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The role of R and protein synthesis in follicular test-
cstercne production has been investigated in the rabbit ovarian follicle
Isolated follicles were incubated (usually 2 hours) with
labeled amino acids or uridine plus 1A, cyclic A¥P or cyclic QP
alone, or together with ‘:icus metabolic ’ tors. r?

‘In dose response studies, testosterone/ production was 3tim-
ulated at all concentrations of L (0.1 to 10; ug/ml) ‘tested (p < .05),
with opt.innl stimulation occurring at 5 ug m/m (p < .01l). However,:
a significant uptake of “H-leucine into follicular protein occurred
only at > 2.5 g I#/ml (p <.0L), with opf_:lm.l stimilation occurring
'at5and10 ugLH/ml Cyclic AMP (Sandlonm e:ﬂmedbothtestosterone,
pmduction and thé uptake of Y4-leucine into follicular protein (p < .01).
Mver cyclic AMP concentrations were ineff_ective. Neither IH nor
cyclic AMP had any effect on the inoorpdlx*aitim of labeled uridine :I.r;to
follicular RNA. | -

In time course studies, testosterone was stimulated witbin
15 minutes (p < .01), in the presence d IH (5 pa/ml) or cyclic AP
(5.m4). The incorporation of 3H-1euc 1so increased with time in
both IH and cyclic AYP treated follic;les, xmpared to controls, but
a significant diffemnce was observed only él ter 90 and 60 minutes, res-
pectively (p < .0l). However, el v
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autoqraphic examination of total follicular proteins after exposure -

ofmand-"ss-m:mm:orls, 60 and 120 minutes shoved no

appamt difference in the distribution of protein bands when compared

’ tD 1"0

Actmmin D (20, 80 and 160 yg/nl) together with LH (5 ug/
ml) inhibited the incorporation of 3p-uridine into follicular RWA |
by 79, 85 and 868, respectively (p < .01). At these cancentrations,
no inhibitoryeffect on m—induoed testosterone prqduction was cbserved.
Paradmcically, Actinomycin D (1 pg/ml) enhanced LH~induced testosterone
. production above that elicited by I aloné. |
c:yclohex_imcle {20 and 10 ug/ml) inhibited LH-induced testosterone '
pmductionby 64 and 578 (p < .0l), as well as the uptake of “H-
1elpixie into fol;:gcxﬂar protéin by 94 and 938, respectively. However,
cycloheximide (1 ug/ml) -'did not inhibit IH-induced testosterone product'.‘icn, ‘
yet inhibited 3I+ieuqirxe incorporation by 81.78. Similarly, puromycin
(40 pg/ml) inhibited IH-induced testostt'amne production by 66%, and the
uptake‘_of _311'-1eucine into protein by 74% (.p < .01). However, puramycin
(16; 1 or 0.1 ug/ml) did not inhibit IH-induced testosterone pro‘duct‘:ion,
yeé 3H-léuciﬂe incorporatién was inhibited by 58, 37 and 31%, respectively’
(p < .01). " | |

The methylxanthines, theophylline (25, 10 and 1 mM) and MIX (5
and 0.5 m¥ had no synergistic effects with cyclic AMP on follicular
testosterone production. Howevér, these methylxanthines inhibited
the incorporation of JH-uridine (35 to 68%) and “H-amino acids (45 to
69%) into follicular RNA and protein. "

Cyclic G (25, 10 and 1 m9 had no stimulatory effect on fol1-

iv !
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icular testostarcns production or the uptake of J=amino ‘acids into
protiin. Hovaver, cyelic QP (25 and 10 mt) significantly enhanced
the uptake of JH-uridine into follicular RNA (p < .01).

These data collectively suggest that de novo RNA and pmtein |
eynthesis are not required for acute Li~induced testostercne production
in the rabbit follicle, B
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“"Never measure the height of a (\v
mountain until you have reached the top.
Then you will see how low it was."

(Dag Hammarskjold, Markings)



INTRODUCTICN
' The term "gonadotropic hormone" or "gonadotropin” refers to

those hormones which stimilate the gonadsl. With regard to the ovary,
the primary gonadotropins are luteinizing hormone (LH) and follicle
stimlating hormone (FSH) . |

lﬁuri.ng the estrous cycle, just before ovulation, IH and FSH
are secreted in a surge-like fashion by the antericr pituitary in
response to rising levels of e'strogensz. The importance of IH and FSH
is examplified by the fact that hypcshysecbmy leads to the arrest of
all ovarian fmctions3. c1assically,( IH was t'hought to requlate
steroidogenesis, ovulation and luteinization, while FSH prcmoted
follicular growth and development. Recent studies suggest a more
carplex interaction between IH and FSH in the regulation of ovarian
functions>, ' ' | | ‘

The aim of the work reported here has been to elucidate
the mechanism of action of IH on stercidogenesis in the rabbit ovarian
follicle. Specifically, the role of ribonucleic acid (RNA) and protein
synthesis in IH-induwed stercidogenesis has been examined.

This introduction will attempt to summarize the current
knowledge regarding the subcellular mechanism of IH (and FSH) action
on follicular stercidogenesis. |



FIGURE 1. Cross-section of a Graafian follicle. Letters correspond
to, antrum (A), basement membrane (BM) cmmlus“‘bophoms (Q),
membrane granulosa (G), cocyte (0), theca externa (TE),

theca interna (TI}, vascular blood supply (V), and zona
pellucida (2). 7



| Follicular Stricture | o S

The nmnalian ovary contains follicles in all stages of
development. The growing follicle may be assigned to cne of three
categories?: (1) primordial follicle - classified as having as
oocyte surrounded by a single layer o:f spindle shaped (‘flat) granulosa
cells; (ii) primary follicle - characterized by malti-layered
cuboidal granulosa cells, a band of mucoidal substance (zona pellucida),
well defined theca intema cells and an autonamous blood supply; |
(i1i) secopdary follicle - characterized by the formation of a fluid
filled antr;n, the proliferati.on of theca and granulosa cells, and the
distinct formation of the cumilus oophorus and enlargement of the

The mature or Graafian follicle appears as a translucenﬁ sphéfe
on the surface of the ovary and has the following structural features

(Figure 1): (1) antrum, (ii)} basement membrane, (iii) cumilus

oopharus, (iv) membrane granulosa, (v) r (Vi) theca extema,

(vii)' theca interna,, (viii) vascular bl sypply, and (ix) =zona

pellucida. - .
Electron microsoopic examination of the follicle has revealed
a nutber of ultrastructural differences between the cells of the membrane

granulosa and theca in‘f:aerna5

. The theca intema cells are characterized
by abundant mitochondria with tubular cristae, smooth tubular endoplasmic

reticulum, a poarly developed Golgi complex and numerous lipid droplets.
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. '_Iri coni:ras!:, the granulosa celly possess sparse, oval shaped
mitochondria with transverse cristae, rough endbplaanic reticﬁlmn,
a well defined Golgi carplex and lipid droplets which differ in size

>

and nutber fram those of the theca cells.

!

Follicular Steroidogenesis - Biosyhmétic Pathways

The Graafian follicle has the capacity to synthesize the ﬁmee '

and progesti'ns -

major classes of sex steroids - andrbgens, es
fram acetate G'll. Our present knowledge of the steroid biosynthetic
pathways is the cumlative efforts of scientists flor two decades
working with such steroid producing giands as thé adrenal, testig and
ovary. & brief description of the gonadai steroidogenic pathways |
(reviewed by Bhavnani and Wooleverlz) is shown in Figure 2
Acetate (2¢), in the form of acetyl menz;mé A, mﬂeré;oes a
series of condensation \mactions in the cytoplasm to form cholesterol
(27). The cholesterol enters }he mitodiondri;i where the side chain
is hydroxylated at positions C-20and C-22 by the 20~ and 22- hyﬁroxylase
enzymes. The 20-22 desmolase enzyme then cleav?s the C-20,22 bond
,Yielding the 21C storoid conpound:  pregnenolone.  Molecular oxygen
and NADPH are reqmn:-d for cholesterol side chain cleavage.
Once formed, pregn1cnolqne entors the cytoplasm far further
netabolism. The cytoplasmic enzymes, A5—3B rhydroxysteroid dehydrogenase
and As—iscn'erase, canvert pregnenolone to progesterone. NAD  is required

as cofactor. Hydroxylation of pregnenolone and progesterone at the C-17

position by thé microsamal enzyme 17 a-hydroxylase (NADPH required),

followed by cleavage of theé-l-? side chain by 17-20 desmolase, yields



-

two 19C ketp androgens: dehydroepiandrostercne and ardrostanedione
The dmydroepimdrosterone can either be ‘secreted directly or converted
by A°-3 B-—hydmxysteroid dehydrogenase and A°-iSomerase to androgtens-’
- dione. Reduction at the 17-keto position by 178 -dehydrogenase
converts androstenedione to testosterone. In addition, both
dehydroepiandmsbemne and arxirostenedione can be aromatized to form

egtradiol-17 _B arnd estrone.

Source of Follicular Steroidogenesis: 'Theca or Granulosa Cells

Te——

The source of follicular steroid productl.on, partlcularly
estrogens, has been dlsputx:-d One hypothesis is that the. theca mterna
are the source of estrogens and androgens, whmle the granulosa cells

- secrete pregnenolone, progesterone and 20a-dihydroprogesterone 13—15.
A second hypdthesis is that the granulosa and theca cells are both

" necessdry for estrogen biosynmesis;"the theca cells synthesize androgens
while the granulosa cells aramatize these androgens to estradiol-17 8
and estmnelﬁ_zs.' A third hypothesis is that both granulosa and

theca c¢ells produce e_strogenszﬁ.

I

Follicular Steroidogenesis: Rffect of IH

Alth:nugh the pattern of steroidogenesis during the estrous
cycle is species specific, certain generalities can be mdc-327. The
Graafian follicle, of every specics stfudied, is the primary source of
precvulatory estrogens. During the follicular phase of the cycle, low
1?vels of circulating gonadotropins (IH and FSH) stinulate the follicles

to secrete small amounts of androgens, estrogens and progestins. The
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-‘gu'ladotmgunm:rgeé.tinmates inc:easedprcductionofandmgms
&strogmsa:ﬂpmg&ntinsmiduaretlnnreleasedintoﬂaeovarian
veinarﬂ‘felQ.ctﬂ.ar fluid. Shartlyafterthegonadotrcpinsurge

'moinvitioacperinmtalappmadmhavebemsuccessfully
used to study steroidogenesis in the ovarian follicle: (i) incubation
.+Of isolated intact follicles; and (ii) incubation of J.solamd theca
or, granulosa cells. Graaf:.an follicles have been isolated by micro-
dlssecta.m fram the ovar:.es of the rabbit $-11, 28, 29 and rat 39—32.

Isolated rabbit follicles incarporated 14c—acetate into
estrogens °* %11, w115 et a1? cbserved that koth 1 (. 0025-2.5 pg/ml)
and FSH (1-100 ug/ml) stmulated approximately 5- to 15~fold
increases in the incorporation of ldc-acetate into estrone and
estradiol~17 8 in isolated rabbit follicles after 3 hours. The
stimulatory effect of E‘SH was attributed to IH contamination since-
pre-treatment of FSH with either anti-IH serum or 6 M urea abolished
the stimulatary effect.

Mills and Savard'®" ' also studied the incorporation of
14C-acetate into steroids from preovulatory rabblt follicles isolated
before and after mating. 'Ihey found that unstmulated follicles
. secreted small amounts of rad:.oactlve estrogens, androgens and progestins,
into the ipmbatim medium.  Exposure of the follicles to IH (0.025
wg/ml) for 3 hours invitroshowedtestostermetobethemajor
radicactive product, followed closely by l7a-hydroxyprogesterone.
Follicleg isolated 2 hours post—cr;ltus synthesized predaminantly
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170~hydroxyprogesterone, while cvulatory (12 hours post-coitus) .
follicles secreted progesterone. mesefindingsmeccnfinredby
YoungLai 29’ 33, 34 » using steroid radio.‘lmmssay pmcedures
Yoxmgr.al alsosl'amedthatabr:.e.f (less ﬂmnln\:i.mt:e) in vitro
_ m:pcsuxe of the follicle to IH (5 yg/ml) was sufficient for later
stimulation of steroidogenesis. - A similar post-coital pattern of

36-39

steroid secretion was observed in the plasrra 28,40

, follicular fluid
and follicular tJ.ssue of the rahbbit.

1

In rat follicles, isolated during proestrus Lieberman
et a1 found estradiol-178 to be the major steroid secreted into
hormone free medium during a 12-1'Dur incubation petfiod. Addition
dE IH (5 ug/ml) to these preovulatory rat follicles resulted in
considerably more estradiol-178 than andmstened:.one and progesterone
being released into the incubation medium after 4 hours. Haveirer,
fram 6 to 12 hours, progesterone was the major product cbhserved '
(50-fold increase) with lesser amounts of estrogens (20-fold) and
androgens (5-fold) being produced. These findings support the value
of the intact Graafian follicle in vitro as an experimental model

to stu:iy the precvulatory pattern of stercidogenesis.

Requlation of Estrogen Production: Role of FSH

FSH may requlate estrogen biosynthesis in the ovarian follicle.

In the early 1940's, Fev:::l:f‘.‘:'2

and Greep“, using uterine weight
bicassay, first demonstrated that FSH and IH carplemented one another @
in the stimilation of estrogen secretion in immature hypophysectamized

rat ovaries in vivo. For the past thirty years, numercus in vivo
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‘a-ndESHmcvarianestrogmbiosynﬂtesis, yet anly a few studies

andinvitmstzﬂieshave damstratedthe synergism between IH

have tried to define the nature in biochemical terms. -
Moon et al 2% shoved that ovaries’ from immature hypophy- . s
sectomized rats, incubated in vitro for 72 hours with testosterone .
(10”7 responded to highly purified FSH (0.25 wg/ml) - with |
significant increases (up to 9008) in estradiol-178 production.

In subsequent studies, these authorszl reported that monolayer

_ Cultures of rat granulosa cells, also synthesized estradiol-178

(163-fold increase) from exogenous testosterone in the presence of

FSH, but not IH. Using an identical cell system, Erickson and Heeuh 24
found that in the presence of androstenedicne (107'M), FSH (1-100 ng/ml),
but not IH (200 ng/ml), stimilated a dose related (6-80 fold) increase
iﬂestroqém production. No estrogen secretion was cbserved in the

absence of androstenedione.

Recently, Fortune and Armstrong 22, 23 proposed a "two cell
~two gonadotropin" model for control of estrogen synthesis in the
Graafian follicle. Their'model was based on in vitro experimental
evidence in which IH, but not FSH, stimulated testostercne production
in cultured rat thecal cells. Monolayer cultures of granulosa
cells did not synﬁuesize teétosterme, but under the influence of
FSH exogenous testosterone or endogencus testostercne (from theca
cells) was converted to estrogens. This indicated that IH—iJﬁuced.
testosterone, synthesized by the theca cells, was transported to

‘the granulosa cells and arcmatized to estrogens under the influence

of FSH. This theory is supported by similar abservations

A
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«in cvarian follicles of the rat 24 hmsber sffeen“ and humanzs' ‘45.

However, thecal cell preparations fram rabbitlg' 28, __46, ttn»'.'n:e‘r7
.lnmste.r and humani® fbllicles have been found to simthesize ;
androgen estrogens and progestins, . _
It may be that both cell types (theca and granulosa) have

specific aramatizing s{rsims, the nature of which are Gependent

upan the species in ‘qution. The problem is pertinent and its
solution may provide the cellular site of the action of gonadotropins
on fol._ll':i.mlar stercidogenesis.

Luteinizing Hormone (IH)

| IH (MY 28,000) is a glycoprotein camposed of two dissimilar
polypeptide su_bunits designated a and B. The carbohydrate moieties
account for appraximately 12-17% of the molecular weight of ri9~51,
The primary amino acid sequences for the o and 8 subwiits of LH

for a mumber of species has been determined®”’ 52, The a (96
residues) and 8 (119 residues) subunits of bovine and porcine IH
appear to be identical. However, interspecies variations also
exist., For exanple, the extent of homology between the human

and bovine IH a subanits vary by 228, and the IH g subunits vary

by 68%50' 52_
The individual IH o and B subunits are bioclogically in-
active53' 54. The IH receptor recognizes only the native hormone,

not isolated subunits. Chemical modification of functional amino
.acid residues on both a and 8 subanits, followed by recarbination
stidies, indicates the importance of the intact hormone for



Biological acti\dtyss . ¥

1 Mechanism of Luteinizing Bormone Action » _
- The current model depicting IH action on steroidogenesis

is shown in Figure 3 (reviewed by Channing and Teafririd),
Initially, LH is thought to bind to specific membrane receptors 'm
stimilate édenylabe cyclase activity and adenocsine 3', 5" cycl;‘.c
rmoncphosphate (cyclic AMP) formation. The increased cyelic AMP

 activates a protein kinase which can act either by enhancing R@
synthesis or directly stimulating de novo protein synthesis. The
éctivation of prg-e:d.sting requlatory enzyme has also been proposedsﬁ.
Since the rate-limiting step is thought to occur in the mitodmré)rias'],
a regulatory protein may act to: (i) increase cofactor (NADPH)
availability; (ii) increase cholesterol availability; (iii) facilitate
cholesterol transport into the mitochrondria; (iv) enhance cholesterol
side chain cleavage activity; and (v) regulate_the release of
pregnenolone from the mitochondria. A more detailed description will
be discussed later.

IH Receptor :
Evidence that IH specifically binds to plasma membrane receptors
of the granulosa and theca cells is supported by radiocautographic

862 in which! 11 or'1-ncs bownd

and cell fra_\ctionation stwdies
preferentially to follicular theca and granulosa cell membranes. From

LH receptor stidies in the intact ovary, corpus luteum and testis,
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rgA

13

)

certain chemical and physical properties have been identified

[(reviewed by Ryan and Lee®).

The IH receptor appeafs to be a lipoprotein containing '
carbohydrate moities®4s 63 and exhibits distinct physical properties,
such as, sedimentation coeff1c.1.ent (6.0-6.8 S), stokes radius
(60-64R) and & molecular weight of approximately 20000 daltons®®,

The IH receptor possesses distinct binding characteristics
cammon to all IH sensitive tissuves studied, namely, structural and
steric specificity far IH, saturability, cellular specificit )
high affinity for LH*(Kd 1.4 to 1.7x10—lom) and a relative d

of reversibility63

LH Reéeptor R.egulation

' The capacity of follicular tissue to bind IH incresses with
follicular maturationmhn. Follicles from imature or hypophysect@mized
female rats contain very few IH receptors, which are predaminantly

localized in the theca and interstitial tissue. In contrast, FSH

, feceptors are exclusively found in the granulosa cellsss.

The regulation of the Li-receptor content, in the granulosa
cells at least, appears to be under hbrm:;nal control. Sequential
treatment of immature hypophysectomized female rats for 1 to 4 days
with estradiol-178, followed by 2 days with FSH, resulted in a 2-fold
increase in 12I‘.:';[—hGG binding in granulosa 0811572-74_ This ability
of FSH to promote IH receptor affinity was directly proportional to

estrogen pretreatment. In contrast, IH has been shown to act on
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gramnmmlmofmmfomdesfﬁﬂnsemmt
decrease the receptor affinity for L and FSH°, 'manedmnisn
involved in modulation (increase or decrease) of these LH veceptors |
remains unknown.

IH Stimﬂ.ation of mnm Cyclase

The specific binding of IH to the plasma menbrane of follicular
_cells has been correlated with activation of adenylate cyclase’ /0782
Activation of follicular adenylate cyclase has been shown to be an
extremely rapid, dose dependent process’' 0 83 with intracellular
c}clic AMP being significantly increased within 20 seconds after
exposure of the follicle to IHS. fThis increase in cyclic AMP is
maximal within 5 to 15 minutes and rapidly declines thereafterS:83,
The follicle is thence refractory (desensitized) to further stimulation

by IH (reviewed by Lanpred}t et gl_-84) .

Requlation of Adenylate Cyclase Activity: Desensitization

Desensitizatdon, i.e. the inability of adenylate cyclase to
be further stimilated by IH, may provide a requlatory control mechanism

for IH action in the follicle. In vivo and in vitro exposure of

Graafian follicles to high levels of IH results in rapid desensitization

76-79', 84-87

of adenylate cyclase responsiveness and loss in cyclic AMP

produ:txon-??_?g 85 and stema.dogmmes;su' 34. In the isolated rabbit

follicle, IH (0.1 pg/ml) stimulated a 10 to 12 fold increase in

adenylate cyclase activity after 2 hom‘sm. Higher IH concentrations
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(0.8 or 8 ug/Am) had an almost catplete inhibitory effect on adenylate
cyclase activity. In vivo administration of an ovulatory dose of
hCG to the female rabbit, one minute prior to sacrifice, resulted in
708 decrease in follicular adenylate cyclase activity.’®

The mechanism responsible for refractoriness of adenylate
cyclasemyoccurﬂm@anynmberofdmxgesinthepatmayfran
IH binding to generation of cyclic AMP. Several hypotheses have
been advanced to eplain this phencmenon (reviewed by Lamprecht et a1.8¢,
Liljekvist et al.®%). These include: (i) a decrease in the mumber of
IH binding sites; (ii) alterations in IH receptor-cyclase coupling;
?iii) synthesis ar induction of an inhibitory protein; and
(iv) activation of phosphodiesterase.

Lamprecht g_t_;_g.L.m tested these hypotheses in cultured rat
Graafian follicles and presented evidence in favor of hypotheses
(ii} and (iii), primarily by a process of elimination. Desensitization
of adenylate cyclase to IH was not accompanied by a decrease in the
_ total number of IH binding sites. Mills and McPhersonS? arrived at
similar conclusions after rabbit Graafian follicles were rendered
refractory by the endogenous IH surge of mating. The activation of
Ii‘loschodiesteras;e result.i_né in enhanced rate of cyclic AMP degradation,
also seemed wnlikely since follicles were desensitized to IH in the
presence of mﬂtybcanthinesm. Moreover, IH had previously been
shown to have no effect on phosphodiesterase activity in rat:90 and
rabbit’d ovaries. Nevertheless, follicles desensitized to L
respanded normally to other stimilators of cyclic AMP (e.g. NaF, GIP
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or its imido analog Gop (N H)p, sSuggesting that impairment of X
receptor-cyclase coupling may be involved. The possibility of a
putative protein ihhibitor which could interfere with IH receptor-
cyclﬁse copling was proposed when desensitization was prevented by
transcriptional and translational inhibitors, Act:l.!::'lwcin D and
cyclohexdmide84, |

The physiological significance of IH induced refractoriness
of the adenylate cyclase system in the follicle is not cbvious. Tt
is possible that desensitization of the follicle may play an important
role in the final stages of follicular develmt, steroidogenesis
and ovulation, since the phenamenon is observed in vivo only after
the preovulatary I surgell' 34 78.
Adenosine 3', 5' Cyclic Monophosphate (Cyclic AMP) -

Cyclic AMP is considered a "second messenger" for many
92

polypeptide harmones in their respective target tissues In the
mammalian ovary, as in most other tissues, the endogenous cyclic AMP
concentration is in the order of 10~/ to 10“'8 moles/kg wet weighth.
The cyclic AMP concentration of any tissue depends an the rates of
bicsynthesis and degradation, catalyzed by the enzymes adenylate

cyclase (E.C.4.6.1.1) and phosphadiesterase (E.C.3.1.4.1), respectively.

A. Formation
Cyclic AMP is formed from adenosine triphosphate (ATP) by a
reaction catalyzed by membrane associated adenylate cyclase. The
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divalent cations, magnesium or manganese, are required and an in-

organic pyrophosphate (PP) is formed®2. u
Adenylate Cyclase
ATP s Cyclic AMP + PP
' Mg+ or Mn+t+

In isolated Graafian follicles of rabbits or rats, measurement
of the effect of IH on the rate of conversion of either 3g-adercsine
via ATP to cyclic h-amp L’ ¢ 85 %, or conversion of 3%p-ATP to
cyc.lic.-pP—AMP, resulted J.n increased cyclic aMp fornation77' 9, 86.
This suggested that cyclic AMP formation was due to the s&mlatim .
of adenylate cyclase by IH. |

B. Degradation

It is currently accepted that the major pathway for the
biochemical degradation of cyclic aMP, in all tissues, inwvolves
hydrolysis of the 3' bond of cyclic AMP vielding the noncyclic 5°

' adenosine monophosphate, 5'-AMP. The reaction is catalyzed by

phosphodiesterase encymes, isolated in miltiple forms from the
cytoplasm and membrane fractions of \rario;.xs tissues (reviewed by
Arer and mmmgs) - The reaction is non-reversible and requires
a variety of divalent cations, imlud.i.pg magnesium, and possibly
e p.resenca of protein activators to express maximal act'.i\ritygs.
In ovarian tisstes, very little is known about the role
of phosphodiesterases. Electrophoretic isolation of phosphodiesterases
from the rat o*.zaryg6 has revealed two forms of phos;hodlesberase -

with apparent molecular weights of 135000 and 150000. Recently,
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FsH, but notIH, was shown t-:' activate phosphodiesterase in vitro
in the rat ovaxygo, stesting arother control site for FSH action.

“Criteria for Establishing Cyclic AMP Involvement |

‘Although cychcAMP was originally discovered as a "second
messenger” for glucagon and epinephrine stimilation of hepatic
gluconeogenesis, it is now accepted as an mtracallular mediator
?oranutberofhommxes mclud:.ngm Robmsmetalgz proposed

- sevﬁf criteria tp establish the involvement of cyclic AMP in a
particular harmone action. With regard to IH-induced steroidogenesis
in the :gonads, these c:r.ibe'__ria may be summarized as follows: (i) IH
should modulate adenylate cyclase activity; (ii) I should induce a
measurable change in the concentxation of endogenous cyclic AP
levels; (iii) exogenous cyclic AMP should mimic the effects’of IH
on the subcellular e;;ents leading to sterocidogenesis; and (iv) inhibitors
of phosphodiesterases, suwch as methylxanthines, should rru.nuc (when
used alone) or potentiate (when us.ed with) the effects of IH and cyclic
AMP on stercidogenesis.

In many respects, each of these criteria have been successfully
met. The first two criteria have already been discussed. The remainder
of this mtroductuon will concentrate on the role of cyclic AMP in .
steraidogenesis (criteria iii and iv), emphasizing possible subcellular
sites of action.

e



Cyclic AMP and Follicular Stercidogenesis
Cyclic AMP has been shown to mimic the effects of IH on
stamidogermis in a nurber of ovarian tissue components including
the carpus lutewr® * 100, jnterstitial tissue®®’ 100 192 \g graagian
folliclel03-105 | | ) | s
Mi115t04 carpared the effects of various qmcéntratiorls
of IH (0.005-50 ug/mnl) and cyclic AMP (0.2-40 m¥) alone, ar together,
on the steroid synthesizing capacity of the 4intact rabbit ovarian

follicle after 3 hours in vitro. Both IH and cyclic AMP stimulated
a dose dependent increase in all steroids néasured in the incubation
medium (progesterone, 17a-hydroxyprogesterone, testostercne, and
estradiol~178),with testostercne and 17a-hydroxyprogesterone being

the mjor'secretnry' products. - The minimum threshold of s't:efo;’.dogenic

response was produced by 0.005-0.05 ug LH/ml and 0.2-2mM cyclic AMP,
while maximal responses were elicited at 5 ug LH/ml and 20 ™M cyclic
AP. The finding that the combined steroidogenic effects produced by
maximal concentratiohs of IH plus cyclic AMP were not additive, inplied
that both agents stimulated steroidogenesis by identical mechanisms.
Xomglallos also using isolated rabbit ovarian follicles,
compared the effects of a variety of 3', 5' cyclic nucleotides on
follicular steroidogenesis. Cyclic AP (7.5 mM), dibutyryl cyclic aMp
(25 mM) and cyclic O (10 1), but not cyclic IMP (2.5 m),
cyclic G (3.5 m¥) or cyclic WP (10 mM), enhanced follicular

steroidogenesis in vitro: androgens increased frcm 0.1 ng/ml to
10ng/m1andpmgestmsfmn05ng/‘mlbo3ng/ml In all cases,



‘has been mpllcated in c\mlatlonlog. These: fmdmgs collectively
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follicular steroidogenesis was stimilated within 15-30 ‘mimates,
becmﬁ.ng nmdml by 45-60 minutes, and declining only aftar the 37, 5"
cyclic mnleot:.des were remved from the incubation medium.
'D;eopl'lylhm (5mM) , an inhibitor of :imos;hodjsterase, also smmﬂated
“follicular ardroger and progestin production when used alone and
.Syfergizedthesteroidogenicxesponsesofcyclicm These results
arecons:.stentw:.th the idea that cyclchMParﬂperhaps othe; cyclic
mmcleot:.des mediate the actlon of IH on follicular ste.mldoqenes:Ls.

&

Guanosine 3', S dyclic monophosphate (C.yclic: QP)

Guanosine 3', 5' cyclic mm;hosphate (cycla.c Q) has been -

also mphcabed as a second nessenger in Acm-enha:md steros.dogemsm :

"in the rat adrenal cort:exlos. A positive correlation betwéen cyelic
QP accmnﬂatlon, protein kJ.nase act.naty and cortwosteroxdogenesms
was reported

‘ Inthe:.solatedhamsterfolhcle, I.Hh.asbeenshcx-mtn
enhance cyclic GMP accumilation w:Lth.m\ nunutesaz. In the isolated
ra]:b:l.t folllcle,r cy;:l:.c QP wagam);hout st:m:latory effect on k
sterp:.dogenes;sms. However, in the rat Graafian follicle, cyclic

o, ﬁViPawas shown to stimilate prostaglarﬂm synthesn.s 8, which in tum

.

suggest a role for cyclic GMP ‘in ovarian function.

Fole of Protein f(i_nase

Since cyclic AMP-&epe.rﬂe.nt Protein kinase (ATP protein




shosplwtransferase EC.2.7.1.37) was originally discovered by Walsh,
gg_g;.m to catalyze the plwspmxyhtim of phospharylase b kinase,
woisoenzynefomshavebeenisolated_fmnmsttissms studied -
(reviewed by Nimmo and Cohen'''). These have been referred to'as
'type 1' and 'type 11' with respect to the axder in which they are
“eluted on [EAE-cellulose chromatography and differ primarily in
the size Of their respective receptor subunits. In the rabbit
Graafian follicle, type 1 and type 11 cyclic AMP-depandent protein
kinase iscenzymes are regulated independently of ane améleruz"]fu.
Type 11 isoenzyme, when stimulated by IH, extibits maximan activ:ity
during estrus and the preovulatory phase, whereas, type lact:.v:.ty
predam.nates after corpus luteum formation. The phys:.oloqlcal
- significance of these protein kinases or their role in the follicle
is not lamn. | .
Inc::eas:l.ng evidence indicates that the activation of cycl:.s
AMP-dependent protein kinase may be an mportant step in the regulatmn
of steroidogenesis. Parallel increases in IH-induced steroidogenesis
and pmtem kinase activation have been dezmnst::ated in the test:lel5
‘ova.ry » and corpus 1ute.umu7. In Ieydlg cell suspensions, IH _v_@_
cyclie AMP-depandent protein kinase enhanced the phosphorylation 6f
three phosphoproteins which coplemented the appearance of testosterone'®,
Therole of these phosphoproteins mstemldogenes.ls is not known.
In ovarian tissues, c.ychc\:_AbL!P—depe.rxient protein kinases
have been shown to enhance RNA synthesis’®, phospharylate miclear
and cytgplasnic ghosphopmteinsuz' 118, 113 and actj.vat.e- cholesterol

side chain cleavage enzynesl 20. In reticulocytes, cyclic AMP-dependent
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‘protein kinase phospharylated the initiation factors (IF-E2 and
IF-E3) known to be essential for eucaryotic protein synthesislZ
In light of these multiple effects of the enzyme, it is a distinct
pOSSJ.b:L]_l.ty that gonadal steroidogenesis is controlled by the
activation of cyclic AMP-dependent protein kinase.

Follicular RNA and Protein Synthesis

In the Graafian follicle, R@A and Proteirgsynthesis have
been implicated in IH-induced stemidogvenesri_.s?’z' 4L, 122, ococyte
. maturation2’ 41s 123, mmlati.onlzq_lzs, and lute.‘i.nization127.
Current thinking would suggest that these Ii-indfced events are a
reflect:x.on of the genetic code transcribed to specific RG species
wh:.ch in turn translate specific protem-—enzymes to camplete the
message. However, these essential RRA and pmtein species have not
been isolated in the Graaf:.an follicle.

A. General Incorporation Studies

Civen arxi'colleagneslzsstxzdied tl;le in vitro incarporation of
labeled precursors into RNA and protein in isolated rabbit cvérian
follicies after prei::eatnent in vivo with gonadotropins. Injection
of either IH or FSH for 1.5 hours in vivo resulted in a 60% increase
in the incorporation of ’C-uridine and JH-valine into follicular
 R® and protein after 1 hour in vitro.

126

Mills found that IH (5 1g/ml) ,added directly to the

incubation medium, significantly stimilated the incorporation of




)

labeled methionine into protein (28% increase), but not uridine.
incorporation into RNA, in the rabbit fbllicle'aftar 2 hours. FSH
(5 mg/ml) and cyclic AMP (20 mM)- stimlated both follicular RNA

s

(~34%) and protein synthesis (~50%) during this same 2 hour pericd
in vitro. In a later study, Mills and Felt'?® gemonstrated that
IH (5 wy/ml), but not FSH (5 pg/ml) ar cyclic aMp (20 mM), caused a
35% increase in the transport of the mnénetabolizable amino acid,
Mo-ramino iscbutylate (AIB), in the isolated ralbit follicle.
'n'xis.inplied‘arole forl'.Honémimacidtransport.

In pregnant mares serum gonadotrophin (PMSG) primed 30 day
old rats, Nllssonl3 found that in in vivo injection of IH (10 ug/rat),
prior to in vitro incubation with 3H-leucine, stimilated the
irm-:poratim of leucine into follicular protein by 22%. When v;hese
PMSG-primed follicles were incubated in vitro with 1H, FSH or

dibutyryl cyclic AMP, the incorporation of leucine into follicular

protein.was not seen. The difference between the in vitro incorporation

~of labeled precursors- into RNA and protein in the rabbit and rat
Graaflan follicle has not been reconciled.

B. Role in Ebll:.cular Stercidogenesis:

Only two studies have attempted to directly cc-:rrelate IH;iI)duced

_ stercidogenesis with de novo RMA and prptem synthesis in the Graafian
follicle and both have been wnsuccessful -2 U om q;ltured rat
foilicles, isolateddmring proestrus, Tsafriri 9331_;32 wexé-xmable

to demonstrate a direct stimilatory effect of IH (5 jg/ml) on the

e e e
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incorporation of labeled precursors into follicular R and protein.
Nevertheless, IH-induced progesterone synthesis was prevented by
cycloheximide (5 pg/nl) and puramycin (80 ug/nl), concentrations
vhich inhibited protei.nl synthesis by 60 and 90%, respectively.
~ Rctinawein D (8 pg/ml) reduced follicular RNA synthesis by more
than 80% and campletely abolished the IH-induced progesterone
synthesis. Tower doses of Actinomycin D (0.8 and 0.08 ug/Anl)
inhibited both RYA and progestin synthesis in a dose dependent

fashion. In later studies, Lieberman et al.41 showed that purcamycein

(80 ng/ml), added 1, 2, ar 3 hours after IH addition, suppressed
follicular progesterone synthesis 'd’xm@xout a 6 hour incubation
period. In contrast, when Actinomycin D (8 pg/ml) was added after
2 hours, DH-induced steroidogenesis contimued undisturbed for the
 remainder of the incubation. From these studies, Lieberman et al.%l

proposed that IH-induced steroidogenesis was under transcriptional
control in the ratlfollicle. Furthermore, a stable Actinamycin

| D-sensitive nucleic acid (presumably messenger RNA) was synthesized
during the first 2 hours of IH stimilation, which was necessary .
for the synthesis of a labile regulatory protein. This requlatory
protein was essential for steroidogenesis.

In the rabbit ovarian follicle, ‘:!ou:n;.;]:.ai]'22 fouhd that IH-
mducedaxﬁrogenprodtx:tlmwas alsoprevenbedbypurcmycm (80 ug/ml)
and cycloheximide (S50ug/ml), but not: by high concentrations of
Actinomycin D (160 pg/ml) in vitro. These findings confirmed the
work of Gorski and Padnos™3! in rahbit grérian hamgenates. “mérefore,
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it was concluded that IH-induced steroidogenesis, in rabbit ovarian
tissue #t leaé.ﬁ, was controlled at the txanslaticmal level, possibly
byiixeactivatimofapxg—famédmsangerﬂﬂspeciesorﬂg
stimlation of de novo protein synthesis!??* e ifferent effects
of Actinamycin D on IH-induced steroidogenesis in the rabbit and
rat follicles may reflect di ffevent control mechanisms for
steroidogenesis. '

Hypothetical Models for the Role of Protein Synthesis in the
Requlation of Steroidogenesis by IH |

The regulation of stercidogenesis by a protein with a short.
half life has been suggested far the teétisl’ 36, 132-135, adrenal
cortex!36-144 . 131, 145, 146 32, 41

and

s Graafian fo;Llicle

Tutegddr 147-149

which have been put forth to describe the role of protein synthesis
in IH-enhanced steroidogenesis (reviewed by . Janszen et al,SG)_

- Three models are illustrated in Fiqure 4

. (1) Model 1 - the requlation of steroidogenesis by the
'de novo synthesis of a protein with a short half life;
(i1) Model 2 - indirect mediation of steroidogenesis by a
trophic hommone independent (requlatory) protein with a
short half life; |

’

(1ii) . Model 3 - activatior® of pre-existing protein essential
for sbaro:t.dogenes:l.s
Evidence for each model will follow in the discussion.

et e el e
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Model 1
lnh_lb:t(o;
~AMINO protein syntnesis e —~Steroidogenesis
. ke
LH
Madel 2 )
Inhlbl;o)r )
Amino % Speciti
acids Protein ' synthesis pmtelg:"c Stgroidogenesis
)
LH
tl dil 3 e .”
Inhibitor .
A . ‘(._) . R -
MINO  protein’ syntheais  INactive . Active
acids gtrgtce%sor Tﬁgpggifac —= Steroidogenesis
" .

LH

FIGURE 4. Hypothetical models depicting role of protein synthesis
—in the regulation of stercidogenesis by IH.
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Possible Ioci of Action of a Requlatory Protein ‘_

| Since the rate-limiting step in the steraidogenic pathway
is believed to be in the mitochondria, between cholesterol and
pregnenolone font\a;tim57, a labile regulator protein might act to
increase: (1) cofactor (bﬁ\mﬁ) availability; (ii) cytoplasmic
cholesterol availability; (iii) cholesterol translocation into the
mitochondria; (iv) cholesterol side chain cleavage activity; and
(v) efflux of pregnenolone out of mitochondria.

A. Via increased cofactor: NADPH

The cholesterol side chain cleavage enzymes, ige in the

mitochondrias-i. This mitochondrial enzyme camplex is composed of

an NAIPH—specific flavoprotein dehydrogenase, an iron sulfur proteJn

(ovarian ferredox) and cytochrame P-450 as terminal oxidasel?,

NADPH is generated in, the cytoplasm primarily as the result of glucose
axidation via the pentose phosphate pathway. Intra-mitochondrial
NADPH may then be increased by way of the ralate shuttle 1o+ 152,

153 ang Ha&!ﬁ'&ii-s griginally proposed

(for the adrenal) that the availability of extra-mitochondrial NADPH

Haynes and Berthet

was rate limiting in steroidogenesis. In ovarian tissues, a number

of theories have evolved using the Haynes and Berthet postulate

as a basis for IH control of stervidogenesis. These theories

suggest a nunber of ways by which cytoplasmic NADPH may be increased
(reviesed by Marsh®>; mzringbonlss) : (1) via increased transport

of glucose across’ the cell membrane™ ' 07;  (ii) via stimulation of
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- glycogen mosptmlase .agtivity thereby increasing glucose l-phosphate

160-162_

and eventually glucose 6-phosphate formati and (iii) via
increased glucose 6-phosphate dehydrogenase activity which catalyzes
the dehydro genationof glucose 6-phosphate yielding Nappy 1637165
These theories will not be discussed further, except to note that the
evidence is inconclusive in support of a rate limiting role far
NACPH in IH-induced steroidogenesis.

B. Via I'ncreased Substrate: Cholestercl

IH may regulate follicular steroidogenesis by enhancing the
availability of free, unesterfied cholesterol at the expense of
cholesterol esters. Conceivably, this could be done in two ways:
.(i) by direct stimulation of cholesterol esterase (stexrol ester
hydroxylase, E.C.3.1.1.13) which catalyzes the hydrolysis of
dlolesterol-etersf or (ii) by inhibhition of cholesterol ester
synthetase (sterol ester synthetase, E.C.6.1.6.11) which c::-ltalyzes
the conversion of cholesterol into acyl esters. In ovarian tissues,
the evidence for IH activation of either of these two enzymes is

equivocal (reviewed by Marshi™>

) . At present, the ccntrol mechanisms
have not‘ been worked out. |

In the adrenal cortex, eyclic AMP-dependent protein kinase
phospharylation of purified cholesterol esterase increased cholesterol
ester hydrolysis by 130843, cycicheximide had no effect on ACTH~
induced cholesterol esterase activity, indicating that the activation
of the enzyme rather than its de novo synthesis was essentialleﬁ.

“These studies implied that the enzyme existed prior to phosphorylation



in an inactive dephosphorylate form.

C. Via I'ncreased Transport of Cholesterol

Hermiexr 2&99' using intact luteinized rat ovaries

in vitro, suggested that an IH inducible-cycloheximide sensitive
protein factor was -inwolved in the translocation of cholesterol
i.nt.o the mitochondria. However, Leaver and chd“g have clearly

l4g-cholesterol uptake, Ly mitochondria isolated

demonstrated that
from luteinized rat ovariés, was not affected by the in vivo
adlﬁn.i'st.ration of IH or cycloheximide 15 to 60 minutes prior to
sacrifice. In the same experiment, however, cycloheximide did

inhibit IH-induced cholesterol side chain cleavage by 40-50%.

It was concluded that cholesterol transport into the mitochondria

is primarily a physical partition whereas intra-mitochondria cholesterﬁl
side chain cleavage requires a cycloheximide sensitive (protein)

factor. These results are supported by similar observations in the

3 y l \cl42, 144, 167.

D. Via Increased Cholesterol Side Chain Cleavage
Evidence for a cyclcheximide or puramycin sensitive site
in the mitochondria has been presented faor the airenal cortex“z' 144,

167, lssan'.i 1u unl48' 149

. These studies suggesmd that
this putative protein factor is synthesized in the cytosol and acts
inside the mitochondria on the binding of cholesterol to the side

chain cleavage enzyme, cytochrome P~450. Nevertheless, Arthur and
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* Boya™® also demonstrated that purcmycin can interact directly with
luteal mit:th:rﬂria cytochrame P-450 to inhibit cholesterol side
‘chain cleavage in vitro. Such adverse effects of these translaticnal
inhibitors have not been a.dequat:aly documented.

K. | Via I ncreased Bfflux of Pregnenolone from Nitoc;hondria
Koritz and Ba111%° originally proposed that m-mﬂatﬁ '
adrenal steroidogenesis by stnmlat:.ng the efflux of pregnenolone’
out of the mitochondria, thereby releasing end product inhibition
on cholesterol side chain cleavage. To date, there has been no
supportive evidence for such a hypothesis in gonadal tissues

(reviewed by Marshlss) .

The Rahbit as an E:cperment‘_a:l Model

- The female rabbit, being a reflex éQulabor, normally remains
in continuous estrus until it is mated’’C. -Owulation occurs 10 to 12
hours post-coitus or after administration of an ovulatary dose of
LHln_. Coitus stimilates a rapid rise in serum LH, wi:xzhmls evident
within 30 minutes, reaching a peak by 2 hours and declining by
39 172 During this 12 hour preovulatory period, a

.number of biochemical and morphological changes in the follicle

4 to 6 hours

appeaa:stobeinitiatedbym; Such changes may be summarized

as follows: '

(1) Ovarian steroids (particularly estradiol-178, testostercne -
and 20a—hydroxyprogestgmme) are secreted into the ovarian
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vein36 ¥ and follicular £1uid®® © ang’sol1ow a pattern
parallel to IH secretion;

(1i) Cyclic AMP levels rap.ldly increase within minutes and ~
gradually decrease after 2 to 4 hours post coitus®>;

(1ii) Protein kinase activity maximally increases within 10 mimtes
and remains elevated until ovulationl'; |

(iv) De novo RVA and protein synthesis becomes evident after
2 hours post-ccn.tus and is maintained until ovalation!25r 126

(v)  Prostaglandin synthesis increases only during the final |
§ hours Before ondationl™ 174,

(vi) Morphological examination of follicles destined to ovulate
showed connective tissue gradually decamposing and the
granulosa cells beginning to luheinizeHS. .

At present, very little is known about the interrelationship

of each of these subcellular events with one another or their funckion.

Purpose of this Research

The purpose of the research discussed in this thesis was_\_t:oA
examine the carrelation (and role) of RNA and protein synthesis with
IH-stimlated stermdogerm:.s by the intact rabbit ovarian follicle
in vitro. )

In the rabbit follicle, since the in viw synthesis of IH-

125, 126 e mimiced in vitro2®, the isolated

induced RNA and protein
follicle provided a means for imvestigating the role of RI® and

protein synthesis in the control of follicular steroidogenesis. The



3 ]

intact rabbit-follicle in vitro offers an attractive experimental

model whereby the concentration of IH and various test substances

anibecxueﬁﬂjy'cmﬂzolbaiamﬂtheh:efﬁxxstulsuaxﬁdogaﬁc

processes measured.  However, one major difficulty lies in the fact

ﬂmﬁ:the:mbhﬂ:fblhkﬂec:xaisﬂ;of*hx:p:huﬂpilcelltgpa;and

effects ﬁuﬁ:anesaaxwﬁﬁlthawMﬂe ﬁﬂllchanayrrmlrnanmmihg

occur at ﬂxasinghecxﬂl hmnﬂ. Despite such difficulties, attempts

were made to elucidate ﬁuaroLecﬁﬁﬂu\ami;mouankqwuhesksln:zmblt

ﬁdU;cmhu'sumxndogumsls It was of interest to determine:

(1)

(ii)

(iii)

(iv)

{v}

(vi)

Whether IH could induice de novo RNA and protein synthesis in

_the rabbit ovarian follicle in vitro; *?

Whether cyclic AMP could mimic the effects of IH on de novo
RNA&ntipmobau1synﬂusxs~

Whether acxnzelatu:meaasted between IH or qgg;;j>wmhlnduced
shaxndoga£515'w1th dexxwo RA and pnobaﬁisyntheSLs.
Wheﬂua:a.snmJa:-cx:Elatux1exlsuaibebmaxliH orcyclu:
AMP-induced steroidogenesis wrd1FNA.axiprouaxlsynﬂm51s,
in presence of inhibitors of transcriptional
énd anslational prccesses;

Whether a role (stimulatory ar inhibitory) for cyclic G could
be cbserved; |

Whether inhibitors of phosphodiesterases could elicit effects

similar to those of cyclic AMP on protein and RMA synthesis.



ANTISERA: preparation, dilution, specificity

Antisera to androstenedione (S-1557#2), dehydroepiandrostercne
(5-1507%#7) , .estradiol-178 (S-1554#6) and progesterone (S-494#6) were
kindly provided by Dr. G.E. Abraham, Department of Cbstetrics and
Gynecology, University of Southern California, Torrance, Ca., U.S.A.

‘ Antiserum to testosterone was kindly provided by Robert W.
Armstrong, Department of Medical Sciences, McMaster University, Hamd1ton,
Ontario.

Specific details of these antisera are as follows:
/

Androstenedione antiserum j

Antiserum (S-1557#2) was prepared by Abraham and Chakmakjian 178
by immmizing ewes against, androstenedione-3-cxime-hutan serun albumin.
A recanmended dilution of 1/5,000 was used for radioimmmoassay (RIA).
The antisefum cross-reacted with dehydroepiandrosterone (25%), andro-
stercne (7.0%), ethiocholane (3%), testostercne (3%),<Sa-dihydro-
testostercne (18), estrone (18), and less than 0.01% with all other
steroids tested. |
Dehydroepiandrosterone antiserum

Antiserum (S-1507#7) was prepared by Buster and Abrahar |/ by
imumnizing ewes ag.ainst dehydroepiandrosterone-33 ~monchemisuccinate~
human serum albumin. A recommended dilution of 1/5,000 was used for RIA.
The antiserum cross-reacted with androstenedione (12.5%) and less than

ek



0.01% with all other steroids tested. . .7

Estradiol-178 antiseruq

Antiserum (S-1554#6) was prepared by Abraham 93a__1_.178 by immun-

izing ewes against 6-keto-estradiol-17g-6 -oxime-human serum albumin.
A recommended dilution of 1/100,000 was used for RTA. The antiserun _
cross-reacted with estrone (0.6%) and less than 0.03% with all other
steroids téasted.

Progesterone antzserum
| Antiserum (S-49#6) was prepared by Abraham et al.17® by immm-
izing ewes against 11-desoxycortisol-21-mnchemisuocinate-human serun
aJ.bmmn Amcomnmldeddllutlmofl/ls 000 was used for RIA. ‘Ihe
anta.se.rum cross-reacted with 17a—hyd1:~oxyprogesterone (90%) , Sa-dz.lwdm-
testosterone (2. 3%}, testosterone (1. 2%), zm—dlhydrmqprogestgmne
1.2%), 3a, SB-pmgestemne (0.5%), Sa-pregnandlol (0.3%) and 1ess than
" 0. l%mmallothergmadalsbermds tested.
Testosterone aptiserum

mtlsenmvas prepared by Ammstrongl’® by immuny 2ing female
rabbits with testosterone-3-oxime-bovine ‘sexum albunm A dllutmn

of 1/3 000 was used for RIA. This antiserum cross-reacted with Sa—d:.hydm—

B testosterone (55%), androstenedione (0.6%), dihydroepiandrosterone
(<0.1%), estradiol-178 (<0.1l%) and progesterone (<0.1%.

(

Assay Standards

Standards for electrophor&s:l.s - cybodm:ne C, myoglabin, ovalbumia—

and album.n were purchased as dry- chemicals. fmn Slgma Chemical Co.,

_ -St. Iou:.s, stsoun, U.S.A. These standards were made up in Dissolving

R L
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- Baffer (0.5 mg/ml) ﬂsmzed at -80°C.
m(yeastribmmlelcacm,type}marﬂprotem (bovine
serunalbmm fracthpmder)assaystahdaxdsmrealsopmchased
f:unS:.gtmdiarucalOo. ﬁme%mﬂprote:nstarﬂardsmeremdeup
fres.hmOBNKaiarﬂOBNNaCH,respectwely,atacormntratlon
of 1 mg/ml. | '
Stexmdradlomnmnassaystandaxds—a:ﬁmstened;one dehydro-
-eplarximstamne estradiol-178, progestemne and testosterone
werepurdlasedfrcmSteralon.clsIrw Pawling, New York. 'I!'lesestandards
were prepared fram a stock solution of 953 ethangl (100 mg/ml), and

J ‘
stored at 4°C. : ' i

Tris-HE1 '
Tris-HCl vas prepared by dissolving tris- (hydroxymethyl)

aminamethane in distilled vater to give 0.5M and 1.5 solutions; the

pH was adjusted to 6.8 #nd 8.8 with concentrated HCl: These Buffers

- were used as stacking <|':1.nd separating gel buffers, respectively, in

polyacrilamide gel electrophoresis.

‘ Diqsolving Buffer |

’ Dissolving Buffer gouble stre.ngtb) cansisted of 0.5M tris-HC1,

28 () sodium dodecyl sulphate, 2% (¥) mercaptoethanol and 20% )

glycerol ; the ;E was adjusted to 6.0 using concentrated HC1.

- Buffer 2 )

Buffer'A, used in steroid RIA, ccnsisted of 0.015 M NaN,, 0.15
M NaCl, 0. OGMN62PI904 7Hannd0 OBMNaI-12P0 .HO. Buffer A was made

s N e




wp in dlstnlledmterarﬁadjusted to pH s;s using IN sm

H‘es _ . . _ | , .
', ' HEPES vas prepared by dissolvmg N-2-hydroxyethylpiperazfne-

N-2-ethaxmupl-onc acid in distilled water to glve a cnncentratlm of -

-’-HM '.lhlsbllffe.rmsaddedtothectﬂtmenedxm.

-

Culture PBi:u.m

Pr@ared modified Eagles Med.uzn (M—Fll) and methionine free
MEM-199 were purchased from Grand Island Bn.ologlcal Co. (GIBOO) ¢
Grand Island, New York. Medium was fortified with 5% nommal rabbit
serm and Lrglutamine (292 mg/Liter); Both purchaded rom GIBCO.

w

Adt-mosnle 3 ' 5 cy'cllc monophosphate (cycllc AMP, lot 330-2150)
and guanosme 31 ' 5 cyclic monophosphoric acid (cyclic GMP; lot 114C-
7320) were purchased as dxy chem:.cals fran Sigma Chemical Co., St. Iou:.s,
Mlssour:n., U.S.A. These 3 5 cyclic nucleotides were dissolved directly

in incubation medium, pH adjusted to 7.4 and made up fresh_as required.

Dextran-coated Charcoal

De}ctmncoatedduara)alcorsastedof25gnofcharcoaland025gn
ofDextran'I‘—?O per liter of Buffer A. This solution was kept at 4°C

and allowed to equilibrate for at.least 3 hours before use.

Luteinizing Hormone (IH)

. Ovine luteinizing hormone (NIB-LH-S18) was a gift of the Pituit-

'aryHonmemstz'JbutlonProgm Nat:.ona.flnstlurteofArthntlsand
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Metabolic Disease, Bethesda, Md., U.S.A. LH-S18 had less than 5%

'VESHacti .- ) Iﬂmﬁdlssolvedduectlymthemubatmmds.un
andrmdeupfmahasreqm.:ed |

. Metabolic Inh.:.b:l.tors : -
| The following :z.nlu.ba.bors were purchased Actinemycin D 1lot
c-45014/3) from Calbiochem, La Jolla, California; cycloheximide (lot
C-6255), puromycin dihydrocholoride (ot 1020-2610) amd theophylline
. (lot 82c-3070) from Sigma Chemical Co., St. Iouis, Missouri, U.S.A.:
1,3-iscbutyl methylxanthine (MIX; lot 85,845) from Aldrich Chemical
Co., New Yark. Inhibitors were dissolved directly in the incubation

meddum, p adjusted to 7.4 with IN NaCH and made up fresh as required.

| 'Itie following rad10190topes were purchased from New England

Nuclear {Canada) Co., Dorval, Quabec 1l 2—-3H-a.ndrostened10ne

(49 Ci/m , 7—3H-d.1hydmep1amirosterone (20 Ci/mM), 6,7- H-estradiol=

178 (48 Ci/m), 1,2-H-progesterone (50.3 Cifmd), 5 6-3H-urld.me

(39.3ci/m) , 2% wridine (60mCi/m0), 1->S-methionine (380 Ci/my

L-4,5-3H-1euci_ne (50 Ci/mM) and L-3H-amim'acid mixture of various

specific activities. Radioisotopic steroids were stored in 95%
efhanol (5 uCi/ml) and pricr to RIA, aliquots were dried Hown and '
redissclved’in Buffer A. Radicactive precursors for RVA and protein
were dried down and dissolved directly in the incubation medium.

SR ——
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Resgents (mscellmm:s) o >
' Other reagmts were pumhased acrilamide f.run Bio Rad
Laboratm:’m, Richmond, California; NCS® tissue solubilizér, PPO
(2, 5—d:|.phenylo)azole) and POPCP (1, 4—b15i2—(5—phenyloxazolyl)§-bmza:e
-from Amersham/Searle Corp., Don Mills, Ontario; sod:.tm pent:obam:.bol,
USP. frunHaver—Iocld'aart Iaborator:.es, Calgary, Alber:t:a axﬂDextran

T9g. from Pharmacia (Canada) Ltd., Montreal, Quebec.

all other chem.cals were reagent grade; solvents were redistilled

prior -to use.



Ammlsandfoll:.cularp:epaxatlmS ’
Se:mllynnt:.meﬂav?ealmﬂwtuterabbnswe;ghmgz-3kg :

.wereused Ovanes,rennvedfranhveratbnsamﬁ:hesmedmﬂazm
of sod.um pmtobarb:.tol (65 mg/&nl), were :.rm’ed.l.ately placed in chilled
normal saline solution. Fb]llcleswe:edlssecmdmtmﬂeralaaus\.h
arﬁlatmbdlssectngscopeusa.ngm surg:.calmscmsc:Lssorsaxﬁ

_microtweezers. Each

; usually contained 1 or 2 large follicles
(1.5 - 2.0 m Giame ) and 6 to 8 smaller follicles (1 - 1.4 mn

P;'otocol'r‘ .
= In the first protocol, duraticn 4 hours (Figure 6a), foll- -
'icleswere pooledandselected at random. Each expermmentalg:m:p

cnnta.lned 1, 3 or 6 folllcles, depe.rﬁa.ng on size. The. isolated follicles

were placed in dlsposable glass cultm:e twbes (12 X 75 m) and pre.mcubated

for 2 hours in 200 ul of Eagle s xm.nmal essential medium {MEM) . ‘Ihe
medium was supplemanted with 5% nommal -rabbit sernum, L—glutamme .
(292 n’g/l) and buffered to pH 7.4 with 10 ml/1 of 1 mM HEPES and 20 ml/1 |
of 7.5% sodium bicarbonate solution. A Forma Scientific 0, incubator
wasusedarﬁnamtauxedat37+05°Cma~h‘mmdatnosphereof95%alr

a.ndS%CO2 This was ﬁ:llafedbyanmcubat.:onper:odlastmgupto2

).

2 SR T o
‘ :
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FIGURE 5. Refresentative picture of isolated rabbit
v ovarian follicles (1.0 -1.5 rm diameter)



a . .

hours :Ln wh:Lch the n'ednmwas replaced with one conta:.ning IH, cyclic

AMP, cycllc P, Actlmrycm D, c.yclohe:um.de, pm:mycin theopl'xyume

or 1 3—.1.sobutyl n'ethybcanthme (MIXJ or a combination of IH or cyclic .

AMP plus these metabolic inhibitors. The radioactive precursors - |
uridine (0.5 yci), Yo-uridine (0.5 1Ci), 3a—ammo acid mixture (0.5 yCi)
and -leucine (OSum)wemaddedseparatelymloulnednm. After
-eac:h mcxbat.lm, follicles and medium were frozen until R, prote:m and
steroid determinations could be carried out.

Essentially the same 4 hour experimental protocol (Figire 6)
was. used for electrophoretic studies, with the exce that nethmm.ne— .
free MEM and a mff_ Metabolic CO, incubator were used. _Following
the 2-hour preincubation period in MEM, single follicles (1.8 - 2.0 mm
.diangter) ‘were incubated with oS-methionine ‘(-'25 pCi)soo ul) together
with LH or IH plus cycloheximide for different time periods. (u§ o
2 hours} as indicated in the text.

Protocol II -

In the second expemtental pmi‘:ocol. duration 8 hours (Figure |
6€), isolated follicles (1 - 1;4 mm diameter) from :Lnd1v1dual rabbits
were pooled and divided into an experimental and control group caontaining
6 follicles each. After the 2 hour preincubation in MEM, follicles |
were incubated in medium containing IH plus cycloheximide for 2 hours.

The medium was then removed and follicles washed (s.i.x changes of medium)
and reincubated in MEM alone for an additional 4 hours. During the
incubation, ‘a mixture cf 3I*I--a.xm'.no acicc was present from either 2 - 4
hours, 4 - 8 hours or 2 - 8 hours. |

In a similar series of 8 hour experiments, pooled follices (3
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Model 1 2h . .
m L .
. tSlbsi:arx:e
Model 2 "
— s :
_ wash (6X)
Test Substance
Models for incubation protocol.

FIGURE 6.
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-PEIgIDup)weminctbateGGningthez-cmurperindwitheltharm,_
mpluscyclo!mdmde cycld:e:d:udeoerEMalane Afbe.rmslung
ﬁmomughlymbmﬁxefolhcleswexereumbatedforﬁaemmmg4
-houzgmbnmmtaimng%-m;oacids.

Determination of Ribonucleic Acid (RNA) and protein

RYA and protein were determined using a modified procedure of
Mero  and Fleck™®. ‘A flowchart of the isolation procedure is ill-
ustrated in Figure 7. The follicles were washed in MEM and homogenized
in 50 idl distilled H,0 (4°C) using custom made glass homogenizers
(30 X 5 mm). The homogenate was transferred by Pasteur pipet to a -
1.5 ml microtest tube\(Brin}man) and kept on ice.’ The homgem.zer and
plunger were washed (3 tlmss) with 150 ul H O {4 é) ard the wahmgs
mrealsotransfenedbaﬂuemcrobesttubes Mhmogenatesweree.xtracted
(3 t.mes) with diethylether (1 ml) and assayed for steroids.

RNA and protein were pxec.xpltated fmm the aqueous honogenate
by adding 1 ml of 0.6N pe.rdmlquc acid (4°c) and centrlfuglng at 12,000
X g in a Brinkmn centrifuge (model 5412). The pellet was washed (4
 times) with 0.2 N perchloric acid and an aliquot of the last wash counted
to det'.:emfhe if any unincorporated label was still present. The pellet
was dissolved in 615 ul of 0.3 N potassium hydroxide and incubated for |
60 minutes in a shaking water bath 37°C. Yeast RVA standards were also
nadeupinﬁuissanemlxmeandtreatedinasi:nilarW 'Jhepmtei_n
fraction was precipitated by adding 315 pl of 1.2 N perchloric acid and
lettmgthem.xturestandon:.ce for 20 mmutes RNAwas measured-by W

spectrophotametry at 260 my and a 50 yl. aliquot take.n for dete.nmnat.mn
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0.6N' PCA cm'm::.fuge »
12,000 X g for 10 min., "
5°C

‘supernatant

(acid soluble)

" pellet
-(acid insoluble)
1

" 0.3N KH incubate
60 min., 37°C
1.2N PCA extraction
centrifuge 12,000 .
o ® X g, 10 ;uin.

, pe.'l.l!at | o super}}rtant (R
(protein) - .

« N NaCH incubate
0 hours, 37°C
measure protein S

FIGURE 7. Sduaxeforextmcﬁmoflﬁ\ﬂ\arﬁproteinfm

isolated rabbit ovarian follicles. ]
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" of radicactive incorporation. © The pellet was again washed in 500 1.
of 0. 2Npe::chlor1caczdandana11qmtccmbedtodetemne 1fany
1abeled RA m.med behind, _

The acid insoluble precipitate containing protein was then
dissolved in 600 Ml of-'0.3 N sodixmhydmude for 10 hours at 3‘7°C (
_in’a shaking water bath. Protein was measured at 750 my by method:of
Lowry et al a1, 181 ’ Lxsingbovixxe sennnalbmnih as.standaxd In experiments
where the uptake of tritiated amino acids into follicular protem was
being detemmed a 50 ul aliquot was counted for rad:.oact.we incorpor-
ation. By this netrx:d the efficiency of extractmg quality control .
sarrples of RA and protein was 90 and 92%, respectlvely

A toluene sc.mtlllatlon cocktail comtanung 4 gm/llter PPO

(2, S-diphenyloxazole) and 0.1 gn/liter POPOP (1,4 bis-{2- (S-phenylox-
azdlyl)]' benzene was used. "'Ib a 10 ml portion of thl.'k';cintillator,

500 W1 of NCS tissue solubilizer was: added to a.bsox:b the aqueous
rad.loact_ue sarrple. Rad.mactlvn.ty was counted in a Bedcman liquid scin-
tillation spect:rmet:er (mdel 1Y 233) w1th\ai_utm1at1c extermal stand-
ardlzatmn The oount.mg efflc:lency of 3H and 4C was .approximately 43 &
and 93%, respectlvely.

Sodium dodecirl sulphate/polyacrilamide gel electrophoresis
Following the incubation in 358—rr¢thimine and or IH plus

cycloheximide, the follicles were washed (2 times) in MM, homogenized
in 200 11 double strength Dissolving Bufferand heated at 100°¢ for 2
minutes. Samples ' to be analyzed were standardized by applying- e:.ther
equal counts ( S-label 1ncarporabed into proteJ.n) or equal anutmt's of
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_protein to the gels.. Protein determination was done by rethod Of

Lowyy et'al.lsl, with bovine serum albumin as standard. 'Elect::o-

3 p*:oresmwascarnedoutmlmear?SbolS% (v) sod:nmndothcyl

_ sulphabe/polyacnlamde slab gels cantammg 18 glyoerol and run at
‘amnstmtamntofwmrpemasd&scrlbedby;aeml . The gels
were stained for 30 minutes with 0.1% () Coomassie Brilliant Blue,

in a solution containing 25¢ () isopropancl and 10% () acetic acia.
 The gels were destained by seve_ral'isopxépa'ml/acetic acid washings o
and f:.na.lly rmsedw1thwater The gelswe:ce drledmﬂervamnmma
Bio-Rad gel slab dryer (model 224).. Radicautograms of the 355 1abeled
follicular proteins were theri obtained after the gels were exposed to
Rodak RP Royal X-omat £ilm which had been presensitized with “

red light.lSB The molecular weights of the pmté_ins were

detemmedbyoonpansonmththemgratmnofkrwnstandards c.yto—

ch.rcme C (12,500}, myoglobin (17,800), ovalbtmm {45,000) and albumin
(67, 000)

s . .
Radioimmmoassay (RIA) of stercid hormones .

The steroid concentration in the follicular ;pmgenates and
culture medium was measured by RIA. RIA determinations for andro- |
stenedione, délwdroepiandrosterom, estradicl-178 , and progesterone
were carried out an aliéuots of incubation medium (10 or 20 ul) as
well as ether extracts of follicular homogenates which had bemdrielad, :
under air and redissolved in Buffer A. For testosterone RIA, the
medium was first extracted with 4 ml diethylﬁetier,‘ dried down and re-

dissolved in Buffer A. All samples and standards were then made up to
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a constant volune of 100 ulwith BufferAbefore mcnbat:.onw:.ﬂl
specific antibody and labeled stem:.d mmi:atnm pxocedm:es are

asﬁol_lms

Andros tenedione RTA

Antiserum to androstenedicne (S-155742) and JH-androstenedicne
(10,000 cpm), each in 100 u;[ of Buffer A, were added consecutively to
a glass test tube (12 X 75 mm) containing the sample. The sample was
then vortexed and incubated for 16 to 20 hours at 4°C. The separation
of free fram“hound androstenedione was accomplished by adding 1 ml of
dextran coated charcoal soluticn, vortexing, incubating for 10 minutes
(4°0), and finally centrifugation at 2600 RPM for 10 minutes. The
_ Supernatant wasdecanted into counting vials and mixed with 10 ml of
a toluene scintillation cocktail containing 0.5% (¥ of 2, 5 diphenyl-
cxazole (PPO) and 108 () glacial acetic acid.

The results were expressed as total percent “H-androstenedione
bound to the antibody, calculated as:

¥ bound = B¢ X 100
whe.reB—cgnbomdmurﬂunmmb%and
By - com bound in  tuwbes containing no added standards

The concentration of androstenedione was then calculated from known
androstenedione standards (10 - 1,000 pg/100 pl Buffer A), run with
‘each RIA. The inmmoreactivity of interfering substances in the cul ture
redium (2 pqg)’ was subEr;xcted from each sample. Since no significant
difference in total ﬁﬁlicular protein content was:observed between
" individual follicles or groups of follicles in each experiment, the RIA
results were stand:a::dizedand expressed as ng steroid per mg protein for

_—
-
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both, the mctbai:l.on medium and follicular Imgenate.
Atypicalandmstz:edxmestandardm;splottedmngure
8. mepe:cmtageofbctmdradmactwa.tymp agamstthe '
logarithm of the dose ©of and:ostmed:.cne The assay had a sen51t.1.w.ty
of 10 to 25 pg.
- Dehydxoepiandrostemne, estradiol, prpgest‘erq;ae and ;'t'estos'tej.:'one'lzira".s -
The RIA protocol for each of these four steroids is -essentially
identical and therefore will be considered as a gru:pAntlsertm to
either dehydroeplandmsta:u;e, estzadi.ol—]_.?B, progesterone: or |
testosterone, in 100 ul Buffer A, was added to the sample, vortexed and -
incubated for 30 mimutes at 20°C. This was followed by a 2 hour incubation
at 4°C with either J-dehydroepiandrosterone,  H-estradjol, 3H-pmgst—
erone or “H-testosterone (19,000 cpm each) in 100 Wl Buffer A. Separation
of free from bound Stercid was accomplished by adding 1 ml of a dextran-
coated charcoal suspensicn, followed by centrifugation. The superatant
was decanted into scintillation vials, mixed with cocktail and counted.
Calculation of steruid omaantratlons was carried ocut as described for
androstenedicne. Immmoreactivity of interfering substances in the
n'edliumwas subtracted from all samples; dehydroepiandrosterone (1.5 -
3 pg), estradiol-17 (1.5 - 3 pg), progesterone (1.5 - 3 pg) and testost
ercne (15 - 25 pg). All RIA's had a sensitivity of’10 - 25 pg with the
exception of testosterone which had a sensitivily of'35 - 50 pg.  The
minimal detection ih each sample was 75 - 100 pg. The coefficient of _

variation between assays was less th#h 10% for all steroid ;\RIA'S._
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Detenm.mtimof 3B—heshcstnmne natabol:.sm
Afber a 2 hout mcubation with. 35-sastosterone (50,000 cpm

andvanms test substanca 14c-tesmste:tne (20,000 cpm) was: added ﬁor

= recweryptnposesmtheixnzbat:mnedlm memnmtofaﬁand C -

remve.tedafte_rextractlmms 69and83%, mpect.wely. - . /

'meex't:r:act;mprpcedurecanbesmﬁzedmtheﬂwdnrt.

-E‘J.gn:e9. memtactfolllclawerel'umgmlzedeOuleOandthe

hamgenatewas cmbmedw:.&t-hemcﬂ:atxmmdlm mehamgeuze_rand

'plmgerwexe then washed (3 times) with Eoulﬂzommewaslungsalso
'cmrba.nedmﬁiﬁlem:bat:mmdlm. Stemldswe:etlmextracted (3
_ times) fxauﬂmecmbmedfolhcularhcnogmatearﬁlnmbatmnmdnm

mﬂ16mlcml3m(21)andﬂmectractsevamratedtodrynessand
redlssolvedmZSmlbenm 'Iheste.ro:.dswexethenseparatedm%

-ne.1tra1 and phenollc fractions usmg a bmzene—sbdlm hydroxide part1t1mla4

The phenollc (atmgen) fra.ctmn was discarded due to msufﬁ.ent amount:
of counts The neutral belzme fraction c:mta:.mng radiolabeled andmgens
wasdnedmﬂerast:ceamofalranddz.ssolvedmlmllso-octane

saturated in ethylene glycol and chzcuatographed on microCelite colurms
185

'accordmgmnethodsdescrmedbynbramm et a1, 1%, -

Chramatograpty
 The colums were first prepared by mixing Celite with 0.5 ml/g
of the statlma.ry mm:e';(iso-oétme) in a plastic bag until hmoganxsms.

_ ? L
- 'The Celite was then dry packed in disposable 5 ml pipets. The extracts,
dissolved in 1 ml iso~octane/ethylene glycol, were then placed on the

microCelite colums. 'ﬂzgoaltmrlswe.t'\atlmdeveloﬁedwitthlofS% K

L
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.'ewmmmmmtsﬁm)mdarfomamm - after
-mmmmmam,mmmmﬂmm
._wlﬂaBmloflS%eﬁtylacetatemlso—octaneBtm) . These latter
Oomting.

' Sanplestnbeo:\mtedwerednedd:manddlssolvedmlom
of toluene axxta.l.n.lngo 5% (v) of 2, 5 diphenyl-oxazole (PPO) and 10%-
(v) glaca.alacetlcacz.d. 'meanmmtof-aﬁ-anduc-msanplacmmining :
‘Mmdmzsot:peswaaatmabedbyttedmcmmmatoqntmmthod
usmgt'heﬁollcxnngeqtntmns:

31-:[ Ny -]1:2 o TCENy N, s -

N2=cmm14Cﬂmm

=3Hiril4c-d1amel
% in Y-channel

D L S

14Cin3ﬁ-d1am1el
The "a" and“b“muoswexedetenmnedfrunsta:ﬂardscmta:mnghmn
amunts ofaﬁor 4C. The value of "a" was small (<0.1) anddlsregaxded
while the value of "b" was 5.0 - 5.5, Each sanple was corrected for the
amount of Cspa.uedmmthe:‘adzannel '.lhec:mt.mgefflcmcyof

3Hand 4CWEIE 42 and 90% , respectlvely.
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Testosterone Production

" ucuian
‘mepn:oducumrateofwtoste_rmmybedeﬂmdastm

totalmmtoftesbostemnesynm&zeddemvopermttme The

. umst:.nulat:ed rabbit Graafian follicle synthesizes very sn'a.ll _amounts

ofa.rﬂxogers &st:ogensarxiptmgstam fxunMC—acetateg'n In

' 'aﬁ:htlon tl'lemasttmﬂatedralintfolhcle (1.8 - 19mudlamate.r)
“contains small amownts of testosterone (n=3; 10.2 % 3.1 ng/mg protein),

progestermg (n=3; 3.2+ 1.8 rr;/mg protein) and estradiol-178 (n=3;

1.9 £ 0.8 ng/mg protein), as measured by mdlmmmmoassay However,.
upon IH (5 ug/ml) st:m.xlatmn, testoste:.one is the major stercid
Prodiced by the isolated rabbit follicte?dr104 fﬁgu:é 10). Therefore, -

: througholItthlsth&B:Ls, testosteroneproducmonwasmadasamaﬂcer

for masumxg the stexmdoge.mc mpmsmeness of the follicle to IH

| morder'mnueoutﬂaeéossibmtytha the increased
t&stosbamnepmducuonwasdmbodecreased ‘;'}lism, itwa;snecaﬁsary
mmthofmmmum} Isolited follicles
(lpe.rmmbatm)wemnmzbatedforzrnursmﬂu H-testosterone
(50,000 cpm) and either It (5 ug/nl), Actincmyein:D (1 g/l) or L
(5 ug/ml) plus Acl:.i.tnnycinﬁ (1 yg/ml). After extraction of steroids
and partition into neutral and phenclic, the neutral fraction was
dlmtogxapteddxmicrUCelite_coltmnsarﬁﬂaemtostemnefraction
analyzed for radicactivity.l8% as shown in mable I, neither I nor

54
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ng Steroid/ mg Protein

FIGURE 10.
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60r

30

10

Hours

Effect of LH(5ug/ml) on androstenedione(ﬁﬁ),
dehydroepiandrosterone (DHA), estradiol-178(E.},
progesterone(P), and testosterone(T) production
by the rabbit follicle after 4 hours in vitro.

Results are. expressed as the mean:tSEM(n=4;.1 follicle

_per incubation. Average follicular protein content

was 135217 yug.
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TARLE 1 g

| Effects of IH (5 ng/ml), ng'(s Mig/ml) plus Actinomycin

* (1 ug/ml)- and Actincmycin (1 ug/ul) alome on the
metabolism of ¥i-testosterone in isolated rabbit follicles

* after a 4 hour incubaticn. |

Y

 Treatment .. 4 Unchanged
(ug/nl) - d-testosterone (3)
I (S) '92.5 ¥ 0.40
IH (5) + AMD (1) . Ce2.6t0a3 - ™
) AMD (1) 92.5 % 0.24
Control 92.3 ¥ 0.40

Results are expressed as mean ¥ S.E.M. (n =35, 1 follicle/
lncubatlm No statistical difference was cbserved between
the percentage unchanged of testostérane after various

treatments.
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Acutmwc:.n D almae or togather had an effect onrtest:osmrme

:tetabol:.sm More than 90% of the J.nr:tbated 3H-mtostexme was
recovered unchanged, :egardle'ss of treatment.

Effect of IH on follicular RVA, protein and testostercne production
’ Prelnm.m.ryatta:pt's todelz.mat’etheml&sofR\IAand

protein synthesis in IH-induced sbexm.doge:mls were unsuccessful.
Following a 2 hour pre-incubation in MEM, follicles _7 (6 per incubation) )
- were incubated for 2 hours with I (5 ug/ml) plus a mixture of “H-
amino acids (Figure 11A) or -uridine (Figure 11B). IH significantly
 enhanced a 1- and 3 fold increase in testosterone production (p < .01),
yet had no cbservable stimilatory effect on the incorporation of either
3H-amino ‘.ac'.ids or H-uridine into follicular protein and R¥A. Similar
protein results were cbserved when the follicles were incubated with

, <
the aﬁ-ami.tb acid mixture in amino acid free medium.

When follicles (6 per incubation) were incubated with' 3H—leuc:inez

in MEM, LH (5 ug/ml) significantly enhanced ®@ine incorporation inte
lfo]_licular protein (p < .05) from 2- to 4~ hours of incubation (Figure
12). During the same 2 hour period, IH e.nhanced a 2.5-fold increase
in testosterone production measured in the incubation medium (p < .01).
Attenpts were therefore made to examine the correlation between
Li-induced “H-leucine incorporation into follicular protein with testost-
ercne production. IH dose and.'tine course studies were carried out.
Dose Re;ponse
Following the usual 2 hour pre-incubation in MEM, follicles

@ per incubation) were mm:batedw:.th various doses of IH together with
- H .
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Effect of IH (5 ug/ml) on te.rmaepmd.:cumm

the uptake of a mixture of amino acidg into follicular
protein (Fiqure 11A), and the uptake of uridine into
follicular RA (Figure 11B) after 4 hours in vitro. Separate

+ incubations were carried for protein and RA determinations.

Lines on left represent mean * SEM (=6 or 7: 6 follicles/
incubation) of testosterone production (medium) in the
absence (o-----) or presence (e=—— ) of IA. Histograms
an right represent uptake of labeled precursors into foll-
icular RA and piotein in the absence {C) or presence of

_ IH. Statistical analysis was determined by Paired Student's

T Test. ,
4

N



FIQRE 12.

N W

ng TestoSterone,/lmg Protein

2F 132
£
[ Treoos ] 2
4ar- - J24 &
- I 1 €
| , =
161 ]| e
- LH 1 X
C =
- 48 Q.
8 ‘ 8 B

0 . .
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-

Effect of (5 ng/ml) on testosterone production and the
uptake of “H-leucine into follicular protein after 4 hours

in vitro. Lines on left represent mean + SEM (n—S 3
follicles/incubation) of testosterane, measured in the medium,
in the absence (o----) and presence (e—- ) of IH. Histo~
grams on right represent uptake of leucine into foll-
icular protein. No statistical difference in follicular .. ..
protein content (242 * 36 ug/3 follicles) was observed
between treatment groups. Statistical analysis was determined
by Paired Student's T Test. .
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J-leucine fcranadd:.t:.mal 2hours. As shown in Figure 13,-tntai
testostercne production (medium plus l‘@tﬁgmhte) vas axharmd at all
Ctmcentrat:l.msofm(ﬁl,OS 10,25 503nd10ug/ml),w1th .
Opt'nmlstlmnatlm occur:mgat 5 ug IH/ml (p< .01). This pattern |
of testostercne was consistent when measured in both the follicular

" hamogenates and :mebat.xm medivm, :Ih ccnt:.ast, a s:Lgmflcant uptaloe
~of 3ﬂ-lemme into follicular pmtemﬂwas observed anly at LH concemn— | |
trations of 2.5 ug/ml or greater (p < .0l1), with opt:.rral stumlat.'n.m
occurring at S and 10 ug IH/ml (p < .01}. -

‘Time Course St‘udy ) .

. Uding 5 ug L/nl as an optinal stimmlatory dose for all further
studies, the -t‘i_ne’-cou_:se relatlonslup bemeen IH-inc}uced testos;:emne
and protein synthes;s was examined.

' Isolated follicles (1 per incubation) were incubated with Li

(5 pg/ml) for 15, 30, 60 and 90 mj.nutes, following a 2 hour pre-incubation
in MEM (Téble 2). In the presence of IH, test:osterme production
(neasurzd in Il'Edle‘l) was enhanced within 15 minutes (p < .001) and
contimed to rise with time. The uptake of “H-leucine also increased
with time in both [H treated follicles and controls, but a significant
difference was only cbserved at 90 minutés of incubation (p < .01). When
the uptake of “H-leucine was compared anly among LH treated groups, the
incorporation was significantly increased with time: IH (80 mim:tes)

= 1H (60 minutes) > I (30 minutes) > IX (15 mimutes) (p < .01). Similar
findings were c:bserved among control g::oups (C) with: C (90 mmutes) “
= C (60 rm.nutes) > C (30 minutes) > C (15 minutes) (p < .01).

The effect of IH (5 pg/ml) on the electrophoretic pattermn of

5
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TESTOSTERONE PRODUCTION = UPTAKE OF [3H]-LEUCNE
(medium pius hqmogendré) _ INTO PROTEIN

'FIGURE 13. Effects of IH (0.1, 0.5, 1.0, 2.5, 5.0 _and 10 ug/ml) on

testosterone production and uptake of 3H-leucine into foll-

~ -icular protein-after 4 hours in vitro. Histograms on left

represent total testosterone In medium (clear area) plus :
follicular rnmgaaatﬁ_(slashed area). Histograms on right
represent uptake of leuwcine into protein. Results

are expressed as mean * SEM (n=7; 1 follicle/incubation).
No statistical difference in follicular size (1.9 + 0.2

m diameter) or protein content (128 *+ 3.3 pg/fallicle)

was observed. Symbol "C" and "numerical inset" correspond
to contxol and IH ( ng/wml)’ treatments, respectively. Stab-
istical analysis was determined by Duncan's New Maltiple
Range Test.
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mdmﬁkeof%—leucnmeurtopmte:nmutro

Time course of IH' (5 vg/ml) action on testosterone producta.m

time . " Medium incorporation
- {minutes) (ng/mg_protein) (cpm x 10-3/ing protein)
15 18 13.4 T 1.1 ** 12.1 ¥ 0.5
. (n=8) ) _
Control 6.4 T 1.1 11.9X0.6
30 18 , 12.6 X 2,4 » 176 tia
(n=4) ;
Control 1.5 * 0.4 15.1 * 0.3
60 1H 22.2 * 3.8 ** 18.0 * 1.8
- (n=4) . |
Control 5.2%1.2 18.4 0.6
‘ Y g
90 - IH - 36.7 ¥ 10.6* 20.4 0.4 *
. (n=4} ‘ : C '
Control - 7.0+ 1.8 17.8 ¥ q.9
* p< 0.05 vs pmtrbl u:sing Unpaired Student's "T" Test -
<& .
** p< 0.01 vs control using Unpaired Student's "T" Test

Statistical analysis for uptake of 34~leucine with time Lﬁing Duncan's

New M.lltiplé Range Test. 7
' - Among IH treated groups c:nly:'LH90= IHg,

- Am:mg cont:o]. groups only: c90 60 30>C15

>IH,.»IH

15

Resultsa::ee:-cpmssedasn'ean SEM. No difference in follicular

size (1.6 ¥ 0.2 my/follicle) or protein content (97.3 ¥ 4 pg/follicle)

g '

!
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3ss—netluon.me mcorporatm into individual prot:e:.n bands -afl:er ..

15— 60—, and 120-minute mcubatlms is shown in Fn.gure 14. Electro—-
ﬂn:eucfractmatlmofmtalcnuularpmtemsdldnotrevealany R
new protein bands in sufficient quantities to be detected by ‘radio— '
autography.

Effect of cyclic AMP an follicular ENA, prote.l.n and testosterone pmdu:t‘n.m

If the hypothetical nmodel (Figure 3) is correct, that is, IH
exerts its action_v_ia_;cyclic.AMP, t?mlHandcyc]icAMPshOuldhave
identical effects on testosterone production by the folfickeS: Experi-
rents were therefore perfomed as for IH. )

N

Dose response '

" The effects of cyclic AMP on testosterone production and uptake
of labeled leucine and uridine into follicular prt;atein ahd RA are
showny dn Table 3. Following a 2 hour pre-incubation in MEM, follicles
(1 per incubation) were incubated for 2 hours with cyclic AP (0.1, 0.5,
1.0, 2.5, 5.0 and 10 mM) together with “H-leucine and YC-uridine. A
positive dose dependent correlation was found between cyclic AI-P-
induced teststerone product:.m and de nowo protein synthesis. At
cyclic AMP concentrations of 5 and 10 mM, both testosterone pmdlx:tmn
and the uptake of “B-leucine into follicular protein were significantly
enhanced (p < .01). ILower cyc'&l oncentrations (2 2.5 m4) were
ineffective. No effect on the J.ncorporat.lon of 14¢ C—uridjne into foll-
icular RNA was observed at any cyclic AMP concentration tested.

Time Course Study 4

\
UsingSrrMcchi’c_@sanopt{malstimﬂatsrydosemrall ,
T \ .
. . - \
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. Tiene (minutes) 13 ' 00" 120°
FIGURE 14. suﬂyoftheeffectofmmﬂ)emcdrpor-

Fbllowmgazhourpxemmbatlmmmethmmnefreemm
isolated follicles (3 per tube) were incubated with 3°5-
methionine for 15, 60, or 120 minutes, in the absence or
presence of IH (Sug/fml} After extraction, total cell-

. ular proteins were fractionated on a 7.5 - 15% discontin-
wous sodium dodecyl sulphate/polyacrilamide gel. Radio-
autographic profile of fracticnated proteins are shown
in the figqure.

igS—mc.*t:h:.cnl.me into follicular protein synthesis.

Standards used as molecular weight markers

were (A) albumin MW 6700Q0; (B)
©)

myoglobin, MY 17800; (D)

ovalbumin, MYy 45000;
cytochrome C, MW 12500.
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- further studies, the time relationship between cyclic AMP-induced

| Table 4 shows the effects of incubating isolated follicles (1
per incubation) with cyclic AMP (5 m¥ and JE-leucine for 0.5, 15, 30,

60 and 90 minutes, folloving a 2 hour pre-incubaticn in MM alone.
mﬂlepresaweofcycllcm, testosterone was stmu.xlatedm.t:tunls
minutes andomtmuedto rise with time: cychcAMP (90 minutes) > cycllc
AMP (60 minutes) --cyclchtJP (30 minutes) >cyc'.13.cAI-P (15 minutes) >
cyclic aMP (0.5 mmuh&s) (p < .05). No significant difference in test-
osmmne production was cbserved. ‘among control g:oups w:Lth'

The incorporation of JH-leucine also increased wrth time in both
cyclic AMP treated and control follicles, bgt a significant difference
was only chserved after 60 minutes (p <.01). When the uptake of -
leucine was compared only among cyclic AMP treatedgruxps;, the?rewas
significant incorporation with time: cyclic AMP (90 minutes) > ‘cyclic
AMP (60 minutes) = cyclic AMP (30 minutes)> cyclic AMP (15 minutes) >
cyclic AMP (0.5 minutes) (p < .05). Similar findings were cbserved among
control groups (C) with C (90 minutes) > C (60 minutes) = C (30 minutes)>
C (15 minutes) > C (0.5 minutes) (p < .0l).

InhibZ tors of protein synthesis: puromycin  and cyclcheximide

Since the previous studies indicated that the steroidogenic
'mpanse to IH andcyc.‘ucAMPn'aynotbe depmdentupmnac;molecular
synthesis, inhibitor studies using puromycin and cycloheximide were.
wndertaken to further elucidate this relationship. Both antibiotics
inhibit protein synthesis at the translat:x.?nal level: purcmycin causes



' TARIE 4

R e v AP

Time course of cyclic AMP (5 mM) on testosterone production
and uptake of *H-leucine into follicular protein after 4
hours in vitro.

time Medium in ration
{min.) (ng/mg protein) (cgm x 107°/mg protein)
0.5 CAMP - 0.9 + 0.2
(r=4) -
Contral - 0.8 + 0.2
is cAMP 3.4 + 0.60* 2.3 + 0.15
{(r=8)
Control 1.1 £ 0.20 2.1 + 0.15
30. . cAMP 11.7 + 1.20% 9.4 + 1.3
é_o {n=8) :
Contyrol 2.3:% 0.93 n.2 +1.4
60 CAMP ‘ 14.1 + 1,.62* . 18.9 + 0.8*
(r=8)
Control 2.4 * 0.45 11.0 + 0.5 . yo— .=
I . . .
90 CAMP . 7 18.4 + 1.19% 21.6 * 1,2*%
Control 1.44 + (0.29 14.8 + 0.4

-

*P < .01 vs control using Paired Student's "I Test.

Results are expressed as mean + SEM: No difference in follicular size

(1.8 * 0.2 my/follicle) or protein content (129 + 2.9 pg/follicle)

was observed between groups.



p::mmzetemmtm of peptide synthesis, while cycloheximide prevents
- Effect of cycloheximide on I.E-.izﬁuced testosterone and protein synthesis
Prelmmaryexpenmtssuggestadﬁmtadlscmpmwmyenst '
" between ‘the cycldmumde—mhlbltxms ofprotemsynﬂ'mﬁls and LH-
nﬂxmdtesmstermep:uiu:um Cyddmdmdenm:.b:.tedby 508 the
- incorporation of 3E-ann.m acids into follicular proteins at concentrations
‘bememo 1 and 0.0 pg/fml (F:Lgure 15). In the presence of & (5 pg/ml),
cyc:ld'mumde (50, 10 and 1 pg/ml) inhibited the incorporation of “H-
amino ac:.ds J.nto follicular protein by 85, 83 and 55%, XYespectively (p
< .01) (Figme 16). However, testosterone production was inhibited to
 control values by cycloheximide concentrations of 50 and 10 ug/ml and
ot by 1 ug/hl. ‘yA _

To further investigate this discrepancy, using a single labeled.
essential amino'acid, tfie inhibitory effects of cycloheximide (20, 10
and 1 pg/ml) on IE~induced testostsrone producum and the incorporation
of 3B-leuc|ne into falhc.ﬂ@pmtem were examined (Flgtme 17). Following
a 2 hour pre-—mcdaatlm in MEM, IH (5 ug/ml) alone sxgmflcantly stnmeated
testosterone production above control values {p< .0l) and the J.rmrporL
ation of “B-leucine into_follicular protein (p < .05). Cycloheximide
(10 ug/ml), Figure 172, inhibited IE-induced testosterone production by
54.7% and the uptake of 3H-1euc.ine into follicular protein by 93% (p < .01).
On the other hand, cycloheximide (1 pg/ml) did not inhibif LB-induced
testosterane pu:oducum, vet 3H—1eu¢ine inca;po:ation into protein was
Asignif'i@ntly inhibitedby 71% (p < .01). ‘

- In the presence of cycloheximide 0, 10 and 1 u.g/ml) alme, Figtné

%
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% inhibition (CPM/mg Protein)
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FIGURE 15,

D; 0 10 54

Cyclohexdmide { ug/mi)}

Effect of cycloheximide (50, 10, 1, 0.1 and 0.0l pg/ml)
on the incorporation of SH-amino acids into follicular
protein synthesis. Results are expressed as mean of
duplicate incubations (6 follicles/incubation) and are
expressed as percent inhibition of control (100%). -
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FIGURE 16. Effect of IH (5 pg/ml) plus cycloheximide (50, 10 ang 1
ug/ml) on testosterone production and the uptake of “H- _
amino acids into follicular protein after 4 hours in
vitro. Lines on left represent mean * SEM (n=4; 6 follicles/
Incubation) of testosterone production (medium), in the .
absence (o==-) or presence (e— ) of IH plus cycloheximide.
Histograms at upper right represent the uptake of 3H-amino
acids into protein, in the absence (C) or presence (numer-
ical insets) of IH plus cycloheximide. The protein content
(262 = 24 pg/6 follicles) between groups remeined constant.
Since no statistical difference bebween control groups was
determined by analysis of variance, the controls were pooled.
and statistical analysis was detemmined by Duncan's New
Miltiple Range Test. '
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FIGIRE 17. Effects of IH (5 wg/ml), IH (5 ng/ml) plus cycloheximide
. (1, 10 and 20 pg/mi) and cycloheximide (1, 10 and 20 ug/ml)

alone on testosterone production and uptake of 3-leucine
into follicular protein after 4 hours in vitro. Histo-
grams represent mean * SEM (n=5; 1 follicle/incubation).
For details see Figure 13. Symbol "C" and "numerical insets"
represent control and cycloheximide treatments respectively,
either alone {Figure 17B) or together with IH (Figure 173).
Eblllcular size (1.9 * 0.2 m/follicle) and protein content
‘(118 £ 1.5 ug/follicle) remained constant between treatment
groups. Statistical analysis was determined by Duncan's
Nar MJltJ.ple Range Test.
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lm,‘tesuistemxeprodmtiai:anainedbasalaxﬂsimﬂartocmtrpls
while protein synthesis was inhibited by more than 70% (p < .01), at
allcctnentraucnsmted

The electrophoretic pattern and dJ.St:l.':l.butJ.m of Ps-methionine -
) inooxporatmnmtn individual follicular proteins follom‘ngaZlmr
incubation with IH (5 ug/ml) plus cycloheximide (0.1, 1.0, 10 and 20
Mg/ml) are shown in Figure 18. IH had no apparent effect on the
distﬁbutionpattembrﬂleameﬁrmceofanavpmteinﬁmddiffe}mt
from control. The mcorpor_ai:im of 3 g-methicnine into protein was
completely inhibited by cycloheximide concentrations of 20, 10 and 1
ug/ml, whereas 0.1 ug/ml showed decreasing inhibitory effects. The
uﬂubltzmbycyclohemmdeonﬁalllcularpmbemsyntheslssearedtn
beagmexallzedphermsmasﬂuedlsappearanceofadlstnnctpmtem
band was -not evident.
Effect of puromycin on ‘LH-induced testos*:erone and protein synthesis
A discrepancy between ptmycin-inhibition of follicular protein
synth&ns and Li-induced testosterone production was alsco observed.
Ebllowmg a2 haur pxe—mcubat.lm in MEM, isolated follicles (1 per
' incubation) were incubated with_BH—‘leucine together with IH (5 ug/ml),
IH (5 ug) plus puraycin (40, 10, 1 and 0.1 ug/ml) or paronycin (40,
10, 1 and 0.1 ug/ml) alane for 2 hours. As shiwn in Figure 197, I
(5 ug/nl) Significantly enhanced testostercne production above control
values (p <.0l) and the incorporation of *-leucine into foll:.cular pro— -
tein (p < .05). Puromycin (40 pg/ml) inhibited IH-induced testostercne
production by 663, and the uptake of SE-leucine into follicular protein

by 74% (p < .01). Bowever, purcmyc.m (10, 1, or 0.1 pg/ml) d4id ot

4

o5
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FIGIRE 18. Effect of IH plus grloheximide on the incorporation of
Bs-methionine into follicular protein synthesis.
Following a 2 hour preincubation in methionine free
g?l,’ follicles (3 per incubation) were incubated with

S-methicnine in the presence or absence of LH (5 pg/
ml) alone or IH (5 ug/ml) plus cyclcheximide (20, .10,
1 and 0.1 ug/ml) for an additional 2 hours in vitro.
After extraction, total cellular protéins were fract~
ionated on a 7.5 - 15% discontinuous sodium dodecyl
sulphate/polyacrilamide gel. ' Pictures of radicauto—
grans (14 days exposure) of fractionated proteins are
shown., Standards used as molecular weight markers
were: (A) albumin MW 67000; (B) ovalbumin, MY 45000;
(C) myoglcbin, MW 17800; (D) cytochrome C, MY 125000.
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FIGIRE 19. Effects of IH (5 pg/ml), IH (5 ng/ml) plus puromycin
. (0.1, 1.0, 10 & 40 pg/ml) or puromycin (0.1, 1.0, 10 &
40 gg/hﬂ.) alore on testosterone production and uptake
of #H-leucine into protein. Histograms represent mean
* SEM (r=4; 1 follicle/incubation). For details see Figure
13.. Symbol "C" and "nurerical insets" correspond to control
and puronycin treatments, respectively, either alone (Fiqure
- 19B), or together with IH (Figure 19A). Solid black area
represénts the IH positive cntrol. Follicular size (1.
* 0.1 mm/Tollicle) and protein content (83 * 3 ug/follidle)
remained constant between tregtment groups. Statistical
analysis was done ‘using Duncan's New Multiple Range Test,
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inhihit IH-induced testostercne production, yet “B-leucine umrporaum
mt:o pmtam was inhibited by 58, 37 and 31% z&specuvely (p < .01).

' Inthepme:weofp.lm'c.m (40, 10, 1 and 0.1 ug/ml) alone _
(Figare 19B), the incorporation of ?B—leum'm into follicular protein
was inhibited by 76),,55, 31 and 178, respectively (p < .01). Testostercne '~
pmduct.xmwas also inhibited, campared to controls (p < .05), at | .
ptm:nycnncmcentmuonsof‘io, 10ane.lug/m1 butmtOlug/rrﬂ.
Reversible effects of cgclohex.lmde ‘

Preliminary experiments sugg&stgd that the inhibitory. effects of
cycloheximide on Li-induced stercidogenesis were reversible.. A series
'ofsmmtmmwexetherefo:egerfomedtndetenmne (i) if the
effects of cycldmude were revexsmle after the antibiotic was
xemxedfrunthenmﬁ:atlmnedlun, and (ii) was the resumption of - ‘
-stemn.dogenes:us a:ompaxued by an mcreased incorporation of 1abeled amino
acids into follicular protein. - '

The effects of IH {5 ug/ml) plus cycloheximi.def.(so ug/ml) an

testnste.:u'xe pxoduct:.onandthe uptake &f *H-amino acids mto folllcular
p:coteinaftarslnuxsinvitma.tesmmk‘iguxe‘zo. A brief des-
c:nptlmofthem:batmnprotnmllsasfollavs Ebl_‘l.mmgaz
" hour pre—mcubat:.on in MEM, :Lsolatai follicles (6 per incubation) were |
incubated with IH plus cycldlEq-mnld_e from 2 bo(-I_ hours of incubation.
The follicles were then thoroughly washed (6 times) and reincubated in
bmﬁ::rtheranammg4rnurs ﬁn%mmamdmxt:newaspresmt
in the mediun from 2 to 4 hows (Figure 20, Panel 1), ﬁ:an«atosmurg"
(Panel I1) and 2 to 8 hours of incubation (Panel IIT). |

As shom in Figure 20, cycloheximide (SO pg/ml) inhibited Li-

1

iy ) -



" FIGURE 20.

5

Effect of IH (5 ug/ml) plus mlmMngga (50 pg/ml) on
testostarcne production and wptake of JH-amino acids into
follicular protein after 8§ hours in vitro., Lines on left
represent mean ¢ SEM (n=3 or'4; 6 fbllicles/.incubation)

of testostarone production (mediun), in the absence (o---)
or pregence (ew=) of IH plus cycloheximide. - Histograns

on wpper right represent the uptake of M-amino acids, into
follicular protain from these experiments when labeled amino
acids were added from 2 to 4 hours of incubation (Figura 20,

-Panal 1), from 4.to 8 hours . (Figure 20, Panel 2) or from 2

to 8-hours (Figure 20, Panel 3‘);> No statis ‘dl £faxence
in protein content (258 + 18 ug/6 Sollicles) groups
was determined. Since no statistical difference) between
control groups was cbserved by analysis of variahce, the
controls were pooled and statistical analysis was determined

by Duncan's New Multiple Range Test.

AA .



- mmmmummmm wunmozmum Attar
- ‘venoval of cyclohexinide, testostarcfe production signi sicntly incnu-d
© " (p < .01) from 4 to  hours, in th& pressnce of more than 604 inhibition
wo!mimacid:l.moxpoutim : ﬁouicularpm:ln However, if cne -
. _'ofaﬂ-ardmacidsinmmoicyclo-'.
‘ qmzo, Panel 1:- 2to4msn) vonu:thhmaudimor-
'pomimaruxun ﬂollicluwa:amtndmdinhibitormmd (Panel
II, 4 to ahnurl). signiﬂoant difference (p< .01) is cbserved, This
incmaudand:nacidinmrpomtimmycomapmdmﬂnlateappaamca ‘
of mtnltm o
o 'Ibovemacriticimthatthomviousexpeﬁmtmymthm
beep adaquat:nly cmt:mued, a similar 8 hour expeariment was undextaken.
Isolated ﬁ_;u.{clsg (3 per incubation) were incubated with LH (5 ug/ml), .
IH (5 ug/ml) plus cycloheximide (10 ug/nl), or-cycloheximide (10 ug/nl)
aJ.omf.mZboGlburaof i.rmbation The follicles vere then washed
{6 times) and reincubated in MM plus: St-amino'acids for the remaining
© 4 hours (Figure 21) » As bafore, the results clearly denonstrate that the
stexroidogenic efﬂects‘ of IH are long lasting with complete recovery of
 cyclohaxinide-inhibited testostarons production occurring 2 o' 4 hours.
‘after removal of the antibiotic. IH (5 pg/ml) alone was without stim-
ﬁlatm:y effect on the incorporation of “H-amino acids mté\ﬁollicular
protein. Cyclohaximide (10 ug/nl) inhibited the incarporation of -
amino acids into follicular protein by more than 508 in the presence or -
absence of TH (p < .01). However, when the incororation of H-amino acids
was conpared in the pxesenca of I%/ plus cycloheximide versus cycldae:d.mide
| almeasigxiﬂcantincreasainﬂ\eirmpontimoflabeledmﬂ:nacids

L0 L
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FIGURE 21. Effect of IH (5 ug/ml), IH (5 Hg/ml) plus cycloheximide

(10 pg/ml) or cycloheximide (10 ug/ml)alone on testosterone :
production and uptake of H-amino acids into follicular protein -
after 8 hours in vitro . Lines on eft represent mean t SEM
(n=5; 3 follicleés/ Incubation) of testosterone production
(medium) over 8 hours, in the gbsence (ow~), oOr presence of

IH (&= ), IH Plus cycloheximide (= ) or cycloheximide

(¢== ) alona, Histograms on right represent uptake of labeled
amino acids into follicular protein synthesis, determined at the
end of 8 hours. Test substances (IH or’ cyclcheximide) were .
present only during the.2 to 4 hour incubation period. Labeled

.mrdmaddsmmaddedatt!mmdoft!m. for details see

taxt. No statistical difference in follicular protein content
(258 + 41 ug/3follicles) was cbserved betwaen treatment
Statistical analynis was determined by Duncan's New Multiple

\_
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 was cbearved p < .01), This imnauduni.m acid incorporation may

hoattrimédmmwmmtpommﬂngppuﬁmoftumm

‘ productim

..‘..

- Bffect o! cycloheximide on cyc.l.ic W—inducad testosteronre and protain

lynthnia

' Adimpancym fqnﬂbetmnﬂ\einhibittonofcyclicw
induced. tasbostem producticn and protain syntl'ieais dn the isolamd

‘rabbit follicle.

' ——

Following the usual 2 hour pm-i.nmbatim in MEM, follicles

(L pex ina:bat.'lm) were incubabed with a Hmamim acid mixture together

with cyclic J\MP (S mv), cyclic AMP (5 mM) plug, cycloheximide (50 and

1 ug/ml), or cycloheximide (50 and: 1 ug/ml) alone for an additional

2 hours (Figure 22). Cyclohaximide (50 ug/ml) inhibited cyclic AMP-induced
testostercne pxodﬁction (measured in medium), and the incbfpor'ation of ?
*H-amino acids into follicular protein by 89.6 and 848, respectively

P

(p < .01), However, cycloheximide (1 pg/ml) did not inhibit cyclic

AMP-induced testosterone production, while the 3l-l-ami.nm acid incorporation

into follicular protein was inhibited by 77.7% (p < .01).
In the presence of cycloheximide (.50'an'd 1 pg/ml) alone (Figure
22B) , testosterone production remained basal and similar to control
values, while protein synthesis was inhibited by 87.2 and 68.18,
respectively (p < .0l).
Effect of puromycin on cyclic AHP-induged testoséerone and protein'syhthesis
The effects of cyclic A¥P (5 M), cyclic AMP (5 m¥) plus puro-
mycin (40, 10 and 1 ug/nﬁ) and puramyein {40, 10 and 1 pg/ml) alone on
testostercne production and the uptake of “H-amino acids into follicular

protein were examined (Figure 23).. After 4 hours, pumwcin (40 ug/ml) . \~

N e el e A s s g e
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FIGURE 22. Effect of cyclic AMP (5 mM), cyclic AMP (5 mM) plus cyclo- g_\
heximide (50 & 1 ug/ml) and cycloheximide (50 & 1 pg/ml) " '

alons on testosterone production and uptake of 3H-amino acids

into protein after 4 hours in vitro. Histograms on left
- represent testostarcne, Ain mediun. Histograms on

richt represent uptake of “H-amino acids into follicular

protain. Results are expressed as mean + SEM (nm4; 6 follicles/
incubation). Synbol "C" and "numerical insets" correspond to
control and cyclohexdmide treatments, respectively, either alone
(Figure 22B) or together with cyclic AMP (Figure 227). Solid

black areas represent cyclic AMP positive controls. No stat-
- istical difference in protein content (271+ 19 ug/6 follicles)

was cbserved between treatment groups. Statistical analysis

was done by Duncan's New Miltiple Range Test. :




FIGURE 23.
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3i~amino acids into folliculax protain, Results are expressed
as mean : SEM (n=8, 1 follicle/incubation).
difference in follicular aize (1.9 + 0.2 mm/follicle) or protein
oontent (129 * 5.7 ug/follicla)
"numarical insets" correspond to Contrxol and

3H-AMINO ACIDS
INTO PROTEN

(5 M), cyclic AMP plus puromycin
sjllmwc:ln alone cn testosterdne prod-

acids into follicular protein
on left represent testo-
on right repregent uptake of

No statistical

was cbserved. Synbol "C" and
puromycin treat-

ments, either alone (Figure 23B) \or together with cyclic aMp

(Figure 23A). Solid black areas

cntrols,

New Multiple Ranga Test.

\

present cyclic AMP pogitive

Statistical analysis was done using Duncan's
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Bﬂﬁhibdboﬂxcycucmindumd tncﬂmpmductimandﬂninm:-‘

N\
= poraf.ton of. 3Il-ami.m acids by 92 and 74N, respictively (p < .0l),

‘ l:plm plmycin (10 and 1 yg/ml) did not {nhibit cyclic AMP-induced
tutolumm ptodacti.m whilo.-aﬂ-mim acid incozporatim was .thibibad
by 86 and 484, nlpncttvoly (p < .01),
- In tha pmof pu:urvcin (40, 10 and 1 ug/ml) alone (Figure
23}, the incorpormtion of -ming acids into follicular protein vas
inhibited by 73.4, 48.2 and 308, respectively (p < .01). Testostarcne
: pmdxx:tim was also inhibited, cmpamd to controls, at puromycin
\ concentratitng of 40 pg/ml (p < .05), but not at 10 arid 1 vg/ml.

* Effect of Actinonycin D, an inhibitor of RA synthesis
In Wew of érevious reportalzz' 131 and the fact that neither LH
-0\l -~ 10 ug/ml) mrcyclicAMP (0.1 - 10 mw directlymhancedthe
incgrporation of 3H~uridine into follicular RNA (Figure 118 ; 'rable J),
i1t was of inbamst to inveetigata tha effect of An_:tinawcin D on IH-
/ cyclic A!-P—indumd staroidoganesis and ‘the incorporation of 311— )
uridine ‘into follicular RVA. | ‘
on LH‘-.induced steroidogenesis and follicular RNA synthesis
Fbllming a 2 hour pre—i.ncubation in MEM, follicles (1 per incub—
ation) were i:mzbated for 2 hours with Heurt Actinomycin D
" (1, 20,780 and 160 ug/ml) alone, or together with'IH (5 ug/ml). Aas
effect on incorporation

can be seen in Flgure 24n, IH (5 ug/ml) had
o Y-uridine into follicular RWA. Actinamycin D (1, 20, 80, 160 yg/ml).
alone, or together with IH (5 ug/ml), inhibited RNA synthesis by 86, _
.85, 79 and 508, mspectively (p < .01). Paradoxically, Actimchin D

A
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FIGURE 24. Effects of IH (5 ug/Anl), IH plus Actinomycin D (1, 20, 80
& 160 ug/ml) or Actinomycin (1, 20, 80_& 160 ug/ml)} alone on
testosterone production and \ptake of H-uridine into
follicular RNA after 4 hours in vitro. Histograms represent
mean + SEM {n=5; 3 follicles/Incbation). Oontrol or Actino-
mycin D treatments, respectively, either- alone (Figure 24B)
or together with IH (Figure 24A). Solid black area represents
IH positive amtrol. No statistical difference in follicular
size (1.5 : 0.1 myfollicle), protein contant (230 + 22 ug/
3 folliclea) or RNA content (28 : 1.1 ug/3 follicles) was ,
cbesarved. Statistical analysis was carried out using Duncan's
New Multiple Range Test. ‘
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. lhlm formation by af.hcting either t:ha ltnmid biocyntmtic or mata-

bolic processes. The latter was rejectad lincu Actinomycin D (1 Hg/ml) -
had no apparent effect on further %—mmmmm metabolism (Table 1).
In order to investigate the formar possibility, i.e. biosynthetic

.stimilation, a amroiebmic profila (sndrostenadione, dmyd:oepiandm-
:st:am, estradiol-178 and pmgesterone) was obtained fram the same
" sapples corresponding to the test:oubemm results shown in Figure 24A.

In the presence of ILH (5 ug/ml) plu; Actinomycin D (1 ug/h\i) » progest-
erone decreassd while dshydroepiandrostarone.increased (Table 5). Con-
versaly, progesterone, but not dshydroepiandrostercne, was‘ elevated

in the presence of IH alone and IH plus Actinomycin D (80 and 160 ug/ml).
Androstenedione was elevated with all treatments: IH. (5 ug/ml) or IH

(5 ug/ml) plus Actinomycin D (1, 20, 80, 160 ugAnl). No change in
estradiol-178 accumlation (X 6.5 ¥ 2.3 ng/mg pmtain) was cbserved

batween treatment groupd. .

~In the presence of Actinomycin D (1, 20, 80, 160 ug/ml) alone

'(Figure 24A), testostercne was elevated, however, this was not stat-

istically significant. No changesin progesterone (X 15.3 ¥ 5.6 ng/mg
protein) , d&ydmépiandxoeterme (% 8.3 ¥ 2.9 ng/mg protein) or estradiol-
178 (x 3.4 * 1.3 ng/mg protein) were cbserved when campared to control
values.
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.Effact otm (5 ug/ml.) and IH (5 ug/m:l.) plmncl-.'lncnwc:ln
D (1, 20, 80, 160 ¥g/ml) on stercid p:odncti.m in the ilolatld
rd:bitovuimﬁauiclqatura”nminvitm

dgimd) - (rympmmm (ng/ig protein) _(ng/ng protein) -
IH {5) ' 2,6 % 5,7 17.7 £ 1.7% 7.8 £ 2.3

IH (5) + AD (1) 1.7 ¢ 1.2+ 22.4 3.8 4.6 + 18"+
IH (5) + AMD (20) 12.1 ¢ 1.5+ 22.7 + 2.0% 12.2 ¢ 0.9%*+
H (5) + RYD (80)  17.5 2.8 23,6 & 4.9 8.1 + 0.8

IH (S) + AMD (160)  18.7 & 2.3% . 17.3 & L.6*¥ 6.6¢ 1.4
Omtrol . 5.0 £ 0.77++ 5.30t 0.7+ 3.6 £ 0.7++

* p < 0.05 va contzol | % p<0.05va I (Sug/ml)

** p < 0,01 vs control - ; + p < 0,01 vs. I# (Sug/ml)

Results ‘m expressad as mean £ SEM (n=5; 3 follicle incubation) for
total steroid production (medium plus hamogenate) . No statistical
difference in follicular size (1.5 # 0.1 1m/follicle), protein content
(230 ¢ 22 ug/3 follicles) or RNA content (28,2 ¢ 1.1 ug/3follicles)
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um !mle rabbits were f.irlt :I.njoctad intraparitamlly ‘with

Acd.mwcin D (20 ug/loo g.b.w. at 24 and 12 tmra prior to sacrifice
('l‘ablo 6), Mti:mvc:ln D (1 ug/ml) signiﬂcmtly enhanced follicular

‘ ultnsumpmd\nﬁmm“tml valuu (p< .05) atterZhours

| in vitro. .
" 'n'ninvi\o administration of hich concantratiamofmﬁmwcin
"D (Table 6) had drastic physiological effects cn the female rabbit.
'Iwex_xty—four hours’ after inja;ti&x the rabbits appeared sick, displaying -
a mazked ‘loss in body weicht (spproximately 240 gn/rabbit), acute
.diarrm?, irreqular breathing and extreme docility.

on cyclig ANP-induced testostercne and RNA sgnthésis
Ebllmr?mq a 2 hour pre-incubation in MEM, follicles per incubation)
were incubated for 2 hours with $-uridine and A (160 ug/ml)

alone, or t:ogetherwith cyclic AMP (5 mY). Actinomyein D (160 ug/ml)
. alons, or together with cyclic AMP (5 M}, inhibited the :annrpomtion
of 31-!—u.r:id.i.ne into follicular RMA by fove than 89% of control values

(p < .01), Figure 25. However, Actinomycin D had no apparent effect

on cyclic AMP enhanced tasbostemm production. In the pmsen.ce of
Actinomycin (160 ug/ml) alone, testosterone was not statistiéall{‘
elevated above control values. ‘ ‘

Effect of inhibitors of phosphodiesterase: methylsanthines

.. The methylxanthines, theophylline and 1,3-iscbutyl-methylxanthine
-{m:{), are potent inhibitors of phosphodiesterase, the enzyme respons-
ible for hydrolysis of cyclic AMP to 5'-AMP. Since cyclic AMP mimicked
the effects of IH on protein synthesis (Tables 3 and 4), it should

-




87

TRBLE 6 _
t‘fk.

Effect of incubation with IH (5 pg/ml) alcne or with Actino-
mycin D (1 ug/ml) and Actindmycin D (1 ug/ml) alone on ‘
testosterone production after pretreatment of rabbits with

L .
D (20 ug/100g) in vivo 24 and*12 hours prior to

sacrifice.
Tm%}/ Testosterone produced
. {ug/mt) : (ng/mg protein)
IH (5) - 40.7 & 1.7%%
N IH (5) + AD (1) 47.8 £ 1.6%%+
ao (1) 28,7 £ 0.8%++
Control - 12.7 ¢ 1.8++

" p < 0.01: Conpared with c;:nml follicles.
+ p < 0.05; + p < 0.01: Compared with IH treated follicles.
Results are expressed as mean * SEM (n=4; one follicle/incubation).

1Y
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FIGURE 25, Effect of cyclic AMP (5 mM), cyclic AMP (5 mM) plus Actino-
- mycin D {160 pg/ml) or Actinomyein D (160 ug/ml) alone on
testogterone production and wptake of “H-uridine into folli~-
cular RNA after 4 hours in vitro. ‘Histograms representman
t SEM (n=4; 6 follicles/Incubation). Follicular pro
(224 + 13 pg/6 follicles) and RNA (32 + 2 pg/6 follicles)

content remained constant between treatment groups.

istical analysis was determined by Duncan's New Multiple

Range'l\est
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follow that inhibikicn of the natixal: breakiovn of cyclic AP would
fncrease the intrafellular cyclic AMP contant, thereby increasing
mmidogmuu It was falt that by datamining the incorporation of
3n-ur1a1m and J-amino acids into follicular RWA aid protein in the
presence of mtlnrbmnthi:m, some insight oould be gainad into their
" necessity as prevequisite for spmanar staroidogenesis.
muowing.a 2 hour p:e—incubationi,nf MEM, isolated follicles | { ':f"
(6 per incubstion) were incubated fcrzl'nurawitheiﬂteraau—mﬂmacid |
mixture or 3H-u.t:|.dina, plus ﬁnopl’:ylline\(zs. 10 and'l m¥ or mx (5
: andOSnM) alone, brtogtherwithcyclicm (5 ). As shown in
j'rable 7, cyclicAMP aignificantly stimulated testosterone pmdmt.im |
" above control values (p <.01), but had no effect on the uptake of either
Y-uridine into follicular RAA o 3H—a:rdm acids into protein. The
n'ethy].xanthines umpmnine (25, 10 and 1 m) and MIX (5 and 0.5 )
alone, or together with cyclic AMP (5 n'M) inhibitad the inoorporatioo
of JH-uridine (35 to 68%) and JH-amino acids (45 to 69%) into follicular
-.RNA and protein at all cmcentrations tested. 'meophylline 25 mM, but
ot 1 and 10 mM, enhanced testosterone pmductim above contml values
(p< .05) This stimilatory effect of theo:.hylline was not synergistic
with'the effedts of cyclic AMP on testosterone production. In the
presenoe of 5 mMMIx, but not 0.5 mM, testosterone production was
significantly inhibited when compared to cyclic AMP treated follicles

{p< .Ol) A *

<

-

Effect of cyclic QP on follicular RNA, protein and testosterone production

Very little is known about the role of cyclic Q¥ on ovarian
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= Not Determined
Fesults are expressed as mean + SPM. No significant difference in protein (392 1 5 pg/Gfo]_hc]es)i

or RA (36.7 ¢ 3.0 ug/6 follicles) was observed between groups.

* p < 0.05 v8 control

N.D.



; .' - . ;7‘_;‘::.1 . o ‘.'d':'-.‘:"', B |:_' “! ] s ‘
L . 91 . K o
mml:im 'nnm-nt nt:udymmchrtnmm 1nvutigat:atha mleiof

, lic Gﬁ-‘ in tutoshumm, pmudn and RVMA smthaais in the isolated
o ,nabbit ova:ian follicls. Isolatad follicles. (6 per mcmition)
 incubated for 2 homwith oyclic QP (25, 10 and 1 ) plus a 3
. amino acid miscture or 3uridine following 3 2 hour pre<incubation in
bmumq As shown in Table 8, atallcmmtratimsofcyclicw
tested, testostercne production and the uptake of -J-amino acids into
protein showed no difference fmmmnt::ols. On. the ot-harhand, at con-
.cmtmtims of 10 and 25 mM, but nctl M, cyclic @IP significantly
' enhanced the uptake of H-uridine into RWA (p< .01).
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TABLE 8 o _.‘ : ,
 Effect of cyclic aP (z.s‘, 10, I'mo m_‘gstnut‘a:ma prod-
uction and vptake of H-amino acids and JHeuridine into

follicular protein and' RNA after 4 hours in vitro..

: .  Uptake of 3H-ami.no , l'Uptake of 3H-
Treatment Testosterone acids into pyotein uridine into RNA
() (ng/mg protein) (com x 10-3/mg Protein) (cpmv/ug_ RYA) |
QP 25 6.2 t 0.9 (8) 11.6 2.8 (4) . *161.8 + 27.5 (4)
10 . 6.6 % 0.5 (8) 13.5 + 1.4 (4) . *179.2 & 37.7 (4)
1 7.2 £ 0.6 (8)  14.7 £ 0.7 (4) C 116.6 £ 12,2 (4)
Control 6.4 £ 0.4 (24)  14.8 ¢ 1.2 (12) T8 & 5.5 (12)
m_

* p.< .0l wvs control

Results are expressed as mean + SEM. In determining the incorporation

of 3H-uridine and d-amino acids into RMA and protein, each experiment
was carried out separately with a paired control. There was no sign- |
ificant difference in follicular protein content (400 ¢ 20 ug/6 follicles)
or R\A content (S5 * 4.9 ug/6 follicles) between groups. '
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- DISCUSSION

‘ In current: n‘ndals of IH action on steroidogmesia (Fiqure 3),
" 1H iadepicbedaabindingtospecificplamnmbranereceptom
tl\grgby stinulat.'l.ng adenylate cyclase (rev:Lewed by Channing and
Tsafriri3) The resulting incressed cyclic AMP activates a
-_pn:oteinkinasewhidxcan (i)en}mnc_emesaengerMmtl?esis N
essential for the production of _a.lébile, ﬁeéulat:bry prétein: ‘
or (11) phospharylate a pre-existing enzyme required to mediate the
on of IH., 'This regulatory pmtein may then catalyze the
mitochondrial conversion of clnlééte.rol to pregnenolone, or facilitate
pregnenoclone transport out of the mitochondria.

A role for RNA and protein synthesis in gonadal stercidogenesis
is suggegted by the fact that (E:ranscriptimal and translaticnal
inhibitors prevent IH~induced ‘steroidogenesis without effecting cyclic
AP formation (reviewed by Marsh®™7; Wicks® ). .mowever, researchers
héve failed to demonstrate a causal reiationship between de novo
RNA or protein synthesis with stero ogmesisaz' 41.‘

The present investigation has|attempted to elucidate the role
of RNA and protein synthesis in Li-induced steroidogenesisusing.
the intact isolated rabbit ovarian follicle as an experimental model.
The isolated rabbit follicle offers an attractive model whereby the

concentrations of various test substances can be carefully controlled

and their effects on stercidogenic processes measured.

\ ’
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| The effect of 'ua'nd other test substances cn fcfmculax
-trmcriptiaul and. translational proceuaes was da%emimd by measuring
the imo::poratim of labeled uridine and amino acids into RA and
protein, 'm;toaterg'xe pmduction was used as a rmarker for mguuring |
the effects of I ar other test substances on follicular steroidogenesis.
'I\estoetemneproductimm used for two reasons: (1) teébosterme .
is the major steroid produced upon LH stimilation of the isolated
rabbit follicle (Flgure 10); and (11) the tesbosterme produced
in vitro was not further metabolized (Tab}e % | ’
N

Role of RNA ‘Synthesis in Follicular Stervidogenesis

RNA and testosperon (roductiofn
In to tigate the role of RVA synthesis in follicular a
,ste.midogenesis, {solate_follicles wexe incubated with labeled uridine
plus IH or cy'clic AMP, either alone or in combination w.lth Actimmycin
D (an inhibitor of DNA-dependent RNA synthﬁsl 9]')
Both IH (5 pg/ml) and cyclic AMP (0.1 to 10 mM) caused a
significant increase in testosterone production by the follicles,
yet the.ne‘was no concamitant increase \in the uptake of labeled uridine
into follicular RWA (Figures 118, 24A, 25 and Table 3). Also,
Act.irﬁtycin D (460 ng/ml) cawpletely inhibited the incorporation of
3H- : into follicular RMA, but had no effect on IH or cyclic
tegtodterone production (Figures 24A and 25). These data
suggest that, 1n.the rabbit follicle, RMA synthesis is not required
faor acute [H-induced steroidogenesis.




Mnurimlvm-n:o!mwnﬂminlnstmidogmil has -

sim{larly been noted by mmgz.um in the isolated rabbit ovar:!.an
tolliclo.- 'min obluvatlcn was bued on the imbll:l.w of

Mtixmwcin D to Prevent IH-induced st:a:oidogmuu. However, the :
"irmrporaticn of labaled ri.bamleoaidu into follicular RN¥A was -
" not examined.’ 'meabovamultu, therafcore, m!imarﬂmmegg

Yotmgmi 3122 earlier cbsarvation.
These result:s ulaopointboaninpartantdlstmctionm

~ the rabbit and rat in the control mechanism of sbﬂmidogmesis. In

the rat 133, 192, 193 aryM6 s Graafian follicle?® 4,

low concentration of Actinamycin D (< 8 ug/ml) inhibited ‘LH-induced
st:aroidogmesis. thereby implicating transcriptioml control processes
and a role for RA in steroidogenesis. 1In cantrut, in % isolated
rabbit follicle, extremely high concentrations of Acr_i.rmvsin D

(160 ug/ml) had no inhibitory effect on IH-induced test:c};temne
production (Fi .24 and 25). A translatiocnal control mechanism

is implied, as was previously suggested by YoungLail®?,

If one accepts that the induction of an essential protein
requires prior RNA synthesis, then the failure of a épecific protein
t:oappearinpliestheabamof esamtialMapecms Since IH
did not induce the incorporation of S-met]'lionine into a gpecific
protein band (Figure 14), these data further suggest that de novo
RWA synthesis is not required for acuté steroidogenesis in the rabbit
follicle. ')

The above interpretation, however, does not exclude a nurmber

of other possibilities concerning Li-or cyelic AMP-induced steroidogenesis.
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It is possible that: (i) cnly a. few essential RNA species are '
%mﬂuimmmtmmhmwmmmn
* incorporation of labeled urid:l.ne into total RVA; and (ii) although
Actinamyein D inhibited overall RNA lynt!nuia. this does not rule out

, .the possibility of the action of a stable pre-fommed messenger RWA. ' P

Nevertheless, the i:msd\t mh.\lts collecttvely suggest that

- de novo RNA synthesis is not a netessary pm-requisite for LH-induced
steroidogenesis in the rabbit Graafian follicle.

W

. .
Paradoxical offacts of Actinomycin D

- . In recent years, attention has focused on the mn-specific

and cytotoxic effects of Actinamycin D as well as the wide range

of results cbserved when different tissues are used (reviewed by

Bransmnlm) .

m—

Actinomyein D is a pé;ént inhibitor of RNA synmesis in !

eucaryotic cells. Ac:tim;g:j{n D is a cyclic polypeptide which is '
thought to conplex with -fj'le deoxyguinosine residue of the INA tonplate
and so prevents INA-d ed A synthesis by RNA polymraselgl.
/‘Wll free systems, low concentrations of Actinamycin'D (ﬁlug/ml)
! preferentially inhibit ribosanal R while higher concentrations
inhibit both ribosamal and messenger RYA synthesis™> .
In the isolated rabbit follicle the antibiotic exhibits
paradoxical effects. Act.i.rnry\::in D (1 ug/ml) stimulates follicular

stercidogenesis, alone or in cambination with IH (superinduction),

A5
s

Vs d

while at the same time inhibits the incorporation of “E-uridine into

T

i

follicular RNA by 45 to 85¢ (Figure 24).

-
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munn"awhﬂwﬁm"mﬁnt uudby'mmplmctal.lg‘f
todu@ribeﬂmpotanttatmgotfoctofmﬂmwcinbmmrucoid-
induced 1liver enzymes. 'I‘Inoaautmrs postulated that nparimuctim'

‘ocamsifncdnmwcinbinhibitsﬂnmﬁmiso!a messenger RNA

species which is rnpomiblo for the production of a repressor _
substance normally required for translational cont:ol mdnntum

In our system, such an effect could operate by eithar stimilating
tastostarcne biceynthesis or inhibiting its metabolism. The latter

was rejected bacause only 78 of the %—mmm unaccounted for
in in vitro incubation studies and this amount was independent of
treatment (Table 1). Actinamycin D (1 ug/ml) -suparinduction of
testostarone production {Figu;:n 24) was also accarpanied by a decmass-e‘ .
inpmgestercne(hbleS)a;ﬂanincmaseinarﬁrostmedimearﬂ ‘
dehydroepiandrosterone production when campared to the p;:itiw IH
control. It is.inferred timt Actinamycin may be activating 17a-
hydroxylase WW 17-20 desmolase. A similar mechanism for Actinomycin-

™~

superinduction of IH stimulated steroidogenesis has been suggested

4land 146

The finding that Actinomycin D alone can stixmlate_testoeteme
production (Table 6), cawbined with the cbserved IH=-superinduction

(Fiqure 24), suggests that Actinomycin D acts at a site independent of
IH. Similar findings for Actinamycin D enhanced corticosteroidogenesis

for the rat follicle

_hm:ebmreporbedinthehmanlg7axﬂgui:mpig'adrenalcort 194

In the isolated rabbit follicle, however, there is unsufficient “evidence
to determine themedaardsmb} which Actinamrein D induces stem1dogm&ns,
either alone or in the presence of IH. '
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Role of Protain Synthwets in Stersidenasis
~ Mﬂnsmmwmdntduwuyhmugaﬁmﬂum

o!pmuinlynﬂmismwubyﬂnrabbitmﬁom

:{nvitm}

inhitmmtpouiblahodmaneﬂectofmon&n
votaks of d-amino acid mixture into mncm:pmm (Figures 11,
22 and 23}, a signi!icant incorporation was noted in o:anixmntx using
a single amino acid, Yg-leucine (Figures 12, 17, 19 and Tebles 2-4).

Msdiac:qaamynwbaattribubadtoagmnralmkingofweffect
by the variety of labelad amino acids in the mixture.
Dose response and time course studies
In dose response studies, IH (0.1 pug/ml) stimulated testosterone
Prodlx:tim (p<.0l) aftar 2 hours in vitro However, the incarporation
of 3H---ltauc::me into follicularpoten wasonly observed at concéntrations
of 2.5 ug Li/ml or greater (Figure 13). In contrast, cyclic AMP
enhanced both testosterone production and J-leucine incorporation’
in parallel dose dependent fashions (Table J). ‘'The difference bhetween
the dose dependent effects of IH and cyclic AMP may be due to the
inability of low concentrations of cyclic AMP to penetrate the cell
menmbrane. _
In time course studies, although [H enhanced both testostercne
production and the incarporation of “H-leucine into follicular protein,
ﬁ\easpeamrmoft&sbasmmsepmcededpmteinsmﬂmesisbyﬁminutes
(Table 2). Similar results were obtained in cyclic AMP time course
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at:ﬂiu mwmmummpmwnmmwy

";GSmimbu (Teble 4). mt-hebasisofttmmults, ona oould

mmnblymltﬂaﬂntﬁmwtobemmalmlatimhip

"mmndammominmﬂmumﬂmmm-crwclicmuﬁmd

ltamidoguuu in the rabbit follicle,.

Gmrarﬂarmnlg reporbads:lmilar;émlts in cultured
mmummmmmmmmucmm
-corticosteroidogenesis preceded the incorporation of H—leu:ine into
‘total cellular protein by 45 to 60 minutes.

' In the isolated rabbit follicle, polyacrilamide gel
alectropharesis foilmad by radiocautographic examination of follicular
proteins synthesized over a 2-hour incubation period, revealed that
Nﬂleahrgamlberofpmteinhsrﬂsi:mrpommd s-mt:hion:im.'
IH had po cbservable stimulatory effect different from controls
(Figure 14}. These findings further support the theary that de novo
protein synthesis is not a necessary pm—iequisite for acute
stervidogenssis in the rabbit follicle.

In cultured Ieydig cells, Janszen et al.”® Gemonstrated by

electrophoresis and radicautograpty, that although IH enhanced the
incorporation of 3°s-methionine into a specific protein band, termed
"LR-IP" MN 33,000), the appearance occurred only 2 to 3 hours after
IH-induced testosterone was first measured. It was similarly
concluded that IH-IP was not imolved in acute IH-induced testosterone
production in the testis,
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rnh.ibitor studi'n: cycloheximido and pummycin
'nnantibiotica, qvcldmdnﬂ.damdpnmwdn have been
eottamivalymedtodaﬁmtethemleofpmminsynﬁmism
jsta:oi.cbgansis Cycloheximide inhibits protein synthesis by
slowing the overall rate'of translation whereas puramycin, an
ant.ibiotic chamically um:elated fram cycldmd.mide causes pmnamre
polypeptide termination’®®, '
A role for pmtein synthesis was inplicated in adrena1l40
and Leydig'>? cell suspensions, when cycloheximide irhibited both
- “==._.._.—cellular protein synthesis and stercidogenesis in a parallel dose
deperdent fashion. Attempts were therefore made to denﬁxst_rat:e a
' causal relationship beméen the inhibition of protein synthesis and
SWS in the isolated rahbit ovarian follicle. When
\ cyclcheximide and puramycin dose