval~at~d. · It _was_. previously. 

dete-rmined that c'olunin. recovery of ~a~h 'steroi~_ wa~~·both,: consistant an~' 
- ·.· .. 

adequ~t.ely h.igh •. - - It ·was. found . that· t~e overall . recovery of . bl,.oo'd ·~ter:.oids 

during the multiple ·Ste·roid· radioiiiU~lUriOassay -~as si~ilar ·to. that found when . 

each steroid_ was· in4:Lvidua~ly cl;lrorhatographed and ·collected according. :to.· 
- . . . 

the procedures ·outlined ·in· Table· I and II~· Using. column ·system A, 8~ ±·.· 

lO(o ·(S.D.·) of· progesteron~·,. 76 · ± 1~% of .p.ndrostene~-io~~'- 7.4 ·± ·17.%. of. Sa.~DHT_. 

and 92 ± ~sra of 17~hycir.qxyprog_esferone. were recov~r.ed (n -~ 2s). With 
. '-·\ . ' : . . •' ' .. ·"· .. . 

. . ~ 

colulnn. -.e_ystenl B, -Sl ± 17%_-,of DHA·, · 72 ± t6% .- o.f· .testo·s·terone. p.n¢1 76 -± 10%· ·-of 

estradiol-:-~~~ were:: r,eeo_Yere4_ (~ -~- 33) •. When the. ID:Odifie4 colutim· system A 
',!' 

• • • .' ' • : •• : ~ + ~ • .' 

was utilized for the simultaneous .·separation ~£:":tile·, sev~n :gte,roiqs· 'for .. 

assay~ 80 .±.~·9.:% __ ~-of<'vr·~~~~.t-~~one~-.J3.; .±:<fs%··of.-_·a~drosten~dione,. 78 ± l~(o of 

DHT/DHA, 88 ·± ··10% of ._17.~hyd:r:qxyprogesterone/tes_toster()ne_· and 65- .±. lO%. of 



Table VIIo Studies on·Non-Specific Interference (Blanks) In Steroid Radioimmunoassays 

Water or 
Buffer 
Blank (pg) 

Standard 
Deviation 

'1~8 Estradiol 

I 4.9 

4 • .S . 

Proges­
terone 

3.-5. 

2.8 

S T E R 0 I D ASSAY E·D 

5a.-DHT DHA Testosterone 17-hydroxy­
progesterone 

6~9 14.7 8.2 6e:3 

3.6 2.0 4. 5 . 4.3' 

Androstenedione 

11.3 

4.0 

-~ 
1-:-' 
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~stradiol~~'7 s_ ·~e~e; reco~ered' (n' ~~ :io_6}. ~ 
' .. 

. ' .. 

· Th_e · acc~'facy of' these .. inetho.ds 'were studied ::~·s· a- f,inal re.liB:hil:ity . · · 

. · ev~l~ation ·of, the ·miiltiple.·: st.er9:il··_radioi~unoilss~y tecl:p;riqtie_~• ·. The mQs_t · 

effective m~ans .. c)f ·-.establishing· 'at'qti~acy··.was ._'•to ~-alyze<hurilan-~. ~.lood .. samples. 
. . ~ . '· . . - : .· ' . ' --- -•, :. . ~- . . . -. .': . . ·. ' . . . . . ~. . . . - - - . .. . -. . . . 

. . . 

in literattire. for ~aeh. s.teroid measured. Individual ·serum or· plasma _sa.ni-:-.· 
v • • ' • ' -~ - ··-: - i .' • ,_ • • ~ - '-' . - - • 

- . .--·: __ · 

assayed: _following ~hro~~tographic ·s:ep.arati'~n of .st~rqid~-~-With; both. the •. 
. ~ ~ : . . ' . . ' . ; . . . ' - - ' . . . - . . -

pne ·and two ~olu~ .~e-thbd$·-~ · l'he -·re~q~ts of this. J~.tudy are. ·:-rep_r-es;_e?-ted in 
,, 

Table ·VIII.'_: 
. ~~ . 

---

.Si&nifi,cant .~ifferences in ·1ev~l$. of· the. P.otetit -:a_n·¢i~ogen~ Sa-dihy.dro-:-
··r· i 

·males 4~·7 ±· 0. 7 ng/ml, f~males 

males· = • ?2 :± · ·• 04 ~g/ml· ,·. -~~~ales 

a~ 28 ±· ·• 04 ng/ml; Sa_;dihyd~o~estoster<;>ne -
.··:. 

._ . -

= O~;Ll'_; ±·.~_(>, .• 2 ·. ng/J'P-1) .- > Per:i,.pheral' conc~l?-tra~ 

· -ti_op.s•·of .the -weaker ~ndt:og~n~· w,ere :~cit1ivB:lent- in me~ ·and wom~!l·: (DBA_-_.; --

men.= _s. 7 · ±·.1_.1- ng/ml-,::· ~om~~-=· ;·4_~2 _ ± 0.4· \1gfml; · ~ndrosten~dione ~ ·inen =· 
'. ' - .. 

1"2 :t 0.-3 ng/.~1,.-f~ni~le~-~'_1.~3 ±: ·a'.-Jng/~1)·• Concentratioris'of l7-hyc;l_roxy~ 
. prog~ster_on:e··in· ~en (1.6 .~~.-0~4 ~g:/ml) .we~;····~ot- differ~nt from those fou~d .. -. ' ' ' ' . . - ·, . : ~ ~ .. . ' . 

both were ·:sigriif;Lcalitly ;li'ighe,f th~ri' ·i~v.e~s: :of ~'·~his ste.roid-.:.-iri ·wdme:~_dur~rig 
< ~ ~ 1 > 

0 
• O • • ~ ; L ' 0 ., ' -;.. ,•: ' ~·- : '• ~ : < : ', 0 '- O • • 

0 
O ''•, '• 1 

0 0 

the foil:icul~r, phase_ of ·tpe ~y(!le ~-(O.lT. ±. ·o. 05. :ng/ml) .: .' .itogesterone>le~els: 
~' •; • • :; ~ • ~ ' ' ' • • ~ ' ' . ., ' ' ' !-- •' ' • ·~~· .,.· r • • • • ' • ' ' • 

. _in t~1omen:.>pr.fo~_.:to ~Ytiiation::-we~e-·l~w··(q.li.'±_ O.Q2.:ng:/ml) .. as .were.!evels·.tn·· 

. men· (0 .17 :± 0. 04 _~ghnl)_; s~rum levels of· t:h:is· .compcnin;d :_i~·:wpnie~<c:ltiring. the, 
:, _,· 

- '· 

.luteal· pha~e ·was lllilch.· high~r (5,.-4 ::!:- 1. 6· ng/mif~ ·.:·Pl~sma.level·s: ·of e~tr~cdio1~ 
. ' . . . - . . - . . ; .... : ' ' . . ~. 

. - . ' 

· 17S ~:tri :m~n (0.027- ± O.OlZ,:ng/nil) :were simi'bir to :that .found.during -the.· 
'' ', '· . ' ' '" • ' ' '·,- ', • ..._'=- - - •.-

early ~ollic~lar;··plia~~. o1; ·the ·ffierts-trual cycle: i~·- women-.(0~041· ±_'d. 015' ttg/ 



Table VIIi. Peripheral Blood Steroid Levels in Normal Men:~;a.nd .-Women · 

STEROID CONCEN-TRATIONS. (ng/ml) 
,·• ... · 

Estradiol Progest'erone 17-hydroxypr'ogesterone"' -DHT. Testosterone DHA Andros tened.ic;>ne 

~043.-· 
· · .oo2:-

~037 .. 

MEAN .. ± _: . • 02 7 
(.S._;E.} . · ( •. 01~) 

Daypf 
- cy-cle 

4 
' 5 

8' 
. _10 

. 11 

·. MEAN ± 
··cs:. B ~·) 

i6 
.18. 

. ·l8' 
2,2 
26 

c<· · •. 
MEAN- :f' .... 
(S.E.) . 

"022 
·~o1s 
.097 

.• 033' 
.-040 

'' .041 
•. (. 014) 

.069 
.• 068 

. -. ':.084 .·. 
· ~·osz'· 

.. :: ·.Ql9 .· 

.058 
.. (;011) .. 

~136. 
• 07[17'-'. -· 

. ·.253' ·. 
. . • 20Q - ... 

.• 167. 
(. 038) 

·.065 .· 
.· -~082 

-~26 
.081. 
• 190 

'~109 
(. 023) 

. 4~ 70 
6.89' 

10. i2· 
4~93· 

'0.4.0. 
5. 41' .. 

··. (~.58) 

. 1.2. ·. 
1~9-

1~6 

1..55 
.c-~ 35):· 

M·A L.·E S 

· · . ~s84 
~705 :. 
~647 
• s~s·· 

• 618 
'(.037) 

. . O:F :E ~. A 't- E :-s ' . 

4.12 . 
· .. 3 ... 64" 
. 6.7i 
. ~4:.'.26· . 

.. -. 

4. 70:' 
(.70~) 

(early· -fpllicular phase) -
~ ' ' '' r • 

• 36' .. ' 
.1() · .. 

• 14 
.14 

..• 13 

.17 .. 
: (.05)' 

•071 
• 102· 
.083 . 
.023 
•. 073 

.070' 
. (. 013). 

(1~ ~~ai'. _p·~ase) 
i • ' • • • 

1.4·2 
. 1. 73 . 

1.96. 
. 1.11· 
' 0.32 . 

1.3.1·· 
. ( .-2_9) 

·.211· 
.185 . 

· .• 094 
.• 134. 
':~ 1;18,'' 
.149 ., '. 

. (,022) · . 

~,26? 
'.426 . 
.216 
,076 

.. 't252- ,: 

.206. 
<-.9~4) •' 

. -~91, 
.360 

.• 320. 
. ·.331' 
. .216' 

.• 344 
. (. 044) 

.... · 6.9 

' 3. 3. 
. ·8'~0 . 

. '_._: . .' 4.-5' 

: 5,68 .... 
•. ,. (1. 0_7) . 

.:;·.·4-.·o :· 
. ,.· ... 2~9 .· .. -· 

' 3~9 : 
2.·1 

,. . .. 3~4: . . '.• 

' . ';.· ,, J: 

3.26'• .. · '' 
;-,~.·-35}.' 

' 6;3 
6.3 
4.1. ·. ' .. 

. 4.9 ' 
. '4-. 3 

5.:18 
··(O. 48) 

' i. 7-
o.s··­

-1. 5 ... 
1.2- _ . 

1,18 
·< .31}. '.' 

.• 45. 
.Ao 

1.:6o 
1\t:)so· 
·:z~oo . 

'0.99' 
( !- 33) 

1.6 
1.5 
2 •. ~' 

. 1~0 . 

. o.·s · 

. 1~54 
(0 i 34) 

~ 
.w 
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_ nil). but were. sigt;if-.~~~n,~ly ·low~r:j~~~ri ,~~-?;c.e~t~atJotts ··iri wom,en. aft_er ovu1a­

. tid~ and,;: c~;·p~:s. :lut~b~~ .form~tig~ . (0,'~-0S,fL ·~{· b ~~-oll :-rig'/~1) ·~ -_,:·Since. the:. above· .. 
. _· .. ._:~.. ; -. __ _:; -~.- ._. ',." .. - !}:-_~~:· '_.·. :~_- ... _ .- _· ·.-· .• :,_; :. -;~,: • . : '; -·~ ,. - ·_:: . :, :_· __ .• :;- :,- ._. . •. _- :: -

con~ent;:ratiqns ~re ·.quite simil~r · ~6: the : c:·f.1:ed. -level_s -~ep_q~_ted. ±~· 'l,iterat~re·: · 

(Table: !x)_,.· .. it:~~~,, f~tt ·:that· the ~~~hniq~e>::d~vel~ped<:£·o~·-mii1.tiple. st~+oid- · · ·. 
·.- - ' ' ·. ' ·- •'. .· .. - . ' 

.... -.-:· 

... :. +adioimm:uno,ass.ay: 'Yl:e:e: ;-accurate ···:irt ~ addit;ion.::;tc), being . I>recise,-~·-- ~en~itive .. 
·- -- \ --~ :. 

and repr~dti.ci~le~· 

F~ HORMONAL ''STUDIES· tN ·THE HUMAN .. _)'EMALE WITH. PHYSICAL- AND ·BIOCHEMICAL·: 

. :SYMI'TOMS. INDI.CATIVE · ·OF EXCES'S:J:VE ·ANDROGEN ·PRODUCTION 
. . ~ . . 

. . 

goal- o;E ga·i~ing ·more_ insight -in~o: ~P~-eviously-··e_stab:J.ished. ~ndr~geri ··induced · . 
. : - . . ~ . 

alterations in the .. J;"eprod':lct:ive -axis. of the: f¢male rat: as well: as those. 
. . - -
··. . . - ': 

··documented i~ 'the- hu~an'. ·f_e~~le.' _ Althotigh·many··· st~dies ·);lave :b~en r~pprtec,i 

which- de;:Llt with corj-.centrations. o;f·::~iari<?us··. hormones .·_in 'human. female~_ haying 

. ovulatory.: f~iltire ass9ciated ~it~, :.exc~~s.ive: aridrogert produ_ction,'. few in-. 

ve!ltigators haye quanti::l'ied ·a full speCtrum of sex ste'i~ids (e.g., llndro- . 
. . 

gen-s, prog_estins artd -~sttogens) :Ln.· such· patients. ·. T~ af.f.~_rd ~ ·mo~.e .co~]_)ie~~-

urtders·tandi~g .. of. t:he r'epr.odtict:i,ve disorders ·in these ~patients such stu,die·s_. · 

were: carr:he(;l ·o~t-~,. · Ser:um .:·ley~ls .of·. ~ex steroids _in anci~cigen:f·ze~- humart -. £~-- · .. 

. males -~ay :·then· serv~ "as- an established .basis .tq which s .. ttidfes. in the D!lA: . 

t;:re~ted fem~le · ·ar¢ -. ~oni.par~d-• 

.Sen;um. st.er~i.d:s".wet~-:~qu~~ti~i¢d · by .. mul~ipl~ st:eroid ·-radio-immunp~:u:~s:ay_~ 

te~hniq~es: .in ·13 untre·a~ec;l .pa:tie~~s exhfh~t,i~g symptp~s··.:co~ensurate -with' 

the_ diaffi1osis : o( p9ly:cystfc ova~i~n disease. 
. . . . 

Th¢ results .:_of this s tud.y . -are. 
' - .··. -.. ' .. 

comp~red 'to_' seruTil' s_teroid concent~'ati6ns .. of normaily 'cycl:i;~g ad~lt women' .. 

_ i:p, F:Lg¥re: 6~ · Concentr~ti(n:is .·of p~ogest~r'one ~n. the .. hirsute,. po(y.cysti.c .. : . 
• - • ·•• ;- .• - . • ,i. .-. - - ' 
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Table IX. Continued 

STEROID CONCENTRATIONS .AND_ (REFERENCES) ng/ml ± S.D. 
SU:l3JECT 

17-hydroxyproges terone· Estradiol-17(3 

Males 0.9 ± .3 (12) .024 ± .007 (15). 

1. o_ , ' (13) .028 ± ·.009 (16) 

1.2 ± .6 ,(14) ---
Females .42 ± .20 (12) .065 ± .• 014 (15) 

F* .30 (13) .069 ± ·.056 (16) 

.40 ± .2 (14)' .037 ± .010 (17) 

1.7 ± .s (12) .137 ± .036 (15) 

L** 1.3 (13) .099 ± .054 (16) 

1.;3 ± .6 (14) ~-4~ 

REFERENCES: 

12. Strott, C.A. and Lipsett, M.B., 1968; 13. Stone, S., et al., 1971; 
1972_; 15. Korenman,. S.G., et al., 1969; 16. Eminent, Y., et al., 1971,; 
18. Abraham, ·G.E._, et al., 197_1; 19. Cargille, C.M., et al. ,l969; 20 .. 

Progesterone 

.23 ± .06 (18) 

.12 ± · .. 04' (19) 

• 28 ± .. 15 (20) 

~54 ± ·.10 (18)-

.32 ~ .51 (19) 

.so ± .34 (20) 

8.6 ± 4.7 (18) 

5.8 - 10.3 (19) 

13.1 ± 3.6 (20) 

14. Youssefnejadian, E., et al., 
17. Dupon,- C., et al., 1973;­
West, C.D. ~ et ·al.-,-1973. 

F*_ Indicates samples obtained during the early fol~icular phase of the menstrual cycle (days 1-10). 

· L*~ Indicates ·samples obtained during the luteal phase of t~e menstrual cycle (days 16-28)" 
0'\ 
0'\ 



· _ Figure 6. Peripheral Seruni Levels of· Steroid Hormones in Hirsute_ Women 
. with Polycystic· Ovarian Disease arid in-·Normal, Adult Women 

·Peripheral blood samp~es were obtained between 8 and 12 AM 
from 10 healthy, normally menstruating women and 13 untreated 
hirsute patients. in whom a diagnosis of polycystic ovarian 
disease had been.made. Steroid concentrations were quantified 
by radioinl111.Unoassay following extraction. _of 1,. 0 ml: $eruni 
samples and'isolation of steroid ,fractions using.celite 
column chromatography . techniques described .. earlier. · Steroid 
concentrations are expressed as t-he mean.± S.E. of 10 (normal 
women). and 13 (hirsute women) determinations. 
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. . - ' . . . ~ 

cycle.'. Prog'ester.one ·level~:· in SU:Ch pati~nt~' were',' how:~ver' ~o:t at :great as 

levels foun¢1. during ·-the luteal': phase · i~L_nqrnial:· women·. A· s-imi1ar sign:i,.ficant . ' •. ' :. . 

. diff_erC?nCe (p- < _0.01) ·:was note9, .v1ftp ·respect' to -se~um·lev~ls of 17_.;.._hydro'xy-. 

. proges·tero.ne · :i.il hirsute women ·when> compared .to levels during the foll:f_.'cular 

·phase of normal' women. There wa,s. no· ·difference between concentrations ·of· 
. . -·~ . '; 

.- .-· •. -- -

. 17-hy~roxyprogestero,ne ·-in hirsut~ or ~~rmal _ luteai _ ph,ase .femal~$·~ .. WhE7n. · 

compared to_ average 'serum COD:~~ntr~tiOns 'of: ~ndrogens t;:hroug_hout ·_the men-::.· 
' ' ' r ' • J r • • • • ' 

·.' 
. ' ·:.: ' .. ' . 

. strual_.cycl(; in ·.nomal women, levels- of 501,'-:cliJ=lydrot~stoste_rone·, testos·t~rone, 

androstenedione,-.· an.d DHA were signif~cantly elevated·_ (~ < O.Ql)" .in. ,_hirsute 

women.. Estr~d:f_ol-17S. concentratio~s; ·tQ,ough ~ievated,, were ·not si'gn:ificantly ,:. · 

higper _in hirsu:te cwomen t-han normal'. cycling' females. 

In ·most_ of th-~se :hir$ute · pai:i.~nts, .sertini gon~dotrop:i.n~ were low., -a~ ;,or 

below -·the sensitivity- of both·. the· hu~an· FSH· an~· ~H: ra¢l~(:)i~u~oa~s-.:~ys •. 

.. Similar stU,dies ·were·. condtict~d in a~ mo.re .lim:i.ted n.umber -~f .~everely 
- . . ,; . 

. - . . 

masculiniz-ed human! females ~ith' ovarian :tulnors: ·(n ~ 2)_ and .congenital ;;tdrenal 
', ' -. .. ',··. :: ' ' . . . . . ; . .. 

hype.rplasi~: (C~l)·: (n .= .1) •. Resuit·s obtained f:.;-om._thes_e eval1,1ations are· 

-~hown in T~ble X. +n ·the_.first __ pati.'ent, ·wl1o :was···onty 13 months old, --~~e 
' . - . . 

· most nota,ble finding wa~- se-~um lev~ls of· testosterone ·-which -~ere:nhigher~ ·: · 

than those foun9, ·in most normal ~dult females.·.· ·Conc~ntr_ations of:· st~ioids 

in .infant~- are ·lcirg·e·~y undocumented, however androge~ levels ,·are genera.;Lly 
' ( ~ 

quite low. • Concentrations· of. all.:st_eroJds were elevat'eQ, .i~ th(; second·· 

patient: (18 months·. of c1ige) ·who. _was diagnosed· as ·hav;i.ng ·the ll:S-hyqroxylase 

9,eficiency form pf congenit~l· a:dteri~l hyperplas·ia~ Serum ·conc~ntr'ations 'of 
' ' 

progesterone'· 17~hydroxjprog-esterone; .. ~ndrost~nedione, t~_stosterone and· -5'~-

dihydrotestoste:tone _wlar~ sigrtificantly highe~ {p < 0.01) ·in.·_this -child. than 

·,: 

. . ~. 



Table X. Concentrations of Serum Steroids in Severely Masculinized Patients Having Ovarian Tumors or 
C,ongenital Adrenal Hyperplasia 

PATIENT DIAGNOSIS 

1. Ovarian Tumor 
( un~lassified) 

2. C. A. H. 

3. Ovar::Lan ·Adrenal 
Rest Tumor, 

3 •. Ovarian Adrenal 
Rest Tumor 

3. Ovarian Adrenal 
Rest Tumor 

3 •. Ovarian Adrenal 
Rest Tumor 

TREATMENT 

none 

none 

.none 

Dexame.bha-
sone 

1 day post-. 
operative 

4 days. post-
opera~ive 

· Estra­
diol 

.094. 

.034-

.032. 

.022 

.029 

$~TEROiD CONCENTRATIONS (ng/ml serum) 

Proges..:. 
terone 

-------

2~-37. 

3.9 

3~1 

0.5* 

o._2* 

17-hydroxy­
progesterone 

0.7 

5.20 

3.6 

3.5 .. 

0.9* 

0.6* 

DHA A 

0.1 0.3 

3.2 3 .. 6 

5.T 8-:2 

2.-0 10 .. 0 

9.4 2.2* 

7.9 0.7* 

Testos­
terone 

0.30 

0.73 

3.0 

3.5 

0.7* 

0.5* 

DHT 

.154 

.550· 

.700 

~272* 

* Ip.dicates a significant ~ecrease in·serum steroids ·in patient /13 following surgical extirpati9n·of the. 
ovarian tumor (p < 0.01)~ 

-....! 
0 
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$erum ·levels of :.the~e .hdrmones in art adult f~male~· .· In the- third patient, .. 
.. . 

·who had seco~dary am~norrhea ·.of 15· 1llpnths. duJ::ation associated with. an ad~·· 
' ·, 

rerial re$t tumor '(or ·lipoid cell)-- of· ·the· ovary, levels· qf J.}-hydroxyproges-· 
• ' L ' • ' • • "• ' •,'' 

"\ 

. terone, androstenedione; 1;:e$tosteroP.~· and. dihydrotestosterone we-re signi-:-
.. ·, • • • • • • • - l • 

ficantly higher (p, < 0. 01) ·tha~ co~centrations of' .these· ste1:6ids ·in0normal 

. women. · Progef?terone. concen~rations ·were ·:h::i,ghe~ thap levels ._during ·the 

foll:Lc11lar · phas~ of no~ ..:omen,· but were 110t above the .normal r~mge of. 

valu~s for womeD: in the lu.teal··phase·: ()f the' .. menst7ual ~ycle. · Serum levels 

of DHA were. p.o·rmal in·· th~s· patient whil~ ·estradiol concentrations ·were sub­

no,rmal. No decrease. in th_e :mar];Ced1y elevated. st~roids ·in ··this pati~nt were 

. detec.ted ·during· ~dr~naf suppre.ssio~ (2 mg ·of dexamethasone/6 hou:rEr x 3 

d~y;:;) ~ Folio~ing surgicaL re1lloyal of.. the .. ovarian., ·tutrio~, s~rum level~ o£ .tJ::le · 

eleva:t:ed androgens .as. we·11. as .progesteron~{ and ·17~hydr.o~YP.~ogeate~one were 
v 

decreased~ · Serum FSH ·and L,H, .w4ich ~~r.e .~or:!-ically. suppre_saed prioi .to 

surgery, in~rease~ in the .immediate ··pos~..:..operative :period and the· patient· 

·. resume.d reg11tar, ovu.latqry ·~enstrual ~ycles within two mC?nths afte·r ·surg~-ry!: 

.!: G. STUDIES DURING THE NATURAL ONSET OF. PUBE~TY.. IN- :FEMALE- RATS 

The· onset of pul?erty ·in iinmature ·female rats is . not a · syn~hronizeq · 
. . -. : . . .. 

event· and ·therefore·· 9~es, -n~t · oc~ur. at a ·specif.ic c:1ge . for a.ll a:nim~ls within.·. 
'e' ' ., • .' • • 

Cln e~pet.imental group.~.· Be~ause of. the· norma+ he.t.er?geneity which; ·exists_. 
. . . . -. _· .. ' 

among· experi:mentaL· ~imal~; qiscrete bioche~ical B.lld· m,qrph6logical ch~ges 
: • I , ' ' ' ' • • ' ~ •, , . ' ,' • ' ' ; ' ' . • . • . 

are difficult to docu"Ptent in relation t6 peripubert~l development;.~ Simila~ 
'. ..,· . . . . . ' . . -. ' .. 

. -difficult;ie~: are :a,l.~o en~ounte~ed- v~hen .. th~ estrous ~yc;=.le '.of .. the ·adult. female · 
·. - . . . ' ' ' . ' ' ·: ~-· ·.. . : •. . ·. : . ... -. . : . . ' . . . - - -. . . - ' - . ~. . ' 

rat is .S·tud:ied··~ althbugh the. p.roblems ;··ar~-: Jess profound. ~Y, longitudin~l · 

study in untreate~. immatu~e. f~mal.e·, ra:ts wtt~ch attempts, to. ,(!haracterize. 
' . . . . - ' ~ ·: . ,· ~ : . . ' . ' . , . - ' ~ . . : ' ~ . ·-· 

the onset of- natural puberty must;. thetefrire, ·b~· vie'toieci with normal varia-
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Rather .than 'try·· t6.- mal': out ~pecific acute: honnoil;al· c:hanges -in· a group 

of maturing ;:female :rats.,. · this inv.estigatio1;1· was· undertaken· -in ·order to de.;.;. .. 

term~nf:l ·if.· a· pattern o.f c~an-ge oc~ured •. Blood ste.roi~ .. lev:ei~, cyto~ol _es­

tradiol re.cep-tor.s, :oyari·&l ·and ._ut~rine we_i~h~~~- of_ .:untreated _female rats · · 

from 28-29 days of' ag~ were evaluated. A.+teration~ .in .·the'se experim~~tal' 
I .. -_. . . 

. . I 

' par~eter~ w~re the~ ,_rel~ted _.to _t;he _ons~at '0~ puberty' ~s :-evidenced 'by --~he: -. 

occurance ~~ ·;v~gi~a:I ope~~ng a~~- ovulatiqn ·in· yo~ng.; ,untreated ~~:ntale ·.rats. 
' ·. ' . f ' . ·. ''· '. _· : . . ... · i . . ·.· 

, In --addition·, -~the .pattern· of chan_ge, if any,.-·could.· then be compa~ed to· th~~ · 
. . - ' . . . '. . . . ' •. 

-f 

observed dtir~ng _-the·· :synchroniz~d·· induction- -of· puberty fo.lJowit;lg P}fSG or 

· D¥ plus .PMS4 .t:t:eatment in: i.mmature.· female, rats . (Experiments 1-3, . 5 ·_and -7) :. 
1,· 

. I . . . 

ovula~ion,· :·v~ginal Cytoaogy 
. . . -

_.,Ova ·were. first. detected ;in untreated. f~ma~e . ra.ts at · 36 d~ys . of ag~ 

(n = .2/6.) •. 1\lt:h~ugb. ev;i:de~ce o"f ovulati_on -(ova .and/ or ·. co~pbra lut~a) was 
:1· ·. \.' . . ·:' ' . .· ·-~-· .· 
•l 

foup.d. in' mos4:.' animals sacr~fi_ced ·on. days 37..;..39' a ·few aninia.l,J3' showed. ri.o 
I· . 

I.· 

eviqence · o_f impending ()r .prior -oVti1a~l.ort .:at these·. times,. ·-A ~illl:ilar_ as~~; 

\ 

ch:r_ony·was. nofed ~i~~- respect t¢ vaginal opening; 80% ·of. the rats sacr_if:i,GC?d · 

at 36 days of ag~ .,ha:d open v~gin~e (100%' closed' at 3.5. 4ays 'of -~ge). whil_~ :. ,,­

spme, r~t~ ·stil~ .h:~d_.clo~_ed-:vag:i,na~ as late· a~ 39 ·Aays of age. 0~ --each ·_~ay· · 

. of sacrifice,. aft_~r. ·vagi~a;t.. pat;en~y; f.~male .. rats ,had' varied. vaginal_ c~tolqgy. 
' .·· .. · · .. 

. rangin~. fr_om pure estrtlS- (all Celis ·= 'cornified e~ithel:i,al) to· 'those_ i;n 

-_which .a_ mi~tur~ of ¢.Pi:thel~al, le~coc~te_s and nucleated 'cells were fo-und. 

·ovc?-rian and· Uterine W~ights., 

·.· Changes · ::t.li · ov(i:tii:!n and uter.ink ;:weights . in· these control femaie-·_ rats-
' . 

(28~3?. ~ays ._of age) ~a:rf:l:shown · iri. ':£able XT~_ ~ ·.Nc> ·s,i,griificant-'daily: ch~nges 
_. -~ 

in 6\Tarian -~-~l.gh.~ were det·~.cted. from 28~33 'd~ys of·._'age~. Signifi_a·ant in~ 

- : ... : 



. Table XI~ 

Age At 

Sacrifice 

28 AM 

30··AM 

32·AM 

33 AM 

35 AM 

).;:,•36 .AM 

37 AM 

39 AM 

Ovarian. and. ·uterine Weights· During Sexual Maturation 'in 
Untreated ~emale Ratsl 

mg/100 g B.W. 
mean ± S~E. 

. Ovarian Weight 

·-

26.1 ± 1.8 

28.9 ± 1.-2 

26.5 ·± 2.4 

25.5 ± 1.4 

32.7 ± 2.2* 

39.1 "±· 2.,-1*. 

30.5 ± 2.tl· 

30.1 ·± 2.7 

Uterine. Weight 

81.4 ± 5.2 . 

93.8 ± 9.6 

124.1 ± 24.3 

114.4 ± 23.3 

148~7 :!; 16. 8* . 

123.9 ± 7.7 

128.0 ± 14.5 

123.3 ± 7. i . 

1 Indic.ates n = 6. animals/day. 

73 

* Indicates·organ weights are signific.antly higher (p < 0.01) than those 
J?ri<:?r to.32'days_of age~ 



crea~es· (p < .. _ 0. 01) did occur at 35. ail,d: 36·: days· o~ age;·. ovarian weig~ts were 

howeve-r reduced. on days 37. ·ancr 3·8~: A ·sigrtfficant·_.:increa~e- ·.(p _·< 0.0-~) in·· 

uterine weight occured at 35 days of age, o_ne ·day pefore· ·the· ·first ovula-
, I .J 

tiotis··:were detected.. No statistically s;ignfficant daily changes in uter­

. ine.-"tVeight were nq.ted during the interval .. of 35..:.jg days .. of age •. Uteri of 

these an:imal$ w~r~, however sigri~ficantly :heavier ... (P < 0. 01). than those · 

.·sacrificed p·rior .-to _32 d_ays of age.· 

-Serum Steroid Concentration~ 
. . 

· Peripher~ concent;rations of steroid hormones·. in· these· animals<:~;:Ei··~ 

·shown in Table· XII. Th:r:.ee serum pools. per day ··(two __ ~niiD:al_s(,pool) were . 
' • . .. ' ' - .~ • ' ' I' • 

assayed ·by multiple steroid· radioimmunoass_ay. tech.niques describ~d' earlier. 

No ·significant,,alterations- in ·_any steroid JrJas- noted". pri~r to 33 days ·of 
. . . . ' ' . . ' ' . ~· . : . . - . . 

. . . 

ag~-~ Estradiol concentrat~ons increased_ at 33 days of age and -then increased 

further at 35 days of age, .levels. at both times·_ be:~ng sign:!-ficantly higher 

thatt· that observed at 32 days of age · (p .< ·_o ~ 01~:•- The increased serum con-

centrations of estrac;liol whic:;h occured. at-~3 an.d 35. days of ~age coincided 

well ~ith_ the increment _in uterine weight .observe_d ·at 35 ~ays of age· (~aple 
.. . . 

XII). ·N9?:'further increase· itl. se~um: estradiol occured from :35 to 37" days· of 

age. Pro&esterone levels _ranged· from: 1.-·8 to 4_. 7 ·ng/ml· duri:I_lg the ·period · 

.. of 28-33 days of: age; no· statis·~~cally sign:ificant. differences were noted 
. . . 

fr6m··day to day at this time. At 35 and 3.6 .days of .age, ~ignificant in-

creas~·s in p-r9gester~ne: concentrations were noted. (p <-·0.·01 as -c~mpared 
. . 

to levels a-t 32 days of age) which coinc-!i:d.ed with- the initial increases .in 

ovarian weight ·at 35 Aays·of age and presence~~ ovarian corpora· lqtea by 

36 days of. ·age, Serum levels of 1}-hydrox)rprogeste.rone were also fairly 

tonic· from 28 ·to 33 days of age and. ~hen ·increas·ed at 35 and 36 days .'of 



Table XII.- Serum Concentrations of Steroid Hormones Before and During the.Onset·of Puberty in Untreated 
Female Rats 1 ··· · · 

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

Age at 
Sacri~. Estradiol Progesterone· 17-hydroxy- Testos- .Androstene- DHT DHA 
fice progesterone terone dione 

28 AM • 012 ± :· .• 0.07 4.2 ± 2.5 .76 ± .2,3 .051 ± ·.003 .18 ± • 04- .050 ± .024 1~ 86 ± ~·. 81 

30 AM .018 ± .009 2. 6 ± 1.-5 .40 ± .07 . .. 144 ± .053 .• 24 ± .05 .029 ± oOQ6 1.06 ± o25 
~ 

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 AM .044 ± .016* 11.1 ± 1.2* 1.16 ± .29 .135 ± .052 .77 ± .28* • 103 ± .,(j)l8* 1.73 ± 1.42 . 

39 AM .027 ± .009* 14.8 ± 1.5* 1.66 ± .29 .082 ± .052 ~ 88 ± • 09* .091 ± .021 ·o. 66 ± .07 

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

*Indicates that·steroid concentrations·are significantly higher (p < 0.01} than concentrations at 32 days 
of age; 

-.....!;, 
V:t .. 



· .. at: -.37-- and· 39· .days-· of age. than _day ~36 but- ·were s-till higher_ th~n preovula~ 

tory con(.!entrations 'at· 3.3. days· of age~ · 
. . . ' . ' . 

· · Perip~erar conc~ritr.at~ons· of.- testost~rone an4. 'androstenedi9ile· were 

similarly iow. at: :_28_-33: day~ -of age but. serum lev.els c()f. both 'steroids in~ 

creas~d ·at 35 and 36 qays_. .of age~ Tef3tosterone levels then declined -at. 37 

and 39 days· of a~e ~-b~t --androstenedione'_... levels remai~ed significantly higher-·.· 

· (p < 0. 01) than. concen tra,tions, at J3 days.·.of age . or _earlier. ~erum dihY.-:­

d_r_otestostero_ne _(DHT) lev~l~ w$re h:ighest_.fro~ 36-39:-days: ·o(.age;- no sig­

nificap.t ··daily· changes ·in _-ser:um concentrations· wel;'e_ noted· with respect-to­

this compc;>un~_ •. · · ~H:A _:leyel·~- -in~:fema,~e ··ra~_s-:··- f:o~n,28~3~- d_ay~: qf. age Q.id riot,· 
. ~ ' . . -

app~_~r .to fluctuate. a· gr~~t · d~al and due·:t·o--the rather .large da~ly varia-:-· 
. -

tion, ;·no statist;:i~ally -.si.gnifi:cant -: change·s: 3W~re. esta~_lished ~ _ In general, · 
·.'. 

levels of· these steroid hormones were higher·. f:r~m _35...:.39 da:ys. of: c;t.ge (when'. 
' ·,_:. 

ovul-atio-ns· and ovarian .:corpora ·iutea· ·were ~ppal:'ent)' than.-. cor-resp~nding con..__ 
'" . ' .. . . . 

- cent rations in ):he· yet- innnattire- female- rats. sacrificed- from -28:-33 · days ·of·· 

age. · 

_ CytosoL Estradiol- Re-ceptors· 

Cyt9sol estr-adiol recepto~ _.concentrations· of .. the -an-terio-r pituitary 

and hypothala~us--are_ dep_:i.c'ted :in~abTe XIII. The binding-capacity-of both-, . 
. I 

. . . . . ' . -

tissues ·was found to. -be ·high ~d ·:·con~ tap t'.: at 28, ·- 30 and._ 32 days. of . _age.· - A-

signi£icant de-creasE;! · __ {p < o·.-ol)- iii,· re(!ep.tor content- of- both -the· anterior 

pituita+y :and hyp·o.:thala.nius 'o~~ured -~~ ·33 .days ot-' age, when- estr'adiol .levels. 

. in serum had increased. 
-. 

Re-ceptol:' levc;:ls of both 'tissues then· ·remained at: a· 
. - ~ ' . -

lower levei ·from 3!)-~9 ;days, of age~ Si'nce the day pf estrus did not ~ccur · ·. 
- . - -

on a·specific.day.for;all a.n,imal~;- a ¢lramat:ic depletion:""replenishment; cycle 
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Table XIII. Cytosol Estradiol Receptor: Levels· of .the Anterior Pituitary 
and""~.Hypothalamus _During· SexuaL Maturation in Untreated Female 
Rats 1 . -

Sp'ecific Bound moles 3H-estr.adiol/mg cytosol protein 
Age at· mean ± S .E. 

Sacrifice 
Pituitary x 10-14 Hypothalamus x 10-15 · 

28 AM 15.1 ± 0.2 8.1 ± Oo3 

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 ± OG2* 

39 AM 7.4 ± 0.6* 5.4 ± 0.1* 

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

* Indicates that receptor levels are signi.ficantly lower (p < 0. 01) than 
that of -animals sacrificed at 32 days of age or earlier. 
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_ tn ·receptor·. 1e;V;els a~sociat~d with· o-vUlation was· not detected.-- in . these ·: 
- . . '! .. :-· ~· ) . ~·~ .· 

studies:.· -, 

..... _;.: -.'. 

H~ EFFECTs-· OF PMS~G:- TREATMENT -lN- THE· rMMArtuRE· -FEMALE RAT 

The. norm.al:- onset . of puberty, iri; .the tenia!~ rat does- no 'I; occur ·a,t· a · 

precise age but·--~rather may· occur over a range of day_s ~ · . Becl;l,us~ ~f this im­

precision, significant- changes related to> ovulat~on in the pubertal rat:-. 

are difficult- to do-cument.· · The PMSG-.priined immature female was. thus studied 

in detail tri order to cleaily def;ine charige$ in blOo~ steroids, gimadotro- , 
. ; .. · . - -

pins ·and ·-cyt.oso~ e~_tradiol· .rec~ptdrs:>which -i:n:·e 'ass,ociated' with_ the synchrori- ·. 

ized induction of preGoc'ious ·ovulation·. D.~t.a, .obtained in. this investig~-::-· 
' . ·. . .· . ' - .. 

tion would serve as a." bas~s . f~r-- compariSOD: .. to- the precocioq.s. puberty assoc-· 

.iated with the -;;idministrati;on ·of. I:mA.: .: 
· ... , 

Ovulation, Vaginal Cytology 

.. The- inject.ion of B !U .PMSG to. 30 day old femal~. rats re-sulted .:Lri _pre..:. 

cocf~us ·ovtilation on.-.day 33' of ·life :as ·evidenced by the -~r,esence of_ ov:ic:lu."c­

. tal ova ·and .. ovariiu:l.-cor.p~ra lutea." · "In ·the three ·experimeri~-~- in ··which ~~s·G · 

. was ac;lminis·t~red, no <?Va were found _as- _late as 6 PM on. day 32 of lij:e. 
. . . 

Ftirthe~_more, . .q.q~e of the control (vehicle-treated) . animals ·showed -any ev~-: 

dence of ovariap. or. uterip.e stimulB;tion. prior to. day :35·. The· number· of. 

oviductal ·ova det~ct~d: (af'ter. PMSG) ._.were fairly consistant among :thes'e. 

exp-eriments;_ , ·Experiin~nt ·/12 . ~. 8 ~va· ,per animal;: Exp~rimen~ · 115- - _. 6. 6 ova· per 

.animal~ -Expe~~ent ·tf.i<~- .11 ova ·per· animal• · In ·adqition; ·t4e maJority of 

PMScr-treated rats ·had open vag_inae o-p. the 1norriing ··of -~ay· 3_3 (only ·:one_ .rat_-
··.:. 

had. vaginal openip.g prio~ to this .time); all 4isplayed ·.typical estrus type 

vaginal sm~~r.s consis~ing prim,~rily· ()f cornifi~d epJtheli~l .cells •. 
. ' 

·E."ollowing: est~us. at day 33, . th¢ PMSQ-tre~ted· .rats appar~ntly·_ began 
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_7Q 
·:.: ·: ·. ·, 

. · usual~y. ·comp.oskd·· pf ·;leuco·cytes, · ·in"cli·cat:i.ri.g .:vaginal (:l:ies trus. Nucle-ated 
0 • • • 0\ •·• 0 • 

c_ells: we~e··_ the prin-ciple .c~etl· ~YP~:: .f~un·d on d·~y .36, ·indicating that· the 
.• . 

. rats weJ::e ~~ the proestrus .. stage: qf: .the estrous .. (!Y,C~e •. _- 'Day-37" -W~I3- c4·ai~. : 

act·erized mainly .by·e~tit~:s. type smea~s ~:again ._(4 days 
0 

after_.the i~~tial :' 

... -_:~vulation). .. Ova·: we_te however ·not> tound·In. «;ill' a~i.mals ·sacrificed"--at··ibis. 
. ·_. ' __ : . . . . . ·-.. 

_ time~. As· o~{14:$i!Y~ :.34 · ~nd. 35 ,_-~he -1Ilaj6rity> o~f' ra~~s ag_ain )u~d. diestrus . type· 

. :smea+s on days 38 and·-~9 ot li_fe~.:· 

' ~ . ,•, ', . 

~he effects ·of· PMSG administrat;i.ori on·· qvariat1 w~ight ·are . summar_i·z_ed· 

in· Ta;ble · -XiV.: . A corisis.tant. fip.ding. in tJ:?.e'se exper,ime~ts. ~a~:-:.tl1~t,. ovar.~a,n 
. · ... ··'. . . 

w.eight- fncrea~ed significa,ntl)r · (p -~ (). 01) .-·by- the AM oil ·-d~y 31;~ 24 .hours··. 

after. -PMSG ·tre~tmerit but d:Ld. no·t .·increase· :further _-'until· the PM of:· c:iB:y 32 •· · 
~ - - . ' ' ·. ~ ~ ' . .· . ' . . . . . ', . . . . . - '· . .' " .· ~ ... 

·_The highest·· weights were usualiy·'~rec~tded:on. d~y~ 33 (est·rtis). -~n-~ · 34. · .. -fn _ · 
' '• 

the one· group which was studied through·a· second .estrus cycle,~- second. 

i~crE!aS~ . in ovarian weight . was noted' on .day. 3 7 ·.· ( e!l~l1U~) ~ 
·-.'.: 

Uterine Weights 

. ·_9hang~s .in uter,frie _w~i'ght aft·er- -PMS~. :t}?:·e,rapy ·-·are· ·shown :·'in· Table Xv ~ · .. 

_ Ute~_ine weights ·we.re. elevate_d within. 8 ·-hours··. affer PMSG acl~ninistra~ioP: · 

however sig~~fi.c~nt-.' increases· .we:.:.~-- not.-n,ot~;~.: until tlle AM_ of -d:ay 3!.- .: U~~p~ 

ine ·weights _·.ros.e_ p~ogressiv~li fo11owing-'Pi;Is~:t~eatment and ·reac"Q~d peak· : 
~ ... ~ :' 

. ·'. 

values ori .th¢.mor!iing 'of day' 32·.-~·-· on the.·:~~y ;·of·. ~strus (3:3). uterine weights-
. ·,. ·: ::_ . ... -. . . ' . 

decr~ased . and . were· 'towered _.fu:rther ··on: day' . 304. ~ A. second ·increase :in·: ute_.rine· 
. .. - . . 

. .. . . · .. - : . 

(estru~) ~ •. Ut~r'i~e. 'and. pvari'an ·we~&hts·. of ~·ontro~·.'_:·~mimals.·were -not sig~LE.i~_ 

0 cantly higher on day 0 33 0 than' in .. the:, PMS~tr~ated rats on the :mo~ing: ?£.· 0 • 0 

·._. 



80 

Table XIV. Changes in .. Ovarian. ·Wei·ght 1 · Following'. Treatment of Immature 
Female. Rats.With· 8 IU PMSG or Saline at 10 .Am, 30 Days of Age 

Ovarian Weights (mg/100 g B.W~. Group Mean 
Age· at 

Sacrifice Experiment 112 Experiment 115 Experiment 117 

30 AM2 25.9 ± 0.7 26.9 ± 1.9 

30 PM 34.5 ± 1.8* . 32.3· ± 2.6* 

31 AM 42~1 ± 3.3* 40.6 ± 2.2* 

31 PM 40.4 ± ·2.4* 

32 AM 41.8 ± 2.2* 39.3 "±. 3el* 

32 PM 49.2 ·± 3.6* 32.9 ± 2.8* 52.2 ± 3.~* 

33 AM 53.6 ± 2.9* 56.-3 ± 4.7* 

33 PM 50~7 ± Z.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 ± 311?4* 

1 n = 6-7 animals per experimental gr.oup ·for each sacrifice. 

2 Ovaries were obtained from saline-treated rats. 

±· ·s. E •. 

Experiment 117 
(Controls) 2 

27.2 ± 1.3 

25e0 ± 0.5 

31.4 ± 1.0 

26.8 ± 0.9 

31.6 ± 1.0 

26.3 ± 2.0 

* Ovarian weights of PMSG~primed rats are significantly higher than vehicle­
treated controls (p < 0.01) within· the same experiment.· 



Table XV. Changes in.Uterine·Weight 1·Following Treatment of Immature 
Female .Rats with 8 IU PMSG or· Saline at 10·AM, 30 Days ·of Age 

Uterine 'Weight$· (mg/100 g B.W$} Group Mean± S.E., 
Age at 

81 

Sacrifice Experiment #2. Experiment #5 Experiment 117 Experiment 117 
(Controls) 2 

30 PJ# 81.8 ± 10.9· 56.9 ± 3.9 71,7 ::t 3.9 

30 PM 103~6 ± 10.8 9le 9 ±. 18.1'/c 

31 AM 110.1 ± 11.9* 137.8 ± 7.9* 

31 PM 148.2 ± 15. 9* ' 

32 AM 197.2 ± 8.3* 193.2 ± 18.4* 

32 PM 212.9 ± 10.1* 200.6 ± 7.0* 212.0 ± 8.3* 

33 AM 160.9 ± 13.7* 169.9 ± 11.6* 

33 PM 189.9 ± 9.2* 

34 AM 123.9 ± 8.9* 

35 AM 130.9 ± 4.,7* 

36 AM 174.3 ± 8.1* 

37 AM 144.9 ±' 13.6* 

38 AM 125.1 ± 5 .. 4* 

1 n = 6-7 ~imals per experimental group for each sacrifice •. 

2 Uteri·were obtained from saline-treated control rats. 

78~5 ± 5.9 

78.4 ± 5.4 

91.-9 ± 8.3 

78.0 ± 6.5 

73,9 ± 10.7 

*Uterine weights of. these PMSG-prim:ed rats. are significantly (p < 0.-01) 
higher than saline-treated controls within the same experiment. 
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da:y .. '30 • .-

Blood ·Steroids · .. 

The. ac1min:i.s·erat~on ·of' 8 I'£!· PM~G fo. 30 _A_ay_ qld _;female rats ·.:caused sig~ 

ni~:i.carit. chang~s :--:tn 'concent~·cit·ions·:.:'of. all ··blood-· ~terbids. measu~ed. · ·_:_Estra-
•• • • • .> • • ' • ... : r • • • ~ • •: ' • • • • • •• ' • - .. \ •• 

diol-l7S levels. (Fig._-7_). rose .. steadiiy .f_~i'iowi~g- PMS(j ari~f rea:ched: pea~ · .. 
; ; .. 

. . -- ' ' - . ' .... · _· . ·_ . . . 

pr_e-inj.ectioz:t level~- or . conceri'!;ratioP,s found in vehicle..;..:treated·,· ~on trols ~- . 

By 6 ;pM (day 32) -~st'radiol...:.i7S levels. ·had hegun··_to fail and were: signifi-
. - . 

cantly depressed {p .< o.of· as compar·ed· to conC:en:trations on.:previbtis days) 

on. the ·morning of day. 33 (~s~r~s') •. 
. . - ' .. . 

. . ' . 

· Aft~r -PMSG -administration,·. serum ·lev~ls of Sa-'4l.hydr6testosterohe 

(Fig• ·7) increase(d.- ·s-lightly. through-·:day 31 but· fell ·on ·the_- AM of ~ay. 37·~ 
. . . ·.·. •, . 

Sa-dihydrotestoste-tone ·level~·-wete. then :inc-r!~ased::~n- the PM' of -·d~Y.-·3~. and· 

declined on ·the morning of day -33 ~ .·: Afte.r P~G treat~en't serum concentra- . 
. . . 

tions or· progesterone and. 17..,.hydro~p~ogesterone (Fig.:_ 8) ·were ·elevated 
. . . '. . •. 

from _.the P.M of· day .-30-<~1: but ··:fe;L~ :9n ··the AM. of day. 32.-. · A ·significant: in-
, . . . . . ' . . . ' 

crease (p <··o. 01) in both steroids .-was· not·ed. at .6 PM on. day· 32.= L~vel$ · · 

of these ste'roids then. declined ori .:'the morn:;i.hg of ··day·. 33. and only p'roges- .. 

terop:e was :increased significantly (p. < 0 .01) on day ·34 (diest;rus) -~ ·.: Con-

cent.l1,ations, of .17~hydroxypr.ogesterqne _--c~.i1.d .progesterone .. in vehicl~-treate4· · 

. rCI.tS showed-' no sign:t;ficant .changes __ from day -30-34~ · 

~an,ges··.in cpncentrations. ·of _dehydroepiandroster'one, .. testosterone. and·. 

· andros tene~ione · following· 8'. IU 13~G· }>r -.saline '·inj ect:t.ons· are.: depict~d in .. 

Figure- 9. Each ro~e;·~ aftet -PMSG,·_·~·on;<the next· mofning (day ·31).. -At ·6· PM-

on. ·day. 32' a: second signif:Lcarit -i~crease~ i~ UHA and .cmd~osten~dione ·was 
• 0 • • ' •• • • • :. •• 

. . 

n.9ted ·:i,.n _ the .. -PMSG..,..vrimed ra:ts; ·testo.steron~ als9 increased. but the cl.Iange 
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. ~igure· 7.. Peripheral· S~rUiri' C~n~entrations · of Estradiol-17S and· 5a-dihydro- · 
tesfos.terone in_ the.· PMSG-Primed. Immature.:Female Rat •. · 

. ·~. ·.. ' 

Female rats were· bled ··by. cardiac puricture under ether anesthesia 
. as a terminal procedure at' th:e· ·indi~_ated -times· from 29 to; 34 days · 
of· age~· 8 IU .PMSG d.,n ~0. 5_ ml.\,_salt11-e -~:r .yehicle ·(controls) was. · 
administered ... S. C.- at· 30 days of age.·· (10 AM)' to ·all· an:Lmals • 

. Steroiqs were:· quantif:J.ed· .. by_ radioimmuiio·assay following extrac­
tipn ·.and chromatography ·.using·:. the 'modified eel~ te column system 
A •. ·. ·ALL ·poin.ts ... repr_es~nt .the mean 'ste'roid '.concen·tra:ti:ons. (± S~E.) 
obtained fro.th · 6-,·to :·.-7 individi!ai' serum· ·samples ·(&1\Q.~. ml e·ach) per 
exp~riniental group for·. ea.ch sacrifice .• · 

. ;; . . . ' 

.·.- .. 

. 83. 
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Figure 8. Peripheral Serum Concentrations of Progesterone and 17-hydroxy­
progesteron:e in the PMSG-Primed Immature Female Rat.· 

For details, see Ftgure 7. 
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Figure 9. Peripheral Serum Concentrations of Androstenedione, Dehydroepian~ 
drosterone and Testosterone in the PMSG-P-rimed Immature· Female 
Rat-: 

For details, see Figure 7o 
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was not s_igni'fican~~ .: :·. 
. . 

.. A sign:i.f.ic~nt . d~erease. in all· .three compoun-ds · occ~red on the ·AM; of . day 

33; n~ne increa$ed sigri.i~i'cant~y ~n ... ·day 34 altho_ugh -~drostenedione: levels 
,- . - . - .. ·. 

were still significantly ·higher than: that· pri_or to PMSG• : Concentrations · 

pf ··DHA ·a11d· te·~to~t_erqnE?: :(d·ay .;33 :FP:' 3~)-·we~~- ~?-~ · di~fe.rent·· from -~_hos·~ levels 
,..:,.··. 

found iri' sal·ine...-treat~d controi8'. ·:' 

Serum. concentration.'s of. these .seven-, s.teroids· ·were ·also slb!J.died from • 
•• • • • • • : j. :'_ -· • • ; • • • ' • ~ - • ', ":. • ~. • • • - • • • 

. . . 

. detected. ·: ,)\.··._gr~at d~ai ~of. 'ra:ri.ation: in vag"inal cytology;· ovarian· and 'liter-. 

:i,.ne weight was fo~n~ :among the . ind:i,.vidual animalf? whpse serum wa~ .· ;;malyzed " . 

and ~igniffcan~_ chan·g~s w~r-~·- diffipU:1t ,_to c=stablish .for. any particular _ _.day~-· 
. . 

The f~:dlure to. obtain .. s~ples ·in·· the -p:M·, ·ef3pecial.~y on· d~y · 36,- may_ .be par-

tially responsi)>lia for this, · A. significant (p <. o,:ol) · in~rease ·in serum 
. . 

est+adiol-1713 was not:~d, how~ve:-r,;. on the· ·AM o( day- 36. (.037 :t: ·.011 ng/ml), · 

(proestrus)· as_. c_o~pared to the AM of -~ay .35. _,012 ±. ·.005 ngh:nl) or ·day. 37 

(~013 ~--.005 ng/~1~~ 

. Seruin Gon-adotropins . ·. 

s·erum level·s of ·gonadotropins, :--<FSH a~ d. LH ,- were also quantified· i~ 

female rats after .the inject:~on :of' 8 IU PMSG or· saline (controls). The 

res.ul.ts 9f -these analyses .are ~hewn _in .. fabi~ XVI~· . _In .'the PMSG-primed rats, 

significant (p < 0 ;01) incre·ases iD:_ · ~e:rum· levels 9£: FSH and LH wE:~e _no.t:ed-

6:0.-·the-_.afternoon··of.day 3Z, 53~57-hours. a(ter treatment. ·Nq ·such inereas~s 

in gonadotropin con:centrations ·were' detected' :Ln vehicle-treated' con,trols •. 

Seru\u:'; LH and FSH .decreased bn:.:estr·u:~-- .(day. 33) . to i"evels ~ot :sigritf:Lc-~tiy 

different- .from· tho~e·of saline-tr~at~d-controls. 

Cytosol Estradipl Receptors. 



Table XVI~ ·Serum Conce.n.trations·of FSH and LH in ,Female Rats.l Following 
Treatment with 8 IU PMSG' ..£!:. Saline at 10 ·AM, 30 Days of Age 

ng/ml of Serum, Group M~an ± S.E. 

.Age at 
LH FSH 

Sacrifice 

90 

PMSG SALINE PMSG SALINE 

30, 11 AM 36.9 ± 9.1 28.5 ± 2.7 

32, 11 AM 31.2 ± 13.5 46.5 

32, 2 PM 349.5 ± 37.9* 86.5 ± 16.9* 

32, 6 PM 459.3 ± 10.0* i32.1 ± 28.9* 

33, 2 PM 47.0 ± 2.9 32.1 ± 6.2 r'· 
:, 

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. 

± 7 .-. 
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Changes brough~ about· in· an-terior pituitary -¢yt~pla~niic. estra~tol-17S 

recepto"J:" concentrations ·by ·PMS-G :a:r·e_.:su~ariz~d.· in._Tal;>~e X;yii.- · Estradiol-

17S ·receptor co~ tent of th~ pituitary was d~screa:sed as .. early. as 8 hours 

after ·PMSG treatmep.t. in. intact female rats.·- In female· rats c·astra·t~d on· 
. . '. . 

the morning of· day 30 ,_. :th~ Jnjectiorf of .PM~G (.Exp; -#7) did not ,cause a 
. . 

- . _.:·. . 

decrease at 6_ PM ·on· day· 30,-. ·in estrad:iol -.re.cepto·r lev:els. ·of the. :anterior 

p~tuitary gland ~9.·2 ± ·o .• 4··.x _10 ... ~ 4 _ .. ~~l~s .3ir~estradiol~l7S b·oun~/mg cytosol 

protein)_. ·The depletion of cyt_osol··estra4·iol-17S binding· cap-acity continued 

on ~ay 31 of age and' r:each~d a n~dir on_ the.: p~. of: day' 32~ ~ day' ·33 (estrus) 
. . . 

. . . 

. a' s:Lgnificant increas·e ·_ (p < 0.01) 'cansist:an:tly occured in. levels ~f cyt~sol 
i • • . 

receptors" . This reple~ishment -~f·.··recept'or binding capac'ity continued on 
#: • .. · , .· - ' .· ·. : I. . ' . 

. . 
. . 

. t~e days of diestrus {34,35) and -B?otper ~ep~e_tion was .noted ·_on day _36:·, · 

{proestrus).· Receptor tevels·of the ·ariterior pittt:itary_were agaip. replen-

ished _on estrus -(day 37). 
' . . 

As ·shown in Table xvitt, hypothalam~c cyt;-9s.61 estrad~ol ;receptor con-

centratioD:s were also dec;reased .·following._ P,MSG--: treatment _of intact ·female 

rats~ Significant. di-f~erences betw~en PMSG and ,saline-treated controls 

~ere noted ·by ·:the' PM of day. 30. PMSG tre·atment .of ova.riectomi~ed rats. 

_(~Xpe· /17) had :no .·e#fect on"cyta·sol __ -I'.ecep:tor COl?-·c~.ntrat:lOll. ·(9.6 ± .·0.-2 X. 

. 10-15 mole~ ·3a;..;·estradiol-17S b~und/~~- cyto~ol.protein}. ·.Progressive decreases 
. ' . . . ' . 

:Ln ·.receptor. bindin_g capacity- in: PMSG-pr:Ltp.ed rats: ·wer.e found i!l· day- 31, with. 
' . . < ' . . '' . ' •' r, -~- ' •• ' ,' • • • ( • • • • • ,. ''j . 

lowest _levels being- ~obtained on ·day· 32. ·:Replenishment of 'hypothalamic 
. ' . 

Nb s_ign_if:i.cant fluctu-

· at ions. in receptor· levels. of. v·ehicle-treated conti"ols were detected ·in these 

§ltud:i,es. 



Table XVII. Cytosol Estradiol~l7S<Receptor .. Levels .in. the ,Anterior 
Pituitary Glandl Following PMSG· .(8 IU) or Saline Treatment 
at 10 AM:,.30.Days_of Age· -

92 

Specific bound moles· 3H-es tr_adiol-1.7 S /mg cytos6l·protein· 
Group Mean ± S.E. x·l0-14 

·Age at 

Sacrifice Experiment·ll2. Experiment 115 Experiment 117 Experiment 117 
(Controls) 

30 AM2 8.2· ± 0.3 10.5 ± 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 4e5 · ± 0,_7* 10.4 ± 0.1 

::·~,·-~~3:4 -~-AM 2.3 ± 0.2* 3.4 ± 0.4* 9.0 ± 0.5 

32 PM 1.9 ± 0~1* 5.9 ± 0.2* 1.3 -r:~....:o~ \1* 
- .-. > •• 12.6 ± 0.5 

33 AM 6.5 ± 0.1* 8.9 ± 0.3* 11.4 ± 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 8.0 ± 0.1 

1 Two different-cytosol aliquots, in duplicate, wer~ ·assayed per experiment~ 
al group for. each sacrifice.' 

2 Recepto.r concentrations were quantified in pituitary 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 XVIII; ... ·. Cy,toscll ··Estradiol-.17!3, Receptor Levels in· the Hypothalamus 1 

·Fallowing PMSG (8'IU} orSaline_-Treatment.at 10 AM, 30 
Days ·of· Age . · 

Specific bound moles 3H-estradiol-17S/mg cytosol protein _ 
Group ·Mean ± s .·E. x lo-15 

Age at -,-, 
------------------------~------------------------~------

Sacrifice Experiment 115 

AM2 
...----·---:·\ b::4· 30 9 .2' ± 

30 PM 

31 AM 

31 PM 

32 AM 

32 PM 4.6 ± 0. 2)~ 

33 AM 

33 PM 8.7 ± 0.4 

Experiment 117 

rlQ~~l: ± /o~:i 

7.4 ± 0.5* ' 

5 .. 9 ± 0.1* 

4.5 ± 0.2* 

2.6 ± 0.2* 

1.9 ± o.i* 

9.6 ± 0.8 

Experiment 117 
(Controls) 2 

9.0 ± 0.7 

10.1 ± 0 .. 5 

9.4 ± 0.2 

9.9 ± 0.1 

10.4 ± .0.5 

1 Two different cytosol aliquots, in duplicate, 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 thes.e PMSG-primed rats are significantly lower­
(p < 0.01) than saline-treated control values within the same experimento 



I. EF-FECTS. OF SHORT-TERM DHA ... TREATMENT·'0N :THE HYPOTHALAMIC~PITUITARY­

OVARIAN .AXIS ·OF . THE.· 'IMMATURE ·FEMALE ·RAT • 
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It has been· previously established· that DHA treatment can induce the 

early onset'of·puberty in the immature female rat (Black and Mahesh, 1969). 

In an effort to mor~ clearly determin.e tJ::te hormonal changes that are associ­

ated with DHA treatment and ·precocious·ovulation, i~ature female rats were 

~tudied during and after treatment with DHA (60 mg/kg BW/day, age ?.7-29)! 

In.two experiments, PMSG was· administered to DHA-treated rats on the AM of 

day 20; PMSG treatment was omitted iri experiment #6 (chronic DHA adminis~ 

tration). Vehicle-treated female rats were also evaluated during the in­

terval' of 27-31 days 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 oviductal ova·yaried from 3-10 

in individual anim~ls; of those rats treated with ·DHA plus PMSG, 100% were 

found to have ova and/or corpora lutea by the morning .of day 31. Ovulation 

was found to occur as early as day 30 or as la~e as day 32 in animals treated 

with DHA only; the number ·of ova found at sacrifice were similar to that 

described earlier. Vaginal p~tency occured by day 31 in more than 90% of· 

the DHA..;..treated female rats (all experiments). No. vehicle-treated 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 vehicle-treated female rat · 

are presented in Table XIX~· Ovarian weigh~ in .the groups treated with DHA 

plus PMSG did not change appreciably from ·the morning ·of day 2 7 until the 

morning of day· 30. Significant. inc·r.~ases · {p "E. 0.01) were noticed in 'DHA-. 
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Table XIX. Changes in Ovarian Weight Duri.ng Short-Term. Treatment of Immature Female Ra.ts With DHA 

i\:se_ -at · Ovarian Weight, mg/106 ·g B.W .. · mean ± S.E.: 

Sacrifice DHA .. pJus PMSG 1 Control2 DHA3 Gontrol3 

27 AM 30.3 ± 1.3 29.2 ± 1~9 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 ± 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·lo AM on day-30 of life; n = 6 animals per sacrifice. 

2 Controls were ip.jected with 0.2 ml propylene gly'col (vehicle for DHA) and 0.5 mg saline (vehicle for PMSG) 
as· iri 1 a~ove·; n = 6 animals per sacrifice. 

3 Rats were treated chronically with DHA (60 mg/kg BW/day) beginning at 27 days ·of life; cont·rols received 
daily propylene g~ycol injections (0.2 ml); n = 6 ·animals per sacrifice.· · · 

* Ova·rian weights are significantly higher (p < 0. 01} ·than those optained at · 2 7 days . of life (DHA-treated 
or controls) and corresponding controis of the same·age. 

\.0 
l.11 
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treated':rats. on.: the: .. mo_rn~ng- ()~_. ~~y 30'. in. o;nly- one experiment; other grou~s .. 

. treatecr with .. DHA_ ~ltis :PMSG ~·~'- DHA alone. :J_ncrease·g _:S.ignifica~tiy on: .. the' -PM· 

of' ~ay · 30: or· the .AM of·. daY, 31:, respec.tivel~ •. Thes'e dramatic inc;eases 'in 

· ovariaii.·:weight-~ere -.us·ually· associc:;tte_c;l.w:Lth·:the 'presence of hennnorrhagic : 

. f"ollicles ·or·, corpora ·lutea. · · .Ovarie;s of. vehicle-treated innnature. femal~ :· 
. . ' . 

. rats 'were' consi.stantly s~all :and :d~void ()f. ·such morphological. eviden_ce -·of. 
. . 

gonadot~.opin· ·stimulation.: · ~o. signific~nt ·increas~~~- in ovarian :we~ght ·were·. 

noted from age ~7 to:·.age 31 days- in .these control .group.s~: 

Uterine ·Weight ·: . 
·. .. 

Uterip.e weig~ts · of DI.IA.;...tre~~·ed. ·rats. (Table XX)- were elevated as early· 

_as 2~ _hours after the first inj~ct.iops· on -d~y .27 •· .. A progressive increase 
. . 

in uter·:i.ne··weight o¢cuj:'ed,. from .day 27 to ·day :29 i,n. DHA--tr~ated· rats. 
,. 

Marked accumtilat~op of luminal fluig .·was apparent by the_ morning of_ day 29 

.in. these groups •. ·. qorit __ rol 'ute!i~e 'we_igh~s :_wer.e 'fairly constant. rand ·-wer~ 

- significantly -lower- (p < o·~Ol) than ·those_ of .DH~-:-trea~ed .. rats (ages 27-29~\-
·.- . -- . '. 

·From· the in()rning of _day~ 29·_ 1::~: the .·m<?_rnin_g~· of. day: 31, . ute,rfne weights· .in :·DH,A-. · 

treated rats remained elevated (p.f"'.Q~Ol)-<~md .. were_ virtually· unchanged ,dur-·. 
. ., ___ . . ~ . ... ' . .. . . . . 

. . 

· ing· .this time_. The w.etgh~s on. days .2_7--31' _were qui~~e: co~~istant. from .e~per-· 

imeht to experiiilen.t' in both. vehicie~t·r~~ted . cont~qis and androgen treated 

groups... It ·~ay be. not~d:·here. that ,.t~e ·uterine weights o':l~~- ~he .DHA-treated. 
. .- - ·- ' ' . .. -i. -· - . 

animals. in. these· studi-es on· clay. 2·9. (TB:b·l~ XX} wer.e· almost·'identi.cal to .those. · 

achieved·_-iri ~MS(}-.t:re-ated rats· on. day 32. Crable XV). before :~:rv:ulation. 

S.ertim s·teroid .Conceitttat:Lons 

The .al-~eratio:p.s: iri. peripheral :ser:Um ,steroid ·_cQn:c~ntration~- resulti~g 
• ' .' • ' ' '':.,_ ' ',• I • • _., '• • - • 

controls in _T~'Qles ¥,I· Bl}cl ·;xoc:t:I.- .. ~. Withi,.n _tW'~ hours ··after DHA_·administration,· 
'~ ',' ' ~ '· ' 

}.· . 

•, -t 



Table XX. Changes in Uterine Weights During Treatment of Trinnature Female Rats With_DHA Plus __ PMSG 1 

or Vehicle2 

Age'at _ · Ut~rine Werh·ght·~ . mg/100 g .·Bw·· . mean ± S.E. 

Sacrifice _DHA plus PMSG1 .. Control2 · DHA3 Con.trol3 
--

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 ± 1Z.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 ± 7.9** 

30 AM 196 .. 2 ± -'10 .-7** 204_. 2 ~ 12. 5 ** - 78.8 ± 7.9 226.0 ± 7. 0** . 75.,0 ± 4.0 

30 PM 255.9 ± 8.3** 195.1 ± 9.9** 78.6 ± 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 S~e Table XIX, 1; n = 6 animals per sacrifice. · 

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

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

*Uterine weights are significantly higher·(p < 0.05) than controls. 

** Uterine weights are signfficantly higher (p < 0.,01) than controls. 

\0 
's.J .._, 



concentrations of. testosterone,·. androstenedione, .. DHT and DHk were signifi-

cantly increased (p' ·< 0.01) over· serum levels in controls '(Table· XXI). 
\ . . 

These elevations were maintained at fairly con-stant concentrations from 

day·27~29 during DHA therapy. It appeared that the markedly elevated 

concentrations·of androstenedione, testosterone and DHT were the result 

of peripheral. metabolism o~ the injected. steroid, DHA. On the AM of day 

30, (24 hours after the last ·injection of DHA) levels of these steroids 

had fallen by approximately 75%; but we_re still. significantly higher than 

concentrations in vehicle-treated 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 concentrations continued to fall 

throughout day 30. No significant. chan-ges in serum levels of these steroj,.ds 

were detected in vehicle-treated contro~s from day 27-31~ 

Changes in serum estradiol, progest7rone and· 17-hydroxyprogesterone 

following DHA treatment (or vehicle) are shown in Table XXII. Serum estra-

dial :was signif~can,tly elevated (p < 0.01) for the three days-of DHA tn:at-

ment and then declined by 50% on the morning of day 30.- Concentrations on· 

the AM of estrus were however still significantly higher than levels found 

in controls~ Following PMSG administJ;"ation, 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 DHA~treated. rats. Following PMSG 

treatment, progesterone levels were again significantly elevated over 

vehicle-treated controls on the. morn:lng of day 31, _· coinciding with the ap-

peararice of ovarian· corporc:t lutea. · 17-hydroxyprogester.one concentrations 

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



Table XXI. Effects of Short-Term Dl!A 1 . or Vehicle 2 Injections on Peripheral Serum Androgen Lev~ls in 
'Immature Female Rats · 

Age at Steroid C9ncentrations (ng/ml serum)- mean ± S.E~ 

Sac.rifice Testosterone Dehydroepiandrosterone Androstenedione Dihydrotestosterone 
DHA · Vehicl:e DHA 

27 AM 4.01 ± .056 ± 95 .• 63 ± 
,·:.\0_11* .004 ' 18 .. 61~~ 

28-AM 3.84 ± ' ' .051 ± '68 .. 79 ± 
.17* .003 2.-72* . 

29 AM 4.91 ± .065 ± '98.il ± 
.24 .018 ' 5. 74* 

30 AM 1.42 ± .056 ± 26.17 ± 
.62* .014 5~16* 

30, 2 PM .99 ± 15.72 ± 
• 21* 

.. 
2.73* 

30 ,. 6 PM 1 .. 38 ± .052 ± 10.17 ± 
.15* .. 029 1.54* 

\ 

31 AM • 69 ·± .114 ± 6.·58 ± 
.12 .041 2. 3li~ 

1 See Taple XIX,_ 1; .n = 6 animals per sacrifice. 

2 See Table XIX, 2; n = 6 ·animals. per sacrifice~ 

Vehicle DHA Vehicle DHA 

... 270 ± . 4~14 ± ~59 ± .921 ± 
.020' .08* ' .18 .148* 

.428 ± ' 3.81 ± .150± .623 ± 
: .199 .;'-41* .069 .049* 

3.87 ±- .. 268 ± .589 ± 
~14* .. 067 .• 056* 

.155 ± 0.74 ± .292 ± .159 ± 

.061 .12* .1074 . 017*· 

1.06 ± .097 ± 
.08* .019 

.156 ± 1.04 ± .191 ± .061 ± 

.052 ol6* ."049 .049 

.225 ± 0.75 ± .187 ± .030 ± 

.090 .13* .050 .030 

;t¢·Indicates significant differences between DHA and vehicle:-treated controls at p < 0 .. 01. 

Vehicle 

.. 057 ± 

.034 

.. 039 ± 
~019 

.044 ± 

.020 

.041 ± 

.016 

.036 ± 

.009 

.040 ± 

.015 

-

\,0 
\0 



Table XXII o Effects ·of. Short-Term DHA 1_ or Vehicle2 Treatment on. Peripheral Serum Levels of· .Estradiol, 
Progesterone and 17~hydroxyprogesterone .in Immature Female Rats 

Age· at ~Ster;oid Concentrations . {ng/ml serum) mean-± So E. · 

Sacrific~ Estradiol Proges.terone 17-hydroxyprogesterone 
DHA Vehicle 

27 AM o252-± .063* o035 ± o022 

28 AM 0 208 ;!: 0 051* 

29 AM .222 ± .022* o034 ± .013 

30 AM .109 ± .. 018* .• 020 ± .009 

30, 2 'PM .100 ± .023* 

30, 6 PM· .120 ± .032* .004 ± .003 

31 AM ~146 ± .032* .064_ ± ~029 

1 See Table XIX~ 1; n = 6 animal~ 'per sacrifice.· 

2 See Table XIX, 2; n = .6 animals per .sacrif:i,.ce. 

.DHA. Vehicle JDHA 

2.45 ± 1 .. 20. 2.09 ± 1.31 ~'796 ± 0 045 

3.05 -± 0.95. 1.00 ± 0.66 'J745 ± .. 105 

.7.72 ± 0.77* 4.19 ± 1.63 1.529 ± .159* 

1.44 ± 0,78 5.18 ± 1.23 1.159 ± .412 

9.-72 ± 2.71* 2~340 ± .538* 

5.-37 ± 0.97- 3.57 ± 1.03 2.082 ± .486* 

7~38 ± 1.38* 1~35 ± 0.39 1.609 ± .~97* 

*Indicates significant 'differences between DHA and.vehicle-:treated controls at·p.< O~Ol. 

Veh:i,.cle 

.805 ± oZ20 

.843 ± o275 

.936 ± .154 

1.432 ± .295 

. ,,817 ± .. 195 

.870 ± .136 

f-l 
0 
0 
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this steroid were s:llnilar in _DHA_ and vehicle-treate~ .. groups on .. the morn:Lng 

.of day 30·. put followi_ng PMSG. adminis.tration~ 17-hydroxj:progest_~rone cpn- · 

centration~ were· signif:Lcaritly higher than controls on the PM of day 30 as · 

well as the AM of day 31. 

Serum. Gonadotropin levels 

The treatment of immature female· rats with DHA was found to result in 

a preovulatory surge of FSH and ·LH in se,~um on the PM o:f;. day 29 (Table 

XXIII). An additional significant increase (p < 0 oOl) in- serum concen.tra­

tions of gonadotropins was found on the PM of day 30 in these animp.ls ~ No · 

elevations in serum FSH .was detected on the morning of days _27-30. LH ·· 

levels were· $imilarly constant'p~ the morning· of day 27-29 but·were sig­

nificant~y elevated on the morning of.day 30 as compared .to days 27-29~ 

These nocturnal elevations plus the increase in circulating gonadotropic 

hormone resulting fromPMSG administ~ation were undoubtedly responsible· for 

the ovulations which we~e detected througho:gt day 30 in tqese groups. 

Cytosol Estradiol Receptors 

Concentrations of cytosol estradiol. receptors in the. ~nterior pitu~­

tary were signific~ntly depressed (p < 0.01) in DHA-treated rat~ as compared 

to vehicle-treated. controls (Table XXIV). A progr.essive lowering of recep-

-tor content of the anterior ·pituitary (DHA-treated group) was noted fro~ 

day 27-29~· The:re was-no replenishment of receptors on the day of ovulation 

(30) or day 31 in these androgen~treated groups as :compared, to that estab­

lished on estrus iri.the PMSG-primed immature female rat (Table XVII and 

XVIr;I:) • A similar decrease wa·s found in .concentrat.ions of hypothalamiq 

cytosol estradiol receptors durip.g 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 :.shbrt..;.Terin DHA~ Treatment._ on·. S.erum GortadotroJ?ins 
in:·Immat~e Female Rat_s_. --,-~ 

Age at 

Sacrifice n 

27 ~AM 4 

28. M1 4 

29 AM 4 

29 PM 4 

30 AM 4 

30 PM 4 

1 See· Table XIX, 1. 

Serum .Gonadotropin .Concentrations.(ng/ml) 
· · ·mean ± S .E. · 

FSH IJI 

49.9 ± 6.7 15.0 ± 0.7 

21.8 ± 4.1 13.7 ± 1.2 

39.9 ± 5.8 16 .• 4 ± 2.5 

155.7 ± 64.9*- 235.5 ± 105.8* 

32.0 ± 3.0 45.9 ± 9.1* 

170e6 ± 39.5* 339.0 ± 47.4* 

*Gonadotropin concentrations are significantly higher (p < 0.01) than 
concentrations in.DHA~treated rats ages 27-2~ AM. 



Table XXIV. Changes in Anterior Pituitary and Hy~othalamic Cytosol Estradiol Receptor Concentrations 
Following Short-Term DHA1 or Vehicle Treatment of Immature Female Rats 

Age at 
S~ecific bound ~oles 3H-~stradiol/mg cytosol protein mean ± S .E.~ · 

Sacrifice Anterior Pituitary·x lq-14 Hypot~alamus x la-15 
DHA · Vehicle· J)HA Vehicle 

27. AM 2.80 ± ~20* 7.70 ± .85 

28 AM 2.11 ± .02* 

29 AM 1.83 ·± .. 09* 7.08 ± .• 14 4.96 ± ·.15* 8.07 ± ·.29. 

29 PM 2.17 ·± .06* 

30 AM 2.38 ± .16* 8.23 ± .03 5.43 ± ·.44*. 10.1 ± .03 

30 PM 2.36 ± .16* 

31 AM 1.79 ± .. 13* 5,78 ± .04*. 8.65 ± .04 

1 See Table· XIX, 1; Two different cytosol aliquots, in duplicate, were ·assayed for each sacrifice~ 

2 See Table XIX~ 2; Two different cytosol aliquots·~. in ·duplicate, were assayed for each: sacrifice. 

*Receptor concentrati.ons in these groups are significantly lower (p < 0. 01) than in vehicle-'-treated controls~ 

6, 
w 
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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 ~HE IMMATURE FEMALE RAT FOLOWING. INDUCTION OF OVULATION 

WITH DHA PLUS PMSG 

Although both natural and PMSG induced puberty are followed by the 

establishment of regular estrous 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 days 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 levels~ 

and cytosol estradiol receptor content of· the anterior pituitary-were es-

tablished for female rats in which puberty 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 (fro~ 31-40 days of age) 

were compared·,:\to those of female rats in which DHA plus PMSG treatment 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 im-

mediate establishment of regular estrous cycles. No differences 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.lO% or less during this interval. 

The high percentage of diestrus vaginal smears in these groups could not be 
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attributed td -a niecl,lan-ical-ly.: indu_ced __ p~se_udcrpr~gnan~y:_ since- all' animal~,- w_ere 
-I 

no~ sm~_axed .4aily; v:ag:t,.nal ·smears· of one~half ·of all anim,als, were -~ot ·.taken 

until' the _tim~ of sa~_rifice •. 'rh~ pe:rcenta,ge: .6.f diest-rus and ·est;rus sme~r~ 
, • ,' r,., 

.was simila~. _r~ga~dless· _of when vag~na~- _cyt; 9~~gy was.- eval~ated ~ In addition-_. 

·_tO ~he. con~ taD:~ pat~e·rn ·of_· vaginal_ cytol~~y, no ova -o/f?re ever found. at 

-sacr~fice. ~n .. th~ O~idl:lCtS·-of. rats in- ~h~s~·_:._studies -=-(ages 34-40). _ - -

-Ovarian .-Weight.· 
. . . . 

Daily change~ .. ~n ·ovarian weight_· are· pre_sented in Table. XXV ·for those 

_treatment was. g1ven. Ovar~~~ :wei_ghts= were a~ a_pea~ on the. mor~:L!lg~-- of 
. ~ :· "' . ' 

' . 

~ay .31· and 32 in:both:-grotips.·an,d.·tended. tpi_decrease .. th_ere~~ter. +hose· 
. .. . '·· .' .... , . . . ',. - . 

- - -

animalf3_ juc;lged -~?--~~--~n-_ d:i,est-rUf3-·-~ad··-large.-:o:Varies ~:Lth nWllerous_ co~pot:a 

lute_a; · th_ose. in ·estrus h_~d ~ ~tnl;lller ovaries with few, ;if_ B;ilY, .cc:>rpor·a· lutea. 
. . . . . . - -

The ovaries 'of rats' .in. which DHA ~as c~ntinued' w~re. generq.l1y heayie.r :tQ.a.i:i.:-

thos~ in ·which arid~og~n ·. adt_lii~istr~t-i,on .h[id~.bee1;i disc~n~inuec;l throughqut 
. - . . '. . 

the :Lnterval- of. ·day ·31~40. · The e~ception~-,: 9-t. -ages 3( and 37 -were ·due · 

primar-ily to .. an- ~xces~-iv(;(n~mb~r. ~:(-~cbn~tant estrus type· ~~mals sac~_ifi~e-d · 
- ' 

. on these d~ys .. i_n -i~e-_ D~~tf~~ted. _gt'?tiP •. 

·· Uterine Weight 

.Utet~in~?jWeights .of these rats .are -compa+ec;l in .·Table XXVI.,. Ut~ri were­

quite heavy,- ali4 their :weights were ·fa:tr'ly. _:con sis tant. _.through ·day -34. :i~- · 
'· . - ' . ~ . 

.. . '• . .-· 

·those ·anim~il?. in w~i~h DHA. was· cont:i,nued :~nd ·in_ t~ose in· w:liich· PHA w~s _d,;.J:s-

continued~ -- Fr~m day 35_ <;>nwa~d, uterin~.-~eights of >the animals which re..:. .. · 
., . . . 

ceived ·no further ~anc;lr~gen t~eatin~nt _. .. fell-~ progref;siv~ly•, · l'ho's_e __ of t!:t~-.DHA- . .-
. . . . . '\ . · .. ' .. 

treated rats :l:.~mairied. the same_ ,_or iilcr~~ase~ slightly_ :'and 'tY~r~ .. sig~i-fic~nt.ly 

he_av~er (p < 0 ~ 01)- from day- 33'~40 .. ~han those in whi~h- DHA·- treatmeri~, was.-
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. Table XXV • · Ovarian _Weights'.! in .Female Rat.s··· (Age :·31-40) in·._Which· DHA- was- -
_Continued_pr.Discontintied.Fol16wing·Precocious ·ovulation 
;±nduced ~- DHA _and ~MSG. Tr~atment · · · - · · 

Age at 

Sacrifice 

'31' 

~32'·-AM 

'-32 PM 

3:3 

34 

;35 

36 

37 

38 

39 

40: 

Ovarian ,Weight ·_, 
(nig /100· · g ·B~~-W~) .- · mean · :t· S .·_E. 

DHA 
Continued 

59~8 ± ·4.-9 

61.0 ± 4~9 

56.3 :t _.2. 8* 

50.1 ± 1.0 

45.0 ± 3~ 6-

43.5 '± 1~4 

. -Ja~5 -± 2.-2 

34.9·+.1~6 

44.8 ± .4.-4* 

42.5 ± 2.6* 

39~8 ± ·2.4*. 

: 

-DHA 
·Dis..~continu~d.-

' .. 49~3 ± 3~1-

.53 .• 8. ± 3.·8' 

4'4.2 ± .·_3.·4·' 

48.0 ± 3'.0 

47·.9 ·± ·2.9. 

41·._2 ±&2. 4 .. 

34.9 ± 1.8 

37.4 ·± 3.4 

·. <34.5 ±. z.-5-

3;3'.8 ± 1.3 

-32.4 ± 1.0 

1 iii:·:= 6 animals per treatment group._ for e:ach --~~crifice .: 
- " 

* Indicat~s a -sign1ficant difference· (p_ < O.Ol) between. oyarian weights· 
of· r~ts in which DHA was. continued ·or discont'i,.nued .folJowin_g the ;'induc-­
~ion of ovulation with·~~ ~;Lus PMSG~ · 

:. . 
••• ;, r,.. 
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Tab.le XXVI~- ·uterine-.. Weight .. Changes~·-in:·. Rat's 1 in Which.-DHA Treatmen_t Was- . 
. Continued· or: Discontinued: Following·. the -.Induction _·of. 13reco--
cious OVulat'ion with DHA ·and PMSG . . ... 

" . ---.--.--.--

Age at. · 
. Uterine Weight 

(mg/1o'Q. g_·:B.-w_.J- · mean-±. S.E •. 

Sacrifice · 
Dl!A ·_ · .DHA 

Continued · niscoritinued ·, 

31 '-227 ± .35 ·. 21·8·±. 8 

32 AM. 211 ± ·.9 195 ·± 9 

32 'PM. ·Z17· ± ,g.·. . '199' ± :19 

.33 216 ± 6 .194 ± 1~. 

'34 22-3' ±. 9* 19~ ± 11 

35 217 ± 17**' 165.±:9 

;36·. Z31 ±-' 10**'· 140 ± 7 

37 .. 228 ;!: 7** 135 ± ·a 

38 . i70 ± 19**·'· '·119. ± 4 

39 239 ± 17** 12~:. £ 6 
·• 

40 .249 + 10**' '. ' -' ~ ' 110 ± '6 

1 n· = ·6 an1ma1s: per- tr~atment. group· for ea·ch sa-~rif_:i;ce~ 

Indicates ~ignif:i.ca~t .. dif:fererice .at p < 0~95 · am~ng: g~oups s-acrific~d. ' 
the s~e day. . '. ' . ' . . 

** Indicates sign_if.icant -difference at ·p.,< 0._.01 __ among groups sacrificed 
the·same day'!:. · · · 
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. discontinued. at age 29. days! ~he.· increase. which: occured at <f.ay 38 was ·in 

all proba~ility gue to an oyer_ adj~stmerit ·of the·· _DHA·. dosage :·whi.ch was. ·cal~ . 

. cula:ted .on. ~he ,_bas~s of. group, body ·weights. eyery. se~pnd. d~y •. 
·. ·. 

Serum Steroid Con~eilt~ations: 
. . 

Blood· steroid. con~entrati~ns .of· these two experinient:ai grq~ps _follow-· 
. . 

· ing precocio'-t's ovulation in· th~ ·nHA -and _PMSG-treated . rat ar~. sho:wn. in 

Ta:hle.s XXVII and XXVIII. 

By .31 <;lays of age, serum ·nHA '<;!onceritration$: in; rats-. re.ceivin_g no fur­

ther DHA adminis:tration. were:· si.~ifican1:ly lower>"(p .< 0~·01) than· corres-:­

portding rats: .'in- which. :pHA treatment }~a~. ~ontinuec:I (T.able ~II)~·· In ~he· 

follow:f-ng days.,- serum concen_trat:i,.ons _of DHA were .mai~t~in~d. .. at yery. h~~h: 

levels· _in rats in which. DHA :treatment· was 'continued. :' .. DHA levels ·fell con~ 
•• ••• 1' ' 1 -·· • ,. •• • ' ..._ 

tinuously from age: 31' oriward in. those rat~ . in which . androgen tre.atmep.t was. 
. ' : ' • " · .. :: ''I • ' ' .• • • \~ • . . . • ' • . < : • ' • 

discont:f_nued arid··q>n1y rea~hed no:m~~Je~eis ·after a·' 10-dciy withdrawal period. · · 

By. -~ge 31 4ays~ seru~ conc~~t·:~.tions._:·of::-:t~s-_1:_oste~9ne.:.~d ~H~ ... (Table .XXVII) 

. were signif_i~antly high~r_ (p , < 0·~-_0l}.:in:·.:ra.fs' :rec~iving co.nti~ued DHA 

treatment. a~. compared _t.O those _-i~ ·wh_~C~·-.:~drogert_.tre~tinent was -,~topped. 

By -35 days .of age,. peripber~i ser~m _lev.~1~· :of testoste~tme ·and DHT had 
·, ·: • •• ' ' - ' •.. • • l. . •.•• ' 

. decl:f_ned .to normal-.. lim:its ·in rat~. tr.eated"w;i.th·.·nHA, B?-4- ·P~SG only_;. se~um · 

concentratiops· _of th~se cc;)rhpounds ~ere maintained at ·fairly c6n$t~t :Levels 

f~om age. :31...:39 :;in DHA-treate<;l rats. 
. . . . .· . . -· 

-~4ros~ep.e~i<;me 'levels a~. 31_. days' of._age .. wer~. also sign_if;i.cantly de'~ 

crea~ed in. rat's. rece-iving DHA _mid. PMSG ~.re~tment ·()~ly·: ~s ... compared- to. those 
. . . ' . ,. . ' . . ~ . ' . . ~ . - ~ - ' ' ·_ - . . . -

receiving DHA ·and PMS.G pl4s addit.idn.al Dlli\ tr~atmen,t -~(ag~ ,31-39), -('1'-able:·)OOTII) • -. 
. .. . - -' ,. . - .' - .. - . . 

Concentration·$ attaine~ by age 33 ~n r~ts ·._in: wlJ.i~:ll-· DllA: :was discontin~_e4. w~re ... 
' • ' • L.. • •· ' ' < ' 0 ' 

.similar to levels f~und. after ovulation on da-y:·· 34. in ;L>MSG-treated ra·t;:s0 c 

. (. 



Tal;>le XXVIi~ _Peripheral Serum- Androgen Concentrations_ in Rats 1. Pret.~eated. with l)HA .Plus PMSG Dur:i.ng 
Androgen .Withdrawal· or Continued DHA T_Q_erapy _ · .. · 

Age~at 
·steroi~·''Concentr~tions*- (rtg/mi). mean ± SrE~ 

~acr.ifice _ · Treatmen.t · -.Testosterone· Andr-ostenedione· DHA DHT\· 

31 .DHA . 3~_109- ± • 373 4 • 4 84 ,± • 3 7 ~ 86'. 2 '1. ±. ·1o·. 3.3 . ."-. 439 ± ~ 144 

31: --- ·o •. 840 -± .201 1.111 ± .182 14.49··± 2~3-4.- .. -~ 118 '± .• Q57 :" 

'33· -·DHA 5.396 ±· .678 2.202:±' ,558 ~6.20_:± 6.9·6 .~08·± _.071 

33 - .;:~ ..... ~~-~. ... -~-~ 
~ "4:.--;.._ .... '"" ........ . Q.451 ± .106. 0.674 ± .067 . 2.44' ;!: 1.·45 !043 :!: .024 

. -~5 DHA. . 3. 836 ±. • 6511 4!'462 ± .3_72_· .·. 95.75 ± 7.74 .)67 ·±· .. 233. 

35 --- . 0~057 ± ~030- 0.-737 .± .165 .1.27 .± • 42 . .076 ± .• 022 
./ 

37 DHA· 4, 436 ± .• 169 4.187 ± .471 .-92.34 -± .8.-44.-.: ~53S ± .041 
I 

-37 
. __ ..,_ O.Oi7 ± .•. 009 · 0 • .?21 ± .115 .61 ± .15 .084·± .028 

39 DHA 5.334·.± .-5.27 . 2 ~ 9 ?-7 ±. • 454 55.43 ± 4~64 .278·± .06~ 

.. 39 --- 0~038 ±· .013 1 0~'626 ± .1_04 .36 .± .17 . -.· .-104 '± • 016 

1 .·n = ~- aJ;l.i~al~ ·.per ·tr-~atme~t group. for e~ch.· sacrifice 4ay. ·. 
~·Concentration$ of each ·st;eroic1. weresisignificantly higher .(p < 0~01) in.· rats treated continuously with 

'n:HA~ age .31-3~ days. . . . . ' . . 

·;., 

1---l 
0 
\0 
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(Fig·. 9). ·No further decline· was .. found -.in serum lev.~ll:s ·of. androstened~one 

from age· 33_-39 iD;·.-thes~- ~~ts~ .. Elev·ated concentrations of.· andros.tenedi~~e-

w~r~ maintained in those·· rats·. receiving· DHA treatment ·from ages 31~39 ·and 

.daily fluctua-tions . of ap.drostenedione p~ralleled · the· r_ise, and fall of DHA. 

_levels in: the!3e rats. · 
. . 
. . . . -

Serum levels of· es:tr~dioi-17~ ;· p_ro"g~sterone and ~7~hydroxyprogeste:rone 
. . 

.in· these experiments. B.re shown ·,.in Table. :XXVJ:II.-. Concentrat:(ons .:of- estra-:-
. . . . . 

Cj.iol-1713 were not. c1ifferent·: in either experimental' group at 31 days- of age 

but by 33 qays of- ~·ge, leve~S .Of' t~is ste:r;oi~ :we::re· sig~ificantly lower 

{p. < 0 .OS) .:Ln. r,ats ·dur:i,ng andro~en -wit~_drq.wal as comp_are.d to th~se re-
. . . . 

ceiving_ conti~u-ed_,_DHA. treatm.~n-~~.c·:-=:ay.:,_($.;:?.::Ji'{ys~~qf, age, serum levels of ~stra~-

. c;liol-1713 in ~ats . receiving n6 c;~.dditional. tr.eatmen"t. 'were equivalent t::o post ..... 
. . . ' I 

ovulatory .levels in the PMSG-treated rats_: {F:i,.g •. f)_.·. 

Serum c~ncent~ations ,·of progeE?terone. and ~7~hydroxypro_g;_este'i:-"one were 

silJlilarl_y eievated ·in po.th exper"ime!l:tal g'r.o~ps _at ,'3~. an~~-33 .. days. of ~g_e. · 
' -- - ": ·- :_ 

Fro~ age· 35-39·, .le·ve_ls ?f. progest¢r~ne ~nd; 17~hydtoxyprogesterorie- ·remained· . 

. elevated in: those· rats .reoe~V'i-q.g_ cqntinued D~A~tl;'eatment; .. levels_· ·Of theE?e 
- ' - -. ' -

.steroids in -rats _receiv:ing-_'no B.dditi6.nal :~rec;~.tment .began .. to- decline.·an·d 
• • •• ·_ ' •. 1 ·- • • • - • 

. - . . . . . . . . . 

wer_e: s~gni-fic~tly. loweJ;" .(p ~ 0. O;L) ~at 35, 37- .. a~4- 39 .d~ys .. of age·.: Wh·~n 
. . ' . ' ·, . ·_ ::- . '• . . . ·. 

. ' ' -. .. . . 

c9p.s~dered as an i!ld;i,.vidua1. group,, rats with constap.t ·estrus ty.pe vag:i,.n~l· 
. '• . . I. •. 

smearf3. had 'lqw serum.- ievels of_ pr_og_estins·. ~oncentratiop.s _·o·f progesterone . 

. were· significantly· l,owe'l". ,(p < 0. 01) irt ·the-. constant estru~ animal~ (mixec:l 
- . . . - . 

ages) tl;lan in animals. ages -~1~_39 of. ei.thet experilllen_tal. gro4J>. _· · In, c~nstan~ 

estru~ an~lll.als:~ l-7~hy~rc;>~ypro.ges.te~oT;le, levels ··were __ lower-.·-(N~ s.) ·-tha~.- levels 
'- ' ' . 

i~ rats 31 arid 33 d~ys --of age. (DHA con-tinued or discontinued). ·· The sign.i-
. . ' ' . . . . ' . 

ficant. 4iffere~C.es in ser~m' progeste-ron'e levels be~ween. constant. estrus 



Table XXVIII. Peripheral Concentrations of Estradiol, Progesterone and 17-Hydroxyprogesterone During 
Androgen Withdrawal or Continued DHA.Treatment in Rats Pretreated with DHA and PMSG 

Age at Steroid Concentrations · (ng/ml) mean± S .E. 
Sacrifice Treatment n Estradiol Progesterone 17-Hydroxyprogesterone 

31 

31 

33 

33 

35 

35 

37 

37 

39 

39 

Constant 
Estrus 

DHA 

DHA 

DHA 

DHA 

DHA 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

.053 ± .030 

.076 ± .026 

.122 ± .037 

* 
.031 ± .009 

.107 ± .019 

* 
.039:-± .QlJ9 

.078 ± .020 

** .008 ± .007 

.190 ± .035 

** 
.. 005 ± .004 

11.32 .± 1. 51 

10.49 ± 1.18 

13.07 ± 0.65 

13.56 ± 0. 60 

15.00 ,± 1.59 

12.98 ± 1.10 

13.40 ± 0.70 

* 
10.99 ± 1.10 

14.29 ± 1.07 

** 
7.08 ± 1.03" 

4.66 ± 1.23*** 

*Indicates significant difference at p<0.05 in steroid levels of rats on the same day. 
** Indi~ates significant difference· at p<O.Ol in steroid levels of rats on the same day. 

1.408 ± .209 
:···.l -_ -) 

__ -::_·_:_) ·,-.=- -· .. r 

1. 892 ± • 374 

L.832 ± • 339 

1.213 ± .174 

1.767 ± .239 

** 
0 .-883 ± • 159 

1.794 ± .219 

** 0.683 ± .238 

1.812 ± ~355 

** 
0.652 ± .078 

1.046 ± .243· 

*** Progesterone levels in constant estrus rats are significantly lower (p < OoOl) than in any other group. 

~ 
FA e 
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animals and animals primarily in diestrus are a re~le'ction of the high 

steroidogenic activity of ovaries with corpora lutea (diestrus rats) as 

opposed to those'in estrus (prior ·to complete ·luteinizization of hemorr­

hagic follicles). 

Gonadotropin 

S·erum levels of· FSH:::.:and LH in post-ovti.latory ·rats during androgen 

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 

rec~iving no further DHA treatment· had increase:d .to concentrations signi­

ficantly higher than that found in the DHA-treated rats, in which LH re­

mained suppressed from age 37-40. 

Cytosol Estradiol Receptor·s 

As shown·in Table XXX levels of pituitary cytosol estradiol receptors 

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 discontinuedo 

There was no increase in estradiol receptor levels during this period in 

rats treated continuously with DHA. In fact, a signific-ant decrease was 

detected at ages 39 and 40 which paralleled the increased estradiol levels 

detected in serum of these rats at 39 days. of age (Table XXX). A signifi­

cant difference (p <·o.Ol) in.receptor binding hetw.een those· rats chroni-
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Table XXIX~· Serum. Gonadotr6pin Levels in ~.-Pret-reated~ with.DHA and· 
. PMSG During An'drogen- ·.Withdrawal_ or .Continuous . DHA -~ Tr~atmen_t 

. Age·at 

SacJ;ifice ·_ Treatment· · n 

37 DHA 5 

39 . DHA 5 

40 .DHA 6 

6 

.Ser~m Gonadotropin. Concentrations . ; 
.. (ng/ml) . meaD. ·±. S • E • 

-FSll LH· 

(:6:1(~'>8 ± 2.7 8.4 ± 0.5 

27 .·1 ± 3 •. 9* 9.-8;:± 1.2 

'46.2 ± 4.-8 6.8 0.4 
,, 

± 

33.1 :± 8.~ 9** '19.1 ·± 8.9** 

46~? ± 3~3 7 .~2 ± 0 •. 3 

43.0 ± 3'.0 ll.i ± 1.·1*· 

. ' 

* Indicates· sig~ifi-ca~t · differ:erices· at ,:p_ ':<:· 0~ 01 ·in ·g~~ado.tropin levels 
of rats ·.sa·crificec:l. the :_s-a.Ine day_o· 

· ** Indicates sigriific~nt. :diff~rences 7'at ·p. -< 6. OS irj gonadotropin levels . 
of ',rats sac.rificed the: .sa~e 'day.· '. 

: . "' 
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Table XX;X.. Levels. bf-, Cytosol E~tr'ad:iol-_Receptorsl ~~pt:·the Ante.r-i,or. _: 
·. Pituitary. iri Female Rats Pretreated.' with DHA ·and PMSG · 
_During An_g_+ogen_.Withdrawal. or_.Chr.onic :DHA _Treatment 

Ag~ at 

·Sacrifice · 

32 '· 

'33· 

- 34 

35 

37 

. ~9.: 

40-

-· .', r •• 

·.·Anterior Pituitary Cyto~di- E'st-radf61 Rec-~1)tor Concen­
. trations · (Spec:Lfic bound moles x· lo'-14 3H-·· 
Estradi6i/mg _cytosol .ptotein) mean ± S.E. · 

DHA 
.Ch,ronic 

1~24. ± .10 

- 1~ 44 ± • 03 : 

1_ •. 71 ± .09 

1. 5-5 ± • 05. 

0. 79· ± l!dl 

0.71 ± .01-

DHA 
· Disco~tinue<;l--

1.51·±·_.18 

1.62 ± .09 

1.82 ± .06* 

2.11 ±' .00* 

-2. 49 . ±. ~ 11 * 
. 2.08 ± .11* 

3.00.± ~09* 

114 

1 Two diff~rent·cytoso1 aliquots; in dupl:!-cate, were-assayed for e~ch 
treatmen"F-- gr~JJ.~~p'ftrt:'lsacrifice. · 

. . . -- . '.. ~- ., . . ' -

' • - • J 

* ·eytosol-estradiol :receptor concentrations are f:!ignificantly hig1;ier 
·(p < 0.01)· than_.groups of sim~lar aged.- rats. receiving- .continued 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, cytosol e·s-

tradiol receptors, vaginal cytology and organ weights). In addition, .the 

androgen withdrawal period was closely studied, during which resumption 
I 

of regular estrous cycles was anticip~ted. Starting at 27 days of age~ 

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/lOO.g BW) was also 

established·before (27 days of·age) and after DHA ind~ced precpcious 

ovulation {34 days of age) and at the end of chronic DHA administration 

(46 days of age). 

Ovulations and Vaginal Cytology 

By 32 days of age, vaginal patency occur~d 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 vaginal 

patterns; the remaining 25% had constant estrus vaginal smears. In no 

instance did the vaginal cytology of any animal change from const.ant dies-

trus (or vice versa) during the period of 33-46 days of age. Following 

the last DHA injection (age 46), the vaginal cytology of each animal re-. 

mained constant for a short but variable length of tim~ subsequent to the 

resumption of regular estrous cyels. The interval between androgen with-
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drawal cm._d,.initi~l resumption __ of regtil~r. cy~les· was .found .to h~ _9.3 ± ·2. 7 
- . . . . . . . . 

(S .'D~) days- (calc1:1lated·- af3 the_ number· of ·_days. required- for {liestrus .anima-ls 

to change to estrus, or_- the _number_ of days for constant ~strus . animals­

tp change to di,estrtis). _-_-- Eq~ivalerit capacities ·to resume reg~lar estrous 
. . - ,. . . ' . - -- .· . . · .. 

cycles, as: judged: by --va,'ginal cytology· 'we·re f_ound -in both COlis~ant. estrus. 

~nd constant diestrus animals. 'The~ iridu~t~ion :o~ constant>vaginal_ cytology 

_·and the re:turn to regula~ est'rous._ ·cycl~s ,:is grap!}ically .dem~ntstr.at~d for.­

a. representative ·group of rats. i,n ':Figure ··10! · It -should .. be noted- that on a· 

gro'up basis, there was ·a great .d'eal- of va~iati,on.·.in- the ·va_gin~l smears of -
.. -· -· 

the rats·· ori any g~yen day d~rin~{ androgen _withdrawal~ 

·ovarian.· Wei.ght 

Ovarian we~ght -during and :fo+lowi~g chrpnic;! _ D~A treatment· is -sh9~_ 
... '• ... ,,· -

in· Table xxXr) .. Ovar~an .weights-·w~re highest at- 32 ~d ."34 days, rif a:ge-, -
. . . . . . . . 

at -which- t~me -nu111~-rou~, corpora .lut_ea were- -f~und. ,in thos~ animals: exJ:libiting 

diestrus ·vaginal _smears-•. -By '46 days of age· (afte_r 20 days qf Di:IA. adminis-

. - . \ -

trat-ion): ovarian_ :weights·- ':i.n_ cons.tant . die:st·rus_ rats .w~re .significantly-__ 

--

heavier -tJ;lan ·those- rec_orded ·in co_nsta.pt :estrus ·animals. who_se _ovaries 'o/eighed _ 

less on a ·mg/100 g BW th~- ~hose of untir~·ated aontrols· .at- 32 _days of age. 

Ovarian cysts -were-' apparent in bOth ·constant estrus and- constan:t·· dies_ttus. 
. - . 

animals_- at· 46. days -of age .:but 'not in ·34~_ d:ay- old DHA-treated· rats. Follow~-

· ·ing the ~iscontinuati.on of. DHA tr~~tll!-_ent:, ovar~arf weights· ·-o_~ _ pr~vioua_~y · -

constant diestrUs animals.declined accompanyingaiegressioil of.<:owpOta 

lutea. By ·6i day~ of age, ovaria.p- 'weights- _were ·:signifi'cant,iy- lower _-_ .. 

(p <- 0 ~ 01) than ovarian,- weights · ~f 48 Q.ay _:-ali· rats (4. 'days post' DHA)_.· 'Con-:­

side_rable' va~iat~on.-~as. n~ted. among morphology (c~rpora 'lutea.;· heiilorrhagi.c' 
. . ' . -. . . . ; . . .. 

. follicl~s, cysts, · et;c. )' and weight· of ov~ries from_ in<;l~vidual_ rats within 



Figure 10.· Vaginal Cytology of a Group of Representative Female Rats 
During and After Chronic DHA.Admin:Lstration. 

Note the chronic vaginal smears of each rat during and 
shortly after DHA treatment and the non-synchronized 
res~~ption of estrous ·cycles during androgen withdrawal. 
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Table XXXI. 

Age at 

Sacrifice 

32 PM 

34 AM 

46 AM 

Ovarian and Uterine Weights in Female Rats During Chronic DHA Administration and During 
Androgen Withdrawall 

t.;• 

Organ Weights (mg/lOO'g B.W.) mean ±< s~._ E. · 

Group Ovary Uterus 

DHA 37.8 ± 2.6 176.6 ± 12.5 
Control * ... , * 

28.1 ± 1.5 67.7 ± '·_:.5. 8 

DHA- 43.6 ± 4. 9 215.0 ± 7. 8 * 
* Control 29.3 ± 1.6 127.0 ± 16.8 

DHA, Constant Estrus 17.7±2.8* 196.7 ± 12.0 
DHA,·Constant Diestrus 38.5 ± 4.1 240.3 ·± 13.3 

-~~~-~~-~--------------------~--------------------------------~-------~------------------------------------
-48 AM 2 days· post-DHA 34.7 ± 4.5 208.4 ± 17.3 

50 AM 4 days post-DHA 29.9 ± 4.4 201.1 ± 7~6 

54 AM 8 days post-DHA 31.5 ± 3 .. 7 193.3 ± ,:::~:9. 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 0 ± ::)9 • 7 . ** 

66 AM 20 days post-DHA 24.9 ± 3.1 122.6 ± 17 .. 4 ** 

68 AM 22 days post-DHA 32.:5 ± 1.5 132.2 ± 11.9 ** 

1 Female rats wer.e 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 sacrifice.· · 

* Indicates a significant difference between ovarian and/or uterine weights of groups sacrificed on the same I-' 

day (p < 0.01) ages 32-46. · ~ 
**Indicates that ovarian or uterine weights·are significantly lower (p<O.Ol)- than those obtained from rats 

age 48 days, previously treated with DHA for 20 days'. - · 



- 'J 

.. ,-

- . 

·. each sacrifice ·gr_o~p ·dur-in:~ the- .an~rogen:.withd~awal-.period. As- :a resuJ.t, 

no,: statis~,ically .. :'signific:8Jl·t·· .-c4ari.ges . coul<l be dempnstrated from day· 50 . 
,I,.-· \ ,.' • • • ·: -- ... • -· • .· . •-

. . - . ' . 

. through da:y 60 ~-- at which ti~e ~all. animals had undergone . ~t least ·two 

cons'ecut·ive· estro.~~ --~ycles;; ' On: a. ~ro_ss' ~orp~olog·ica], basis·,-- ~ progressiv;e 
- . 

regression :of- ovarian cysts :w~s.: apparent,, .however.' these findings werer.;tnot '' 

.verifi,ed .:by~ hist~logic~l' examination~. ' 

Uterine Weight 

Uterine .weigh~s · of DHA-:-treated ra'ts ,. qui_te h~gh ·at 32 -and .34. d~ys of · 

ag~, were maintaip.e~ tl;lrough age 46. ~ays. (Tab·le XXXI)·· - J::lo ·significant 

diiferences· in: u't~t~ne w~~ght- could b~ . e_stablished betw~en constant ;estrus . ' 

ap.d constant diestrus. animals at: 46 .days of age.:. Following· DHA withdrawal, 

ti~er~ne weights remained elevated from·· 46~54 days of age.. A significan_t. · · 
'. . . 

decrease o~cu~e.d a~ 58Bdays .q·f age .(p < 0;.01). and no ··f:Urthe.:r statistically 

s{gnificant. alteration~. i? uter~ne weight 'we:r:-e noted froin· .58~6·8. days, of ·_. 

_age~ 

_:$:erum ::steroid Concentrations 

Pooled serum :sample~. (~·erum from two animals- used _to _forin.·each ~pooi) 
- - . . . . 

we~e· analy~ed -by multiple s~e~oid . radioimmu~oas~ay' techniques:. { n ;::: ·3 pools 

per' sacrifice ·day). This :was :done i-p. order· to minimize ·tl:ie· e~pec~ed-. varia:.. 

tions •, in steroid levels' of ~ndl.vidual rats during this. t~ine of. 'androgen 

withdrawal and non~synchro.nized resumpt,ion Qf .. reg~lar .estrous' .•cycles. 
- . 

The ·result$ .:of. these evaluations' are. shown· in .Tables XXXIi- and XXXIII• 
. . ' . 

Seru~ levels ·of. androgens (DHA; andr:()stenedione·, . t~st:osterone · arid DHT) 

·were signi-ficantly higher- .(p < 0 .01} in DHktreated· rats ··as -compared. to.·· 
, .. ,. . ·. ' . ·. :· . -. . . 

' - . 
:vehicle...:. treated ~onttol~ at._ 3~ 'days "Of .age {Table :.XXX.!~)'! . The i~vels of· 

thef:ie androgens were si~·:i.·l~rly h;i.g~ a~·. 46 'dc;ty$. of age _ (followin·g 20 days:· 



Table XXXII. Serum Concentrations ·of_.Artdrogens in Fe.male Rats~1 ·DUring and .Aft·er Chronic: DHA Administrat:Lon2 

'', 

Age. at 
Sacrifice 

St~erbid Concentrations {ng/ml) · mean ±· S.E •. , .... · 

DHA 

32 PM· {Control) · . ,~i~·~~:8 ± . 2 .. 2 
'....J ·- ~. . ' 

·3_z.·PM 148 '± 'ZO·. 6* 

· 46. ~1; ·canst aD, t. Est~s 158 ± 8.0 
·' . ' 

. 46 -·AM ·· con~tant : , . . 1.57· ± 4.0 
Die.strus · 

·.Ai:J.dros tenedione 

0.-07 ± ·0.04 

4.01 -± 0~-72*' 

5. l3 ±' 1:.50 ·. 

· ·9.99 .. ± ·o:97*~ · ·. 
.. 

·resto~terone 

0.13 ± 0.04 
I ~ '• 

.-·<· .... 

4~88 ±.0.38 

6~63 ± 0~84' 

8~93 ±' 0~83 

.DHT·· 

'·. ·0 ~ 04: ± .• 01 ' 

0.44.±:. .10*'',. 

o·.46 ·± "!.11·. · 

_ ,-<JO. 4 7 · ± .10 · . 

--:"'--~--~-·------~~-----...;.--~-~--...:.-----~------~--~----~~-~-~-~,;....~---:--~--~-~-----~~.:...--~..:.·~---~~~~~---..;.-:-~-~~--:--.:..-.-;~~~--
- -:'- ' ' '~ .. 

' I 

48 AM :99.±27.0t 4. 2(}· ·.± ·a. 35::,. 4 •. 97 ± .. ·o.s2: 4 
·a·. 29·. ± ~ i4··. 

,. 

54-AM 23 ± 7~7t 1·. 66.·-± :o .A3t 0. 65 :t 0 .13t- . . .· 0 • 1.4 . ±. • 01 t . 

58 AM 21 ± · :s~5t · 1.66 ± 0.4lt' o.44 ± o·.o9t Q.lo:± .Olt 

6l·.AM · Tr! 6 · .± . 3. 5 t 3.14 '± .1.94 0.31_± 0.18i>' . . ~- 0 ~ 09 ± .• 02 t· 

66 AM· 4~1 .. ± ·1.6t 0.()9 ± 0~32t ·o.23 ± ·o.o7t 0.07.± .Oit 

1 +hree 1. 0 ·'nil: .serum pools,, se.ra -'froriLtwo .r.ats ·:per: po9l, were .ass·ayed in duplicat.e ·for -each treatine~.t gr_oup 
per sacrific·e~ · · · · · · · · 

2 '.' 'bl '1: See "Ta .e XXXI, .c;:,• 

*Indicates ·tha·t ··st.er.6id ·levels ar·e .significB:Ut~y_-'high~r (p<O. Ol)·:.than.levels in 32 day old- vehicle-treated 
. controls. . . '.'. . . ' . . ' . . . .. ' : . . . . . . . ., 

'**Ind:i.~ates .~hat serum ievels. are ·signific~n;tly higher· {p<O.OS) than concentratiqns· ·in 46 'day old constant. 
estrus .rats~ · . ·.· .· ·. · .. · . · . . . . 

tindicates that. serum .leye1s. £!2!~~-g_J)rt"K~i:!Jhdrawal.·are. sigD:ificantly ·lower' _{~p<O. 01). than .constant est}.:'u~.' ~ . 
. and cori.~tant '·diestrus rats: at 4Q: days.· of age_.·- . . . 'e· 



Table XXXIII. Concentrations of Serum Estradiol, Progesterone and 17-Hydroxyprogesterone in Female Rats 
During and After Chronic DHA Administratiort 1 '2 · · 

Steroid Concentration (ng/ml)> '. mean ± S .E. 

Estradiol P~ogesterone 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 ± 6.60* 2.·43. ± 0. 51 

46 AM, Constant Diestrus 0.090 ± .020 31~48 ± 4.00 2.82 ± 0.37 
-----------------------------------------------~--------------~--~------------------------~--~-------------
48 AM 0.220 ± .080 ·34 .. 29 ± 3.30 2.89 ± 0.73 

54 AM 0.130 ± .010 24.48 ± 0 .. 92 l.o26 ± 0.21** 

58 AM 0.050 ± 0.10** 6~93 ± 2 .. 18*** 1. 64 ± ·a. 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*** 
-

each treatment group 
1 ~ats were treated chronically with DHA (60 mg/kg B.W.) starting at'27 days of age. 
Z Three 1. 0 ml serum· pools, sera from tlllO r·ats per pool, were assayed in dupiicate for 
~e~ sacrifice. · · 

* Indicates that steroids are significantly lower (p < 0.01) than levels in rats sacrificed the s~e day. 
** Indicates that steroids are significantly lower (p < 0.05) than levels at; age 48 days. 

*** Indicates that steroids are significantl-y: lowerr~~~(p < 0. 01) than levels at age 48 days .. 

1--' 
N 
N 
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of DHA administra-tion).. No s_ignificant·_. diffe~e~tes among: se·rum levels- of· 

D:f!A, te~'l;:osterone or DHT· were appar~nt · pe-tweeil 'constant estrus and· constant 

diestrq.s. anim~ls;_ Androstenedione'lev~l:~f:werei ?owever, higher. (p < 0.05)~ 

·in .constant dies.trus·- rats :sacri~ice_c;I:·a.t\46: __ days··pf_ age~.-. 

· TWo. day!3 after .. DHA · ~rea1;ment ·wa~ di~continue.d, age 48, an: approximate'. 

50% ·reduct_ion ·in _serum l·evels of,· the· above· ·mentioned f.our steroids was 
',• .: :i• .-' :, :: , • ~.:r , . . . ... 

de .. ~-=c~ed. Further ·red:uctions in p~-r;i.phera:i serum_ concentrat~orts of' DH~_, 

and._rostenedione, testosterone and DHT .occu~ed fr~m 48. to 66. days of ag_e_, 

dur::Lng .which a resumption ,of regular est'rolJ.S cycles occured._ No differen­

tiation ;in the contriputi9n to peripheral ·steroid ·leve+s -was- possible be-­

tween endogenous secretion and ·metaboli'6 .... convers~on of. t~e injection __ :steroid; 
' - '- ) . . - . 

-DHA. · However,_ the clearanc-e of DUA:-:;§..nd ·androstenedion~ was- noticeably 
. .· . : -- ' . 

slower. tha~ th~t· o~ testosterone~ and DHT,,· "to7hich. suggests that so1lle se~retio~ .. 

of the fo~mer sterpids m_ay have occured. 'du~ing·. the.· androgen_ withdrawal-

period.··· In addition,_ the return· to b.asal DHA and andros~_enedione, levels 

in. the_1ong ~·term_ D~A-t_reated ra:t~ was. re:tp.r~ec;l · a~. compared .to. that· .observed 

following short-term DHA plus :P_MSG. treatin~iit · ~Table. XXVII)-. 

se·rum levels ·of estradiol·, p:r:o·g~sterone and· -17-hydroxyprogest~rone 

_(~able _1 ~:J:II).:~ we_:re also· ·signifi~:antly .higher·_ (p· < O •. Oi): in ·3? -·day .~old· 

. DHA,;.,.treated rats than vehicle~t;reated controls •. · .·The ·marked eleva:tion. in_· 

prC?gesterone and the lesser ·increase in serum levels of 17~hyd:toxyproge~-:-.. 

terone ·were· undo'l:lbtedly the. r~~ult· of. enhanced· ovarian -~sec+et:;i.on. due .to the . · 
. . 

_p:trese~ce ·of large, apparent;:ly functional· corpora 'ltitea ·in· .most _DHA-·t.reate'd 
. . .. 

·rats· sacrffic~d at· this tfme. (age· 32. d~ys). · The· i~creased~ e~trad~ol ·con~ 

centr?-tions :in 'these rats was,- howev(:1r. p.:robably .-due to the. metabolism of . 

DHA.--
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Sim~larly; increased_:._serum: con~entratiori.s of thes'e ste_r.oids were · 

fouri-d .at ··46. da,ys of.- age. ~ri- the chronic. DHA-tre·ate·d rats._.·· There was no 
. : . ~ 

significant· difference i~ leve'l's -~f·· ~~tr~diol ~cl -'17-hydroxyprogesterone 

in the cons.tant -es-trus -,and· d:Lest-r~~ · ~nimals. irogester·one ·conc_eptrations 

were, however,. s:ignifican:tly higher (p <. 0~01)_ ·in. the ·constant · diest:r~s 

·rats, which ·also _had much ;J..arg·~i:._" ovar:ies. (Tabie. -xxx~II) studded wlth m~y 

corp~ra lutea. _ No inimediate decrease in --serum levels- of any of these 

· steroids· was fo~n~. following- wit~dr_awal .-of DHA trea-tment at ·46 days of age. 

_By 5.8 days: of ·age; lZ _days at'ter ·'--~he las_t D!IA- injeC:tiori,. a significant. de-

- crease in serum levels ,of ~stradio.l, and . prog.es·te:.rone. ·occured~- :A_ further. 

lm;,ering of eatracUol .. levels .. w;1s noi:ed at :61. days. of age whereas· proges-
' . 

terone conc~ntrations increased. _:at_· :this. time. A,n -initial deGrease ·i~ .17-

hydro~ypl:"ogesterone occured .at §4, days of age; . however· no. further. decreases 
. . . ' ' : . . . . . 

occured- t4rough 61 days·_ of age~- _By '66· d·ays of age,_ seru~ levels. of_ estra­

diol,-. proges.teron~· and -17~hydr~xyprogesterbne were -:equlvai~nt to levels_ 
- . . ' . 

in '32 day olci- control fema~e r~ats ~ 

Pituitary -Responsiveness- to. ·rn~RII. 

The. respo"Q:se to .LH--RH (10 ng/100. g. :B.w. ,--administered- s.c.) .or vehicle 

was evaluated bef~re and soori, after~ the induction _of precocious ovulation 

in DHA-_treated rats; similar· ·evluatio~s were conducteQ. _in.- control .. animal!?_ 
.. -. , . . , ' 

of the· s~e age. _ In _ad:dition ,:·· 4~: day· old ·DHA-treat_ed· rats (constant esi- ... 

t+"U.s · plus ·constant diestrus)- w~re _ admini,stered :~H~RH or. vehicle alorie·. The 

results -of these. studies. are _shown in Table XXXIV.. At ,2-7 days of. age, 

LH-RH caused a sign:lficant increase·-·w:i,t-hin 30 minutes in: serum LH (p < 0."01) 

_ . and. FS~ -(p ~ 0~05) in COJ:lt:rol apiinals-~ _ ·---Ther~ wa.s· no detectable increase 

in LH or FSH ·over control -or v~hicle -~nject'c:d levels iri ~he 27 days old 



, Table XXXIV. Serum Gonadotropin Concentrations Following LH-RH or Vehicle Administration 1 in Female Rats 
·Treated With DHAZ 

Age at 

Sacrifice 

27 AM 

34 AM 

46 AN 

n· 

6 
6 
5 

4 
6 
6 

6 
5 

6 
6 

6 
6 
6 

Group 

Control 
Control 
Control 

DHA 
DHA 
DHA 

Control 
Control 

DHA 
DHA 

DHA 
DHA 
DHA 

--;:j~ _:::_..:·~ 

Treatment 

Vehicle 
LH-RH 

Vehicle 
LH-RH 

LH-RH 

LH-RH 

Vehicle 
LH-RH 

Gonadotropin Levels (ng/ml) .: -:· ,. _, mean ± S. E. 

LH FSH 

--
8.2 ± 0 .. 4 69 .. 0 ± 14 .. 2 
7.9 ± 1.0 81.2 ± 11.4 

35.4 ± 9.2* 142. 4 ± 19 • 9 *~ 

9 .. 6 ± 0.-6 43.1 ± 12.3 
7.7 ± _0 .. 4 64 .. 9 ± 7.4 
9.7 ±1.2 78.7 ± 16 .. 2 

18.3 ± 6.4 63.5 ± 15.0 
i69>5:.:-~± 6·3~.~7~~-~! io4.6 ± 34.0 

7. 6 ±J
1
o. 4 44.3 ± 4.9 

7~2±0.3' 50 .. 5 ± 14.8 

6.7±0.4' 67.7 ± ·::4}1 
7 .. 1 ± o.z 62~4 ± 3.3 
8 .. 2 ± 0.5 67 •. 6 ± 5.5 

1 Rats were sacrif:iced by decapitation before and 3.0 minutes after treatment with LH-RH CLO ·ng/100 g B.W.) 
or vehicle. 

2 Rats were treated continuoasly with DHA (60 mg/kg B.W. /day, age 27-46 days) or propylene glycol. 
* Indicates significant difference in serum leveis of FSH or:'!LH in LH-RH-treated rats as· compared to controls 

(ti~e 0 and/or vehicle-treated, time 30 minutes), (p <·0.01)~ 
** As above at p < 0.05.· . 

HI 
·Nj 
·va;; 
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DHA-treated. rat~ ;-: At· .3~ ~ays of ... age-~. ·near· the :time of natural· onset. of pu-

berty, basal LH .levels in· con:trol ~ats were increased as.- coinpar~d to ·con t:r9l 

levels in 2 7 d_ay old· rats_; ·the res:P?nse tp _ LI!~RH was greater- in the 34 . day 

old -group as .compared to · __ 27: day old_ rats·~ ·Th~_ apparent increase in: FSll · 

lev:els in: 34 day old,. ·.controls after LH-RH was· not statistically signiffcant~ 

There was no. prec~ptible :increase .. in· LH or FSH in· the- 34 day old 'DHA~tre.ated · 

rats. · Basal LH- and FSH levels in :the ·DHA-treated group at this age we.re 
. .· .. · 

. ' . 

. noticeahly lower tha.il those ob:tained f'~::C' 34 day old controls; they were 

however ·n.ot different· from levels _-in. 27' day old DHA-treated rats:. On the 
. ' 

l~st day of chronic DHA admirt~stration, '(age .46) there was no increase in 

seruni LH- or FSH. 30 minutes afte-r .. LH.;..RH~ The data for 46. d~y old rat~ a+e 
' . ' 

co~p'I'ised of :valu~s o_btained in both.- consta:nt ~strus and con~tant diestrus 
' . - .-

rats; no differences were· noted .i:tl·-·rn or ·FSH .leve~s· of those r·ats: obtained 
.- . . . ' ' 

. at ·t:tme -zero minutes- (control)_~ '.:30 mi:n4tes after LH~RH,. or 30 min.utes a;fter 

vehicle.: _It -appears .·that the 'pituita~y response to l~w dosag~s <;>f LH7'"~- is 

suppressed .by DHA tre.atm~nt-.- This :'impai.rm~nt was evident_ four. hours after 

the_ firs~ DHA __ inj-ection on day 27,. fn :3_4 day old .. rats at .which time corpus· 

· luteum development was apparent and- at 46 day·s of a~e after 20 days of. DHA 

administration. 

Serum .Gonadotropins 
. - ... 

The, changes· in serum levels of -~onadotropins, FSH and LH,-- following DHA 

- ' 

withdrawal are shown ;i.n Taple XXXV. ~ gra4ual increas~- in s_erum ill, was. found 

to _occur througp.6ut _'the ·withdrawal period.:· The first statistically_ ·.signifi~ 

cant in.~rea~_e. was obta:f..~ed in, 61 day old· rats.- ·_ This_ incr~ase wa$. -further sus':'". 

tail).ed at 66 arid 6S) days . or age .... when ·serum·-_ LI-J:: ievels wert}_ signif-icantly higher. 

(p < 0. 01) -than .levels at 4.6.~ day~ ·of age_~- · Serum· le'{'els of F~H · dec~ined slight­

ly_ from 46-61 days of ag~ 'but. -w~re in.creas~d significantly :Gp<O. 01) at ~6 



Table XXXV. Serum Gonadotropin Concentrations During. Androgen Withdrawal in Long-Term DHA-Treated 
Female Rats 1 '~-

Serum Gonadotropins (ng/ml) .. :. , mean ± S.E. 
Age at Number of days after 

Sacrifiqe Last DHA Injection n. LH FSH 
-

46 AM 0 6 6. 7 ± 0.4 .. 6 7 • 7 ± ~~r~Cl 

48. Al{ 2. 6 7.6 ± 0.6 61.6 ± 5.6 

50 AM 4 6 8.6 ± 0.4 60.0 ± ··.~4~;3 

54 AM 8 6 9 .o ±. 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 

1 Female 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. 05)).· 

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

J-1 
N 
-.......! 
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days· of age. · Cor:tcentrations ·of FSH at· 68 days ·of~· age ~~re not sl.gnifi,can_tly 

,diffe,rer:tt tl;lan thos~ ;found at 46 days of age •. :The increasing· tit~rs of. 

seru_m LH during an:drogen withdrawal were associate~_:· t~mporally wi,th the· 
' - \" . . '. ·- . ., 

decr~a~ing ·.levels of mos·t blood st·eroid~ -"quantif:i.ec;l -during. the interval 
' . - . _,. 

of 46~61 day~ of age, when. a resump'tiori ·.6~- regular. estrous cycle;; was. 

do,cumented. 

· Cytosol· Estradiol :.Recept~r~. 

Cytos?l. estradiol re_~eptor. con tent. of the : anFerior. pitu;itB:ry and hy­

. pothalamus following DHA ~~thdrawai .. are:·._shoWn. in T~ble ·XXXVI. Bo.th. an-· 

ter::lor pituitary and J;lypothalamic estraq:t'ol receptor levels were signifi~ 
. . 

~ant:;_ly deplet~~ at 46. days o~ ·age .. (.iis. ·compared.to cyto~_ol -~ecept_or ·content 

in untreated femal~ ·~ats i~ othe:r·· experim~n,ts). -·.A- gradual. rep~eni:shmen~. 

o'f binding .capacity was no~~d .for l?oth' ti~sues f~bm age. 46~54 day~ 0~ age.-. 

The . first significant. i~·crease. 4'id 'not' occu-r until 58 days . of ag~ in the 

~te-r:Lor pitui~ary. and- .hypothalamic··: cytospl. es~r~~iol r~_~eptor. c_onc~nfra-

~ion~. ~ypoth~lamic- estradiol ree:epto~_:leyels ~ere fairly consi.stant ,from 
. . ~ . . . ' : . . ' . . . . ' . 

58~68 .days of. age_whereas art~erior pituitary receptor levels were· further 
1 • ' ~- : • ~ • : • t' ' - • • • . : 

repienishe¢1. ·at these times •. By. ~8- days·_ of· age~ (!Ytosol _estradiol receptor 

con·centrations a·~ both· the- .anterior, pituit;ary an¢1 hypothalamus were equiva-: 
- . -

lent to concentrations found on estrus and, diestrus in PMSG;,..prin;ted rats . 

(Table XVII~_)_.- The· r~plenishment o;f_ the_ ·C:ytosol.-.e~tr~dfol recept-ors _.(age 

46-68} paralleled the · inc~~-ase.s.· in· ba~al l~v-~ls (i\}1) . of _se":t"um LH. _during 

. the DHA withdrawal p~riod-J (Table XXXV)~·_~ In addition~·· t_he.·. fir's~ s-ignificant 
. . ' ' . ' _- ' _- -

~ncre~ent in_ cytosol es.tr~~iol r.e~_ep~or lev€:ls of the -~~terior pituitary.: 
• ~ .f .. 

-_and ·hypothal~tis ·_(age ·sa ~ay·s)_ ~o_c~1lr~d .. _at_· the·, ·same :ti~~-·:t.h~~ ;::a_:::s·:i:gni~icant 

decre-ase_ .in serum estradiol was ·--detected, (Tal;>le XXXIII):-: · These· bio-:-



Table XXXVI~ .Changes.· in Cytos~l Es~radiol R7ceptor _·Co~~erttra~:l.ons :_of the ~terior .Pit~itar~ and 
Hypothalamus Dur1.ng ArtdrQgen.WJ.thd~awal 1.n Long-TermDHA""I:'Treated Female Rats 

"Age .at·· 

.·: Sacrifice · 

46 

48 

50' 

54 

. . 58 

61 

. 66 

68 

Number·ot-Days After 

Last.DHA InJection 

0 

2 

4 

. 8. 

12 

15 

20 

22: 

. Cytosol Estradiol Receptor Concentfations· 
(specific hpund· moles 3H-estradiol/mg cytosol pr9tein) mean ± ·s.E.:· 

Pituitary x- _10..:..14. · 

3.34 ·± .06 

: 3~ 76. ± ,~26· 

4.19 ± .··.2~ 

3 • 9 6' ~ ± • 83 . 

4. 90 ±" • 40.* . 

·6.04± .• 01** 

6.20· :±· ~ 72** .. 

.. 1 • 9 s· ± ~ 8 6 ** 

· _Hypothal~us. :X 10~15 

3.05. ± ... Qj 

3'•:39 ± · •. 09· -;~. 

' 3.;'37 ± .• 38·' 

4~;58 .±·--~58 .· .. 

.. 8'~"35 ±' .-15*.* .. 

-1.55 ± .64**· 

7.85 ± .25*.* 

8.-o9 ± ;·16**. 

1 Fem~l~ rat~.·,wete treated._chronical1y, _beginning ·at'27 days of age, with DHA (60 mg/kg ~.W-.) for 20.days-~.:··. 

2 Two. different cytosol aliquots, ·_in ,duplicate; were. assayed ·on each sacrifice.· 

'/(Significant; increases in- estradiol·receptors .(p·< .. ·0.05): as·compared. to· age-46. 

**Signific·ant: increases in estradiol ·receptors· (p < 0. 01) as compared to age_ 46. 
' . .. . .~ . . 

J--1 
N 
'P 
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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. DISCUS$.iON 

MULTIPLE STEROID 'RADIOIMMuNOASSAY ··TECHNIQUES.· . 
....... ~ ' .. ' ' - . 

The most,, significant techniqal·. ad;vance _in endocrine 'researc~. du-r:irig 
. . - . . . . . . ' ' -

·the past 2q.·_ years has. been. the ·development .of new 'methods 'for hormoll;e 
. \ . . . 

.. 
quantification. The most·successful of· the current techniques are_ radio--· 

imrimnoassays whfch offer sensitivity, .. · p·recis;ion and repl;'oducibility ~ Since 

-the· introduction <;>f ·such m~thods·: for the: ~eas~.n:-'emen't of i~divid~al st~ro:i,.d 

. hormones' . ~nvestig~to~s' hav~ ~ecogniz~d the i p(>tent{a~. of': radioi~unoassay. 

- for ·quantification of sev~ral .steroid horrilones·. from ·s:[ngle blood·.-.samples·. · 

A multiple steroid radioimmunqassay method was deve.loped duri~g ~he~e · 

studies and was. a~p.iied to:. the me~sur~iri~nt.·.· of estradipl-1713' progeste.ron~l! 

.17-hydroxyprogesterone,. androste~~dione~ testost_erone,_ d~hydrotestos·terone and 
. . . 

dehydroepiandroste-rone in .serum of human "Vc:>lunteers. and female -rats.;_. The 

. development· of ·two a:i:l,ti·sera for use :i,.rl_ the· mea~u-remen:t of.. estradiol-1713 

_an¢1 di:Jlydrotestosterone was a :n.ecessary · prerequisf..te .·fC?r· this method- due~·. 

t'o the UIJ.~Vaila~ilit_y of . specif:ic antis~ra; to these compounds. T~e an1:i.;.. · 

ser,a developE?d. for ·est:radiol, RP1Fl .(Table III, F~gure .3) and ,for dihyd·ro~ · 

testoste_rone, .IIA-3 (Tabie IV), plus t_hose ant;ise.ra. obtained from .commerc:{.al : 

_sources ·were· found ·to be suitable·_f~r use::in the' contex~ of ;a 1_11ultiple 
.• ' . . . -

steroid radioimmunoassay. method. The. re,quirement._ in s:q.ch methods_ or in 

single ste~oid assay metl;lods -for sp~clfiC:ity of the alltisera was. dem_onstra-
. . 

ted· at: length for the dihydrotestos.tero~e· antiserum, .11-A.-3·., . when_. cornpar~d 

to another antiseru~, _S-:-?4·1, c~rreritly· ·employed for the. radioinnilunoassay ·. 
. . 

of_ this. compound (F~gures -·4, 5 ancf Table . .V). · 

· Chromatogr~pbJc. separation pi· the _seven st-~roids; isolated initially 
• ' ' • I , 

by. ether e~traction ·of 1-2 .ml of serum (or pla~m~) '.was_. achieved using 
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celfte_ part;i.tion ·col1.1nm_s.··· .When the .seruin:voluine ·was -~U:ff~ci~rit: _(greater 
' . . . -

.than .two ~ml) '?Ud thus. the'' quanti-ty 'of. ~adl 'steroid· hormone' 'to be .measured' 

_was_, adequate·,' ·a -two column: d~:chniq1,1e_ · (collimn. syr:;tem· A,+ ~)._was adopt~~ for 

the isoiat_i6n: :of· t~?-e .seven· comp_ounds '(Fi~ure 1,- Table I)~ . However, when· 

the. sample volull\e was- _.limi-ted, as -e~pected· with·. small .animal~·; a ~_in,gle ~ 
. . . . . 

celite colunu:i m~thod. (modified col'l:lmn .~ystem A). (Figure·.~) was .dev~l,op~d.· 

and utilized for the sep,~:rat·ion. an~ collection of the seven st;:~r·oids· fr'om 

a single ser1,1m ex~:r~ct pr;i.pr to as~?ay ·a!3 .. det'ailed in Table II. 

The .overall recovery. of all s~e:qoic:Lhormones fol~owing et~er_ extrac..:. 
. . - . .' ~. - .· 

tionoof serum ·_and' column' chromatpg·raphy w~s quite ·high. (68~93%) and was 

reasonably ~onsi~tent . for' ~ach' ~ompound ~"_regardless of which ·column method 
. . . . -. . l 

. :. was emplqyed!: The .P~ecisi9n -.~f these .me1;:hods (Tabie VI)···was comparab,le-'<· 

to that_ rep~rt.ed for ~ingle . ster.oid .. assay ·me'f:hods (Ko~enman et al. , i96'9; · 
' . ··.' ,, .. - .·· '·- --.. 

:Buster and Abraham, 19_72; Ho.rton,. 1965;· Abraham et al~; 1971; Strott ·a.nd. 
. . . 

LipsetJ:, 1968; Mayes and Nugent, 1?68) and the acc;uracy is acc;eptable as · 

judged by·comparirig va.lues:obt~ined in.normal· male and female se~um_by 

tht:se. meth~ds ·(Table, VIII) to those .reported iJ1 'literature ·by a variety.· 

of stero~d assay. methods· (Tab-le IX)·~ · The': method blcmks for : th:Ls multiple 

steroid 'RIA are very low (Table ·VIt). which.'contributes greatly ·to ·•the high. 

degree of sensitiy:l,ty .·pos13i'ble ·with this· tcrchnique. The ~hromat~graphic· 

method is _s.iriiple· er:to~gh to . allpw for t~e-· sim1:1l taneous process-ing of as .. : 
.. 

. IJ1B.ny ·as eight columns and requires.· ~bo:ut .·two. hours~ for~ the.' complet~ separ....,·· 

ation _and indivf..dual c.ollection :of . q.lL seven._.steroids. for subs~que-q.t radio~ 
,' . 

immunoassay. 

OthE?-:r ~~l~i)?l~ .. st.ero.i.d .. rl:ld~oi~utio,a$_8ay m~thods. h~ve . .also been dev~l~ 
• • ~ • '!: • • ' ' • • ' • • • • • • • ··~· 

I I • • 

oped ·recen.'tlY,:.··py', other i.rtv.es_tig~a.t~fs.\,_ ori·~ s~ch technique(was '-described ·by 
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Concolino'and Marocchi (1972) and allows .tlie.simultaneous·quantification. 

of estradiol, estrone, testosterone.and cmdrostenedione fro-m a single plasma 

extract~ This method, which is quite complex,. required the extraction of 

4-6 ml o.f plasma plus three column chromatographic separations for the ·iso­

~ation of estrone, estradiol and·testostero~e (plus DHT). Androstenedi9ne 

was also.isolated.but had to be converted· (sodium borohydride ·reduction) 

to t~stosterone and rec'Q.romat~graphed on thin layer plates prior to assay. 

All four compounds were the~ quantified by competitive protein binding_assay • 

. The recovery of compounds ranged from 45~60%· for. androstenedione and 65-'-90% 

for estrone, estradiol and testosterone. 

Another multiple steroid assay technique was recently reported by 

Dupon et al.:(l973). Estrone, estradiol, testosterone, andros~enedione 

and progesterone were measured from a· single _4 ml plasma s'ample. The 

method required several chromatographic steps (one Sephadex column .p:1Ais 

two thin layer separations) in addition to·enzymatic conver~ion of andro­

stenedione to testosterone prior to assay • Steroids we·re th:en quantified· 

by radioimmunoassay .(estrogens) or competitive binding assay (androgens 

plus progesterone). Thf: complexity of the chromatographic step!;), high 

blank value associated with thin ·layer chromatography, ·and req~irement for 

large sample.volume make this technique somewhat less than optimally desir­

able for routine use. In addition, this method had a poor recovery of the 

_androgens and ~rogesterone which ranged. from 32% to 60%. 

The multiple steroid·radioimmunoa$say systems described in this dis­

sertation are superior to these two methods·with respect to the critica~ 

areas of sensitivity, resolving power (separation of steroids) and time 

required -for sample preparati?n-prior to actual assay. ·In addition, the 
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~ultiple st.eroid. radioimmunoassay :~eth~ds· (System..s A, .;B 'and· :mo4lfie.ci' .~ys~. 
. . 

tem A) allow ,for the· ine:a81Jremertt. or a·.broader.' sp·e_ctrl,lm. of:.ste~oi;ds til_ari. .. 

the'. above m~ntiqned methods or any :other: stero:i,.d assay 'method currently ·in. 

use. 

PERIPHERAL STEROID LEVEts··:IN ··rnjt·N6RMAL' AND ANDROGENI.ZED'·HuMAN FEMALE 

s.tudies of sterofd levefs iri normal· human .females ·_and·. thos_e· with 

endocrinopathies (polycystic ov~rian d:f.sease,_ .ov_arian .'tumors, co_ngenital 

adrenal hyperplasi~) . yielded·· a .. g'reat · de~l of ·informative. data.- Concentra-
---' 

. . ' . . . . - . . . 

tions· of· weak androgens··:- dehydroepiandrosterone· and androstenedione·-
- - - -

we.re· significantly higher. in p:at:Le~ts:·with ·polycystic ovari~ disease than· 

:i,.n normal women~ (Figu:r.e 6) t . In -~d~i.tiort.; levels oi' 111ore ·potent' androgens_·- . 
. ,..; 

t~stosterone and: dihy¢lr'otest6s.teroiie ~-were .::eleya:t·eu:·,;. t-o a: lesser .de:gree,­

in -the l:lirsute· p·atient~ ,~Figur~- 6) •: .. ·---.EI.eva-tions in ~erum levels -~f andre-· 

gens desc:ribed in these patient~: c.o~fi:i::m :·the· sftudies .of Mahesh and·- Green-·· 
' . - . . ' .. :.. . : . - . - ~ •' . . '. . \ ' . ' . . . 

blatt (1964) who· fo'und:that ·ovaries and ovarian yein blood of such patients 

contained_ ~igh concent+ations of 'DHA_and/b.r .andros_tenedion~~ Other. iny¢s-

.· tigators have reported ~imila:r: elevations _in . peripheral blood levels o.f 
·. . - .. - :· 

varfous· andro'geil,S in hi:rsut~· ~omen; .(Kirschner·. and. Bardin, 1972; .Osborri and: 

·Yannone,. 197lf·~-

_An ·unexpecteP, f,i~d~ng·. in evaluations. of ~te·r·oids· in patients with 

~ol-ycystic ovarian· disease. was. the· sign:i,fic~ntly elevated _concentra~io_ns · 

of 17-hy~rOJ{YP·r·og~sterone and. proge~~erorie ... ·.As shown in· ~igure. 6, leyels 

of th~se compounds were' considerably. higher. th~-.-. ·concentrat_::t.ons·. found in: 

normal wc:>m~n. d:l:lring the folliculaJ; 'phase c;>f ·the menst~ual. cy(!le~ · -~braha~ 

and- Chak.makjian_ (1.9,74) haye rec·~~tly --evaluat~d a~ se~ies .. of .hirs~te· patients 
. -,' - ,. . ' . . . ' 

arid · als·o · r~po-r1;· ~-p;c_r_ease:d.. s¢:J::ll.~If. lev~ls. pf :p~ogesterone 'and '17-hyd·roxypro~· 
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gesterone, in ·addition to·. the· expected 'elevation~ 'of" an<Jrogens in such 

patients. 
. ' . . ' 

These findings indicate that- .a· gen~ral'iz.ed. incr~ase in serum: lev;els 

of most.~drogen precursors. occurs :in polycystiq ovarian disease. ~ow~ver, 

estradiol_ levels were not speci;fically incre~sed and in some . instaJ:l.ces were 

reduced :Ln · iridividl.l~l ·patients. having poly~ystic ovariari_ disca~se~ · sub,stan- _ 

tictting the· hypothesis that. some· forms ·of ~his ~lisor~er .may b~ related. to 

a reduction ~n 'the ovarian aromati~ing ~nzymes, nec~ssary _for· estrogen forin­

ation from_ androgen P!ecursors. (Mahesh· and Greenblatt,· ·1964). 

In addit'ion ·to the patients wit~ .polycyst_ic. qvar~an diseas~, it~'was 

found that increased :-tl.ridr()gen secretion .occured .-in :tJJ:e l,Ji~ited. study of 

patients with· pva~icin :tumo~s a~d. congenital adren-ar' hypEprplasia (Table ·x)~ 
. .. ' ·r· 

Pfevim.is .. ·studies of androgen. levels. in· immature .. female13 indicate ·that· con~ ... 

cent-ration ·of testos1:erone is lower. .than ~hat ·in adult women; as· are· ·the 

concentrations of· ·nHA and_ androstened~one ·(Gandy and Peterson, .1968). The 
' ' 

levels of_ these ·co~pounds. in · thC? _child with congenital adrenal ·hyperple3:sia· · 

and that of testosterone in the. infant ·with an ovarian tumor were equ~.:V:alerit·_ · 

to or higher than levels of testo13terone, .androste_nedione ··and·.DHA in the· 

adul:t female {Table X). The e_~tremely elev~ted se_rum levels of prqgest~r:_ 

one, 17-hydroxyprogest.eron~, · an~ro.s:tenedione, testosterone; and DHT wi;t<h. 

app.arently J?-Ormal seru~ .concentrations of DHA found in· the anovu~atory · 

pat~ent with adrenal rest tumor: (Table X) conf:Lrm. previou~ ~n- vitro analysis· 
. . . . 

of the biosynthetic capacity_· of this neop.l,~sm ·{Sandberg et :al., · 1962) ~ A: 
' ,· ... . .. · .. ···. ' ' --.-·-. . .. 

. . . . . .. . . . 

dramatic reductio1;1 of :serum levels-of the previously ·elev~ted steroids was 
.. . ·. . . . ' - ' 

noted following surgical extirpatiqn of the_tumor. The sub~equent resump~ 

tion ci£ ·ovulatory ~en~trual cycles in this patient offers additional pro.Q'f 
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.of ·the inhlbitoJ?y effects. of ·excessive -serum steroi.d. levels on ovulatio~ 

in the human female as has been found previously. in many. patients with · 

polycystic ovarian disease .(Greenblatt, 1953; Greenblatt an4 Coniff, 1968). 

These analyses of human .. steroid concentrations represent the first 

time that a full. spectrum of· compounds~ including androgens, ·progestins 

and.estradiol, have been measured from a·single s~rum.extract. The results 

obtained in these studies indicate that the multiple steroid radioirimmno­

a~s-a.y methods which were developed during the completion of this reer~~::t:c~ 

endeavor·are a potentially useful tool in both routine cl~nical as well as 

experimental endocrine research. 

STUDIES IN CONTROL ·:AN.D PMS.~TREATED. IMMATURE FEMALE RATS 

Pertinent.data.previously described in the Results section in tabular 

form, will be presented graphically for the purpos~·of this discussipn 

in an Appe11dix· (Figures 11-19). Pa17ameters discussed, such as organ weights 

and serum conce~trations of a partic~lar s.teroid are presented concomitantly 

for all experimental t~eatment groups. - unt:reated controls, PMSG-,- _short:...:term 

DHA .Plus PMSG, and long-term DHA in individual figure13·. When viewed in 

this fashion, correlative changes in individual parameters are more.easily 

compared from one experiment to anothe'r. +n ·addition, similarities as well 

as dispa~ities which were docu~ented during the onset·of puberty and ovula­

tory failure in female rats are more easily identified • 

. Studies in Untreated Immature Female Rats 

The hormonal __ events associated with the natura,l "onset of puberty in the 

female rat are at pres~nt only partially.understopd. Because .of the 'paucity 

of information concerning this perio~ .·in the female· rat~· untreated female 

rats were studied before and during the .<:xpect.ed time of. the first ovulation 
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(which defines the .event of. puberty) • Uterine, -and .ovar_ian w~ights were 

deterinine~~-oviducts were examined' to· detect ova, vaginal patency was 

documented- and steroid leyels were· quantified in peripheral blo?d of fe­

male rats from 28-39 days o:f age. In addition, ,concentrations of anterior 

pituitary and hypothalamic cytosol estradiol receptors were quantified 

. during the peripubertal period. 

The first indications that puberty was imminent were increases in 

uterine weight (Figure 11) which followed a subtle increase in circ~lating 

levels of estradiol beginning at 33 days of age (Figure 13). Although no 

detectable increase in ovarian weight was apparent at 33 days of age (Fig­

ure 12), previous studies have demonstrated that a maturational or devel­

opmental <;.hange in the ovary begins at 32 days of age, prior·to any in­

crement in ovarian weight (Knudsen· et al., 1974). These same researchers 

reported that _an inc+ease in uterine weight occured at 32 days of life .and· 

continued _through 36 days of age thereby following an increase in the number 

of large (type 6-7)· ovarian follicles at 32 days of age. 

In these studies; the first increase in ovarian weight occured at 35 

days of age followed by another increment. the_ next day (Figure 12)~ The 

in~reased·ovarian weight occured at a ~ime when gonadotropin levels would 

be expected to be elevated (Knudsen. et. al., 1974)·. Serum levels of estra­

diol-~ progesterone, 17-hydroxyprogesterone.,. testosterone, androstenedione 

levels were significantly.increa~ed at; 35 days _of age when compared to 

levels at 32 days of life (Figures 13-17)o A further increase in peripheral 

serum levels . of progesterone and 17-:-hydroxyprogesterone ·was det~cted at __ 36 

days_ of life,- at whieh.time ova and-corpora lutea were first note4 in these 

studies. Serum levels of progesterone, 17-hydroxyprogesterone~ estradiol 
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and androstened:t.one· remained elevatec;l from 36-3.9.· days of life during which 

time the m~jority of animals were found tq ovulate from the·first time. 

The role of blood steroids ·during puberty of the female rat are not 

cl~ar at this time.- Pr~vious studies by Presl et al._ (1969) have shown 

that .an increase in peripheral estradiol concentrations occurs at the time 

of puberty in female rats, as have these studies. It has been further 

demonstr~ted that progesterone levels are lo~ (1-4 ng/ml) in female rats 

at 28 and ·33"days of life, prior to the onset of pubetty (Ramaley and 

.Bartos:iK, 19.7:4), substantiating the findings of relatively low levels of 

progesterone in these studies (Figure 14) prior to 35 days of life.. There 

are no Y.&own studies to which the serum levels of.· other steroids (17-

hydroxyprogesterone~ testoe;terone.;- .androstenedione, DHT (Figure 18) or DHA 

(Figure 19).may be compared in the·innnature female rat~ It would· (lppear 

from this investigation that serum levels of all of these compounds are 

relatively stable fr~m 28-33 days .of life; inc.reasing only after the. first 

increment in serum estradiol,at 33 days of life. The marked elevations 

of most of .the steroids quantifiedfrom 36~39 days of life was probably 

due to the preovulatory surges of gonadotropins in .individual rats sacri­

ficed during this time. 

Of ·all the steroids studied in relation to sexual maturation of the 

female rat, estradiol has received. the most investigationo A great deal 

of evidence has been put. forth which would implicate estradiol as being 

important ·for prepubertal development. of the female rat~. Administration• of 

estradiol antibodies ·.for four days· sta-rting at 10. thr~ugh 25 days of age was 

found to _effectively i.mpair the ·normal increase in ovarian. and uterine 

weight found in untreated female·. rats. (Reiter .. et. al. , 1972a). The site of 



action of-estrad:i,.ol in immature female rats was found to. be in part a local 

effect on the· ovary itself (Bradbury, 1961) ~· The mechanism .of this local 

.estrogen action :was shown to be an enhancement. of .the ovarian growth __ re­

sponse to exogenously administered gonadotropins in hypophys~ctomized fe-. 

male rats (Meyer· and ·Bradbury, 1969; _Reiter ~ al., 1972b) or endogenous 

gonadotropins as well in the int;act.female.rat (Reiter et al., 1972a). The 

increasing levels of ef:1tradiol secretedby the maturing ovary may also 

interact with the hypothalamic-pituitary complex. to induce puberty •. - Estra­

diol administration has been ~hown to advance vaginal opening and ovulation 

in the immature fema:le rat (Frank et al., 1925), as have other steroids 

which m?y be converted to estrogen (Black and Mahesh, 1969). · 

An increase in serum levels of ·estradiol was'detected at 33 days of 

age .in this study of the un.treated female r~t (Table XII) which coincided 

with a significant decrease in cytosol estradiol receptor concentrations 

of both the anterior pituitary and hypothalamus (Table X~II). The increase 

in serum estradiol levels and depletion.of estradiol receptors preceded any 

increase in other steroid hormones measured and also preceded the expected 

preovulatory surge of gonadotropins reported to occur from ~4-38 days of 

life .in Holtzman· rats (Knudsen et .. al., 1974) ~ A similar depletion of hypo-_ 

thalami,c estradiol receptors (cytosol) has been reported. by Kat~ et al. · 

(1974) in peripubertal female rats at 35 days of age as compared :to .levels 

at 21 and 2$ days -of age. l'hey found that the hypothalamic cytosol ·estra­

~iol ·receptors remained decreased in rats at 38 days of age which had no~ 

ovulated (closed vagina), but was replenishe4 in those following vaginal 

opening. No distinction was made- in the current study between those rats 

with closed or open vagiriae with respect to cytosol receptor leyels; however, 

. the majority of rats stud.ied. had· ovulated during the period of 36-39 days 
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of age.· No replenishment.of estradiol receptors was fo~nd subsequent to 

"!:he initial minor depletion at 33 ·4ays of _age. There was no signifi.cant 

decrease in·serum levels of estradiol ·during this time.of unsynchronized 

ovulations either~ which.would make complete replenishment of cytosol re-

ceptors unlikely. 

Studies in·the PMSG-Primed Immature Female·Rat 

Alth~ugh a pattern of hormonal changes was established_by the evalua-

tions conducted in female rats·during natural puberty, it was of interest 

to more clearly identify speci.fic changes·assoc:i,.ated with the synchronized 

qnset of pub~rty. 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_female rats was found, in 

these studies, to cause ovulatio.n at.33 days of age (mean number of ova 

6-11) in. ~11 ·~·treat:ea animals. Subsequent· r~productive 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 in PMSG-primed 

female rats (Figure 14); saline treatment being ineffective. Ovarian weight 
--.....:. 

. ' -
then increased further at 31 days of age but did not . incre.ase . again until 

the PM.of day 32 (technically proestrus). Uterine weight was ·increased·fol-

~owing PMSG .administration from day 30 - the AM of 4ay 32 (Figure 11) at 

wh:i,.ch time uterine ba-1-looning was'·eyident.. Uterin~ weight then declined on 

·the ,day of estrus (33) and decreased further the next day (34, diestrus:.!). 

Ovarian weight remained elevated on estrus and numerous ·corpora lutea were 

found at this time;on diestrus, day·34. 
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Current concepts. concerning the:. P:M:SG. induced precocious owlation· state 

that ovarian steroid synthesis and secretion· following·. PMSG administration 

has a facilitative effect on the preovulatory release of FSH and LH ()n the· 

evening before ovulation·< (Schwartz, 1969;. Strauss and Meyer, 1962). In · 

these studies, PMSG was found to have an immediate steroidogenic effect, 

causing a significant (p < 0. 01) increase in peripheral s.erum le-vels of 

estradiol (Figure 13),. progesterone (Figure 14) and· 17-hydroxyproge~terone· 

. (Figure 15) within 8 hours. Serum levels of·. testosterone (Figure· 16) and 

androstenedione (Figure 17) were·aiso increased on the.PM of day 30 follow-

ing PMSG administration, but. the increase$. were not statistically signifi­

cant. Progesterone anc:J. 17-hydrox:yprogesterone levels declined on the morn-

ing of day 31 whereas estradi<:>l, ap.drostenedione·and testosterone levels 

inc~eased. further.(p < 0.01) Maximal·uterine weight-and accumulation of 

luminal fluid correlated with. the maximal serum levels of estradiol on the 

AM of day 32. Peripheral levels of androstenedione; progeste~one and :1:7~ 

hydroxyprogesterone we-re all. d~pre_ssed on the morning of. day 32 while. es­

tradiol and testosterone increased further. On_the PM of 4ay 32, $erum 

concentrations of progesterone, ~7-hydroxyprogesterone_, androstenedione, 

testof?terone, DHA and DHT were significantly higher than levels in saline-

treated controls or in PMSG primed rats .sacri~iced p~ior to this time,;· es­

tradiol levels declined in relation to those·levels found on the morning 

of day 32 •. The increase in serum levels of the former steroids at 6 PM of 

day 32 (pro~strus) and furt~er·ovarian growth (Figure 12) occured after a . . 

significant increase· in serum FSH and LH (Table. XVI). The decline in es'­

tradiol at this :time (during ~nd after,the FSH/LH surge) s~pports the in 

vit:.ro studies of Chatterton .et ·al. (1969) who fou,nd that LH inhibited estra-
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di<;>l synthesi$' in' oya~ies. reni0v.ed at p:~;oestr\1~ ·. ari.d ':est.rus <from. adult rats. 
. - . - . 

Serum· .levels .of. each· s.ter'oicl (Figures _13~19)-. and gonadotropi~s. (Table ·xvi) 

declined· on ... day: 33_, -·esftus·. and: only· pregesterone +evels .were in_q.reased ··on· 

.day ·_34 ~ .. die~tr4s. I. 

The :tim,:i.ng ·of. -~he preoyulator:y · dis.charge. of FSH .and fl;.H· on. the a~ter­

noon ,of day .. 32 .. in· thes.e ·st~·dies ·~(Table.-'XVi[}.~.is. in·. ~greeme~t: with .·the find­

ings·._of· :others who: studied ·'the PMSG-primed: ;i.mmatu're female ~at. ·c.cost.off 
' ~ • • '' • , . :' " I 

et· al.-~ .1974 ;· .. Stra~ss · and .. ·.Mey~r, -1962) ·• ·.- The:·progre.ssiv.~···:Ln~reases. :J.n ·blood 

. ste~oids fallowing 1>M8G· admin~stration .are .... ~~-o .- si~ilar tq. firtdings in· __ ; .. 

p_revious.· stud1e$ ~- ··wilson ~t · al.·_. (1'9.74) ;· ~using .PMSG~pr:t.med :(PMSG·_at day. 30) 
.. . . . .. 

W:i.s-tar and .. Sprag\le. Dawtey .. r·a~~; f:qund · that: estradiol. co11:c~ntrat~ons ·:Ln. pe]::i~ ~. 
pheral blood.J.ri_creased. prog.res.sively ,. :teaching· ._.peak concen;trations: on. theL 

. . . -. . i . . ' . . . . . ' ·-. . .. 

mornl:ng ,of -day 3~ ·prior to ovulation at -33 -days·-6£ age.~ Est radio~ levels 

then -deelinecl :during: -the. ev~~ing of.;·day -3_2 .. and were not . s-ignificantly 
. . ' . .' . . . . -· ' , . 

. higher-:oi:i .estr.qs: -.(day -3~) ··than .Ieb.rels .'found ;in. S'aline~_treated. controls~.· 
0 • 0 0 • 0 ,' :• '0 M' ' ' • 0 o 0 ~ • ' > 0 > ' 0 ' • ' 

~ . . . ~ . 

Prog·ester6i1e levels (wi~son. et_ ai.:, 1973) increased. in:itially aft;er_ ·P.M$G · 
I .f ' ' • • -·-.-,· " • • ·, ' 

aclm:i,.nis~ratipn·,'. f~~l on the: -~orp.~ng:· of .day. 32·,_ rose sh_~rply on. the PM of 
. ' 

4~Y. 32 and,- then -~ecl.ined on estr:us ;. Similar .patterns of steroid levels. 
. - \ . 

after ~.PMSG':·treattnerit .h~v~_.-_been ~:documented by: b'thers ·in .. the{ immature female .. 

' ' 

rat (Horikos.hi ancl Weis.t;, 1971; ,:·Meyer. et -al~, l:-971; .Zarr·ow et._al~; l~7rl}· .. 
. - ··. - . . ' \ -. -· . . -.- --. -. ... 

. - .. 

. and :.±n adu1t>hamsters (Bara;tczuk. aJ?.d Greenwald,·. 1973). Nq ~previous stud.:Les · 

have .. evaluated lev~ls .of 17~hydroxypr6~esterone ·o~ androgens- (testoste:ro·p.'e; _ 

and~dste~e4ione.,- DHA or ·-D~T .· i~ ·, un t·r~ated . o~: P~97pr.ime_d. :Lmmatu~~. femal~ .. 

rat$·. or.· hamsters.· .. IIi. ano.ther ·species, ~c·C:t;acken. ~d Bai-rd,· (1969) haye 

· demonstrated .. an increase .in: ova~i~ secretions of· andros.tenedione ·following·_ . . ' ·;_ . ", 

PMSG.t~eatment· of f'emale sh~~p·. 
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The dramatic e~evations in serum steroids observe~!'- on the. PM of day 

32 (56 hours after PMSG administration) are .-undoubtedly the re~sul ts of the 

preovulatory su;-ge of FSH/LH. Meyer e·t al. (1971). have .previously demon-. 

strated ~he requirement of this pre6vulatory LH/FSH surge for the elabora­

tion of a progesterone nsur~e~'· ·on the PM of proestrus in· PMSG-primed imma­

ture. female.rats •. The massive increase in progesterone and other steroids 

at· the time of the LH/FSH surge may be characteriscticCOD:.~y;;::of the PMSG 

primed immature female rat. Ho~ever, several studies have shown the acute 

effe~ts of gonadotrop~ns on ovarian steroid s·ecretion. in adult rats 

(Ichikawa·~ al~, 1972), rabbits (Oxender et .al., 1971; Mills et al. ~ 1972) 

and. dogs (Aakvaag and· Eik-Nes ~ 1969). · 

The decline in peripheral steroid levels on estrus (day 33; Figures 

13-19) and the apparent major s~cretion of only progesterone on diestrus 

(day .34) is in agreement with the proposed.biosynthetic capacity of the 

post,.;_·owlatory. rat ovary (Huang and Pearlman, 1960; Horikoshi and ·Weist,. 

1971). 

In view of the rather:poor documentation of changes in.steroid hormone 

levels .during natural and.induced puberty in the. female rat, a comparison 

of these results to findings during the~;~~adult. rat estrous· cycle would seem 

appropriate. . Many simila1;ities appear to. exist between alterations in steroid · 

cot?-celi.trations in blood at the. time of puberty. and those changes noted pre­

viously in normal adult cycling rats. 

Estradiol concentrations have been found to .rise·in both ovarian vein 

blood (Hori. et ·al., 1968; Shaikh, .1971) ·and peripheral blood (Butcher et al., 

1974) .beginning en. diestrus "II (of a four· day estrous .cycle) ·and reach peak 

values in the mornii?-g of pr()estrtis. The increasing titer of blood-estradiol 



correiat"es ·well. with the· increase·. iii_ :uterine· weight .and· uterine fluid • ac-
. 1- ' ' • 

_ cumulation (ballo·onfng) which pre,c~de. ovulation·· in both· PMS.G..,.prini~d and· 
' . . . ' . .· ·, . . ' 

' . . . _·. : ' .' . 
. . . 

adult female· rat.s. (S.chwar1;:z, 1969).':;. Similar· increas~~g~,levels of estradiol· 

and· elevated uterine .. w~fght w:ith:-flu:l~f accumulation· (Figure~ 13:_ and. 11) ·_ · · 
- ' . . . '·· ' . - . . ,.:- ' - -

""'• . 

femal~ rats in ·this .. ·study •. 

· .17~Hydto~p_:t:ogeE:;~ero~e_ {Sh?i~h: anci. Sh(likh; i975): ·and proge:ste~()ne .. con~ 
. ' ~: ·: ~ ~ 

ceritrations· have bee-q.. ~.howri .. to: be- low> on . .'the morni,.Il:g of .proestrus in. the. 

adult .female rat, ·. in~reasfrig · oniy:. ~fter. _·the· initiation ·o~ the preov_illatpry 

g.onadotropin surge. on th~·-afternoon· of. proest+~s {'Ochida ·et ~1~, 1969; 

Ba~raclough et al. ~ 197-1~;_ Butcher. et al •... ' 1974)•. Prog~st~rone a!ld.l7-h~drox~­

progesteron~ ·levels were ~lso foun.d. to .be. elevated in· both PMSG-p_rimed · 

(day 32) and in p~bertal control. female. rats in th:i~ s.tudy (Fig?res 13· ?nd .. 
. . - . . 

14). . SeruJ;D. estra.diol levels ·de~li.l1ed ·thrm:ighou~. th_~ afternoon and· evening . 

of proestrus in.the adult female·rat .. (Butcher et .al •. , 1974;. Hort···~t-al.~: 
._ ' - ... --.. --.. ' ~·---.. -· 

1969; -. Sha:i,.kh, 1971)· .and 17~hydroxyprog_~steroil~ (Shaikh and .Sha~kh, 1975); 

estradiol arid -progest·er.one con·centrat;ions. ·were lower ·on .estrus· than levels 

found on the PM of proestrUs ·(Butcher et al., 1974). 
' . . -.-··- . 

A· simil:-ar. ciec+in~ in · 

serum· estradiol on the. PM of proe~trtis ,(day· 32) and. decrease in .1:7.~hydroxy~ .: . . ' . . . . . ~ . . 

. . 

·progesterone; ·est-radiol -and p-rogesterone· on estrus (day 33) was ·doctim$nted in 
. ' ' ,· ••. • I • ,,• • •' ' ' • . .' • •• ': • 

. . 

the PMS~-primed: i~ature .female. ·rat (Fig• 13· and 15)·~ SeJ:'U~ estradiol_, 17- .. 

hydroxypr:oge~te~9ne ·-~a Pl::''?ge_sterone c~nce-p.trB:tion~ did· not fall. dramati,ccilly .·.·. \ 

duririg the time _of. ovulatioris.:in the gr,o'up of untreated control ra~s at pu- _ 

·betty (Fig.· ·13 and 14);. ~o.w~ver, _.tqis wa~<·proba~ly due tp the ·~lack. of; syn-. 
- • , c\ . . ~ • ·' , • . , 

ch_tbny among_ individual- anf:mals witJl:i~:- the· experimental g:t:?up. A decline 

in levels of estrad~~l, ·_17-hydroxyp;-og~sterone-. and pro,g,ester.one was ·noted at age 
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39 ,. however.· (~~gq:res_ 13-15), a .time at which most rats had already. ovtilated. 

Blood levels of .. testosterone· (F.p.lvo et·· al .. , 1972·; D_upon. and Kim, 1973) · 

and ·androstenedione (Dupon and Kim;. 1973) have been shown to be highest on 

proestrus in the· adult cycling female rat. These findings are in agreement 

with ·the pattern of secretions observed in the PMSG~primed female ratr:.· 

(Figures 16 and 17.) • Serum levels ·of both compounds were also 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 exper_imental results tend to implicate estradiol as the steroid re-

sponsible·for the preovuiatory·gonadotropin release ·(Schwartz, 1969). 

Ferin et al •. (1969a) demonstrated ~hat the admini~tration of .estradiol 

antibodies on diestrus II· and proestrus could block. ovulation irt the adult 

female rat. Neill et al. (1974} found that the :Lnhi.bito_ry ·effects of estra-

diol antiserum could be reversed by the concomitant administration of 

estrogen. Similar inhibition :of ovulation (Ferin et al., 1969b) :has also 

been observed in the. PMSG-primedimmature female .rat: anti-estradiol anti-

serum, but not antiserum to testosterone or normal- rabbit serum, prevent.ed 

ovulation,,which was reversible following the administration of. stilbestrol, 

a synthetic estrogen. Ot~ershave also demonstrated the. requirement for 

estradiol secretion :Prior. to ovulation since administration of estrogen 

antagonists also blocked ovulation and the pr_eovulatory ~?Urge of gonado.-

tropins in the adult female.rat (Shirley et :al., 1968; Lal;>hsetwar, 1970). 

The facilitative effects of estradiol on go.nadotropin secretion have also 

been demonstrated in the monkey (Karsch et·al.; 1973)· and in man (Yen et. 

al.; 1973) • 
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Pr_og~stero11e~ ap.othe:r.,s·t~rbid. ·studied extenstvely .in rel~tionship to ·. 

gc:>nadotrop:f-~1--secret'ion.~:. appefirs· .to· have··:a; fa~ilitB:tiv:e action oii. _FSH/LH _ 
. . . . . -. - ' 

secret:Lon' :only .. when, -admini~_tered' ·t9 .. ; or secr_et·ec;l·in;. an' .e-strogen-primed 

animal . (~verett~ 19.48; ·McPherson-'. et:· a,l,., ,· _.iri. pr~ss} •.. It 'is. dptibtf:ul 'that_:· 
. . ., ---- .·-

. -

progesterone plays· a physi_olog;i..cai .rol~ in the el~boration .· o.f the preovu~ -

latory surge .of gon_adotropins in :the---fe~a1e rat. since·. peripheral .seru~ 

C<;>nceht.ro9:tionS .dp. n_ot rise· ipprec'iably· .Qn-~pro_est~US·.p·riqr :tO massive gon~c;l-
. . . - . 

otr9pin·rel~ase (~ut.C.her·et_al~,-1974),.-: .l]l addition, administration of.pro-· 
. . . .. .. 

gest;erone -~~tisertim, unl_ike ~-e~trad.iol .;antis.~rum.,·_:ha:s. no effect· on' the t~plii:ig-_ 

of ovulation ;in ad~lt fema:le .r-at-s. (Ferin.·.et. al~ ;. 1969a)--
-._· . ; ', .· '. -:-.· -·- . 

. . 

-The :site _a.nd mechanism 'of s~eroid:_·.(e·stradiol' ·in. particular) action. on 

the sec~etion. of -·gonadotropins· is. not clear. .Both .:the- ·anterior. pituifciry. 

a.nd hypo.thalamus ,_have .been,_ implicated· as- site~ ·of .ste~oid · fe_edback ·_action· 

·on gonadotro)?in_: sec·retio~- (W.~ick :~t · al.; .' i97i;·McCann :.et al. ~-- ~964),: The_· 

fa~ilitative_- or_ s.timulatory ~action -of es;tra4iol ·appearr:; 'to-· ~eside -prim~n~i.ly­

in ,the· a.ntertor pit-u:i.tary.· -_:Weick .and- Davidson -(1970) ·ob.s_~rved. that the .. 
~ - ' ..... 

imp~~~tati6~ :d'-f:·,.·:e.s.tradi:6J.-· .. pe.1l~ts '-iri'·the. Etnt·~~i~r: ·:Pli:ui.t(iry. o~ rats two· 
;- 1 :: •: ; • , • • • • •: ~. ·, ', •• , , , r c 

d~ys._ in :advance ·of ovul.ation:-~~n- d~estrus· l'~)·,.caus_ed a .premature ·surge of 

gonadotrop1:n.s·~ · :_F~rth~:_r .. 'wci:ti~: _i~dica:t~<i'. ::that· _·estr-~d;i.ol · pr~b,,ably. -~cts :.by sen~ ... . . ~- . . . .·.. . . ·, ' . . ; ' . - ·. . . 

sitizirig the anterior pil:t.!tta:cy: .to· h~othalBl'lic, stimulati,qn (Weick et ·al.·, · 

1971; Aiyerf ~nd. Fink,' 19'74)'~' Th~s 'theory- o-f_· s·_ensiti.zati9n has rec~ived ' 

further verff:Lcatio~ by· th~ ·studies. ·of Greeley et :al. 3 . (19-74~-~:-~ . They· ob-
. . ,, . ·--. -.., ,• 

. . 

served that· estradiol treatment .• of castrated.· fetnale rats in which.- the . an-:·. 

terior .. pituitary· had be~n· ·removed· from hypo·f4alamic infll.1ence, potentiat~d 

. ;the response of .-FSH and :·LH t0,: exogenous L~-RI:r~ . Al~ho~gh .. the previmisly . 

mentioned $tudies ·in~icate .that· estr~diol<·inay. act" at. -the:Tevel .. of the ·an-· 



t~rior :pit~ita_cy'; the· role_·,:of· th~· hypothafamus l i11 the: ind:uctiori of the· .pr.e­

ovulatory g?nadotropin, ;sU:tge_ ·cannot· be ovei·looked~· 

.. Sever~l investigators .·have report·~d ·on· the '·presen~e '·of :Luteinizing 
- - ' . 

hormone reie~sing __ -fa(!tor (LH-~) ~ip. the hypothalamus~ · Th~se ·stu.dies ·have 

shown· that .-a depletion .-of· hypothalamic conten-t,· of·. LH-RH precedes· .the pre-­

ovuiat~ry· surge-.6£· ·FSH/LI!. on :pro~strus: in ·,th~·,·adult·. fem,ale. rat .(Wheaton 

:.:;····.? . 

' ', 

and·.Faw·c·e~tt,- 1974; ... Eskay ·et-'.al~, ,1974·; Rainirez· .and_ Sawyer; 1965). ·.- Ad.l!lin.;,. 
. ', ·--. 

.. is,fration ·o:t: pentob?rbital. o~.the afte~noon of proestrus blocks th~- su~ge 

of g~nad~.t~opin~. an~' ~htis 'oyul~tioi1. -:by, pr,e~enting· the depleti:dn. of hypo~·' 

thalamic.- LH~RH ·-(Mey~~r._:· et: ·al~., 1974)'~: · 

, The -finding _·of .. ~yclic 'fluctuations in. _ariter.ior. pit\l~t~ry ·and hypothal-­

a.niic estradiol ·receptors in . th~ ·-BMS~primed . female . .- rat suggested. a possible·. 

relationship 'of tp.'e 'recep~or tq l?otp .. sel;!u~· .estrad:i.ot"·. an<;]..-: &011aclotr~pins. 
' ' ' 

· Ther:e seem-ed to exf~t _a_ tem~ora~ ·._relatic:>nship .. between··fluctuations ·of· ser,um 

. ~st'r:~dio~·.(Fig~r~ 1~.):., s'~iym'~ieveis ... ~f. ·FsR· and LH ·{.Tab'le XVI),· and the 
'. \. . .. ' .. _-.. ' .. '. .·'- . 

depletion/re,plenishm,ent of. cytosol estra~iol_ rec.eptors ·(Tables ~II, :;KYIII)_._. 
--' :., :. ,.,·.. •' ·, 

-As ·estradiol ·titers. rose~ in. blood-.afte-r PMS-G adm:Lnistrat-i~n -{Figur.e 13), 

cytoplasmic ··es·~rac;lio·;t···receptot's of· .. the· .ant.~-:tior ·pituita~y ·and ~ypothalamus 
- . . . :·' ,; ', ' ·.. . 

were.-p:~o~~~~sively depleted (Tables XVII; Xviii) •. Whe~· :-deple?tion of'. r.ec~p-·, 

tors was maximal (d_ay 32) ·1:he preovu~~tory _surge of FSll/~H· occured (T~ble · 

_ xy~) ... Ori ~.es·tr~s ,- aa.y: 33, ~erum .estradiol .. levels declined significa~tly ... 

(Figure~-13) ·, · _cy'tos_ol · estr-ad:Lol .. r~ceptors_ of_ th~- ·anterior pituit'ary · and :-:hy~ 
. . . ' ' . . ~ _. 

- -.· poth~lamuf:! were replenished (Tables. XVII, . XVIII) , . ~d-. the -.prepvulato'ry, 
. . . . ' ~ - ' . ' . ' ~ . -

gonadot~opin s1J:r•ge ... was .. cc;>m.pleted •. The- temporal rela~ionship. between· deple- -. · 
. . . . . 

tiori' a.nd.: r~pl,eni'sh~u~nt of. cy_tos'ol' ~~tradiol .-recepto'rs '~d ser~m .·goriadot~?pin __ 

- lev~ls in. the PMSG~primed · immatur·e ··feniale. r·ci;tt·~ is· denionst-i.-ated more; clearly -· 



' -/-
· ... _ _;_.:.·,· __ ..... ,; 

-.,_ .. · ... -.. _ .. 

·presumably-'tire. 'secte:t·ory. resp9nse) .o:f the -ovary.;: in rats. ovariect~mized: 
. . . _- . - . . - . ' 

. _prior. to PMSQ ·.admini~tration: there: was.· no dee·r,e:ase :in cytosol estradiol 

receptor .concentration of ~ither.~ tissue .. · · :Tne·· .. studies ·of··-Cidlowski ·and·· 
. . . 

. Muldoon:. (1974}·-have· ;demo~s·trat_ed. th.at_- in· ovarie:e..tomized female :r!ats,. the 

administration of estrad{oi. caus~s ·a .... rapid d'.~pletion -.~n estradiol' ~ecep.tors 
- ' . . . '.· ' : 

o;E: anterior: pituitary;. hypothalam.u~· .. and· ·ute·rus· •. The time requited __ fo~. C'< 

restoration ·of cy~oso_l. estradiol bi~ding' capaci~y ·in these t:Lssues. was ... 

approximately Ls...:.zo.: hours ·after estrad'ioT treatment~ .. This ~nterval hetween 

depl~ti~n an_4 r~pienishm~n1; ... c~rrelates _· w·eJ_l, with"':the replenishment in an-~­

terior -pi;u:Lta:cy. ~~--hypothalamus~ on.' est-r{is '(day, .. 33) . in ;PMSG-p.rimed fenia1e . 
. - ' - ., . - . ,-. ·_ .' 

rat~ following maxi~al: depl'etion .at· <32 :-days_·. of -:~ge·._ 

·Following ~~he ·iri.i~~i.'al .pre~ociotls ... ow~~ticin induced :by- PMS.G · at 33 days. 

of. -ag~, -th·e ·rats beg:an ·regular estrous cy.cles. Thr~.e day~ _·l~ter,_ at -36 

days .. of age; most ·r,ats ·-were .in . proestru~ ··again (as on .day 32) at ~wh~ch,- · 
- _- . . . 

t:d:me· a significant iricrea~e: (p < -0.,01): ~n serum .estradiol ~levels (Figure 

i3)' ute·rine· ballooning .and. sign~fi.cant .::4epleti0? ··(p < 0. 01) 'of the pitui~ 

tary cyt.osol est:tadi_<;>l. receptor. ·c_oncept~ations :(Table.'XVII) ·were ·.documented • 

. Ma~y female rats theh _.ovulat.~d. t'4e· nex:t ·-day:,. age, 37: days,-;:;·- as. evidenced by·. 

ovidu:ctal ova, -~resl:l .~?rpbra lutea and: vagiria'i~:~·~s~ffus. These studtes ~demOn'"'"' 

strated ·_a temporal· ~r.~latioilshlp be~ween ·P!eovulatpry . increases. in · ser':llfi •_ · 

_estra~~i:~l,;_ dep~etion ot'- estradio~:: r~·~eptors of ·the .hypci.thal~ic-pituitary 

complex_ ap.d :the '-ensuing: pr-~oyulatory". gon~4<;>tropin' surge .required. for owla...:. 

tion .. ' .. ~hey furthe'r -d~mpnst],:'~t.ed -that tn th'~:se: ·r~ts··.in. which regular estrous 
. . 

. cycl~s follow .-precocious. owlat.fon: (induced:~ by .PMSG); :a· cyclic· dep~~tion/. 



Figure 20 .• Correlative Changes in .·.Serum, Gonadotropins· and Cytosol Estra~ 
diol Receptor' Concentrations of.the-Anterior Pituitary and 
Hypothalamus ··Following PMSG Administration to 30 · Day old I:miila­
ture Female Rats -- --

149.·: 
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replenishmemt· of. cytoaol 'estra~ioi -~e-ceptors . .'o~6~r~d·! 
. I . . '. . • •. 

Cyclic·_ chc:p1ges·::have: been· prErv,iousiy: de~onst_rated~ ¥P~~::J-eyels. of uterine 
' ' • : ~J • 

estrad~ol.·re~ept.ors -~uri,ng ·the estrous-_.cye~e- of: the ·ra~•·.'. The ·fluctuat·fons, 

·obs_etved ·appe~:r: to.· b~· related· to·. changing l'evels· ··of·. est.r~diol.·in blood~ 
. ·:t 

. ' . . . . . ' .. ... "' ~· 

DeHertogh ·et· al:~. ~ (1971) i<;>u~d ·an iricr.ease in 'total· 11ter:i.P,e·· uptake ·of radiq~ 
. ·. -·-.- .- ...... ··· .- -. •" ·. .. . . . 

l~b'e,1ed estradiol· aft~r' in vivo,··a:dminist:ration·, ... on:-prqes'trus-'~ '.rn<'vitro 
' ---. -·~ ;:-· .· . . . . -- .. 

'studies show that ··cyt6sol.estradiol· recept~rs<of 'the.· ~te~us are ·depleted 

on: ·proestrus (Lee --~nd .J-a~ob's·on,'.·. ~97,1) ~- · i~~ ~dditd.6n, · G;r~~ley '·e~ · al. ~ (1974b)· 
, •. • ·r •, -.-.- • ,. 

foun¢1_-that .. ~ytosol-.;receptor~ ·o£ .. the. B:n~er~or· pitu:i.tary:.·:~~d hypoth«9_lamus 

were· depleted on proe;;t~U_f?·; ··a f;:iine o~ _ enh·anced : r~_spori.s~-: tcL:e.xogenous. LH...;.RH, · · 
. . .. . - . .-· - . . . , .. - . .. 

and w~re · r~plenished op estrus in,. adul~ _·female·· rats 7 :. The appa;re_~t dis..:. 

c_repancy hetwe~n .. :results ~btained _in, vitro· and·, .. in -~~v:o'ar·±~es from .tech:­

ni·cal differences which may be· reconciled~ .. Jensen .. et-·,al •. (1968) and als.o. · 
' . '---.. -._. -· - ' 

. . . 

Gia~11:opoulos ··and. ·Gorski·. (1971) ·have shown .. that ,": aft~r estradiol~_iiltera~ts· . 

. w_ith 7-ts cytoplasmic receptor in .. viv~' ·the receptor-est~.adi:oi .'.c·~mplex. :i.s ' 
. - . . . . . ~ . . . . 

t:raAs.por_~ed to the .nucleus, thus rapidly. decreasing the.-_ avair'a~le. b7.nding .. 

sites in the cytoplasm_. It has· also been s~own · th(;!.t ,estradiol ·stimulates 

the replenishmen:t of·. i-ts· own·" r~cep'!=or · (Sarf·f: ari:d. Gorski~ .197:1; Ci4lowski 
. . - . . . -

·and :Muldoon, 1974).-_ Thus,. if recep~or<il;f:'!:lii.l;Lzation: and :translocaeion ·.to the· 

. nu9-leus · (in .. vivo) occurs at· a rate ·in .exce~s. of rec·eptor replen~-shment · 

(as may. be-.the case, w.hen estradi<;>l levels are .. ~isi-ng. in l;>l~od} .. there> will 

be -a net decrease i11: av~il~ble estradiol ;recep:t~rs _,in ·_the ~Yt:9f?Ol< .. {in vitro) 

al '!=hough an -increased 'total . tissue uptake . (in vivo) m~y occur~> 
. . . ---- ... 

. _::~ ' 

The· depletion of· ·.cytosol estr::idiol. :r;eceptors in· tar·get ti~sues ·of the-. . .. '• ., . . . . ,, 

adult female rat correlat~s well w.ith ·the :f:i.ndings. in.·.t:he:.· PMSG.,..,primed im--. 

-niature·. feniale ::rat on. pro-estrus~· (day· 32 and 36,. ·as shown in Figure 20 apd · 



. -.' 

,._:.· is2_. 
·( ·,. ~~ 

· Table xv~f). The.s~·.fi~d~~g$:, .. i~.-.~:a:d-di't.:i.on to:. the:>pr~viously established 

temporal :·.rel~t:i.on~:~h,ip .. betw.~~:n~-. periph~ral~ ~erum,: e13tr~diol'· aJ.td-:·the p~x:eo;ula-
·-. : .. _:...... - . J< .. . .. . ! .- .. _- . . ·./ . . . .· ' . .. - :' . 

tory gonadotr~p-:tri ·-.s~rge .·in .:iinm~~ure and adult f~male :rats, :~treng:then the 

~yp9the~is that·,:·fa,cili'tc;tt·~~e·_ :-estr·ad~ci\· acti~n ·-on: gonadot;ro~in se_ctetion ~ay.:· 

be modulat~d- .. b"y'. an ·:i_n~tiaf .·irl_~eractiori ·w:tth·. cyt()SOl :.reeeptors· of ~the·· an~ 

t'e:t9ir · pi:tuitary .. arid/ o.r.: hypothcilamu~; ~ . ·:The exact :bioch~mical nature of· 
••• •', • •• • : oc ·' -

~StJ:"ad:Lo:l a~tion, :i~_:the._ ant_eri·o~···pituttary• and .hypothalamus ar~ h<;>wey~r,. 

still tind()C~ni~nted --at th~ _pres.e~t • 

. sTun rEs ·1N THE. nHA~rREATEn ·rMMATuim . FEMALE .. RAT 

, . Kn~~sen; ,:l974)-_,_::DH~\__wa,s :found.· to .. i~duce 'Iirec<?cious·. PU:berty_ in. i~mature 

female rats. - Treatm,ent with DHA -(age 27~29) >~>ius PMSG · (ag~ 30) · ·1ielded 
• • ; • r • ' • ~. ·• ' 

··.··., 

a8h.igh- p~_:rc~ntage. of, ovulatfon which· o~C.ul¢ed- primar·ily ·at 30 ._days. of age" . · 

Trea'tm~nt_· of such .. rats ·with: DHA aione -was' also c~pable of' inducing -·P,reco-. 
. . . . 

··cious .p:uberty in i~ature. female ~ats·_, but. ovulation· wa~ .. le~s sync.hron~zed·, .. 

occyring -·from 3'0-37.~. dc::tys. of. ~~e-~. ·During _the_. ~h.ree· day:s 9f .DIJA treatll).ent ~ · 
- ' . . 

(age 27-:29X, uterin~-- weight increased: pr~g:re~sive~y, reaching peak· propot-
• 0 ' o' < ' • ' L ' ~ • ' I ' ' 0 

. .., ·.. . .··. ·. . . . . . . .. · - . . ·. . . -

ti_ons at 29 .da:ys·· of. ~ge ·(:Figure _:11) whe~ uterine :ballooning was ev~dent. 

Similar· preoVl1lat;ory , incre_as~s ._ ~n, u·terine· weight. we~e ~reviously · d~monstra­

. ted in cont:~ol ·female ·rats undergoing ·n.~t~ral puberty as well. as· in P~SG.:.:. · 

_primed· female. ·r?-t-s·. '(Figure .11) ~ ... l!plik~- tqe. control,. and.PMS~primed female 

·rats, titer,ii1e w~ight·_;in :rats -t~eated.with-DHA ·plus PMSG did> not· decline. on· 
. - . . . . . . 

_. - . 

·the :_day o~ e:st:rus (~ay 3of·_~q.s ·shown. :in -Ff.gure·. 1.0. The._ first inc.rement_ ~n- ·. 

o~at-ian w~ight .occ\.rr~d-. B.t ... 3o~._qay~ · -·pf::_~g~- (~ig~re- 12.) •. Ovarian we.fght ·_. t_h~n .. 
. . . . 

. rpse progressive~y -.~.0. reach i>e:-ak<valu~~:- at 32 days of. age., at ·which~!~t,ime . 

nume~ous corpo:r:a, l~te~- were presen't ~n- tJ:!_e· _maj<;>rity:·of animals~-.- A .similar 
. . . . 

. . 

increase .. in ovat~an weight,- co-inciding witJ:l corpus .lt,tteum formation wa_s 

-
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'-
f(;:mn4 iri. the ··rats treated with-·PMSG. only· .at. 31. and. 34, d~ys ·of: age (Figure. 

12) ·•. 

ChB:nges in. 'Ql6od 'ster'oids.~- ·.as· the :resll:lt of DBA:· pius PMSG :treatment·. 

·of ·illlplature female· ·r~ts;.were al~:;~6. evaluated •. Within .three ·hours aft~r · 
' ' 

the fi:t:"st DHA ·irije~tions·:··.{_at ·27: days of ·a-ge). serum. levels: of es.tr~diol ·: 

(Figure 13.) ·~ t_esto_sterone ·.(Figure_'.l6) ., ·androstenedione: ~Figure. ~7},. DHT 

.(Figure_:.l8) an~. DHA ·(Figur~'.19) were ~-i~ificantly .· e~evat:ed '(p < ·_0.0~) when 
' . ' 

compared- to veh;i..cl~-t~eated·.co!l~rols ··sacrifice~ at 27 ·-·days· of .age_ •. · 'Serum 
. . . . . . ..'. 

levels o~ progeste~one (Figure: 13) .:and: i7o:-h;d~o~yprogesterone (~igure 15) 

' . . ' . 

. were~· however~ not· affec~ed by_ DHA tre-~tment·. and remained within norm.al 

limits at· 27 .days of age; Se~uin .-concen.trat·ions,·~qf DHA, DiiT, .· :tesfoste~one,. 

~drostenedl.one and ·.estradiol r·emained. signi:E'icantly · e;I.evated f-rom. 27..:.29 ·days-. . . \ . . . . - ~ . . : •. . . 

of age during· DHA a~ministratiori; _serum levels '0~ . progest:~r·one ,.and · 17~hydroxy-

progesterone increased only at 29 -days of. age; , The preovulatory'· elev~t.ion 

of. these stero?,.ds in ·the ;·.DHA~rrecated rat.'::is · similar (~!though ·ctifferent 

in ·absolute quantities) to· that .. d'ocumen~ed. in. th.e PMSG-p-r:i.med .·immature· 

female rat at 30~32_· days: of :life;·'prior. to ovulations ·-a~ 33 days of age~. 
-:'·· 

While . the marke4 elevations of steroids_ in .. the latter ~xperimental mo~el · 

arose due· to the ·trophit.\iction :of PMSG :.on; the· ovary, ·elevated .serum_levels 

of estradiol,· testoste17one,an~rostenedione,-DHT and·DHA were .undoubtedly 

the resuit of metabolic conversion of. D~A rather. -than. ~nduced ovar:Lan · 

. activity·- a~. 27 a.n.d ·28. days of life •. Pr~or studies have .9,emons·trated that 
' . 

DHA may be. --~o~ve:rted. readily' to· other.- androgens as well· as to estrogens, 

(Knapstein~ et al·~; 1968;. Weisz:· and:. Gibbs.,' 1974; Naftolin .. et ·.al., ·-1971; 
. ( ·--.---. · .. - \ 

.. Kalvert and ~.lock;· 1968) ~-: .In·.-addition·~ .. the ,ute-rotropic action, of DHA .has 

been· founq to .be depertden~ 'upo:n metabolfc. conversion .-pf .· DHA itself (~udsen, 
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1974)• In support of this.hypothesis that elevations.of.estradiol~ ,andro-

· stenedione·, testos~ter_one ·and .DHT arose from met~11:>olism of._DHA .instead of 

ovarian secretion is .the find~ng- that serum levels of progesterone (Fig-

ure 14) and 17-hydroxyprogesterone (Figure 15)., both of ·which are. not. by-

pr~ducts of .DHA metabolism. but .. which were Increased after PMSG- treatment, 

weLe not init~ally elevated during DHA admin~stration. Following the·last 

injection of DHA at 29 ·days of life, .serum levels of DHA as well as concen-

trations of testosterone, androstenedione, DHT and estradiol- (Figures 13; 

16-19) declined dramatically, further-implicat~ng D~A as the principal source 

of the latter compounds. 

Following PMSG·administration to rats previously treated with DHA, 

serum levels of progesterone (Figure.l4) ·and 17-hydroxyprogesterone (Figure 
' -

15) were elevated on the PM of day 30·, as -was the case in rats receiving 

PMSG 1;reatment only. The rapid decline in serum concentrations ·of DHA and 

its metabolites was slowed by the injection of PMSG, with serum estradiol 

and·androstenedione actually increasing on the PM of day 30. 

Preovulatory eleva ~ions: in- serum steroids (day 2 7-29) in the DHA-treated 

rat were conststent with findings. iiJ. the other experimental ·models discussed-

so far. It ·would seem that .the increased levels of steroids -in ·the DHA-

treated female rat were probably responsible for ~he precociou's ovulation 

observed at 30 days of.age.via spme facilitative· feedback action on gonad-

otropin secretion. Although PMSG was ·found to have some steroidogenic 

actions in rats primed with DHA (e.g., estradiol, pro~esterone,· 17-hydroxy-

progesterone), ·the_ ovulations which occured at 30 d.ays o~ age were. probably 

only synchronized .by PMSG adm~nistration .in which .PMSG .. acted in concert with 

endogenously released gonadotropins (Taple XXIII).-
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As in .the previously presented experimental models .(normal puberty and 

PMSG induced .precociou·s· ovUlation), a temporal relationship .between elevated 

serum steroids and the preovulatory gonadotropin s~rge was found in the DHA­

treated female rat. In addition, .a depl~tion of hypothalamic arid anter~or 

pituitary cyto~ol.estradiol ·receptors, which coincided with increased serum 

estrad:Lol ·titers, preC.·eded ovulation. In. Figure 21 ~ the· relat~onship be­

tween cytosol receptor depletion.and· se~um FSH/LH levels in the D~A plus 

PMSG-treated rat is documented. ·~ A progressive decline in _cytosol estradiol 

. receptors in the anterior pituitary occ1.1red on clay. 27 and 28 and significant 

depletion of the anterior pituitary and hypothalamus was. detected at .29 days 

of age. On th~ evening of day 29 ,and day 30, .ser1.1m levels of FSH and LH 

were significantly increased. This .depletion of cytosol estradiol receptors 

and· the subsequent preovulatory surge of gonadotropins. seen in the andrpgen­

treated female rat .(Figure 21) is almost identical to that previously shown 

to occur· in the Pl'1SG-primed. immature .female rat ... (Figure 20). A ·major dif­

ference is apparent tJ:lereafter between the two experimental models however. 

Cytosol estradiol receptor content of.the anterior pit1.1itary.and hypothala­

mus were _replenished on estrus (day.33) in PMSG-treated female rats (Fig­

ur~ 20) while there was no restoration of cytosol estradiol receptor concen­

trations on day 30 or 31 in rats treated with DHA plus PMSG (Fi~ure 21). 

The failure of the latter group to replenish cytosol 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 in 

peripheral estradiol concentrations on estrus (day 33) in·the PMSG-primed 

rat& (Figure 13). 



'·~ 

Figure 21. · .Correlative Changes in Serum Gonadotropins and Cytosol Estra­
diol Receptor Concentrations of the An:terior ·Pituitary and 

· Hypothalamus Following DHA (Day 27:...29). Plus·· PMSG (30 Days· of 
Age) Treatment qf.Immature.Female ~ 

15.6 
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Studies ·in· the Immature ·Female 'Rat Follovti.n·g Induction :of Ovulation .with · 
Short...:.,Term DHA 'Plus· PMSG. . 

Because of the · innnediate post-.?vulato~y p·eriod (31-~0 -.days· of age) 

following short:-term-.D~A. (_~ge 27.-29) ·_plus. PMSG (_age ~0} _had no_t been eval.:.. 
. . ·. . 

u~te~ ·in the pa~t~ .this interval.:was stud~ed and com~ared to. that in PMS~ 
. . . ' . . . 

primed female. rats •. As· ·.J?reviously .. po;nted· _6ti_t; .f~ma.~e ·rats pri~ed,with·: · 

. PMSG .began norm~! estrous :.cye:le~ foll~w~ng the -~nitial precocious· -OY\ll.a- · 
' . . 

tion .at. 33 days of age •.. ~n: -c~ritrast. to' these f-i~dings,. rat;s~ treated'with -~-
. . . . - ' - ' 

DHA ~lus PMSG b~came acyclic. atffte~- ,the. ea~ly· onset ·of p~berty. In an ef- . 

. fort to develop an :~nderst:a~ding· for. this ovulatory fa_:i.lure,. rats .were' 

studied -ext~nsive:ly. during ·_the. perio¢1. .. of ·a:ndrogen ~ithdrc;twal. As an ad-· 

d;i.tio~al comparison, . ·another- .group·- of ra~~ were· treated· with. _DFIA_ plus PMSG 

and tJ:leJ:l treated. da~ly ·{age 31-40) with-additional :DHA. 

It :was found t4at neither·· ·group' of DHA ..... treated rats ovulated· or dis-
-- .- - . ·_ .. ' . -

played. cyclic vaginal: ~niear ~hanges ·associatec.l with 'normal. estrous ··cycles 
. . . ' . . - :· :' ~ ~ 

as· fo~d ·in rats .treated -with· PMSG o11lyo- . F~o~ 32~.4o-·days of~ age, the major­

.. ity ·of -female rats. (85%) ·were iri cons1:ant:·die~trlis;. the· remainder wer~ · 

f_ound to. have constant _estrus vaginal patte·rn~ ~- ~0 differences -were not~d-
. ' - -.. ·-. : 

. . . . . . . . ·- - . 

·.with--re~pect . to. vagin~. smear pat.terns which could. -be . related to- the differ~· 
• • • • • ' •• • ' ' • • ' I ' • • ' • : ' • ' ~ 

ences: in. treatment during -this tiffi.e (d:iscontinued i)HA or .fq.rther Clll~roge11. 
. ' ~- . . . - . . . 

admfn1.stratio.n). _Since_ special. ·precautions 'had. been taken to avo~d mechan:L- · · 

cal. induction of pseudopr.egnancy, it was fe:lt that the constant ·vB;gina~ 
. . . . ,. .· 

cytoiogy~ ... primaril.y ,,diest:t;~s, was.·due .. -.t.o. S<),ffi~ ot;her. factor,. 
. . .' -.. . ·.,. -~- ·:.·· :'~- . . . ~- ~- ... ~ . . . ·. ~ _, ,• 

. . . . . . . 

found. to pe ··heavier. than those· o~ ·rats· during androgen. withdrawal. (Table· 

XXV), Ov~ri~ ~eiih~s' of'•~ot~ gro~ps were. heil;iest af 3l-3;l days of age, 

declining slowly. ·the_t~~f.ter·· (Figti.re .12). ·::.No ;reg,re~_~'io~ of corp,o~a lu:teaQ. 
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was· evident in rats. receiv~ng continued. DHA. treat~ent an~ .. only minimal· 

-r:egression··was· noted· in rats· in which DHA has been· discontinued. 

Uterine weights were elevated -(appro~imately 200 mg/100 g B.W.) in 

both groups at 32 days ·of age qut began to declin¢ slowly in rats _receiving_ 

no further DHA administration. The· de~line in uterine weight was noticeably 

retarded as. compared to t~at·found beginning at 32 days .of age iri rats 

treated wit~ PMSG only (Figure 11). 

It was felt that patterns of peripheral steroids in female rats during 

androgen withdrawal might reveal clues as to why·these animals failed to 

cycle_after the initial _ovulation at 39 days of age. By. 31 days of age, 

a significant (p < 0.01) decrease in ·serum. levels of androgens (DHA, DHT, 

testosterone, androsten-edione) had occured in those rats·as compared to the 

group treated with DHA (31-40 days of age) as shown in Table XXVII. By 35 

days of ~ge·, . serum levels of testosterone and DHT had declined to concen­

trations equivalent to those found after ovulation .·in PMS~-t:reated rats. 

~t this time, DHA .. was still sigai..ficant~y higher i~ 'blood (l:··.J ng/ml) than 

levels found before and af;t.er ovulation in .rats prim~d.wi.th PMSG o~ly. In 

fact, serum DHA co11:centrations did not return to basaf levels (. 3 ng/ml) 

until 39 ~ays of age, 10 days after the la~t DHA.injection. Serum levels 

of androstenedione at 35 days o~ age wer~ less ~~an levels at 27-29 d~ring 

DHA treatment but· were still significantly higher than concentrations prior 

to ovulation in vehicle-tre_ated controls • Insufficient. evidence exists 

from these evaluations to· determine at .whfat-----~stage androstenedi-one concen­

trations did reach basal. 'levels~ 

Es.tradi61 ·leyels were significantly 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 proestrus)· were not 

attained· until 37'. days of· .age. (Table .XXVI~!).·. It. should· be noted that al-· 

though seruw levels of estrq.diol' were .low~ ;Eemal~ ra.ts. did not begin to cy­

cle at this time during the artdrogen.withdrawal :period •. Serum levels of 

progesterone were high -(in excess of 10 ng/ml) afte:i' ovulation from 31-37· 

days .of age in. fePiale _rats during .androgen withdrawal as well as in female· 

~ats treated continuously with DHA (31....;40 days· of age). The sus.tained ele­

vations in serum.progesterone.a:r:e compatible with the predominant finding of 

constant diestrus vaginal smears .and morphological appearance of the oyary 

in most rats (enlarged with numerous co·rpora _lutea). · Progesterone conc.en­

trations d:i-d begin to decline.at 35 days of age in rats.in which DHA_had 

been discontinued. However, concentrations-at 3~ days of age·were still ·in 

excess of levels found on estrus in PMSG-p+imed female rats (Figure 13). 

When compare-d to the majority of ·rats in .. e~nstant ·diestrus at. all ages (31-

-39) progesterone levels in the small number-of constant estrus rats (mixed 

ages) were signific~n.:t):y lower (p < 0. 01) as shown in Tabl~ XXVIII. 17-

hydroxyprogesterone concentrations·were maintained l:Jy continued DHA treat­

ment whereas a s:i,.gnificant decline was noted. in rats .during .androgen with­

drawal by 35 days o~ age (Table XXVIII) •. The fluctuation~ of these steroids 

during androgen withdrawal are depicted ip Figures 1~-19 and may be compared 

to the other experimental groups more +-eadily :b.y examination o;E these graphs~ 

The chronically elevated s.erum levels· of progesterone and 17-hydroxy­

progesterone in rats treated chronically with DHA are consiste.nt with find­

ings in-pseudopregnant female rats (constant diestrus) reported by·Bartosik 

and Sz.arowski- (1973.). : Knudsen (197,4) has reported. that prolactin levels are 

elevated. during chronic DHA .administration.· · Previo.u.s studies have demonstrated 



. that prolactin is. luteoti"()phfc _in :.th.e . rat. (!1acDqrl:al_d: et_ al. ' 1970) .. ~nd ~that" 

proiactin:-:L.s increa.sed._d(lr~ng- .. pset~dop~egnan~y- irt·. adult· f_emale r.ats · (FreeiQ.an · 

et ,al.; 1974) ~ ·Since ·.se~iim ,DHA levels were still ·elevated as .. late as "eight­

days _af~er the J,.'ast. injection: of DHA .at .29 .. _days of life.~- ·:i.t ··is .·pa_ssible 
. . ' \- .- ,' . . - - . . 

. . 

tQ.a·t the ·prplonge:d :~:J,.ev·ati.c:>ns:'.:in. periph~~8:~- :blood: of -n~~ _may ;a~t· to ·mai~tain_ · 

cprpti~ .lutei.lm fun_ctlo~ ·i1;1. ·rat~-. a~-~er DHA w~thdrawal: · (a:s. evidenced ·by, sustain~d 
• ' • l. . • '_· • . - • • -' ., •. 

·elevations in serum· prog~ste·rone) •.. A previous rep~rt (Singer ~t af. , .-1971) · 
. ..... '· .·· . . . . ' . ' ' . . 

has. demonstrated. that D~i\_.adm_i.nistr.at~on .to female r~ts, follqwing· induction 

of ovulat~on _with PMSG plus· ·.HCG. (human. :chorioni·c · gonad9t.roJ?in):·, resulted 

·.in ovarian ~Iilarge~ent arid.-apparent incre.ased. lut~al·'b.Josynthe:~i-c-activi:t;y. 
. . . . . :· . . . . ·, .. ' . 

They· p;ropose~:l th~t: the. obs_ei;ved· .ovarian stimulat;:i,on .was ··due to· prolactin. 
' ,, .t; ' .• ' 1 

secretion UJ;lder the influ~nce of PHl\~ ·~.This .. finding i.s ·_in .. ,agreement with. ·the. 
. . - ·• ,. . . . ' ' . - . . . . . . . . . . . ~ . _,. 

. report of Knudsen . ( 1974) . and' l:!lso' the .obser~·ations ·on :s.teroid_ secretions . 

during .the pos17-ovulatory p~ri.od· in ·this· .. dissert~ti.on. · 

~lack (~_~69) and Kriudsen (19?4) _have·· both ·coricluded:·. ~hat prolonged DHA ·· 
. . . 

treatment (aft;:er th~ ~nducti~n o:f: pi:'e,coc~oua· .. ovtil~t;:iot?-) res~lts _in: a _sup~ 

pressed secretion of ·tH. In ~the_.presen~ investiga~ion,:· it was found th~t 

. serum levels of --LH w~re _sup.pressed. durtng the· post-·ovulatory. period in rat~. 

treated. wi~h D~A · pl~s P~$9 (piu-s. ~F- .~iiiu.~. additJdn::a_l. DHi\" .administration>~ 

·At ·37 da.ys .. · of:· age, se:r-wn· LH. was· fqund to ·be .less than 10 ng/ml in ... both · 
. . ·--··. " ., . 

groups; LH was how«7v~r slight.ly ~igher i~ r_at~_- rece:(.vl~g'· no. addit_l:onal D.HA 

a4m.i.nistration .... _ It.: should be--. recalle.¢l t~~t. by· .37 .·days ·of age~ ·_·estradiql.· 

. concen~rations · w~re" ·withiri nc)~~l~-_.i.imit~·.· during a~'~rogeri.··wi.th.~ra~al ~ ·. At 39 · 
. ' . . . . . 

days'of age, .when .s-erum level~ :of.DHA. an4:~estradi:ol,.-were . .low, ... in:-addition · . . .- .· ' . . - . . . . ~ . . - . . . . . . 

than that -found .in .rats dur~rig continued DHA -treatment: (Table._XXIX) ._ A 

. ' 
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similar ·re:ratidnship ·was_ -found. t:·o.:-'exist-· at .. _40. d~ys 0~ .:age wi~h· .. res~ect.·· -to. 

sel;"um 'LH leve~.s~ --F~H- -concentratioris. ,wer.e s.igP:i·fle~tly -~i~her. i~ rats· 

during conti11cued .. DHA· ~dm.:ittistr.atiap -:at ';JT .days· of' age; but ·.-riot. at .39. and 

. 40 days. of. age :.du~·:·to .. ri.sing s~rtmt:levels ·o.f ·FSli. :(n·.· those. rats receiving 
. - . . 

· no DHA. treat:m¢.n t ·· -(·Tal;>le XXIX) • : 

Cyt::os~ol ~stradiol. recep:tor levels_:._pi t ·t;.h.e '.an·t.errhor· .pitu~tary ·were d.e~ 
' ' . . : 

. pressed at 32. :.days. of ag¢;·-siiililar. to .. p·reovu.:Latc;rl:y G:oncentration.s at 29 ... 

days ·of a.ge ·(Table:~)-~·_, As preylo~s+y_ ~entioned,. there.was no immediate· .. ·· 

·r~p.l.e~ishment· .of 'rec;eptor : .. coricentrai1o~:.s ·. o~ ·the .·anterior pituitary··. or- hypo­

·thalanius at ... · the · tiiile of. ·ovul;::ition 'irt: I>HA. pl,u~.: PMSG~treated · ~ats;. :-.i:epf~I1:Lsh-. 

ment was. f9.~1ld, to occur ·.in·· rB:tt:( re~eivi:r;tg .-PMSG ·. ortl)' a~ .. ~he· t:i.ine -~~;if· .\9vula\"'" ; ,·_ 
. ... - ·. . 

tion.· · No ·stat_istic_a1ly signtfica~t ·differ~l1ee_s··~ere. ci:e·t-~ctea .. ·: in ·cytosol'-. 
-. . . ... . . . ~ , . . . . ~-. : . -· . - ·.• .. 

estradiol. receptor_ ~on tent of the. :~ter.ior. pituitary of ra.ts .. trea~eci. with 
. . ' ' - - . 

. DHA plus PMSG: or · t;hose re.ce:i;y:lng : addftl!Qfrc3)I')DHA. t_reat~ent: (31~40 ·day~ · ~f ·. 

·age). until 34 days.of_age~ · From t;lll.s .day ·onward~- :-a-·grg.du~l-r:eplen_i~_hment · 
. -.,,· . - '. ' .. - . ' ' ': 

· of:~r.ec~p~o.rs ·was ~o~ed. -i~L- :r:at:s: re~~~v{:tng ~o.: -f~rt~~;:.-; __ DH~ _t:_reat~~nt:; ·iur~~h~r :· · 

d,epleti~1l·,of . anter~or .. pit1:1itary · ~sti·adiol ~reG_ept.ors qccu:j:"e~. -in . chr~:mi~: 

pHA~treated r_a1;:·~:~·- ·.As _tt()te~ _:earli~r,_. ~H le~els.we'te depressed ~af.tei_-'th~._prf?~ 
.. 

SOCiOUS 'OVUlatiO'Q.-·and did .not.begin. to increaS~ .Uri~_.:j.J .serU'!ll lev~ls· of ·pre-.-

.. viously el~v~ted steroids we.r~' -~orm~l:ized~:o.'~· 
i ·~ -

' ' .. 

' 
,· ' 

. A temporal relationship ,between .ef?tra~iol rec~ptor. :replenish~en.t ·and . 
- . . ' ' ' .,, ' ' . . 

.~ca~ly ·:pr~se~te'd in F:i.gu;re .22. ".,:.'As' ·cytos·of· recept~r--leve·ls of' t4e .}i~~ter~or 

. P.ituit~ry ::'·were· ··f'ep_~~n~~he.d·. ,f~t.t'r~_ng :·~l}dt.og~ri ,~~tJ:i~rawal)'. se~"U1Jl·. 'LH -~~onc;e_ritr;3,..:. 
' . . . . . 

tions, rose;' as -cyto~ol est __ r:adiol_ recep·tor· -levels .rem~~neq 'lo-w, ,depl'etlng'-
'' . . -' 

. even·. further~. ~---decJ:i,.ne in· serull). I.JH wa~ rtot·eci-<f.n ,rats tre~ted,: wi~h. Dl!A 

·---.-
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'Figure. zz:;' Correlative 'Changes-:!£:· Serum·. Gon.'CJ.dbt-~~pin .. Cenc~ntrations ·,and 
-cytosol 'Estradiol R~ceptot.-~.Levels.:iri. the._Anterier· Pituita~y. 
-of Female .Rats .. Induced :.,to· 0vulate ,.with. DHA Plus PMSG Treatment 

AS D~terniiried_ During·-DHA.·Witl).c;lraw~il-.or. Continued- DHA Adminis- · 
·tratiqn: .. (AgeL.31;...;39) ., · · · · · · 
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(3h;40. day~· ,of- _B.g-~) ~---~-- Alt:h~ugh ~yP,othalamic . .rec~ptor· .... t,evels ::~ere :·:r-at: ·docu- .·.~ 

men~(;d:·.in ,thi~ .• Stt1d:Y··!·. it· _~i,~: ant=i;cipat~d .tha~- :-;f.luctuation$: in··.:thf~r tissue:. 

par~ll~l~d · ~_hat.· of_ ~the;:_ant;erior: -pituitary.· .. 

- studies- in. the"IIinllattire ·-Female Rat ·During ·_an.d:~#ter~ _chroriic :DHA ·Adminis- · 

t_r~tion 

Chronic DHA, treatment. has previously :b~en shown to- cause ·qYP:latory .. ,­

fa:Llur~ 'and develoJ?mE?nt- 9f .~Plycystic .ovar~. ~>· iii11ila,ture_> (~~dse.n,. 19.74; 

Black!l :19.69):' arid_ .. matu:i'e .f~niale ·.rats "(Roy~·et. al.' 1962) ~ . -The" c~find:lrigs. ~f 
.·.· ·_· ,·· .· '\ .. _ . --- . ' ' .. _.,_, . ···-

.. . . ' 

ovulatory _failure and ·f~_rmatl.on .of polycys:t:l.c-ovaries ·in thfs:.inV:est-ig·a":""·.-· 
' \· ' 

· -tion· a~e .c~nsister{t ·with_ the ·repo:rt .of Knudsen (1974}. and Black·· (l969) •. . . . . ' . . ' . . . . . . - . . - -. . ·. 

Ghronic .DHA ·tre-atment (a,s· w:j,th. sho:t;"t~term, D~A: _plus ·.PMSG). res~lted in. pr,e­

coe·i.ous ovulation -(day .. 30...;.32) · iJ;l .i~a t'7re f.em'a.ie ··rats~- -Following this in-· 

·du.ction· o:f puberty, f~male. rats exp~rienc-(;d ·OV'!J,latory failure. as _evid:en.c~d 
o t o '• • • ' > • ' I /,'•. '' '• • 

·_by·. <;!pnstant ··vagin_ar' <7;vt.ol6gy .(75%--- c~n.s~ant·. dfestrus,. 25·%- consta~t · estru~). 

A:t-·46. -days. o;f ag~, .ovar_ian cysts ·.were ·found. in -·rats exh~b-iting:,J?9~1~. types·· 

of vaginal. ·cyt~lpgy ~ 

Ovarian and ute~irte w~ights· ~ere: significantly. higher at' ,~2· -~~d. 34·, days · .· 
. , .. 

of .age. in. DHA-treatec;l rats .than ~iri ·controls·· (veh:f_cle-trea~ed} :of .ithe. same 
. . ''. . . . . . . . .. . . . . / ·:' ' . 

. . . . . 

rats ·were "signtf:Lcantly _heavier that( th.ose of. constant _e_Eitrus rats (Tap;Le" I -

XXXI). There .w-as np · sta:tistically signif:LGant. d:LfferenGe ·in uterine .. we,ights · 
. . - . . . . . ' . - . . . . . 

of· eit.J;ter· g;roup ~ · As. dern6n~trateci -~n -r~ts .Pr_C?tre'at~d· with· ·DflA· p~us· _PMSG: · 

· (Tahle· XXVIII), progeste.r·one and ._17 . ...:hydll10xyp~og'es-.t~r0ne ··concentrations- w~re ... 
• '. r '· • • ~ • ' ' • • • ~ ' • • • • • ' ' ' • • ' ~ •• • • 

_signi~icantiy high.e:r after -_ovulation· ·_(day· 32) ::::~P·~-:~_erunl.co~centra.tion~' ~o~-:-
. . -' .. . ·. . . . . . . . .. ' 

. vehic~e-:-treat~~f cpntrols ·:(ptep~b~rta~), .as ._show in., 'l'abl~ .XXXIII-.-. ~rog;es~.-- . 

te~one .arid.').7~hyd*oxypt6g-e_s.te,:rone.- '~once,~t:ratj:ons:: r_~niained_ elevated thro~gh-
. '· ' . . : . :. . . . -~ ~ ... ~.. .· . . . . . . -~=- ' ': ·. . . ~. 

_,. -. • 1: 

., ' 
.--·< 
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out the ·.DHA treatment per.iod (27':""46 .. days of ·_age)·. ·.At -46. days of age, 

se:rum progesterone levels wet'~ s:ignificantly h,igher· in ·.constant diestr~s 

rats- (who· had heavi.et qvaries· with .many·,co!.pora lutea)· 'than in con~tant 

estrus rats (smaller· ovaries· which appea.red to be d~void of ,corpora lutea). 

Serum levels of all steroids·were ei'evated during the DHA treatment period 

(Tables XXXII and XXXIII) and were roughly equivalent at 46 days o~ age to 

.levels noted previo~sly from age 31...:39 :in rats tre,ated w:i,th DHA ~allowing 

DHA plus PMSG primirig (Tables XXVII and XXVIII) in another experiment. 

As mentioned in the introduction, .Knudsen· (1974). concluded· ~hat the 

sensitivity of the anterior pituitary·to tropic influence was not impaired 

by chronic DHA· treatment~ However·, since the. dosage. of LH-RH used to corro­

borate this hypothesis was high (100 n.g)~ it was felt that impaitment or 

lack thereof in pi_tuitary ·responsiveness to. LH-RH would best be .identified 

with a lower dosage. Two-to three hours after DHA .administration ·(8:30-

9:00 ·.AM) it -was ·fo_und that serum levels· of LH were equivalent, to contt.ols 

at .27 days of age, ,but were subst;antia~ly lowe~ at 34 days .of ~ge in the 

DH;A...:tre·ated. gr·oup (Table XXXIV)~ There was no detectable increase. in LH 

orFSH 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 significant increase·i~ serum LH occ~red 

at 27 and 34. days of. age in control rats; FSH levels were. also incre_ased 

but the incre,ment noted at 34 days of agewas not s~atistically significant. 

At ·46 days of age, basal LH levels were.low in the DHA-::treated rats and· 

neither LH nor FSH responded to. LH:-RH admin:lstrat;lon~ . Fr.om this evaluation, 

it .is· apparent that at a ·iliow dose· of LH-RH, significant diff:erences ·do exist· 

betweep. the pituitary·responsive:p.ess of DHA-treated and untreated immature 

female rats.· A compl~te comparison_of these· findings ·tO that of Knudsen 
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(1974). -is difficult because he did nqt concomitantly. a~sess ·the responsive-­

_ ness· of control female rats·.to· 100. _l'l:g LH-RH. 

With ·discontinuation.of.chronic-DHA.treatment, female rats resumed· 

normal-ovulatory estrous cycles as has peen graphically demon~trated ,in 

Figure 10. Although the ·return to normalcy was not a syn.chron~zed event 

within the experimental group, the interval between DHA .withdr~wal and·· 

resumptio~ of estrous cycles was calc'l,llated tc:> be _9.3 ± .2.7 days-for the 

experimen~al group. Because of the lack of synchrony, animals sacrificed 

on selected days during- the post-:-DHA ·_treatment period were in various 

stages of. the estrous cycle. For this reason, no atee~pt- was made to· 

relate ster·oid hormone levels to .a particular stage of the estrous cycle 

during the period _of androgen withdrawal. In ~ddition, it was,felt that a 

mqre meanin~ful. analy_~_is pf .the androgen withdrawa,l period could best be 

per~ormed by comparing, on a day·to day basis~ ~learance of steroids arising 

. from DHA administration to the othe~ para~eters quantified (i •. e. ~ serum 

gonadotropins.~ cytosol .estradiol receptors,. ovarian and uterine· weights). 

A slow decline .in peripheral serum conc~ntration~ of DHA was detected 

from 48-66 days of age. after. the: last DFlA injectio11- :~t· 46 days of age 

(Figure 19). Serum concentrations of testosterone (Figure ~6) and DHT 

(Figure 18) appeared to decline at a faster rate_whereas androstenedione· 

levels declined.initially at 4~ and-54 .days'of age but"'no further signi­

_ficant fluctuations oc~ured from 54-66-days o;E age. Serum levels of es-:-

. tradiol (Figure 13) were. also elevated -for a protracted period of time as 

compared to t;.estosterone· and DHT concentrations. ·It is possible-that 

endogenous se_cretion of: DHA, . androstenedione and estradiol by the cystic 

ovaries could have coritributE~d to the· retarded decline -~n serum of these 
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steroids.· Evtd~nce for ·substantial endogenous steroid.synthesi9 and secre-

t:f..on was demons~rated' by.' the' s_ignificant elevations. in .serum levels of. pr.o­

gesterone·and 17~hydroxyprogesterone_before and. for_ several days after DHA­

withc:lrawal at 46 c;lays of _age (Figures 14,. 15). Previous -in,vivo studies 

in the human female with polycystic ovarian disease- (Figure 6) have indi-

cated· that cystic ovaries· :are extremely. active .in steroid $ecretions. 

Studies .in the female rat treated neonatally with. testosterone (Weisz 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 indication of prolonged 

exposure- of this tissue to .high _serum titers of . estradiol and other st_eroids. 

At -58 days_of age (12 days after the last DHA injection) serum levels 

of estradiol (Figure 13) .and. progesterone (Figure 14) were signif;i..cant1y 
• • • , r • • 

l<?wer than concentrations at 4.8· days ·of ag~; 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 

the length of time r~quired for resumption of estrous cycles in_these rat~. 

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 adequate amounts of FSH and:LH -required for 

ovulation. · 

Serum concentrations of LH were founel to be suppressed by chronic .. DHA 

treatment as pred·i.cted from the studies- of Black (1969) an_d demon9trated by 

Knudsen (1974). Similar suppression of serum LH-had.been found duting con­

tinued DHA administration {age 31~39). of rats induced.to ·ovu~ate by DHA 

(27:--29. days 9f age) __ plus PMSG .at 30 da_ys. of age (Table XXIX). _Twenty days 
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after chronic DHA administration;· .. seru~ LH. was l,ow (46. days _o.f .age) while·· 

FSH levels were normal. or· sl,ightly ·elevated:. at: this· time~·_ A noticeable 

gradua,l increase in seruTI1-levels of LH occured.'.from ·O~B::days after the. last· 

DHA inject~on; · FS!l level.s declined sl.ightly during this time (T?ble XXXV). 

By the morning ·of day 61, a significant ·increase ~n serum LH had occured 

and at 66 days of·age serum levels .of·FSH and.LH were signifiea11tly higher 

than those. found at 46 days of age~ 

Assoc.iated with the decreasiri.g titers of peripheral steroids and -per­

haps related to the obser:vecl patte.rn ·of gonadotropin s~cretion was a· gradual 

replenishment of ~ytosol estradio~ receptor levels of the anterior pituitary 

and hypothalamus (Table xxXVI) • The· temporal relationship of. cytosol es.tra­

diol receptor· replenishment. and seru~ l1=vels of FSH and·. LH is demonstrc;tted 

graphically in Figure 23. · In this regard, it _should be .noted that the 

first significant increase, in estradiol binding· capac:i,.ty of the anterior 

pituitary. and hypothalamus was detected at 58 days. of age.·· Fr.om 61 days of 

a·ge onward, receptor concentrations. of the anterior pituitary and hypothal­

amus were equiV.a1ent to those. reported by CidlowskJ. and.Mu1doon (1974) in 

intact adult female rats; .irrespective of estrous cycle day •. These studies · 

suggest .that a significant . temporal· correlatio11: exists between the decline. 

in previously elevated serum steroids, replenishment of cytosol estradiol 

receptor content, normalization of serum LH.and FSH., .and. resumption of 

regular estro~s · cycles in preyiouslJ:. anovulatory female.· rats"! 

In rats treated. c·ontinuo~sly with. DHA (10. or. 20 .days),. there appeared· 

to exist ·differential.effe<;.ts of DHA administration on serum levels of.FSH 

.as opposed· to LH dur~ng the .period of ovulatory, :e ailure .·., LH was chronically 

sup.pressed whereas FSH was normal or sligl)tly elevated as:=.\previously reported 



Figure 23. · . Correlative Changes in Serum Gonadotropin Levels .. ·and. Cytoso.l 
Estradiol Rece,ptor Concentrations of the Anterio.r Pituitary· 
and Hypothafamus of .Female ·Rats . Durin~t' Androgen Withdr.awal 
After-Chronic (20 Days) .Administration of DHA. 
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by Knudsen· (1974). No unimpeachable ·_explanation: for· these find~ngs is 

possible at the present;· however, the' ~ind:Lngs of other investigators 

lends support to· these data~ .Histological and biochemical evidence has 

been provided by. the work of Castoff (197"~)'. and Steinberger: et al •. :(1973) ~~ 

which demonstrates that two· differenl cell. types ·e~ist in the rat anterior 

pituitary. which ·synthesize and _secrete' gonadotrop.ins,. one· for FSH and ~n~.: 

other fo+ LH... In addition,. Castoff et al. ~· (1974)·. found that in rats' treated 

with PMSG at 30 dq.ys of age, a degranulation ·of LH cells of tl).e ant.er~or 

pituitary 9C.cured beginn,ing early on the· afternoon of day 32. . Concomitapt 

wi~h. this degranulation,-. serum levels of -LH incre·ased ·dramatically. . A de~· 

granulation of FSH cells ·accured la~er on th~ afternoon of. day 32 which <J 

also coincided with an increase in· serum lev·~ls of F~H ·at that time. · Addi-

tiona! evidence for the pO.ssibility that FSH · and LH may be . regulated by . 

separate control mechanisms. has·. come from the ·work of McCann et ·al. (1968): · 

who- found two hypophysiotJ;opic.supstances·in the hypothalamus' one eliciting 

primarily LH secretion and the other causing secreti.on o~ FSH. 

In a different type of study, various investigators have noted that 

following· castration of immature and mature female (and male~ rats, a sig­

nificant elevation of serum FSH and LH O<_:!curs ~ Replacement ther·apy 'frld~th 

androgens, estrogens, an~ estrogens plus progesterone in. castrated female 

rats ·hq.s revealed. that the post castrational.rise ·in serum L~ is more readily 

suppressed than that of .. FSH. - At. high· dos·es of replacement steroids, an · 

increased se~retion of·FSH occurs at a-dosage that.completely suppressed 

serum LH (Eldridge et al., 1974 a; Eldridge et al.; 1974 b; MePhersori·et al., 
' -- . ' -- . -.- --

1974; -'McPherson· et al •. , in press·, _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 be·. under ·separate ·control 

mechanisms. and· that the·.~uppression:·of..LH at a·time.or normal or enhanced 

FSH secretion may. arise due to. d:i..fferi~ntial sensitivities of these ·control 

machariisms to steroid hormone feedback : .. at the· anterior ·pitui~ary, hypothal­

amus and/or higher· brain centers ... The particular steroid (or ster·oids) 

responsibl~ forth~ aberrant, tonic se~retion ,of FSH and LH in.long-term 

DHA-treated rats. cannot be. specifically identified· from these experi.ments. 

A signific~t elevation of several compounds was documented duriD:g DHA 

ad~inistration, much of which prob'ably·arose from metabolism of DHA itselfe: 

A chronic.depletion of cyto~ol.estradiol receptors of the anterior pituitary 

. and ~ypothalamus was noted in th.ese .studies in association .. with, tonically 

elevated s~rum steroids a'Il:d acyclic, a.-bnorinal gonadotropin secretion.· Al­

though hig~. serum conc~ntrations of estradiol ·alone can .. cause acute deple­

tion, ·of cytQso~ ·estradiol receptors ( cidlowski and Muldoon, 19 7.4; Gianno~. 

poulos ·and Gorski, 1971), ·:the. chroni-c depression of cytosol estradiol r~cep- .. 

. tors may arise .. through two separate.· circumstances. Continual utilization . 

of .. available cytosol receptor and tran$location to ·the nucleus as well as 

failure to replenish cytosol estradiol receptors in the cyto~lasm can both 

~ause chronic depletion of r~ceptors as·measured in vitro. 

In addi~ion to elevated serum levels of estradiol, there was signifi­

cant ~levation ·of. androgens and progesterone (lru• _most animals) during long-

, term DHA admini.stratipn~ .Studies in other-laboratories as w~ll as in. our 

department. indicate that steroids other than estradiol may modify. the_ inter­

action of estradiol with its cytop~asmic.receptor. Ruh et al. (197-5)-, have. 

shown that DHT, a steroid found in high qu~tities_ following· DHA treatment 

could cause depletion of uterine cytosol estradiol recept.ors. This was ac-



complished .thro.ugh a translocation of.' estradiol·~·Jree·: estradiol· receptor to 

the nucleus. Korach,. and .M~ldoon· (in press,· 1975) .have studied· the .inter.:... 

action ·of DHT with the· estradiol·receptor .. in.vitr6 .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 progesterone. could block certain stimulatory effects o:t: estra­

diol on oviductal ·growth in adult m,onkeys (Brenner et .al., 1974). This 

. inhibition -was found. to be associa~ed with .a depression of estrad.iol binding 

capacity of estradiol receptors in the cytosol of the oviduct. There was 

no demonstration of direct ·competi.tion of. progesterone. for estradiol binding 

~ites on .the.receptor and therefore t,he depletion may have been due·to an 

inhibition of rece.ptor synthes~s · (replenishment). 

These studies point ·out·~he potential importance. of steroid hormones, 

in addition t(y estrad~ol,. which:. are pr.esent in peripheral blood of normal 

and experimentally altered female ~ats. It.also appears that compounds' other 

than estradiol alone shou~d be quantified when one· ·evaluates the relation-. 

ship between. steroids and gonadotropin secretion. As further studies are· 

completed which. evaluate the relation$hip between steroids (and l?erhaps 

other hormones) and the estradiol receptor, .a "Jll.Ore·precise understanding of 

mechanisms through whi.ch ster·oids modulate·· the· secretion of gonado:tropins 

.may pe forthcoming. 



VI. SUMMARY 

Multiple steroid radioimmunoassay methods, which combined the use of 

a very reliable celite colunm. _chromatographic separation_ .and' reasonably 

specific antisera,· two of which were developed. in this laboratory, were . 

perfected. _ With these techniques, ~t .-wa~ possible 1;0 simultaneously 

quantify as,many as seven steroids following an ether extr~ction of a single 

·serum (or plasma) sample. These methods, which were shown·to yield results 

comparable to tha~ achieved by single steroid assays, are. superior. to_ qther 

techniques currently-employed for the analysis of several 'steroid'hormones 

in a single blood_ sample_. In addit:;i.on, the. simplicity, ·sensitivity _and· 

reproducibility of the multiple steroid radioimmunoassay method make this 

technique equally applicable to routine as well as experimental analyse$~ 

Studies conducted in the untreated immature female .rat revealed that 

pube12ty~ which may· occur from 36..:.40 days- of age in Holtzman rats,. is pre­

ce4ed by a significant inc.rease in serum. estradiol levels as wel~ as other 

steroid hormones_-including te9tosterone, a~drostenedione, progesterone and 

lj-hydroxyprogeste_rone. In. conjunction with increasi-ng titers of these 

steroids, a significant decrease in cytosol estradiol receptor levels of the 

anterior pituitary and hypothalamus occured prior to the expected· preovula­

tory release of anterior pituitary gonadotropins, FSH and LH. 

In a more synchronized ani~al model, the PMSG-primed immature fema_le 

rat, a similar tempo~al relattonship wa~ found to occur before ovulation at 

33 days of age, 3 to 7 days before natural .puberty~ PMSG treatn1ent resulted 

in an acute increase in serum levels of estradiol, progesterone, 17-hydroxy­

progeste.rone; androstenedione and-testosterone within 8 hours. Secretion :of· 

estradiol and its immediate precursor, testosterone, was_sustained through 

175 
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the morn~ng. of c1.ay · 32 . .(proesb;us). A p_~ogressive. depletion ·of· cytosol es­

tradiol-receptors of:~he' anteriorpituitary and hypothalamus parallel~d 

the· increasing ~iters of· serum estradiol. When: .maximal depletion w~s 

_ reached,' a preovulatory discharge. of FSH and: LH occured which evoked a 
• ' • t. 

dramatic but.transient increase in blqod levels of each steroid assayed 

except estradiol on the evening of day 32 •.. Day 33, estrus, was characterized· 

by a replenishment of. C:ytoso~ · re~eptor~ and- a ·dec.line in s.erum levels . of· -

all ster·oids •. The cycle of· increased· serum estradiol an<;l. cytosol'· estradiol 

recepto~ '~ep.letion was repeat-ed at 36 days of age.: (proestrus) prior to a 

_second .day of estrus-at 37 days of age, at which time serum estradiol de-

clined· and receptors were again replenished. · 

_Changes_ in steroid hormones,. cytosol .. estradiol. r~ceptors and gc:>nado-- · 

tropin levels in the DF!A-tre?-ted immat'\,lre .;female_ rat prior.to precociqus 

ovulation -were very .. similar ·to .. t:hose · detnon$trated during- .noJ?llal pube·rty and 

PMSG· induced. ovulc:ttion. A significant inc:rease. in ·serum level~ of es-tradiol,. 

testosterone, and~ostenedione,._DHA and DHA was found· with~n two hours after 

. DHA ad~inistration to. 27.day. old·fe~ale rats. The ~ncreased serum levels 

of these steroids we.re maintained t~rough · 29 days of .. age at. which time pro--

gesterone. and 17-hydroxyprogesterone concentrations-were also increased as 

compared to veh~cle-treated controls. Cytosol estradiol receptors of the 

anterior-pituitary and.hypothalamus were depleted during DHA.treatment and 

preoVulatory gonadotropin surges we~e found to .occur ·on the·afternoon of day 

29 and-30. 

In contrast to the actions of PMSG, steroid levels.remained elevated 

and cyto~ol estradiol receptors remained ~epleted. for. a prolqnged time 

following precocious ovtilation :induced· by _short~term DHA plus :PMSG. No ovu-
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lations or'cyclic c?ai:l.ges.in vaginal cyto~ogy,were fou~d to occur for at 

least· 10 days. after·,.such precociou.s··puber~y·. ·. Duri.ng the'·lO day interval, 

a slow decl~ne in per:j.pheral. ·ster.oid levels . occured which ·coincided with a 

· gradual.restoration of.~ytosol estradiol receptor binding capacity 6£ the 

anterior pitui:tary and. increasing serum levels of LH. 

In ,ra.ts treated continuo~sly with :DHA (10. or 20 days) , all parameters 

studied·remained con.$tant: serum l~vels of steroids were abnormally high~··. 

cytosol es~radiol receptors of the anterior pituitary and hypoth~lamus were 
\' ' . 

depleted; serum levels of Lll were low wh~reas FSH levels were normal· or 

slightly high; no ova, fresh ,corpora lutea or. cyclic changes ·in vaginal 

cytoology wer~. det·ected. Du.ring chronic DHA. administration, a relativ:e 

insen~~ti,vity of the anterior pituitary to· low doses .. of LH-RH, as compared 

to·untreated control rat~, was.derhonstrated. 

Following discontin:uation.of DHA administration:(short-term or chronic) 

serum .levels of testosterone ·and DHT fell to within normal limi,ts within a 

few days whereas . the decline in DHA .and· androstenedione was more prolon'ged ~ 

In ad4ition, se~um levels.of progesterone were found to.be chronically 

elevated in most an.~mals and declined slowly after DHA withdr.awaL as a result· 

of prolonged ~orpus lute.um function. · Estradiol.·concentrations 'in serum fell 

~ore raJ?idly following short..:.term DHA administratio!l ·than after 20.,4ays of 

DHA., treatment, which als.O resulted in .the. formation. of 9varian ·cysts • 

. Although an asso~iation was. found to exist between serum levels ·of es-

tradiol and concentrations.of anteri<?r pitu~tary·and hypothalamic estradiol 

receptors, the possible involvement of other ste:r:oids; which were also af..-. 

fectec;l by. DHA treatment cannot b.e ·ruled. out. at .. the present .• · . As ·cytosol· es-:-

tradiol receptor concentrations were being replenished· during DHA withdrawal, 



' . ' - . . 

serum levels of' LH, ·:whi.c~ had· peeil .. :_stippressecl':.were als6.-.found .to.·. gradually 

it. is· suggested ·in these· .studies ·that· est:r·ad:J.ol .reeepto:t•s. may play a. 
. . . 

role in ~odulating.-:the.:<resp_onse· o~~:the ·hypothal'amie~an.t~rior· pituitary~ 

unit to· chang:i.ng;· levels ·of· serum estradi~i-· and ·.possibly.· other. compounds. in 
;-....- ' 

the female ra.t.- .· Direct .proof· for such- ·an .. involve~ent .has n~-t been estab~ .. · 

.lished; however. it· is- ho!>ed· -that· the ·evidence. provided_ will··be cons.idered · · 

.. pr~vocative.-.etiough· to· induce .;further-_ stU:dy· b:y others.· 

I--

~ 1. ,. 

~ .'' . 
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Figure 11.· Uterine Weights in ·Female Rats: Fluctu.ations Associated 
_ With . the Onset·. of Puberty, . Ovulatory Failure and ·Androgen 

Withdrawal.. · · · · 
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Figure 12 •. Ovarian Weights in Female Rats:·Fluctuations·Associated With 
the Onset of Puberty, Ovulator;y: Failure and Androgen Wit~wal 
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Figure· .13. Serum Concentrations of Estradiol-1713 :i,.n Female Rats: 
Fluctuations 'Associated·· with the Onset' of Puberty, ··owlatory 
Failure· and· Artd:togen· ·withdrawal. 
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Figure 14~ Serum ·concarttra.tions of Pr.ogesterone irt ·Female Rats: 
Fluctuations Associated .. with the Ori.set of Puberty, Ovulatory 
·Failure· and ·Androgen 'WithdrawaL:, · 
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~igure · 15. · · Serum .Concent~rations of. 17..:..ay.dro~yproges teJ;orte iri ·Female . Rats; 
· Fluctuations: A.Ssoc·iated: w:L-th.'·. the .. : on.·'set ·.·of · Pti'be.rty, ·. ovulatdry ... 
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Figure 16. Serum Concentrations·of Testosterone in Female Rats: 
Fluctuations· Associa.t-;J·~with the ·on.se~of Puberty, Ovulato~y 
Failure and Androgeri' W'it~ar-:-. 

205 



_I 
0 

·0::: .... 
z 
0 
0 

~ 
0::: 
W<t 
... :I: 
C)Cl 
z 
0 
.:..J 

5.01 
3.0 

I ::I 
I I 

28 

TESTOSTERONE 

I 

30 

II 
I I I I I I I I I I/? I i I 

32 34 36 38 40 4648 54 58 61 66 

AGE AT SACRIFICE 

I 
i 
I 

\ 

I 
I· 

·l···,_· 
. - -~c---·~-- ---~---~---:~- ------~-~~ ·-·------. _j . 



Figure 17. · Serum .cortcertttations· .of Ari.dtostertedione. in Female Rats: --- -~--::------- - ------Fluctuations .. Associated:.with ·t;he ·onset of· Puberty, Ovulatory 
Failure an.d ,l\ndrogen· Withdrawal 
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Figure 18. Serum .. Concentrations .. ·.o( Dihydrotestosterone in ·li'emale Rats: 
·. ·:~rluctua.tions. Associated>with ... the··_Orts~t ··of ·pube·rty;. ovulatory 

Failure and .. Artdrogert ·withdrawal : 
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Figure 19.. Serum Concentrations of Dehydroepiandros·terone in Female .Rats: 
Fluctuations Associated with the Ortset of Puberty.~ Ovulatory 
.Failure and Androgen Wit~war- - · 
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