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Phorbol l12-myristate, 13-acetate (PMA) and ionomycin were used as
probes to (i) delineate the roles and contributions of the calcium
messerger system during gonadotropin secretion from pituitaries of male
rats, and (ii) investigate potential effects of estradiol on this system.

Quartered anterior pituitaries abtained from diestrous II female, male
and gonadectamized (72 h) + estradiol(E“é-treated (24 h) male or female
rats were placed in perifusion chambers at 37°C. The pitnitary tissue
blocks were perifused with Krebs Improved Ringer I bicarbonate medium in
the presence or absence of various secretagogues. Sequential effluent
samples were collected every 10 min for 6 h. IH and FSH concentrations in
the samples were later estimated by radioimmunoassay.

Infusions of PMA stimulated gonadotropin secretion from pituitaries of
diestrous II, ovariectomized + estradiol-treated, and orchidectamized +
estradiol-treated rats, by protein synthesis-dependent mechanisms as
determined by treatment with cycloheximide. In contrast, pituitaries from
intact males, orchidectomized males or ovariectamized females were
unresponsive to PMA. Unlike PMA, ionaomycin stimulated gonadotropin
secretion from pituitaries of intact, castrated and castrated +
estradiol-treated males, with estradiol causing a protein
synthesis-dependent enhanced response. The responses to simultaneous
infusions of PMA and ioncmycin demonstrated synergistic interactions from
pituitaries of intact or castrated males, but not from pituitaries of
castrated + Ez-treated males.

Gonadotropin releasing hormone (GnRH) stimulated a low, rapid,



extracellular calcium-indepéncent camponent of gonadotropin secretion fram
pituitaries of intact, castrated and castrated + E, -treated males.
Interestingly, estradiol enhanced the GnRH-stimulated ganadotropin
secretion by inducing an additicnal delayed (about 70 min) protein
synthesis-dependent camponent. While PMA in calcium-free medium was
ineffective in stimulating gonadotropin secretion from pituitaries of
intact or castrated males, the phorbol ester stimulated a delayed (about
60 min) protein synthesis-dependent component from pituitaries of
castrated + E,-treated males.

These results indicate that estradiol can enhance gonadotropin
secretion induced by ionomycin and/or PMA from anterior pituitaries of
male rats. The estradiol-enhanced responses are dependent on de novo
protein synthesis, and appear to result in GnRH-stimulated composite
secretory responses in the absence of extracellular calcium. Finally,
the effects of estradiol on PMA-stimulated secretion 3in female

pituitaries, form at least one basis for the estradiol-induced increased
responsiveness of female gonadotrophs to GnRH.
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CHAPTER I
INTRODUCTION

Gonadotropin-releasing hormone (GnRH) is a decapeptide synthesized by
cell bodies of neurons which form the mclei of the medial basal
hypothalamis in mammals (Okon and Koch, 1376). GnRH is concentrated in
secretory granules which are carried by axonal flow in the fibres of the
tuberoinfundibular tract to the median eminence area, and are stored in
the axonal terminals. These axonal terminals are closely applied to
capillary blood vessels which form the primary capillary bed of the
hypothalamic hypophyseal portal system (Niemineva, 1950; Raiha and Hjeet,
1957; Thliveris and CQurrie, 1980; Matwijiw et al., 1989).

In the mammalian female, the secretion of GnRH into the portal vessels
is controlled by two hypothalamic centres, a tonic center in the medial
basal hypothalamis (mainly the area of the arcuate mucleus), ard a cyclic
center in the anterior hypothalamus (mainly the preoptic area) (Fink,
1988; Kalra and Kalra, 1983; Goodman, 1978). The cyclic cemter regulates
the pre-ovulatory surge of GnRH secretion, while the tonic center
requlates the low, tonic GnRH secretion during the remainder of the
reproductive cycle. In males, the secretion of GnRH into the
hypothalamic hypophyseal portal circulation is regulated by a tonic center
alone (Fink, 1988; Kalra and Kalra, 1983; Goodman, 1978). Once
secreted, Gﬂ!istmnsportaibytheportalvaselsfmnﬂiehypothalams
to the anterior pituitary gland where it regulates the cellular activities
of gonadotrophs. These activities involve the stimulation of protein



synthesis-dependent and -independent mechanisms associated with the
biosynthesis and secretion of the gonadotropins, luteinizing hormone (1H),
and follicle-stimilating hormone (FSH) (Knabil, 1980; Levine and Duffy,
1988; Crowley et al., 1986; Vogel et al., 1986). The alteration of
cellular functions by GnRH is initiated by the binding of the hypothalamic
decapeptide to specific protein receptors located on the plazma membranes
of the gonadotrophs (Marshall et al., 1980; Conn et al., 198la; Clayton
and Catt, 1981 a&b). The ensuing formation of GnRi-receptor camplexes
results in an increase in the intracellular concentrations of various
mediators or second messengers of GnRH. To date, calcium, diacylglycerol
(DAG), inositol 1,4,5-trisphosphate (IP,), cyclic adenosine monophosphate
(cAMP), cyclic guanosine moncphosphate (cGMP) and arachidonic acid (AA)
and its metabolites have all been implicated as mediators of the actions
of GnRH (Conn et al., 198la; Catt et al., 1983; 1985; Comn, 1986) .
cmplexintemctiasbetweenﬂ:eseoadmssergezsaﬂmimteinimmased
protein synthesis (including the biosynthesis of IH and FSH), and an
increased rate of secretion of these hormones into the systemic
circulation.

The gonadotropins regulate various aspects of gonadal functian,
associated with gametogenesis and steroidogenesis. In females, these
include the stimulation of proteogenesis, folliculogenesis, ovulation,
corpus luteum formation and steroidogenesis (Coulson et al., 1972;
Speroff, et al., 1983). The predominant steroids elaborated are
estradiol (Bz) and progesterone (P). In males, IH and FSH stimilate
proteogenesis, spermatogenesis and steroidogenesis (predominantly



testosterone (T)] (Burger et al., 1972; Speroff et ai., 1983) .

The secretory products of the gonads (steroids and peptides) exert a
regulatory effect on the secretion of GnRH and the gonadotropins at the
levels of the hypothalamus and/or the anterior pituitary (Fink and
Pickering, 1980). In males, androgens exert a negative feedback effect
(inhibiting GnRH and IH/FSH secretion), whereas, in females E, exerts a
positive feedback effect during the pre-ovulatory phase of the
reproductive cycle (E 5 increases GnRH secretion and the responsiveness of
gonadotrophs to GnRH) (Fink and Pickering, 1980). During the
post-ovulatory stages of the cycle, Ez and P exert a negative feedback
effect on GnRH and goadotropin secretion (Mahesh et al., 1972). Thus,
the hypothalamus, theanteriorpimitaryarﬂtheqmadsfomahomally
intercormected system where each organ requlates the functions of the
others by its endocrine secretions.

ihe present study was initially designed to investigate the roles of
-alcium as a mediator of gonadotropin secretion fram male anterior
pituitaries. This cbjective was later modified to study the modulation
of the roles of calcium by estradiol. OConsequently, the literature review
will focus on the mechanism of action of GnRH, with an emphasis on the
roles of calcium and the effects of estradiol.

A. LITERATURE REVIEW

Chemistry of GnRH.
Gmisadeapqytide(mamimacidresidues)wiﬂaapynolidcm
grmpattheamimtemhal,arﬂanamidegrwpatthecarbaxytemjnal



(Schally et al., 1971). It has the following primary structure:

Pyro-Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-amide.

Ieast energy configuration considerations suggest that the termini of
the molecule are in close proximity (Momany, 1976). This configuration is
stabilized by the formation of a hydrogen bond between the pyrrolidone
carbonyl group on residue 1, and the glycinamide group on residue 10
(Nikolics et al., 1977; Coy et al., 1979a&b). The physiological
significance of this conformation lies in the fact that the terminal
residues, pyro-Glu and Gly-amide are inmvolved in the formation of a region
which binds to the GnRH receptor (Coy et al., 1979a&b). This is best
illustrated by the cbservation that modifications of either residue (one
or t—) dramatically change the affinity of the peptide for its plasma
menbrane receptor (Coy et al., 1979akb).

In addition to having a site which is important in receptor
recognition and binding, the GnRH molecule also has a site which is
important in the activation of the second messenger systems. The amino
terminal residues, especially the first three amino acids are believed to
form a damain that is involved in effector activation and production of
the imtracellular mediators (Corn et al., 1987a). As one would expect,
changes to amino acid residues one, two and three result in the formation
of GnRH antagonists, campounds which are capable of binding to the GnRH
receptors, but are incapable of activating effector mechanisms and hence,
gonadotropin secretion (Comn et al., 1987a).

As stated earlier, GnRH is transported from the hypothalamus to the
anterior pituitary where it regulates the activities of the gonadotrophs.
Consequently, a brief description of the anatomy of the anteriar pituitary



will be urdertaken prior to the discussion on the mechanism of action of

GnRH.

The Anterjor Pituitary Gland.
The pituitary gland is a small endocrine organ which lies in the sella

turcica at the base of the brain. It consists of a posterior lobe (pars
pervosa), an anterior lobe (pars distalis), an intermediate lcbe (pars
intermedia) and a pituitary stalk (Farquhar et al., 1975; Daniel, 1976).

The anterior lobe of the pituitary gland develops as an outgrowth of
epithelial tissue from the primitive pharynx (Rathke's pouch) which meets
a down-growth from the base of the brain, the down-growth from the brain
being destined to form the infundibular process (posterior lcbe) of the
pituitary, as well as the neural part of the pituitary stalk (Reid et al.,
1972; Gluckman, 1981).

The anterior pituitary is camposed of both secretory and non-secretory
cells. The non-secretory cells include follicular cells and macrophages
plus other comnective tissue cells such as fibrvblasts. The secretory
cells are predaminant in the parenchyma of the gland, and are arranged in
irreqular cords and clumps which are associated with thin-walled blood
vessels called simusoids (Farquhar et al., 1975). It is commonly accepted
that the mammalian anterior pituitary is composed of at least five types
of secretory cells. These cells have been distinguished by electron
microscopy on the basis of differences in the size of the secretory
gramules, and the structure of subcelluar organelles (Pelletier et al.,
1978), or by immmocytochemistry (Nakane, 1970; Farquhar et al., 1975;
Phifer et al., 1973). The five cell types and their secretions



are: 1) the somatotrophs which secrete growth hormone (GH): 2) the
mammotrophs which secrete prolactin (PRL); 3) the thyrotrophs which
secrete thyroid stimilating hormone (TSH); 4) the corticotrophs which
secrete adrenocorticotrophic hormone (ACTH); and 5) the gonadotrophs
which secrete IH and FSH. Among the gonadotrophs which represent only
5-15% of the anterior pituitary cells, morphologically distinct subtypes
have been distinguished by immunocytochemistry. It appears that some
gonadotrophs elaborate only IH or FSH, while others secrete both
hormones. Cchilds et al. (1983) have shown that about 60% of the
gonadotrophs contain both IH and FSH, vhile 18% contain IH alone and 22%
contain FSH alone.

A predominant effect of GnRH on the gonadotrophs is an increase in the
secretion of the gonadotropins. As a result, important parameters which
are central to these studies are the characteristics of the secretory

profiles of IH and FSH cbtained in response to GniH.

Secretory Profiles of the ins.

IH and FSH are normally secreted from the anterior pituitary gland of
males and females in a pulsatile fashion in vivo (Yen and Rebar, 1579).
Such gonadotropin pulses from the pituitary are thought to be produced by
bursts of GnRH from the hypothalams (Levine et al., 1982; 1985). Changes
in the amplitude and frequency of GnRH pulses occur during the different
stages of the estrous cycle, as well as during different stages of
gestation in rats (Gallo et al., 1987). Such changes in GnRH pulses
result in changes in the amounts of gonadotropins secreted.

Repeated administration of identical GnRH pulses to intact, adult,



male rats results in corresponding gonadotropin pulses which are equal in
amplitude (Bourne, G.A., unpublished data). On the other hand, repeated
adminstration of equal amounts of GnRH pulses to females result in the
secretion of progressively larger amounts of gonadotropins (Aiyer et al.,
1974; Rammler et al., 1978; Bourne and Baldwin, 1980; Waring and Turgeon,
1980). Thisphernne:mofaugmentedmpmsasafteraninitiale@osum
to a GnRH pulse is known as the self-priming effect of GnRH (Aiyer et al.,
1974; Rommler et al., 1978; Blake, 1978a; Bourne and Baldwin, 1980; Waring
and Turgeon, 1980). This effect which is not elicited fram pituitaries of
male rats, is dependent an estradiol and protein synthesis, ard requires a
mi:ﬁmmof3o-70mintodevelopdeperdj:gmboththespeci$arﬂthe
stage of the reproductive cycle (Evans et al., 1984; Pickering and Fink,
1976; Edwardson and Gilbert, 1975).

Continuous infusions of GnRH to pituitaries of male rats result in a
slow rise in IH and FSH secretion which reaches a plateau after 2-3 hours
(Bourne and Baldwin, 1987b). Additionally, it appears that the secretion
frem pituitaries of male rats is dependent on protein synthesis (Bourne
and Baldwin, 1987b). In contrast to males, contimuous infusions of GnRH
to pituitaries of female rats result in biphasic responses (Blake, 1978b;
Wang et al., 1976; deKoning et al., 1976a&b; Bourne and Baldwin, 1980;
1987a; Baldwin et al., 1983). The response is characterized by an
initial, acute, low release rate of IH (referred to as phase I), which is
followed approximately 30-70 min later by a second phase of a greatly
augmented secretion rate (referred to as phase II). The initial release
is independent of de novo protein synthesis, while the second phase is a



protein synthesis-dependent response (Bourne and Baldwin, 1980; De Koning
et al., 1976b).

It is interesting that the time-lag required for the manifestation of
the biphasic response and the self-priming effect of GnRH, coupled with
their mutual requirements for de novo protein synthesis and estradiol,
stronglysuggestﬂlattr}setwoevents represent the same basic phenamenon
(i.e. both result from similar underlying mechanisms).

B. MECHANISM OF ACTION OF GnRH

GnRH Receptor Binding.

The first step in the activation of gonadotrophs by GnRH is the
reversible binding of the decapeptide to specific GnRH receptors on the
plasma membrane of gonadotrophs (Marshall et al., 1980; Con et al.,
1981a; Marian et al., 1983; Conn, 1984; Clayton and Catt, 198la&h, Clayton
et al., 1982; Reeves et al., 1980; Perrin et al., 1980). The reversible
hormone-receptor interactions are due to the formation of noncovalent
bonds between the hormone and the receptor. The noncovalent bonds
involve electrostatic interactions (including hydrogen bonding),
hydrophcbic interactions and van der Waal's forces (Baxter and Funder,
1979) . The electrostatic bonds appear to play an important role in
receptor recognition, while the hydrophobic interactions drive the binding
reaction in a forward direction (Baxter and Funder, 1979).

The binding of GnRH to its plasma membrane receptor, results in the
formation of hormone-receptor camplexes which cause the receptors to
aggregateardcomentrateincneamaofthecellmrface,apmcms



referred to as patching (Hopkins and Gregory, 1977). This aggregation and
patching is temperature-dependent (Hazum , 1981), since at 4°C the ligand-
bound, labelled receptors were found to be evenly distributed over the
cell surface, but, when the temperature was raised to 37°C, the receptors
rapidly aggregated into patches and were intermalized into endocytic
vesicles. The sequence of receptor binding, patching ard internalization
terminates in the lysosamal and Golgi organelles, which function as major
sites of accumilation of the internalized receptors (Duello et al., 1983).

Although GnRH receptors are internalized, the process of
internalization does not appear to be involved in gonadotropin release.
Conn and Hazum (1981) demonstrated that removal of GnRH from the
extracellular medium of dispersed pituitary cells after considerable
internalization had occurred, results in a prompt extinction of the
secretory response. In addition, when a GnRH agonist was cross-linked to
an agarose matrix (Coon et al., 1981b), the immobilized agonist was
capable of evoking IH release from pituitary cell cultures with the same
efficacy as the nonimmobilized hormone, thus uncoupling IH release and
GnRH internalization.

In addition to initiating the phenamena of aggregation and patching,
the formation of GnRH-receptor complexes induces conformational changes in
the receptor (Comn, 1986). This in turn results in the GnRH signal being
transduced across the plasma membrane. One of the signal transduction
mechanisms involves the activation of a group of gtanosme trisphosphate
(GTP)-binding proteins called G-proteins.



(i) G-Proteins.

G-proteins are a family of heterotrimers composed of alpha, beta and
gamma subunits (Northup et al., 1980; Codina et al., 1984) named in order
of their decreasing mass. The alpha subunits are unique for each
G-protein with at least seven distinct cNAs cloned. The beta and gamma
subunits are far less diverse, and exist as two subtypes of camplexes
(beta 36~-gamma and beta 35-gamma, with the mumbers referring to the mass
of the beta subunits in Kpa) (Brown and Birnbaumer, 1988). Unlike the
alpha subunits, the beta-gamma subunits are functionally interchangeable
(Brown and Birnbaumer, 1988).

In the resting state, the alpha subunit is associated with the beta
and gamma subunits forming the heterctrimer of the G-protein. The alpha
sub\mitinﬂleresti:gstatehasa@Pmoleaﬂebourﬂtoit. The
activation of G-proteins entails conformational changes that result in the
dissociation of GDP from the alpha subunit, and the binding of GIP in an
exchange reaction (Gilman, 1954: 1987). This is followed by a subunit
dissociation reaction that yields a specific activated alpha-GTP complex
plus the beta-gamma dimer (Northup et al., 1983; Gillman, 1984; 1987),
i.e.

H-R
alpha-GDP-beta~gamma + GTP =——> alpha-GITP-beta-gamma + GDP => alpha-GIP
+beta-gamma

+GDP.

Where H-R represents the formation of hormone-receptor complexes.
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The active alpha-GTP complexes are deactivated by hydrolysis of‘ GIP to
GDP (Cassel and Selinger, 1981) as a result of intrinsic GI'Pase activity
found in all alpha-subunits (Hildebrandt et al., 1985; Sunyer et al.,
1984). This results in the generation of imactive alpha-GDP camplexes
which reassociate with the beta-gamma dimers to restore the heterotrimeric
structure of the G-proteins, and make them ready to reinitiate the cycle
under the influence of ligand-occupied receptors.

The activated G-proteins regulate a mmber of cellular processes and
enzymes (Johnson and Dhanasekaran, 1989). ‘These include the dissociation
of hormones from their receptors (Johnson and Dhanasekaran, 1989), plus
the activation of phospholipase C (Perrin et al., 1989), phospholipase A
(Okajima and Ui, 1984), adenylate cyclase (Peake and Smoake, 1985) and
calcium channels (Brown and Birnbaumer, 1988).

An association of the GnRH pituitary receptor with GTP-binding
proteins was suggested by the observation that the nonhydrolysable
guanylyl mucleotides stimulated the accumlation of inositol phosphates
and IH secretion (Perrin et al., 1989). These cbservations, in turn,
suggested that the GnRH receptor was coupled to a G-protein, which
activated phospholipase C, initiating the hydrolysis of phosphol ipids
resulting in the generation of inositol trisphosphate (IPS), arnd the
mobilization of calcium (Perrin et al., 1989). Additionally, the binding
of GnRH agonists to bovine pituitary receptors was specifically inhibited
by guanylyl muclectides. The binding was inhibited 50% by micramolar
concentrations of 5'-guanylyl imidodiphosphate (Gpp(NH)p) and GTP (Perrin
et al., 1989). Gpp(NH)p enhanced the rate of dissociation of the ligand



fram the receptor and resulted in a 6-fold decrease in the affinity and a
2-fold increase in total mmber of binding sites (Perrin et al.,1989).

The binding of GnRH to its receptor also increases cAMP production
(Bourne and Baldwin, 1987a&b). A potential involvement of G-proteins
in this process was suggested by the demonstration that flufenamate
inhibited GnRH-stimulated increases in cAMP production (Bourne and
Baldwin, 1987a&; Bourne et al., 1990), an effect which appears to be
exerted at the level of the G-protein (Bourne et al., 1990).

Thus, the formation of GnRH-receptor complexes presumably results in
the activation of G-protein(s) which may be involved in the generation of
some of the intracellular mediators of GnRH actions. The implicated
intracellular mediators of GnRH actions include: calcium, IP; (and
possibly other inositol phosphates), DAG, cAMP, cGMP and the metabolites
of AA [such as S5-hydroxy eicosatetraenocic acid (5-HETE) and leukotriene
Csl. Since the focus of this study is on the calcium messenger system,
the other postulated intracellular mediators will just be mentioned

briefly.

(ii) cyclic Adenosine Monophosphate (cAMP).

Considerable controversy pervades the literature concerning the role
of cAMP as a mediator of the actions of GnRH. Several studies have
indicated that adenylate cyclase activity and/or cAMP production was
increased by GnRH (Borgeat et al., 1972; Labrie et al., 1973; Makino,
1973), whereas others have failed to demonstrate any effect of GnRH on
CAMP production (Berault et al., 1980; Clayton et al., 1970; Naor et al.,
1975; Comn et al., 1979). Additionally, while many studies which



utilized cAMP derivatives and agents which alter intracellular cAMP levels
support the concept that cAMP mediates IH release (ILabrie et al., 1973;
Makino, 1973; Tang and Spies, 1976), many other studies have not supported
this concept (Sundberg et al., 1976; Stern and Conn, 1981; Ratner et al.,
1976). However, recent studies from this laboratory have bequn to shed
some light on the discordant results reported for cAMP (Bourne and
Baldwin, 1987 a&b; Bourne, 1988).

Results of these more recent studies, indicated that GnRH increased
CAMP production in pituitaries cbtained from both male and female rats,
although the increases in females were only detected in the presence of
dopamine (which reduces background levels of cAMP by inhibiting cAMP
production in activated mammotrophs) (cf. Adams et al., 1979; Bourne and
Baldwin, 1987a), and required higher concentrations of GnRH than that
cbserved for pituitaries of male rats (Boume and Baldwin, 1987asb) .
Apparently, dopamine was not required for the demonstration of a GnRH
effect in pituitaries of males because there are fewer mammotrophs in male
anterior pituitary glands (Bourme and Baldwin, 1987a&b). Furthermore,
Bourne (1988) reported that extracellular calcium was required for a
&m—stimlatedimreasedpmdwtimofcm@inguadatmphsofmlemt
not female rats.

With regard to the role of cAMP as a mediator of the secretion of IH
and FSH, the muclectide does not appear to be involved in the acute
release (phase I) of the gonadotropins from female pituitaries, but has a
pivotal but indirect role in the second phase release of the hormones
(Bourne and Baldwin, 1987a), an effect which involves de novo protein
synthesis (Bourne and Baldwin, 1987a). In contrast, cAMP is an indirect



mediator of all phases of gonadotropin secretion from male pituitaries
(Bourne and Baldwin, 1987b). As was the case with females, the effects of
the cyclic miclectide were associated with de novo protein synthesis
(Bourne and Baldwin, 1987b).

The results obtained from the studies mentioned above (Bourne and
Baldwin, 1987a&b; Bourne 1988) have made it possible to reconcile most of
the numerous discrepancies in the literature concerning the role of cAMP.
For the most part, the discrepancies can be attributed to sex differences
in the activation of adenylate cyclase, as well as the roles of cAMP in
the different phases of secretion (Bourne and Baldwin, 1987Db).

(iii) Cyclic Guanosine Monophosphate (cGMP).

GnRH stimulates cGMP production in hemipituitaries, dispersed
pituitary cells and gonadotroph-enriched cell fractions (Snyder et al.,
1980; Naor and Catt, 1980). The concentration of oGP in these
preparations correlated well with receptor occupancy by the releasing
hormone (Naor and Catt, 1980), and were markedly dependent upon
extracellular calcium concentrations (Catt et al., 1983).

Although GnRH consistently increases cGMP production in the anterior
pituitary, the secretion of IH was dissociated from increased
intracellular concentrations of oQfP. Blockage of cGMP synthesis by
mycophenolic acid did not impair the IH response to GnRH (Naor and Catt,
1980) . Furthermore, elevation of cellular cGMP levels by nitroprusside or
administration of 8-bromo-c@P did not stimulate IH release (Naor and
Catt, 1980). This absence of a cGMP effect on IH secretion, resulted in
the suggestion that cGMP may act as a negative, rather than a positive
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messenger, providing immediate negative feedback control that prevents an
over response (Naor and Catt, 1980; Haslam et al., 1980). 1In partial
Support of this view is the abservation that sodium nitroprusside which
increases caMp concentrations, is a powerful inhibitor of platelet release
of serotonin (Haslam et al., 1980).

responsible for GnRH-stimilated IH secretion. However, there is a
possibility that this cyclic mcleotide might have a negative feedback

role.

(iv) Arachidonic Acid and jts Metaho]jtes.

Arachidonic acid (AA) and/or its metabolites appear to mediate
GnRH-stimulated IH release (Bell et al., 1979 ; Naor et al., 1985a; catt
et al., 1983; 1985). This was illustrated by the demonstration that aa
releasefrcmprelabelledﬁwspxolipidsisamamedbym{inaﬂuned
pituitary cells (Naor and cCatt, 1981), and the administration of the
compound caused a dose-dependent increase in IH release even when
administered in calcium-free medium (Naor and Catt, 1981). 1In addition,
the lipooxygenase metabolites of AA, S5-hydroxy eicosatetraenoic acid

gonadotropin secretion from perifused anterior pituitary cells (Catt et
al., 198s). In contrast, the addition of other free fatty acids
including palmitate and stearate and a non-metabolizable analog of AA
(5,8,11, 14~eicosatetraencic acid) were all ineffective in evoking IH
release (Naor and Catt, 1981).



Inhibitors of phospholipase A, (chloroquine and quinacrine) which
decrease the production of AA, reduced GnRH-stimulated IH secretion (Naor
and Catt, 1981; Catt et al., 1983; Naor et al., 1985a). Likewise,
inhibitors of lipooxygenase pathway which decrease the production of
5-HETE, 15-HEIE and IC, reduced the IH responses (Naor and Catt, 1981;
Catt et al., 1983; Naor et al., 1985a). Taken together, these results
suggest that lipooxygenase metabolites of AA might be involved in
mediating gonadotropin secretion.

Prostaglandins (PG) are lipid-soluble campounds produced fram AA via
the cyclooxygenase pathway. However, prostaglandins do not appear to be
involved in the mechanism of action of GnRH, since they do not stimulate
gonadotropin release (Naor et al., 1983), nor do they appear to be
jncreased during GnRH action. In addition, the cyclooxygenase inhibitor
(indamethacin at low concentrations, <50 ug/ml) did not interfere with
GnRH-induced gonadotropin release (Naor and Catt, 1981).

Taken together, these cbservations suggest that only the products of
the lipooxygenase pathway of arachidonic acid metabolism and not the
products of the cyclooxygenase pathway might actually function as
mediators of GnRH action (Naor and Catt 1981; Catt et al., 1983).

(v) Calcium.

In contrast to a mmber of other intracellular mediators, calcium is
cmlyacceptedasasecaﬂmessengerfor@m-stimlatedgaadotmpin
release (Bates and Comn, 1984 ; Corn et al., 1987a).  Messenger calcium
jons can actually be derived from extracellular or intracellular sources.
Since the cytosolic calcium concentration is very low [0.1 uM, (Berridge
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,»1984)] compared to the extracellular fluid (1000 uM), there is a large
concentration gradient for calcium diffusion into the cells upon the
arrival of appropriate stimali. In addition, calcium can also be
mobilized from intracellular calcium stores like the endoplasmic reticulum
(Rasmussen and Barrett, 1984; Berridge and Irvine, 1984).

The availabilty of enriched gonadotroph cell fractions (cf. Hyde et
al., 1982), and the highly fluorescent calcium indicators (Quin II and
Fura II) have facilitated the demonstration of changes in the
intracellular calcium concentrations in gonadotrophs in response to
stimilation. Initially, Clapper and Corn (1985) reported that GnRH
stimilates an increase of intracellular calcium in suspensions of enriched
gonadotroph pituitary cells. Subsequent studies indicated that the
responses actually consist of rapid oscillations in cytosolic calcium
concentrations (Naor et al., 1988). It now appears that GnRH
specifically stimilates a biphasic response with respect to cytosolic
calciun concentrations (Naor et al., 1988; Shangold et al., 1988). The
response is characterized by an initial rapid rise of cytosolic calcium
which lasts about 8 s before calcium concentrations return to basal
levels. This is subsequently followed by a second phase which forms a
prolonged plateau (15 min) of elevated cytosolic calcium. Furthermore,
the initial response appears to be due to mobilization of intracellular
calcium, while the second component consists of extracellular calcium
entering via nitrendipene-sensitive voltage-gated calcium chamnels (Naor
et al., 1988; Chang et al., 1986; Shangold et al., 1988).
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Evidence that the initial increase of cytosolic calcium is due to
calcium mobilization from intracellular stores was obtained fram the
cbservations that the peak cytosolic calcium concentration was reached
within 8 s of GnRH administration in the presence or absence of
extracellular calcium (Naor et al., 1986). Since GnRH stimilates a rapid
and specific phospholipase-C hydrolysis of phosphatidyl inositol
bisphosphate into IP, and DAG (Huckle and Conn, 1987; Morgan et al.,
1987), and IP, is known to mobilize calcium from the endoplasmic
reticulum, it was suggested that IP3 releases calcium fram this organelle,
initiating the GnRH-induced initial phase of increased cytosolic calcium
concentration increases (Guillemette et al., 1987). In this regard, it is
important to note that the activation of phospholipase C is not dependent
on extracellular calcium (Huckle and Comn, 1987; Andrews and Conn, 1986;
Naor et al., 1986), and that the time course of IP, formation by GnRH
(5-10 s) is in good agreement with the observed peak elevation in
/tosolic calcium concentrations (Naor et al., 1986). With respect to
the source of calcium for the second phase, the removal of extracellular
calcium or addition of a dihydropyridine calcium channel blocker
(nitrendipine) completely inhibited the secondary rise in cytosolic
calcium concentrations, but had no effect on the initial increase
(Shangold et al., 1988). Interestingly, this secondary rise which
appears to involve an influx of extracellular calciun, was enhanced by
phorbol esters in a nitrendipine-sensitive fashion (Shangold et al.,
1988). Thus, it appears that the response to GnRH consists of an
initial increase of cytosolic calcium which is mobilized from

intracellular stores, followed by a second phase that is due to an influx



of extracellular calcium through calcium chamnels that may be activated
and/or modulated by PKC (Shangold et al., 1988).

The coupling of an increase in cytosolic calcium concentrations to
gonadotropin secretion was demonstrated by studies in which any agent
which elevated intracellular calcium also provoked gonadotropin release in
a time- and dose-dependent mamner (Comn ot al., 1979b; 1980). These
include: i) calcium ionophores e.qg. A-23187 and ionamycin (Hopkins and
Walker, 1978) allow calcium to enter the cytosol by moving down
transmembrane concentration gradients; ii) increased extracellular
potassium concentrations (60 mM) depolarize the cell membranes and allow
calcium to move into the cells (Hopkins and Walker, 1978; Kraicer,
1975); iii) calcium-loaded, lipid-micelles elevate intracellular calcium
by releasing calcium in the cytosol (Comn et al., 1979b); vi) ouabain
inhibits the sodium/potassium ATPase and increases cytosolic sodium
concentrations (Conmn et al., 1981d); the increases in cytosolic sodium
activate a calcium/sodium antiporter resulting in an increase in
intracellular calcium concentrations, and v) the vincal alkaloid
veratridine also provokes IH release by elevqticn of cytosolic calcium
cancentrations (Comn and Rogers, 1980).

Therefore, it appears that GnRH elevates cytosolic calcium
concentrations by causing calcium release from intracellular stores, and
activating calciun chamnels in plasma membranes, thereby allowing calcium
to diffuse into the gonadotrophs. The increased cytosolic calcium
concentration (the calcium signal) is then coupled to the secretion of the
gonadotropins. The coupling of the calcium signal is actually relayed by
two distinct systems, a calcium-calmodulin system, and calcium-activated,



phospholipid-dependent protein kinase (protein kinase C).

The Calcium-Calmodulin System.

Calmodulin is a ubiquitous cytoplasmic protein that binds calcium
reversibly with a high affinity and specificity (Rasmussen and Barrett,
1984; Means and Dedman, 1980). As a result of bmding calcium, the
molecule can then interact with a mmber of enzymes, induce conformational
changes in the enzymes and hence regulate their activity. Calmodulin
exists as a monomer containing 148 amino acids, and has a mass (in the
rat) of 17000 Da (Means and Dedman, 1980). The calmodulin molecule lacks
three amino acids (cysteine, hydroxyproline and tryptophan), and, as a
result, the molecule has a high degree of flexibility which facilitates
its interactions with a mmber of other proteins (Means and Dedman,
1980). Additiomally, it is an acidic protein with a large mmber of amino
acids which have acidic side chains (e.g. glutamic and aspartic acids).
Ihecarbm:ylicgrmpsofthesidedaaimoftheseamimacidscluster
together to form the calcium binding sites. Calmodulin contains four
calcium binding sites. The affinities of these binding sites vary
considerably. Binding of calcium to any of the four binding sites results
in conformational changes in the molecule which induce changes in the
binding affinity of the other calcium binding sites (i.e. the molecule
exhibits homologous cooperativity) as well as in the ability of the
calciumcalmodulin camplex to bind to other proteins (Means and Dedman,
1980; Rasmussen and Barrett, 1984).

Calmoduiin regulates the activities of many enzymes (Cheung, 1980) .
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Such enzymes include the calcium ATPases, adenylate cyclase, cyclic
nucleotide phosphodiesterases, phospholipase A, and several pmtem
kinases (Rasmussen and Barrett, 1984; Means and Dedman, 1980). The
requlation of the activities of enzymes by calmodulin involves the binding
of calcium to calmodulin following an increase in cytosolic calcium
concentrations. The ensuing conformational change results in an
increased affinity for calcium. As a result of the formation of the
calcium-calmodulin camplex, the calmodulin molecule assumes a more helical
conformation which increases the affinity for other proteins and enzymes,
thereby facilitating their interactions. The binding of calmodulin to
the enzyme induces a conformational change in the enzyme, and hence an
alteration in its activity (Rasmissen and Barrett, 1984). It is generally
accepted that at least three of the four calcium binding sites on
calmodulin must be occupied to activate an enzyme, however, the exact
sequemewimrwpecttotthmberofmlcimimsbqnﬂpriorto
interactions between calcium-calmodulin complexes and the enzymes varies,
and depends on the enzyme in question (Rasmissen and Barrett, 1984).
Administration of GnRH to ovariectomized (OVX) rats caused an increase
in calmodulin in plasma membrane fractions, and a concomitant reduction in
cytosolic fractions (Comn et al., 1981c). Tiese effects were both dose-
and time-dependent [maximal effect ocbserved 15 min after GnRH
administration (Conn et al., 1981c)], and are consistent with
translocation of calmodulin fram the cytoplasm to the plasma membrane.
Other studies (Jemmes et al., 1985), also showed an association of
calmodulin with GnRH-receptor patches.
Calmodulin inhibitors of several chemical classes (penfluoridol,
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pimozide, chlordiazepoxide, chlorpramazine and naphthalene sulphonamide
(W~campounds) have all been shown to inhibit GnRH~stimulated IH secretion
(Corn et al., 1981d; 1984a). The potency of these campounds at inhibiting
IH release correlated well with their potency at inhibiting calcium-
calmodulin activation of cyclic miclectide phosphodiesterase (Comn et al.,
1981d) . Taken together, these results suggest that calmodulin plays an
important role in GnRH-stimulated gonadotropin secretion.

Protein Kinase C .

The second branch of the calcium messenger system is mediated by
calcium-activated phospholipid-dependent protein kinases known as protein
kinase C (PKC). PKC is actually a group of enzymes that catalyse the
covalent binding of a phosphate group derived from ATP to a protein
substrate. In vitro, PKC has a broad substrate specificity,
phosphorylating seryl and threonyl but not tyrosyl residues of wmany
endogenocus proteins in most tissues (Nishizuka, 1986; Nishizuka et al.,
1984). The primary sequence in the vicinity of the phosphorylation site,
as well as the topographical localization of the enzymes are important in
determining substrate recognition in the different protein kinases
(Nishizuka, 1988). Phosphorylation of these protein substrates results
in changes in their conformation and enzymatic activity.

PKC is representative of a family of related gene products (proteins)
(Nishizuka, 1988; Parker et al., 1989).  Seven subspecies of PKC have
been identified.  Four subspecies (alpha, beta I, beta II, and gamma)
emerged fram the initial screening of a variety of DNA libraries. More
recently, at least three other subspecies (delta, eta and zeta) have been
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isolated from a rat brain library by using a mixture of alpha, beta II and
gamma [NA as probes under low stringency conditions (Nishizuka, 1988).
To date the latter three subspecies have not actually been purified from
cells (Barker et al., 1989). All of the enzymes consist of a single
polypeptide chain (molecular weight 77000 Da) that has two functiomally
different domains which can be separated by calcium~-dependent thiol
proteases (Kikkawa et al., 1982; Kishimoto et al., 1983). One is a
hydrophobic regulatory domain that is thought to interact with the plasma
membranes, while the other is a hydrophilic damain that contains the
catalytically active center (Takai et al., 1979; Nishizuka, 1984). The
separated catalytic damain which is fully active in the absence of
calcium, phospholipids or DAG is rapidly removed fram the cell (Nishizuka,
1984). The PKC molecules demonstrate four conserved (C) regions and
five variable (V) regions. The conserved region C 1 contains the DAG
binding site and forms a part of the regulatory damain of PKC. The
mrboxytemimlhalfofeamgmzymecmtai:ﬁxgmecmservedregimsc3
and C, seems to be the catalytic domain. The conserved region C, is the
sequence which has an ATP-binding site. Different protein kinase C
subspecies contain different variable (V) regions (Nishizuka, 1988).

The C, region is campletely missing in all the three predicted
polypeptides (delta, eta and zeta), although a cysteine-rich sequence is
retained (Nishizuka, 1988). Because the last three peptides were not
actually isolated from cells but are only predicted by cINA studies, the
discussion on activation will be limited to the alpha, Beta I, Beta IT and

gamma subspecies.
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Protein kinase C alpha, beta and gamma subspecies are all calciuny
phospholipid/DAG-dependent protein kinases (Knopf et al., 1986; Kikkawa et
al., 1987). ‘There are functional differences between the members of PKC
family. These functional variations are concerned both with the potency
with which the physiological activators of PKC will act, and with the
potential targets for activated kinase activities. The differences
between the alpha, beta and gamma subspecies are summarized in Table 1.

Activation of Protein Kinase C.

The formation of GnRH-receptor camplexes in gonadotrophs results in
the activation of G-proteins which consequently activate phospholipase C
and result in the hydrolysis of phosphatidyl inositol 4,5 bisphosphate
into IP., and DAG (Huckle and Conn, 1987). Under resting corditions,

3
diacylglycerol is normally almost absent from the membranes, but is

transiently produced from inositol phospholipids in response to
extracellular signals (Nishizuka, 1984; Bell, 1986). It is rapidly
removed within a few seconds or at most several minutes after its
formation (Kishimoto et al., 1980), presumably due to its conversion back
to inositol phospholipids by way of phosphatidic acid (PI turnover) and/or
removal by further degradation to AA (Nishizuka, 1984). However, the
transient appearance of DAG in membranes is usually associated with
translocation of PKC from the cytosol to the plasma membrane and
activation of PKC. DAG binds to protein kinase C presumably on the
requlatory damain in the c, region (Parker et al., 1989), following its
translocation to the membrane. In the presence of phosphatidyl serine and
other membrane phospholipids, DAG dramatically increases the affinity

24



25

‘(L861 ‘uosiep\ pue uuny) Jouuew udpuadapur-winidpes © ur paejlioydsogyd oq ues solensqns awos ‘(6861 “'Ie
19 19j1eq) sonroyrdads pojoanp dqensqns 105321 Lewr sadAjosy OJd UIMIQ dudpuddop wWNIO[ED Ul SIOUIIIJJIP YL 444
'S1010939 9sayl jo Buipuiq ur sodAiost Yl USIMIIQ SIJUIJJJIP [ed1 e
asp ey saydunr suonpuod TU2IJJIp 19pun 19359 [oqioyd pue ova o1 sadflost D)4 Jo asuodsax Ul UONBUBA Y] o4
‘pueid Leynud oy Sutpnjour sonssn SUUdOPUD ul Ig ueyl I g SJOW YONW SI UYL .

ewwed 10 eydie o1
JAnE[aI  pIdnpal

8861“Ie 19 eyesoy An1ueajiudes *ss 0Udpuddog wnpdfe)

Id 10

JAIISUDIS Wd £q poosepdas s1 g4 uaym

8861 ‘[e 19 ejoesy drow SI0iBAlIOR D4 O1 ANANISUag
9A11ISUDS JAIIISUDS Ha/194 uey

6861 “Ie 12 1ayreq 1589 asows Avuyge ssop x¢ »OVd ¥ VINd O Ananisuag

uolleAllOE

10J SI91S9 [oqIoyg

886118 19 Sueny SO X sax $9X 10 OVYQ uo duspusdoqg

sadualijay swuren «II/1 eleg eydyy 131o01RY)D

'saadsqns 5 oseury uroload juosogyp o UI3MI9q  SIOUSIDJJIP [BUOHIIUN

T 91qe]



of PKC to calcium resulting in the binding of calcium to the enzyme. The
calcium-PKC camplex represents the activated enzyme which plnsgtﬁrylates
substrate proteins, thereby altering cellular functions (Nishizuka, 1984;
Rasmussen and Barrett, 1984). It is noteworthy that DAG increases PKC
sensitivity to calcium such that the enzyme can be activated in the
absence of detectable cellular calcium mobilization (Conn et al., 1985;
Bourne et al., 1989; Nishizuka, 1984; Rasmussen and Barrett, 1984;
Yamanishi et al., 1983), or phosphatidyl inositol turnover (Castanga et
al., 1982).

Protein kinase C can also be activated by limited proteolysis which
cleaves the PKC molecule into its regulatory and catalytic components
(Kishimoto et al., 1983). The smaller catalytic component is
enzymatically active totally independent of calcium, phospholipid or DAG
and is rapidly removed from the cell (Nishizuka, 1986). Membrane-bound
PKC is more susceptible to this kind of proteolysis (Kishimoto et al.,
1983), suggesting that the physiological significance may be related to
the down-regulation of PKC (Drummond, 1985).

Castanga and collegues (1982) discovered that the phorbol esters [e.d.
phorbol, 12-myristate 13, acetate (FMA)] can substitute for DAG as an
activator of PKC (Castanga et al., 1982; Nishizuka, 1983; Yamanishi et
al., 1983). Like DAG, PMA dramatically increases the affinity of the
enzyme for calcium (in the presence of phosphatidylserine) resulting in
its full activation without detectable cellular mobilization of calcium
(Yamanishi et al., 1983). The only major difference in the activation of
PKbeDAGarxinAisthefactﬂaatMismthpotaltﬂianDAGsin:e
it is not rapidly metabolized like the DAGs (Michell, 1983).
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Although, it was initially suggested that PKC is not irnvolved in the
IH response to GnRH (McArdle et al., 1987), later reports by Naor et al.,
1987, Stojilkovic et al. (1988), Mc Ardle et al. (1988), Bourne et al.
(1989) and Das et al. (1989), support the concept for PKC involvement as a
mediator of GnRH-induced gonadotropin release. In brief, the evidence
which suggests an involvement of PKC in GnRH~stimulated gonadotropin
release includes: ‘

1. PKC is present in the anterior pituitary (Turgeon et al., 1984) .
GnRH or activators of PKC like DAG or phorbol esters, cause the
redistribution of the enzyme from the cytosol to the plasma membranes of
pituitary gonadotrophs (Hirota et al., 1985; Naor et al., 198sb;
Stojilkovic et al., 1988).

2. Redistribution of PRC by GnRH or PMA is associated with increased
synthesis and release of gonadotropins (Smith and Vale, 1980; Turgeon and
Waring, 1986; Negro-Vilar and lapetina, 1985; Stojilkovic et al., 1988).
The newly synthesized IH and FSH contributed significantly to the total
amount of gonadotropins available for release (Stojilkovic et al., 1988) .
The ratio of the newly synthesized to the released IH was constant (1:2)
during stimilation by increasing concentrations of PMa (Stojilkovic et
al., 1988).

Taken together, the above-mentioned cbservations indirectly suggest a
possible role of PKC as a mediator of gonadotropin secretion. It should
be emphasized however, that while there is now comon agreement that PKC
is a mediator of some of GnRH actions, there is still some disagreement as
to whether the enzyme mediates gonadotropin secretion (cf. Comn, 1989).
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Based on the discussion above, it should be apparent that the calcium
signal in gonadotrophs is relayed by two distinct systems, a calcium-
calmodulin system which is activated by transient increases in cytosolic
calcium, and PKC which is activated by changes in the cellular
concentration of DAG. It is noteworthy that PMA can substitute for DAG in
sensitizing PRC to calcium, such that the enzyme is activated without
causing a rise in cytosolic calcium (Rasmissen and Barrett, 1984;
Nishizuka, 1984). Equally interesting is the fact that ionamycin will
increase cytosolic calcium and activate calmodulin without activating PKRC
(Rasmussen and Barrett, 1984). ‘Therefore, the experimental tools are
available to selectively activate either one or both arms of the calcium
messenger system.  Conseguently, the initial objective of this study was
to use PMA and ionamycin to delineate the contribution of the calcium
messenger system towards the secretion of IH and FSH from the anterior
pituitaries of male rats. However, as a result of the initial findings,
the cbjective was expanded to inmvestigate a modulatory role of estradiol
on the PMA- and ionomycin-stimilated mechanisms.

Role of Estradiol as a Modulator of Gonadotropin Secretjon.
Serum estradiol levels in vivo fluctuate with the estrous cycle of the

rats e.d. in estrous rats the estradiol levels are lowest ( < 5 pg/mL) and
it increases gradually during the estrous cycle to reach a level around 40
pg/mL during the diestrous II (DII) and peaks at 60-75 pg/mL at
proestrus. These estradiol levels have been shown to affect gonadotropin
secretion (Brown-Grant, 1977; Kncbil, 1980). In males the estradiol
concentrations are low and are almost similar to the estrous females ( < 5
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pg/mL) .
As stated above, estradiol exerts a biphasic effect (inhibition

followed by stimulation) on IH and FSH secretion during the reproductive
cycles of mammals. The effects of estradiol are exerted at both the level
of the hypothalamus and the level of the anterior pituitary gland
(Brown-Grant, 1977; Knobil, 1980). For example, in ovariectamized rats,
estradiol initially suppresses the pituitary gonadotropin response to GnRH
(Schuiling and Gnodde, 1977), but in the continued presence of estradiol,
the response increases and finally becames augmented (Schuiling and
Gnodde, 1976).

Estradiol exerts a transient inhibition of GnRH-stimulated IH
secretion by a direct effect on the rat pituitary. These inhibitory
effects of estradiol were demonstrated in vitro in static cultures of rat
pituitary cells, provided that the period of exposure to estradiol was
brief (Frawley an Neill, 1984; Fink and Pickering, 1980). The
stimilatory effects of estradiol were also demonstrated in vitro, since
the steroid augmented the GnRH~induced IH release in static cultures of
rat pituitary cells (Drouin et al., 1976; Hsueh et al., 1979; Tang, 1980;
Kamel and Krey, 1982).

It is commonly believed that estradiol enhances gonadotropin secretion
by affecting signal transduction mechanisms through processes which
involve protein synthesis (de Koning et al., 1976a; Debeljvic et al.,
1978). The estradiol-induced effects include an influence on the degree
of sialic acid incorporation into gonadotropin molecules, thereby
inflwmcingthetypeofguadatropinthatisbein; synthesized and
secreted (Ulloa-Aguirre et al., 1984; Féckham and Knobil 1976). 1In



addition to affecting gonadotropin  biosynthesis, estradiol was also
reported to stimilate the synthesis of cAMP-binding proteins (Szabo and
Endoroczi, 1981), increasing both cAMP binding and pituitary
cAMP-dependent protein kinase activity (Tang and Tang, 1979).

The observation that estradiol can affect signal transduction
mechanisms in gonadotrophs, coupled with my initial findings related to
the role of calcium (see below), resulted in an expansion of my research
objectives to include investigations designed to determine whether
estradiol could affect the calcium messenger system (calcium—-calmodulin
and PKC) by protein synthesis-dependent mechanisms in pituitaries of male
rats.

30



C. LIST OF SPECIFIC OBJECTIVES

1. To investigate the estradiol-dependency of the PMA-stimulated
gonadotropin secretion, and to test the dependency of this phenamenon on
de novo protein synthesis.

2. To investigate whether estradiol can induce an extracellular
calcium-independent component of gonadotropin secretion, and test whether
this secretion is dependent on de novo protein synthesis.

3. To characterize the ionamycin-induced gonadotropin secretion from
pituitaries of male rats, and to investigate potential interactions of the
PMA- and ionomycin-activated mechanisms in these gonadotrophs, while
concomitantly determining whether they are dependent on de novo protein
synthesis.
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CHAPTER II

MATERTALS AND METHODS

A. Materials.

The materials used in this study were as follows:

Biogel P-100 (100-200 mesh wet) (Bio-Rad Ilaboratories, Richmond, CA);
ionomycin (calcium salt) (Calbiochem Corporation, La Jolla, CA); Eagle
(Modified) minimum essential amino acids without glutamine, Eagle
(Modified) minimmm essential vitamins, fetal bovine serum and Ham's F10
medium with glutamine (Flow Laboratories, Mclean, VA). Staurosporin was
purchased from Kamiya Biomedical Co. (Thousand Oaks, CA).

Chemicals purchased from Sigma Chemical Co. (St. Louis, MO) were:
bovine serum albumin (BSA) (RIA grade; fraction V), cyclcheximide,
deoxyribonuclease (DNase) (Bovine pancreatic type III, lyophilized),
ethylene glycol bis (B amincethyl ether) N,N,N',N' tetraacetic acid
(EGTA), estradiol-benzoate, sodium pyruvate, sodium fumarate, sodium
glutamate, glucose, phorbol I12-myristate, 13-acetate (PMA), soyabean
trypsin inhibitor, streptomycin sulfate-penicillin G as potassium salt,
prepared in 0.9 g % NaCl, trypsin (Bovine pancreatic type III), pimozide
and W7.

Inorganic salts (sodium chloride, potassium chloride, calcium
chloride, magnesium sulphate and sodium moncbasic phosphate) and dimethyl
sulphoxide (DMSO) were bought from Fisher Scientific Corporation
(Pittsburgh, PA).
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Te '?°I was purchased from Radiopharmacy, University of Alberta,
(Edmonton, AB), while GnRH was obtained fram Peninsula Iaboratories
(Belmont, Ca).

PMA was prepared as a concentrated stock solution (1 mM) in an
acetone/ethanol mixture following the procedures of Prince et al. (1973),
and diluted with perifusion medium on the day of an experiment to give the
indicated concentration. Ionomycin was dissolved in 95% ethanol and
stored as a stock (1 mM) solution at 5%. Aliquots of the ionophore were
diluted with perifusion medium to give the indicated concentration just
before use. Staurosporin was dissolved in dimethyl sulphoxide (IMSO) as
a stock solution (1 mg/mL) anistoredat‘tocinthedark.'mefinal
concentration of staurosporin used in the study was 10 M.
Pimzidewaspreparedfmjustbefomﬂ)eetperiwtsbydissolvﬁgit
in DMSO. The final concentration in the perifusion medium was 10 uM. w7
wasdissolvedinumaxﬂﬂxefﬁalmmtimusedinﬂaeexperimws
was 100 uM. The vehicle concentrations (0.1%, v/v) had no measurable
effects on IH and FSH secretion. Staurosporin, W7 or pimozide were all
added to the medium one hour before infusion of the secretagogues.

B. Methods.
I. Animals and Tissue Preparation.

Adult, Sprague-Dawley rats (Bioscience Animal Services, University of
Alberta, Edmonton, AB), 60 to 90-days old were used for all experiments in
this study. The rats were housed in a temperature- and light-controlled
enviromment (21 + 1°¢ , lights on 06:00 to 18:00 h) with food and water

supplied ad libjitum.
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Depending on the experiment, intact males, castrated males (72 h),
diestrous II famales showing at least two consecutive four-day estrous
cycles (determined by daily vaginal cytology), and ovariectamized (72 h)
female rats were used as pituitary donors. Ovariectomies and
orchidectomies were performed under light general ether anaesthesia. The
orchidectomies were performed by making a small vertical midline scrotal
incision through which both testes were removed after the vas and blood
vessels were ligated. The scrotal incisions were closed with surgical
wound clips. Ovariectomies were accamplished via a transverse incision in
the lower back, through which both ovaries and parts of the Fallopian
tubes were removed. The muscles were then sutured with surgical silk
(size 000), and the skin incisions closed with surgical wound clips.

Estradiol silastic capsules were implanted in same castrated animals
for some experiments. The capsules were prepared following the
procedures of legan et al. (1975). Briefly, 1.5 cm of silastic tubing
(inner diameter 0.155 cm and outer diameter 0.3105 cm, Dow Corning
Corporation, Midland, MI) was used. The tubing was plugged with a 0.5 cm
piece of a wooden applicator stick (Canlab, Mississauga, ONT) on one side
and then filled with crystalline estradiol-benzoate. After packing the
tubing with estradiol, the implants were plugged with another 0.5 cm piece
of applicator stick on the other side. Both ends of all implants were
sealed with silastic medical acdhesive (silicone type, Dow Corning
Corporation, Midland, MI) to make the ends of the implants water and air
tight. The estradiol silastic implants were incubated overnight in
physiological saline at 37°C in a Dubnoff Metabolic Shaker (GCA
Corporation, Chicago, IL) before use. The estradiol implants were
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inserted (one for each rat) subcutaneously in the back of some
gonadectamized rats 24 h before sacrifice. These implants were expected
to maintain plasma estradiol at proestrous concentrations [i.e. 60 to 75
py/mL (Legan et al., 1975 ; Baldwin et al., 1983)]. Provided that the
weight of the rats is in the range of 250-300 g, .the estradiol implants
produced a highly reproducible postimplantation serum estradiol
concentration in females similar to that seen in proestrous females (cf.
Appendix 1). Slightly higher values were cbserved in males implanted
similarly (Apperdix 1). |

All animals were killed by decapitation (without anaesthesia) to avoid
the hormonal changes that occur due to the stress of anaesthesia. The
pituitaries were rapidly excised, the posterior pituitaries dissected out
and the anterior pituitaries placed in prewarmed (37OC) perifusion medium
to minimize temperature-shock (Bourne and Baldwin, 1980).

II. The Perifusion Media.
Kreb's Improved Ringer I Bicarbonate (KIRB) solution [McKenzie and

Dawson, 1969: (cf. Appendix 2)] supplemented with minimm essential amino
acids and vitamirs was used as the perifusion medium. On the day of an
experiment, thz medium was made up from stock solutions with the exception
of the bicarbonate solution which was freshly prepared. The inorganics
(NaCl, K1, cCaCl,, PI§O4 and NaH2m4) were added first, followed by the
organics (sodium pyruvate, sodium fumarate, sodium glutamate and glucose)
and then the amino acids and vitamins. Sodium bicarbonate was added
last. In the experiments where cycloheximide was used, it was added
before the bicarbonate, and the medium was stirred thoroughly to dissolve
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the added cycloheximide. 'Ihesolut:imwasgassedw:l.tl'l'.95%02:s%cx)2
for 10 minutes before adjusting the pH to 7.4 at room teuperat\ma.hy the
addition of 10% sodium hydroxide. The calcium-free medium was prepared
by simply omitting calcium chloride. As described previously, (Bourme
and Baldwin, 1980), 16 uM EGTA was added to the calcium-free medium to
chelate any contaminating calcium.

All media were cold-sterilized using disposable Sterivex-GS millipore
filters (0.22 um) just before use. During experiments, the medium
reservoirs (300 ml each) were placed in a water bath at 37°C, and the
medium was contimwously gassed with 95% O, : 5% CO,. For those
experiments in which light-sensitive chemicals (e.d. ionomycin and PMA)

were used, the reservoirs were wrapped in aluminium foil.

III. The Perifusion System.

The anterior pituitary tissue perifusion system described by Bourne
and Baldwin (1980) was used in this study. A schematic diagram of the
system is shown in Fig. 1. Three to four perifusion chambers (Millipore
Swinnex-13 filter holders) were usually run similtaneocusly for each
experiment.. Two related experiments were normally undertaken at the same
time for a total of six to eight perifusions at any one time. There was
no need to run some chambers as controls since each chamber effectively
served as its owr. control (first hour). The perifusion chanbers,
associated tubings and glassware were all autoclaved before use.

The perifusion chambers were initially charged with medium, immersed
in a water bath at 37°C and the system was allowed to equilibrate for one
hour (during which time the rat pituitaries were collected). At the end



Fig. 1. Schematic diagram of the anterior pituitary tissue perifusion
system. A water bath was used to maintain the perifusion medium and the
perifusion chambers at '37oc. The medium which was contimously gassed
with 95% 0, : 5% 00,, was pumped (0.25 ml/min) from the reservoir through
the perifusion chambers to fraction collectors by a Gilson peristaltic
pump. The effluent fractions were collected at room temperature at 10 min
intervals for the duration of an experiment (6 h).
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of this period, airmhbleswe:eexpelledfmthesystanbyreversingthe
direction of flow and finger flicking the chambers. The pituitaries were
cut into quarters and then loaded into the chambers using a sterile short-
tipped Pasteur pipette. Two quartered pituitaries were placed in each
perifusion chamber. |

A multichamnel, peristalitic pump (Minipuls-2, Gilson), maintained the
flow of the medium through the system at a constant rate of 0.25
mL/min. Sequential effluent fractions were collected every 10 min (2.5
mL of perifusate) in 2% BSA-coated borosilicate glass tubes using fraction
collectors (IKB Redirac Fraction Collectors). The perifusate for the
first hour was discarded, since it was previously shown to contain high
nonspecific release of hormones from pituitary cells injured as a result
of tissue manipulations (Bourne and Baldwin, 1980).

The test campounds were dissolved in the medium and introduced into
the perifusion system by stopping the pump and the timer of the fraction
collectors and quickly transferring the inlet tubing fram the control
reservoir to the reservoir with the test cawpounds. The pump and timer
of the fraction collectoxswe;etl‘:enmtarted. The entire operation
tock less than 15 s.

Since previous experiments (Bourne and Baldwin, 1980) had demonstrated
no significant changes in IH immmological activity in aliquots of samples
frozen immediately after collection, versus those which were kept at room
temperature for the duration of the experiment, all samples were collected
at room temperature and stored frozen (-20°C) until assayed for IH and

FSH.
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IV. Cell Dissociation Procedures.

Dispersed anterior pituitary cells were prepared by enzymatic
dissociation of anterior pituitaries from male rats using a modified
version of the procedures described by Denef and his collegues (1976).
In brief, the rats were decapitated, the anterior pituitaries rapidly
excised and collected under sterile conditions in prewarmed (37°0),
calcium-magnesium-free Ringer solution containing 3 mg/mL BSA (CQMF-BSA).
Each pituitary was then cut into nine pieces under a laminar flow hood and
the tissue blocks were washed four times with the (MF-BSA solution.

The washed tissue blocks were incubated at room temperature with 5 nL
trypsin solution (5 mg/mL trypsin in QF-BSA) and shaken every 5 min.
After 15 min of incubation with trypsin, the tissue blocks were allowed to
settle and the supernatent aspirated using sterile Pasteur pipettes.
The tissue blocks were then incubated with 5 mL of soyabean trypsin
inhibitor (SBTI) solution (1 mg/mL SBIT in CMF-BSA) for 15 min at roam
temperature with repeated gentle shaking every 5 min. At the end of the
SBIT incubation, 1 mL of DNase (10 ug/mL in CMF-BSA) was added and the
nixture was incubated for an additional 5 min in a Dubnoff metabolic
shaker at 37°C.

Afterallowmgthetissueblockstosettletothebattanofacmical
test tube, the supernatant was aspirated and the tissue was washed three
times with CMP-BSA. Mechanical dissociation of the tissue was achieved by
gentle trituration using fire-polished siliconized Pasteur pipettes.
thenever the solution became cloudy, the tissue blocks were allowed to
settle and the supermatent fluid containing the dispersed cells was
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transferred to another container and replaced by 1 mlL. of CMF-BSA
solution. The procedure was repeated until all ofthetissueblocicswem
canpletely dispersed.

The pooled cell suspension was centrifuged for 10 min at room
temperature (300 x g) and the pellet resuspended in a small volume
(0.5-1.0 mL) of CMF-BSA medium. After counting the cells with a
hemocytameter, they were diluted to the desired concentration using the
cell culture medium. The cell yield was on the average 3 million cells
per anterior pituitary gland. Cell viability, ascertained by using
trypan blue dye exclusion test (Temnant, 1964), was 90-95%.

The resuspended cells were divided into two equal aliquots and diluted
wimthec\ﬂ.turemeditmtoacawemzatimofsxlos cells/mL. One mL
aliquots of the cell suspension were plated into 35 x 10 mm tissue culture
dishes (Miles Scientific Corporation, Naperville, IL). Two mL of
incibation medium was added to each dish, and the cells were incubated for
two days under a humidified 5% CO, : 95% air at 37°C using a NAPCD
water-jacketed incubator (model 5100).

V. Pitujtary cell Incubations.
Half of the cells was cultured in Ham's F10 medium supplemented with

15% horse serum, 2.5% fetal calf serum, penicillin (50 U/mL) and
streptamycin (50 ug/mL), while the other half was cultured in Ham's F10
medium supplemented with 17.5% male rat serum and the antibiotics. The
male rat serum was prepared fram trunk blood collected during sacrifice of
intact male rats. The blood was allowed to clot at 5°C, the serum
collected and cold-sterilized using the Sterivex-GS (0.22 um) filters.
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After the 2-day incubation period, the medium in each dish was
replaced with 2 mL of fresh medium containing either 1 WM PMA or
vehicle. Following a 4-hour experimental incubation period, the media
were collected, centrifuged and the supermatants collected and stored
at -20°C until assayed for IH and FSH.

VI. Radioimmmoassays for IH and FSH.
Samples were assayed for IH and FSH in duplicates using the National

Institute for Arthritis, Diabetes, Digestive and Kidney disease (NIADDK)

rat radioimmmoassay kits.

(i) Iodination Procedure.

IH and FSH were iodinated with ‘2> I using the chloramine-T method
(Hunter and Greermood, 1962), and the labelled hormones were separated
from the unlabelled hormones by gel filtration chramatography. Briefly,
colums for the separation of the labelled hormones were prepared using
10-mI, disposable borosilicate pipettes, which were packed with G-75
Sephadex beads. The beads were washed, swollen and degassed overnight
in 0.05 M sodium phosphate buffer (pH 7.5) prior to use. Just before
starting the iodination, 3 mL of 0.05 M EDTA-PBS-1% BSA was run through
the colum to reduce nonspecific binding. The radiocactive iodide (40
mBg 12°1/50 uL of 0.5 M sodiur phosphate buffer, pH 7.5) was then added
to the reaction chamber containing the hormone aliquots. The iodinaticn
reaction was initiated by adding freshly prepared chloramine-T (0.2
mg/mL), and the reaction was allowed to proceed for 110 s before
termination by addition of 0.05 M EDTA-PBS-1% BSA (pH 7.5). The entire
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contents of the reaction vessel were transferred to the Sephadex column
and eluted with 0.05 M EDTA-PBS-1% BSA (pH 7.5). Twenty fractions (five
drops per fraction) were collected. After counting the fractions, the
peak tubes were pooled, aliquoted and stored at -7OOC.

(ii) purification of Iodinated Hormones.

The stored iodinated hormone was purified before use on a Biogel
P-100 column. The Biogel P-~100 was washed, swollen and degassed
overnight in double-distilled water in the cold roam (4°¢) prior to

packing the colum (in the cold roam). Before using the column initially,
it was washed with 0.01 M sodium barbital, 0.15 sodium chloride, 2% BSa,
pH 7.6. The thawed hormone aliquots were added to the colum and eluted
with 0.01 M sodium barbital, 0.15 M sodium chloride, pH 7.5 . Thirty
fractions (14-drops each) were collected, counted and the peak tubes were
pooled and diluted with phosphate-buffered saline-0.1% gelatin to a
concentration of 10,000 crm/100 ulL for use in the assays.

(iii) Radiojmmmoassay for IH and FSH .

A 3-day double antibody radioimmmmoassay (RIA) protocol was used.
On the first day, the buffer (phosphate-buffered saline-0.1% gelatin, pH
7), the radiolabelled ligand, the antibody and the standards or samples
were added to mmbered 12 x 75 mm borosilicate glass test tubes. After a
24~hour incubation at roam temperature, 100 ul anti-rabbit gamma globulin
(ARGG) was added to all tubes which were then incubated for an additional
24 h at 4°C.  on the third day of the assay, 1.5 mL cold (£ C)
phosphate-buffered saline (PBS, pH 7.0) was added to the tubes which were
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centrifuged at 2100 x g for 45 min at 4OC. The supernatants were then
aspirated and the gamma radiation was assessed by using a Micramedic 4/200
Gamma Counter.

(iv) Estimation of Sample Concentration.

Sample estimates were calculated using the log-logit transformation
and weighted least squares regression analysis as described by Rodbard et
al. (1969). Samples of the standard curves are shown in Appendix 3. The
values were compared with the NIADDK reference preparations of rat
IH-RP~2 and FSH-RP-2. Consequently, the results are 61- and 45-times
lower than those obtained in reference to IH-RP-1 and FSH-RP-1,
respectively. |

The intra~ and interassay coefficients of variation were calculated
fram the estimates of the values of an IH and FSH pool according to the
formla:

coefficient of variation = (standard deviation/mean) x 100.

The intraassay and interassay coefficients of variation for IH were 6%
and 11%, respectively, while those for FSH were 6% and 10%, respectively.

Trunk blood was collected at the time of killing the animals, to
produce sera for measurement of estradiol. The blood was allowed to clot
at4°Ct1mcartriﬂgedat500ngor10min, and the supernatant
collected and stored frozen at —20°C until assayed. Estradiol levels were



mastmedusingRtAintbemﬂocrineIabomtoryofthemﬁvemityof
Alberta Hospital (Courtesy of Dr. D.M. Fawcett) and in Animal Sciences
Department, University of Alberta (Criv%z=y ~f Dr. S. Baido). The intra-
and interassay coefficients of varis: < "ess than 10%. The results
of estradiol assays are shown in Amme::.

C. Data Analysis.
Quantitative estimates of the total amounts of hormcnes secreted in

response to continuous infusions of the various secretagogues were
calculated by sumning the amounts of hormone in the 10 min fractions
collected during the period of secretagogue infusion. Before statistical
analysis, the values were corrected for basal release unless stated
otherwise.

The results were statistically analysed using Analysis of Variance
and differences between means determined by the Duncan-Borner test
(Camputer program provided by Dr. G.A. Bourne). The level of statistical
significance used in this study was p < 0.05 .
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CHAPTER III

Anterior Pituitaries of Male and Female Rats.

The first series of experiments used PMA to investigate the potential
role of protein kinase C as a mediator of gonadotropin secretion from
anterior pituitaries of male rats. Initial experiments were undertaken to
characterize the secretion of IH and FSH fram these pituitaries perifused
with KIRB medium in response to the phorbol ester, PMA. The results are
shown in Fig. 2. Essentially, PMA at concentrations ranging from 0.01 to
10 uM was ineffective in stimilating the secretion of IH and FSH from
pituitaries of male rats.

Since previous results had indicated that 1 uM PMA was effective in
stimulating gonadotropin secretion from pituitaries of diestrous II
females perifused with KIRB medium (Das et al., 1989), pituitaries
cbtained from intact males, diestrous II females, ovariectamized (OVX)
females and ovariectomized + estradiol-treated (OVX + Ez) females were all
perifused similtaneously with 1 uM PMA in KIRB medium. As shown in Fig.
3, PMA stimulated the secretion of gonadotropins from pituitaries of both
diestrous II and OVX + Ez-treated females, but failed to stimlate
gonadotrepin secretion from pituitaries of males or OVX females,
suggesting that the efficacy of PMA in stimilativg gonadotropin secretion
deperds on estradiol.

Furthermore, the amounts of IH secreted from pituitaries of OVX + E,
-treated females were greater than the amounts of IH secreted fram
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Fig. 2. Dose-response of anterior pituitary tissue blocks of male rats
tocontimn:sinfusim(4h)ofHdA(irﬂicatedbytheblackbar)inKIRB
medium. Results are the means + SEM (n=3). Absence of stand»rd error
bars is indicative of the fact that the standard errors are smaller than
the size of the symbols.  Secretory profiles for IH are shown in the
upperpaml,u&xereasﬂmseforfﬁiamdepictedinthelowerpaml. The
abbreviations are defined in the text.
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Fig. 3. Secretory profiles of IH and FSH cbtained from pituitaries of
intact males and diestrous II, OVX and OVX + E5-treated females in
response to continuous infusion (4 h) of 1 uM PMA (indicated by the black
bar) in KIRB medium (n=3). For further details see legerd for Fig. 2.
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pituitaries of DII females (p < 0.01, cf, Table 2). In contrast, the
mntsof!ﬂisecmta!wemmtsigniﬁczrmlydiffmmﬁ:ebm
groups were campared (p > 0.05, cf. Table 2).

Interestingly, the temporal characteristics of the secretory profiles
cbtained fram pituitaries of diestrous IT and OVX + E a-treated females
also differ. Increased gonadotropin secretion was evident within 30 min
from pituitaries of OVX + E,-treated females (Fig. 3) (circulating
estradiol levels of 66 pg/mL, Appendix 1), while the onset of secretion
from pituitaries of diestrous IT females (circulating estradiol levels of
38 pa/mL, Appendix 1) was delayed for about 60 min (Fig. 3). A camparison
of the amounts of IH secreted during the first hour, second hour and last
2 hours of PMA infusion is shown in Table 3. It is apparent that the
~it-:ltaries fram OVX + E,-treated females secreted significantly greater

3 of IH whén compared to pituitaries from diestrous II females at

each time period (p < 0.01).

The PMA-induced gonadotropin secretion from pituitaries of oOvX + Ey

-treated and diestrous II females also appears to be dependent on de nove
protein synthesis, in that the secretion was inhibited by 5 wM
cycloheximide (Figs. 4 and 5).

Other reports had indicated that PMA can elicit IH secretion from
Primary anterior pituitary cells cbtained from male rats (Smith and Vale,
1980; 1981). Given the fact that the PMA-induced secretion in the
Present study appears to be estradiol-dependent, it seemed plausible that
the cultured pituitary cells cbtained from male rats were responsive to
PMA as a result of exposure to estradiol contained in the serum which was
added to supplement the culture medium. Consequently, the following
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TABLE 2.

Total amounts of IH and FSH released from the anterior pituitaries in

response to contimwus infusion (4 h) of 1 uM PMA in KIRB medium.

Experimental group IH released FSH released
(ng)* (ng) *
Diestrous II rats 302148 159+61
Ovariectamized rats No response No respanse
Ovariectomized + Ez-txeated rats 9801129 189426
Intact male rats No response No response
Orchidectomized rats No response No response

Orchidectamized + Ez-treated rats

387441

119436

* Values represent the mean + SEM (n=3).

All the values are corrected for basal secretion.

For IH, the p-value between the secretion fram pituitaries of DII and

ovX + Ez-traated rats is <0.01 (ANOVA, see Materials and Methods).

For FSH, the p~vulue between the secretion fram pituitaries of DII and

ovX + Ez-t.reated rats is > 0.05 .



53

TABLE 3.

Total amounts of IH released from pituitaries of diestrous IT and OVX
+ E,-treated rats during the first, second and last two hours of
continuous infusion of 1 uM PMA in KIRB medium.

IH released (ng)*
Experimental group

1st hour 2nd hour Iast 2 hours
DITI females 0.06+1 38.2+3.5 263.8+12
ovX + Ez-txeated 68.7+5 222,646 694.2+41

* Values represent the mean * SEM. Results are corrected for basal
secretion.



Fig. 4. Secretory profiles of IH and FSH cbtained from pituitaries of
distrwsnarﬂovx+E2-‘tzeatedfanalesinrespmSetocmtmms
infusion (4 h) of 1 uM PMA (indicated by the black bar) in KIRB medium in
the presence of cycloheximide (n=3). Cyclcheximide was present in the
medium at the time of collection of the pituitaries and throughout the
experiment. For further details see legend for Fig. 2.
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Fig. 5. Effect of cycloheximide on the total amounts of IH and FSH
released from pituitaries of diestrous IT (DII) and OVX + Ez-treated rats
in response to contimuous infusiori (4 b) of 1 uM PMA in KIRB medium. The
amounts of hormones were calculated as described in the Materials amd
Methods section without subtracting the basal values. Cyclcoheximide was
present in the medium from the time of collection of the pituitaries and
throughout the experiment. Data for statistical analysis appear in the

text.

= contra cycloheximide
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series of experiments were undertaken tc determine whether exposure to
estradiol would make gonadotrophs obtained fram male rats responsive to
PMA.

in the first experiment, adult males were castrated and half of the
castrates were implanted subcutaneously (s.c.) with silastic capsules
containing estradiol-benzoate 24 h prior to sacrifice. Since the
dispersed cells would have been exposed to estradiol in the absence of
testicular factors, castrated males were used to study the effects of
estradiol, thereby removing the potential influences of testicular
steroids and/or peptides. The results are shown in Fig. 6. As was the
case with intact males, 1 uM PMA was ineffective in stimlating
gonadotropin secretion from pituitaries of orchidectomized rats, while
inducing the secretion of IH from pituitaries of orchidectamized + E,
-treaied rats. The FSH response was much less evident than the IH
response. Furthermore, the PMA-induced ¢mwadotropin secretion from
pituitaries of castrated + E,-treated males was inhibited by 5 WM
cycloheximide, suggesting a dependency on de novo protein synthesis (Fig.
6).

In the second experiment, anterior pituitary cells dissociated from
adult males were incubated in either Ham's F10 meciium supplemented with
horse serum and fetal calf serum, or Ham's F10 medium supplemented with
intact male rat serum. The results are shown in Fig. 7. As expected,
the cells incubated in the mediud %pplemented with horse serum and fetal
calf senum were responsive to PMA (p < 0.01). Surprisingly, however, the
cells incubated with intact male rat serum were also responsive to PMA (p

J.05), although the response was atteruated when campared to the



response cbtained from the cells grown in presence of horse and fetal calf
sera (p < 0.05).
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Fig. 6. Secretory profiles of IH and FSH cbtained fram pituitaries of
castratedanicastzated+E2-tmatedmlainrespmsetocontimnxs
infusion (4 h) of 1 uM PMA (indicated by the black bar) in KIRB medium in
the presence or absence of cyclcheximide (n=3). Cycloheximide was
present in the medium at the time of collection of the pituitaries and
throughout the experiment. For further details see legend for Fig. 2.
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Fig. 7. IHrespm'xsestoluumuh)obbajnedfrmelosdispersed
anterior pituitary cells from male rats incubated in medism supplemented
with either horse and fetal calf sera or male rat serum (r=5). See text

for statistical analysis.
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Ganadotropin Secretion iram the Aiiexiur Pituitarins of Male Rats.
Previous studies from thj: “oratory had demonstrated the

manifestation of a unRi-stimulated <:r.racellular calcium~independent
companient of gonadotropin secretinmn from pituitaries of females but not
males (Bourne et al., 1988; Bourne, 1988). This camponent of gonadotropin
secretion was show.. to be dependent on estradiol. fubsequent studies
demonstrated the ability of PMA to mimic the characteristics of the
GnRH-stimulated extracellular calcium-independent secretion of
gonadotropins (Bourne et al., 1989), suggesting that the PMA-induced
mechanisms might be similar to those mediating the GnRH-stimulated
rivrmses. Since the initial study in this report indicated a dependercy
of PMA-stimilated goradotropin secretion on estradiol, the present study
was urdertaken to determine whether estradiol could induce a ##- and/or
GnRH-stimulated extracellular calcium-independent secretion of iii and FSH
fram pitunitaries of castrated males.

The first series of experimerts was undertaken to characterize the
secretory profiles of gonadotropins cbtained from pituwitaries of intact,
castmtedardr:astrated+E2-txeatednalesinr5paseto&minIGRB
medium. The results are shown in Fig. 8. Contimuous infusions of 1 nM
GnRH to pituitaries from intact male rats resulted in a slow but steady
increase in IH secretion for three hours, at which time the secretory rate
stabilized until infusion of the decapeptide was terminated. The
response from pituitaries of castrated males exhibited an initial steeper
incrmase (p < 0.05) in gonadotropin secretion with the secretory rate
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Fig, 8. Secretory profiles of IH and FSi{ obtained from pivlitarics of
intact, castrated and castrated + E,-treated males in response to
continuous infusion (4 h} of 1 ™ GnRH (indicated by tie black bar) in
KIRB medium (n=3). For furti.ey’ details see legend for Fig. 2.
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remaining relatively constant after 30 min of GnRH infusion. This
analysis of data was performed by camparing the amount of IH secreted for
eamimividtnlhmmofﬂxe&minﬁxsimamﬁnbepmemedwithme
ionamycin data in Table 8. In spite of the lower secretion rate from
pituitariés of castrated meiss, the total amount of IH secreted from
pituitaries of castrated males was not significantly different from that
obtained fram piiaitaries of intact males (p > 0.05). The responses from
the pituitaries obtained from castrated + E,-treated male rats were mich
greater than those obtained from either intact, or castrated male
pituitaries for #i fimst 2 hours of GnRH admininstration (p < 0.01).
After 2 h, the secretion of IH started to decline insyi-e of the contimed
infusion of GnRH. The secretory profiles of FSH cbtained ir respemse to
GnRH were qualitatively similar to those for IH, although the amounts of
FSH secreted were lower than those of IH (Fig. 8 and Table 4).

The effects of cyclcheximide on GnRH-stimulated gonadotropin secretion
are shown in Fig. 9. Cyclaheximide inhibited a major camponent of the
GnRH-stimulated responses m all three treatment groups (cf. Table 5).
Irrterestingly, the amounts of IH and FSH secreted from the pituitaries
dbtained from intact, castrated and castrated + E,-treated males were
similar in the presence of the protein synthesis inhibitor (Table 5).

As expected, GnRH was effective in stimilating gonadotropin secretion
fram pituitaries ebtained from castrated + Ez-treated males in the absence
of extracellular calcium (Fig. 10). Surprisingly, however, the
decapeptide also stimulated a low level of IH and FSH secretion fram
pituitaries of castrated and intact males. In contrast to the delayed
secretion obtained from pituitaries of females (cf. Bourme et al., 1989),



TABLE 4.

Total amounts of IH and FSH released from pituitaries of intact,
castrated and castrated + E,-treated males in response to contimuous
infusion (4 h) of 1 nM GnRH in KIRB or calcium-free medium.

KIRB medium Calcium-free medium
IH FsH IH FSH
(ng) * rg)*
Intact males 796415 504+70 ' 383+12 384+17
Castrated males 683+128 312423 309+12 100+16
Castrated + E i—treated 1490+439 7784257 931+4 §26+12

males.

* The values represent the mean + SEM (n=3).
All values were corrected for basal secretion.



Fig. 9. Secret “les of IH and FSH obtained from pituitaries of
intact, castr . castrated + E,-treated miles in response to
continuous infusi. (2 h) of 1 nM GnRH (indicated by the black bar) in
KIRB medium in the presence of cyclchaximide (n=3). Cyclaoheximide was
present in the medium from the time of collection of the pituitaries and
throughout the experiment. For further details see legend for Fig. 2.
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Fig. 10. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + E, -treated rales in response to
continuous irfusion (4 h) of 1 nM GnRH (indicated by the black bar) in
calcium-free medium (n=3). For further details see legerd for Fig. 2.
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the low secretion from pituitaries of males had a rapid onset. Thus, the
responses from all three groups of pituitaries were similar within the
first hour of GnRH administration (Fig. 10). However, after
approximately 70 minutes, the pituitaries fram castrated + Eg-treated
males exhibited an increased response which was maintained umtil the
infusion of the decapeptide was terminated (Fig. 10). It is noteworthy
that the GnRH-stimulated gonadotropin secretion from pituitsries of
intact, castrated or castrated + Ej-treated males perifused with
calciwu-free medium is much lower than the ~orresponding rosuzwes
abtained in KIRB medium (Table 4).

To determine whether de novo protein synthesis is required for the
GnRE-ztimulated extracellular calcium-independent component of
gonadotropin secretion, the previous experiment was repeated in the
presence of cycloheximide. The results are shown in Fig. 10 and Table
6. The responses from the pituitaries of intact, castrated and castrated
+ E z—treated males were all affected by cycloheximide (Table 6).
However, inhibition of secretion was greatest in the pituitaries cbtained
frzm custrated + Eg-tmated males. As a result, the responses from the
pituitaries of intact, castrated or castrated + E,-treated males were
similar to each other, indicating that part of the the low, rapid
secretiori was independent of de novo protein synthesis, whereas the
estradiol-induced enhanced response was not.

Subsequent experiments were performed to determime whether PMA could
mimic the characteristics of the GnRH-stimulated extracellular
calcium-independent responses from pituitaries of male rats. The results
are shown in Fig. 12. Pituitaries obtained from intact or castrated
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Fig. 11. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + Ez-treated males in respanse to
continuous infusion (4 h) of 1 nM GnH (indicated by the black bar) in
calcium-free medium in the presence of cycloheximide (n=3). Cycloheximide
was present in the medium from the time of collection of the pituitaries
and throughout the experiment. For further details see legend for Fiq.

2.
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Fig. 12. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + E,-treated males in response to
contimious infusion (4 h) of i uM PMA (indicated by the black bar) in
calciun-free medium (n=3). For further details see lagend for Fig. 2.
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TABIE 5.

Total amounts of IH and FSH released from pituitaries of intact,
castmtedarﬂcastrated+E2-treatedmle£inr§pmsetocontimms
infusion (4 h) of 1 nM GnRH in KIRB medium in the presence or absence of

cyclcoheximide.

Experimental IH (ng)* FSH (ng)*

KIRB KIRBicycloh. p~value KIRB KIRB+Cycloh. p~value

Intact males 796+15 270478 p<0.01 504170 24218 pP<0.01
Castrated
males 683+128 359428 p<0.05 312423 179436 p<0.05
Castrated

+ Ezmales 14904439 32567 p<0.01 7781257 181437 p<0.05

* Values represent ‘the mean + SEM. All values were corrected for basal

secretion.
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TABLE 6.

TotalamumtsoflﬂarﬂFSHreleasedfrunpimitariesof intact,
castrated and castrated + E,-treated males in respanse to continucus
infusion (4 h) of 1 nM GnRH in calcium-free medium in the presence or
absence of cycloheximide.

Experimental IH (ng)* FSH (ng)*

group
Calcium=- Calcium- p-value Calcium— Calcium- p-value

free freetcycloh. free freet+cyclan.
Intact
males 383+12 72+34 p<0.01  384+17 27+14 p<0.01
Castrated
males 310+12 132418 p<0.01 100+16 38+9 p<0.01
Castrated
+ E 2 males 93114 125464 p<0.001 526412 2843 p<0.001

* Values represent the mean + SEM. All values were corrected for basal

secretion.



males did not respond to continuous infusions of 1 uM PMA, and hence did
not duplicate the GnRH-stimulated resporise. 1In contrast, pituitaries
obtained fram castrated + Es~treated male rats responded to PMA with an
increased secretion of gonadotropins that was evident approximately 40-60
min after the beginning of PMA infusions (Fig. 12). The PMA-stimilated
gonadotropin secretion cbtained from pituitaries of castrated + E,-treated
males was inhibited by cycloheximide (Fig. 13 and Table 7).

Taken together, the results suggest that the PMA-stimulated secretory
mechanisms are not associated with the low, rapid GnRH-stimilated
extracellular calciumindspendent responses. However, it would appear
that the PMA-stimulated mechanisms may account for the enhanced response
cbtained from the pituitaries of castrated + E,-~treated male rats; i.e.
the estradiol-induced enhanced response might be associated with
mechanisms that can be stimilated by PMA and are dependent on de novo

protein synthesis.
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Fig. 13. Secretory profiles of IH and FSH obtained from pituitaries of
mstrated+E2-treatedmlesinrspmsetocmtimmsinfusim (4h) of 1
uM PMA (indicated by the black bar) in calcium-free medium in the presence
or absence of cycloheximide (n=3). Cycldunnldewaspr&amtmtm
medium fram the time of collection of the pituitaries and throughout the
experiment. For more details, refer to legend for Fig. 2.
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TABIE 7.

Total amounts of IH and FSH released from pituitaries of castrated + Ep
-treatedmlesinrspometocmtimnxsinfusim (4 h) of 1 uM PMA in

calcium-free medium in the presence or absence of cycloheximide .

~ cycloheximide + cycloheximide p-value

IH secreted (ng)* 611440 264113 p<0.01

FSH secreted (ng)* 862432 396+7 p<0.01

*Valuesmpz&a'ttthemeantsm‘(n=3).
Valuesmre_rxltcorrectedforbasalsecretim, since this would have

resulted in negative values.
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In the preceding studies, the ability of PMA to stimulate the release
of gonadotropins from pituitaries of male rats in the presence or absence
of extracellular calcium was shown to be estradiol-dependent. Since
several reports had documented synergistic interactions between
calcium-mobilizing agents and protein kinase C activators (Naor and Eli,
1985; Wooge and Comn, 1987; Das et al., 1989), additional studies were
conducted to investigate a potential estradiol-dependency of the
synergistic interactions between these two systems.

The first series of experiments was performed to characterize the
secretory profiles obtained from pituitaries of male rats in response to
the calcium mobilizing agent, ionomycin. Pituitaries obtained from the
three treatment groups (intact, castrated and castrated + E;-treated
males) were simultaneously perifused with 10 uM ionomycin. The
concentration of ioncmycin was chosen according to a dose-response curve
that was reported previously from this laboratory (Das et al., 1989). The
results are shown in Fig. 14. The secretory respanses to ionamycin from
intact and castrated male pituitaries were qualitatively similar. These
responses were characterized by a rapid onset of secretion which
stabilized approximately 40 min after ionomycin administration, and
remained at that level for the duration of the experimental period. In
sharp contrast to these results, the pituitaries from castrated + E,
-treated males exhibited a mich greater initial response which started to
decrease after 2 h of ionamycin infusion (Fig. 14). The amount of hormone
secreted in the last hour of ionomycin infusion was significantly



Fig. 14. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + Ez-treated males in response to
continuous infusion (4 h) of 10 uM ionomycin (indicated by the black bar)

in KIRB medium (n=3). For further details see legend for Fig. 2.
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reduced when compared to the previous 3 hours (p < 0.05) (cf. Table 8).A
similar effect was cbserved when pituitaries of castrated + E,-treated
males were infused with GnRH in KIRB medium (cf. Fig. 8).

The ionamycin-induced gonadotropin secretory profiles obtained from
pituitaries of intact or castrated males were not affected by
cycloheximide (Fig. 15). However, the campound did inhibit the enhanced
response cbtained from the pituitaries of castrated + Ej-treated males (p
< 0.05), resulting in a secretory profile which was qualitatively (Fig.
15), and quantitatively (Fig. 16) similar to those obtained from
pituitaries of intact and castrated male rats (p > 0.05). Thus, the
secretion of IH and FSH cbtained fram pituitaries of males in response to
iornuycinappearstobej:ﬂ@erﬂmtofgmproteinsynuuis, except
when the pituitaries are exposed to estradiol (i.e. the estradiol-induced
enhanced response is dependent on de povo protein synthesis).

The final series of experiments was designed to investigate potential
interactions between the calcium-mobilizing agent and PMA-activated
mechanisms. To accomplish this, pituitaries obtained from intact,
castrated and castrated + E,-treated males were simultanecusly perifused
with PMA and ionomycin together. The results are shown in Fig. 17.
Interestingly, the responses from the pituitaries cbtained from intact,
castrated and castrated + Ej-treated males were qualitatively similar,
with the responses from the pituitaries of castrated + E,-treated males
mtslmirgﬂxedeclﬁainsecretimobsemedv&mia‘mycinwasinfused
alone. 'metotalannmtofguadotmpimmetedinrwpmsetoﬂme
similtanecus administration of jonomycin and PMA was greater than the sum
oftt:ehozmesreleasedinmtothei:ﬂividmlsecretagogms
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Fig. 15. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + E,-treated males in response to
continuous infusion (4 h) of 10 uM ionamycin (indicated by the black bar)
in KIRB medium in the presence of cycloheximide (r=3). Cycloheximide was
present in the medium from the time of collection of the pituitaries and
throughout the experiment. For further details see legend for Fig. 2.
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Fig. 16. Effect of cycloheximide on the total amounts of IH and FSH
released from pituitaries of intact, castrated and castrated + E,-treated
males in response to contimuous infusion (4 h) of 10 uM ionomycin in KIRB
medium. The amounts of the hormones were calculated as described in the
Materials and Methods section. Cycloheximide was present in the medium
from the time of collection of the pituitaries and throughout the

experiments.

] control Cycloheximide
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Fig. 17. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + Ej-treated males in response to
contimious infusion (4 h) of 10 uM ionamycin and 1 uM PMA simultaneously
(indicated by the black bar) in KIRB medium (n=3). For further details

see legend for Fig. 2.

92



93

o—o Intact Males

A4 (Castrate Males

o—a (Castrate Males + E2

—

o

o
1

(8]
o

5N
o

LH Released (ng/10min)
@)
o

N
o

TIME (hr)

o—o Intact males

%100 —- a4 Castrate Males
Q o—a Castrate Males + E2
> 80

£

o 60

QO

/7]

$ 40

o)

ot

- 20

%)

-

TIME (hr)



TABLE 8.

Total amounts of IH and FSH secreted from pituitaries of castrated + Ep
-treated males during the first, second, third and fourth hours of

contimuous infusion (4 h) of 1 nM GnRH or 10 uM ionamycin in KIRB medium.

IH (ng)* FSH (ng)*

1h 2h 3h 4h lh 2h 3h 4h

GnRH 259425 476453 454158 318142 193+18 255423 217+31 113422

Ionamycin 20444 259413 244+10 15943 14249 17317 14046 4319

* Values represent the mean + SEM. All values were corrected for basal

secretion.
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TABLE 9.

Total amounts of IH and FSH released from pituitaries of intact,
castratedarﬂwstrated+E2-treatedmalainxupmsetocmtimms
infusions (4 h) of various secretagogues in KIRB medium.

Experimental Groups

Secretagogues Intact males Castrated males Castrated + E, males

IH FSH IH FSH IH FSH
(ng) * (ng) * (ng) *
Ioncmycin 399+100 388112 357418 224110 866165 576138
PMA 0 0 0] 0 388450 119435
Ionamycin
+ PMA 580454 571+42 880+90 563189 1246189 770+115

*Valuesrepu:esa‘ttthenaan-.!-.SEH(rF”. The 0 values in the Table were
usedforthepimitariesfmixtactardastmtedmlessi:netlnse

pituitaries did not respond to PMA infusion (¢f. Figs. 3 and 6).
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(Table 9) , illustrating the occurance of synergy. In contrast, the PMA-
and ionomycin-activated mechanisme did not synergize in pituitaries
obtained from castrated + Ez-treated males (cf. Table 9). The fact that
synergistic responses were obtained from pituitaries of intact and
castrated males indicates that the synergistic interaction between PMA
and ionomycin activated mechanisms is not dependent on gonadal factors.
The experiments described above were repeated in the presence of
cycloheximide to investigate the potential requirement of protein
synthesis for the interactions between PMA and ioncmycin. The results
are shown in Fig. 18. Cycloheximide attemated the responses from the
pituitaries of the three treatment groups. The amounts of gonadotropins
released were similar to those cbtained during ionamycin infusions alane
in the presence of cycloheximide (p > 0.05). Apparently, the dependency
of PMA and ionomycin interactions on protein synthesis, reflects the
association of PMA-stimilated mechanisms with de novo protein synthesis.



Fig. 18. Secretory profiles of IH and FSH cbtained from pituitaries of
intact, castrated and castrated + E,-treated males in response to
contimuous infusion (4 h) of 10 uM jonomycin and 1 uM PMA simultanecusly
(indicated by the black bar) in KIRB medium in the presence of
cycloheximide (n=3). Cycldxe:dmidewaspresentinﬁxemdimfmﬂ'e
time of collection of the pituitaries and throughout the experiment. For

further details see legend for Fig. 2.
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The final series of experiments was designed to use pharmacological
imﬁbitorsofpmteinkim&Cardmlmdulininanatterpttostmmﬂm
inferencsmpotentialmlesofPKCardcalmdulininthemedlanisnof

gonadotropin secretion. Different chemical classes of protein kinase C
and calmodulin inhibitors were tested including staurosporin (to inhibit
PKC) and pimozide and W7 (to inhibit calmodulin).

One M GnRH was infused to pituitaries of male rats in the preserxce of
10 nM staurosporin. As shown in Fig. 19, this concentration of
staurosporin partially inhibited both the early and the late gonadotropin
responses to GnRH, indicating that the campourd, did not only inhibit PKC
but it also inhibited calmodulin, i.e. it is not specific for PKC. This
cbservation adds to the fact that staurosporin also inhibits the cyclic
AMP-dependent protein kinase (PKA) (cf. Kamiya Biomedical Co. Marmal) and
Mwasslwwntoberecssaryforbaﬂxtheearlyardlatepmsesof
gonadotropin secretion (Bourne and Baldwin, 1987b). So the use of
staurosporin to test the involvement of PXC in the GnRH-stimulated
gonadotropin secretion would be nonspecific.

Pimozide as an inhibitor of the calcium-mobilization-activated
mechanisms was tested in the tissue perifusion system. Pimozide did not
dissolve readily in the perifusion medium, and it was partially
precipitatedmmemdimmsgassedwimmem:ygmarﬂarbmdimdde
mixture. Infusions of 1 rM GnRH to pituitaries cbtained from male rats in
the presence of pimozide caused partial inhibition of the early



ard late IH secretory response to GnRH (Fig. 20). Given the fact that
calcium mobilization-activated mechanisms (including calcium-calmodulin)
are involved in the early and late responses (cf. Fig. 14), I expected
pimozide to totally inhibit the early and partially inhibit the late IH
responses to GnRH. The inability of pimozide to inhibit the ionamycin-
induced IH secretion (Fig. 21) indicated that pimozide was not a potent
specific inhibitor of calmodulin and that it may be also inhibiting PKC.
This caused significant difficulties in data interpretation.

When W7 (100 uM) was tested in the tissue perifusion system as an
inhibitor of the calcium-calmodulin system, the campound partially
inhibited the early and late IH secretion from the anterior pituitaries of
male rats in response to infusion of 1 MM GnRH (cf. Fig. 22). This was
interpreted as a nonspecific inhibition.

In view of the nonspecificity of the PKC and calmodulin inhibitors tested,
the experiments with these inhibitors were aborted.
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Fig. 19. Secretory profile of IH cbtained form pituitaries of intact males
in response to contimuous infusion (4 h) of 1 M GhRH in KIRB medium in
the presence of 10 rM staurosporin. As a control, refer to Fig. 8.
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Fig. 20. Secretory profile of IH cbtained from pituitaries of intact
malesinrespmsetocmtim:aJsinfusion (4 h) of 1 nM GnRH in KIRB medium
in presence of 10 uM pimozide. As a control, refer to Fig. 8.
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Fig. 21. Secretory profile of IH cbtainted from pituitaries of intact
males in response to contimuous infusion (4 h) of 10 uM ionomycin in KIRB
medium in presence of 10 uM pimozide. As a control, refer to Fig. 14.
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Fig. 22. Secretory profile of IH cbtained from pituitaries of intact males

inrasponsetocontimn:sinfusion (4 h) of 1 M GnRH in KIRB medium in
the presence of 100 uM W7. As a control, refer to Fig. 8.
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CHAPTER IV

DISCUSSION

The present study was undertaken to investigate the signal
transduction roles of the two branches of the calcium messenger system
during the secretion of IH and FSH from male anterior pituitaries. A
perifusion system was chosen for the fulfillment of the research
cbjectives, because it facilitates the sequential modification of medium
without tissue manipulations, and circumvents an inherent problem of
static systems in that it prevents the accumilation of proteolytic
enzymes, metabolic products and anterior pituitary hormones and their
possible feedback and/or destructive effects. Furthermore, stable basal
release rates of the gonadotropins are obtained prior to the
administration of secretagogues, furnishing an appropriate control to
evaluatethemleasecbta:inedinrespasetotlmesecretagogues i.e.
each perifusion chamber effectively serves as its own control.
Additionally, the system is simple in design, manipulable and more
importantly provides responses which are highly reproducible (cf. Appendix
4).

Atissueperifusimsystanwasusedinsteadofadispersedpimitaxy
cell perifusion system, because the pituitary tissue perifusion system
duplicates in vivo secretory profiles and phencmena, while dispersed
pituitary cells do not. Basically, the kinetics of the in vitro biphasic
zeleaseofmobtaineddmingcmtimmsmfusiasof&mmpimitary
tissue blocks of females in perifusion systems (Bourne and Baldwin, 1980;
Waring and Turgeon, 1980; Baldwin et al., 1983; Bourne and Baldwin,
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1987a&b; Das et al., 1989), closely resemble the kinetics of the secretory
responses cbtained in vivo from female rats (Blake, 1976; 1978a).  In
contrast, the biphasic responses obtained from the perifusion systems
using dispersed pituitary cells (Hopkins, 1977; Naor et al., 1982; Catt et
al., 1983; Hansen et al., 1987) bear no resemblence temporally to the
secretory profiles obtained in vivo. Furthermore, the cells did not
exhibit the self-priming effect when GnRH pulses were administered (Naor
et al., 1982; Catt et al., 1983; Chang et al., 1987; 1988), while the
phenomenon was apparent when tissue blocks were used (Edwardson and
Gilbert, 1975; Bourne and Baldwin, 1980; Waring and Turgeon, 1980; Moll
and Rosenfield, 1984). Taken together, these dbservations provide some
confidence that the pituitary tissue perifusion system used in the present
study may respond similarly to in vivo responses, while dispersed cells
may not.

The basic approach of this study was to use pharmacological agents to
mobilize calcium and/or activate protein kinase C. Ionamycin (a calcium
ionophore) intercalates in both plasma membranes and intracellular
membranes forming a conduit which permits the movement of calcium down its
concentration gradients. The end result is an increase in cytoplasmic
calcium concentratiaon.

The increased cytoplasmic calcium concentration in turn activates a
mmber of systems. These include the calcium-calmodulin system and its
dependent enzymes as well as other calcium-dependent processes such as
cyclic mcleotide metabolism, arachidonic acid metabolism and control of
microtubule assembly. Thus, calcium mobilization could conceivably
activate other processes apart from those activated by calcium calmodulin.
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Tonamycin was chosen as the calcium mobilizing agent instead of other
jonophores, because it is more specific for calcium (Liu and Herman,
1978), and is most effective in stimulation of IH secretion (Chang et al.,
1986) .

In spite of the fact that diacylglycerols are the physiological
activators of FKC, PMA was used in this study to activate the enzyme
pecause DAG were recently shown to stimilate the turnover of inositol
 phosphates in the anterior pituitary (Huckle and Comn, 1987), raising the
possibility that exogenous DAG might increase the intracellular
concentration of IP5. Since IP, is known to mobilize calcium fram
intracellular stores (Berridge and Irvine, 1984), its production by DAG
could conceivably increase cytoplasmic calcium and activate the
calcium-mobilization-activated system(s) . This in turn would pose
significant problems with data interpretation. Serendipitously, it seems
that PMA, does not suffer fram this potential disadvantage, since it does
not directly increase IP production (Huckle and Comn, 1987), or affect
phospholipid turnover in enriched gonadotrophs (Andrews and Comn, 1986) .

Unfortunately, specific inhibitors of protein kinase C or calmodulin
are not available. This fact coupled with the potential non-specific
effects of ionamycin and PMA limits data interpretation. While PMA does
in fact activate PKC in anterior pituitaries (Chang et al., 1987) amd
jonomycin does activate the calciumcalmodulin system, (Rasmussen ard
Barrett, 1984), the potential nonspecific effects of these secreatagogues
canmtbeemludedarﬂslmldbekeptinmirﬂ.
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In the initial study, the PMA-induced secretion of gonadotropins was

investigated with respect to a dependency on estradiol. Pituitaries
cbtained from diestrous II and OVX + E,-treated animals were responsive to
PMA, whereas intact males as well as gonadectamized males and females were
not responsive. Interestingly, implantation of estradiol capsules in the
castrated males resulted in their pituitaries becoming responsive to
PMA. To the author's knowledge, this is the first report which clearly
demonstrates a sex-difference in the efficacy of PMA to directly induce
gonadotropin secretion. Moreover, it appears that this sex-difference in
the efficacy of PMA to act as a direct secretagogue of gonadotropin
secretion is dependent on estradiol.

Within this framework of a dependency of PMA-induced gonadotropin
secretion on estradiol, the present results also indicate at least two
concentration-dependent effects of the steroid in females. In the first
instance, the levels of circulating estradiol appear to be an important
determinant of the time of onset of PMA-stimulated secretion of
gonadotropins. When estradiol levels were maintained at proestrus
concentrations (60-75 pg/ml) with the implants (cf. Iegan et al., 1975 ;
Baldwin et al., 1983 and Appendix 1), PMA-stimilated secretion from
pituitaries of OVX +E,-treated females was manifest within 30 minutes.
In contrast, the secretion from pituitaries of diestrous II females (with
E, levels 40 pg/mL, cf. Appendix 1) did not become apparent until after 60
mimutes. Secondly, the magnitude of the secretory responses to PMA also
appears to be dependent on the concentration of estradiol, since the



responses from pituitareis of OVX + E,-treated females were greater than
the responses cbtained from pituitares of diestrous II females. Taken
together, these observations indicate that estradiol increased the
responsiveness of the PMA-mediated secretory mechanisms in gonadotrophs in
a dose dependent manner.

The fact that estradiol induces an enhanced responsiveness to GnRH is
well established (Aiyer et al., 1974; Castro-Vazquez and McCarm, 1975;
Waring and Turgeon, 1980; Turgeon and Waring, 1981; Baldwin et al., 1983;
Frawley and Neill, 1984; Moll and Rosenfield, 1984). In spite of the
extensive documentation of these effects of estradiol, the molecular
mechanisms imvolved in the estradiol-induced enhanced responsiveness of
gaadcuophstoeum:aainmigmatic. However, a study by Baldwin et
al. (1983) had indicated that the increased responsiveness of the
Wbm@tabmthystradiolocmm&mhgﬂnsewﬂptaseof
the biphasic secretion of IH from pituitaries cbtained from diestrous II
female rats. Since PKC-stimilated gonadotropin secretion occurs in the
second phase (Das et al., 1989), this cbservation by Baldwin et al. (1983)
is consistent with the present results, and a report by Liu and Jackson
(1987) . These cbservations suggest that at least one basis for the
estradiol-induced increased responsiveness of gonadotrophs to GnRH appears
toi:wolveﬂ:esecretimofmmidlisdirectlystimlatedbym. If
the effects of PMA can be attributed to its activation of protein kinase
Cc, then one underlying basis for the estradiol-induced increased
responsiveness of gonadotrophs to GrRH is manifest in the ability of
proteinkinasectostimﬂategmadotmpinsecmtimintheabsemeof
calcium mobilization. Since protein kinase C interacts with

calcium-mobilizating mechanisms to mediate the extracellular
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In the initial study, the PMA-induced secretion of gonadotropins was
investigated with respect to a dependency on estradiol. Pituitaries
cbtained from diestrous II andovx+E2-treatedaninalswerer$pmsiveto

PMA, whereas intact males as well as gonadectamized males and females were
not responsive. Interestingly, implantation of estradiol capsules in the
castrated males resulted in their pituitaries becaming responsive to
PA. To the author's knowledge, this is the first report which clearly
demonstrates a sex-difference in the efficacy of PMA to directly induce
gonadotropin secretion. Moreover, it appears that this sex-difference in
the efficacy of PMA to act as a direct secretagogue of gonadotropin
secretion is dependent on estradiol.

Within this framework of a dependency of PMA-induced gonadotropin
secretion on estradiol, the present results also indicate at least two
concentration-dependent effects of the steroid in females. In the first
instance, the levels of circulating estradiol appear to be an important
determinant of the time of onset of PMA-stimulated secretion of
gonadotropins. When estradiol levels were maintained at proestrus
concentrations (60-75 pg/ml) with the implants (cf. Iegan et al., 1975 ;
Baldwin et al., 1983 and Appendix 1), PMA-stimilated secretion from
pituitaries of OVX +E,-treated females was manifest within 30 mimites.
In contrast, the secretion from pituitaries of diestrous II females (with
E, levels 40 pg/mL, cf. Appendix 1) did not becane apparent until after 60
minutes. Secorndly, the magnitude of the secretory responses to PMA also
appears to be dependent on the concentration of estradiol, since the



responses from pituitareis of OVX + E -treated females were greater than
the responses obtained from pituitares of diestrous II females. Taken
together, these observations indicate that estradiol increased the
responsiveness of the PMA-mediated secretory mechanisms in gonadotrophs in
a dose dependent manner.

The fact that estradiol jnduces an enhanced responsiveness to GnRH is
well established (Aiyer et al., 1974; Castro-Vazquez and McCamm, 1975;
Waring and Turgeon, 1980; Turgeon and Waring, 1981; Baldwin et al., 1983;
Frawley and Neill, 1984; Moll and Rosenfield, 1984). In spite of the
extensive documentation of these effects of estradiol, the molecular
mechanisms involved in the estradiol-induced enhanced responsiveness of
gmadotroshstoeﬁiminmigmtic. However, a study by Baldwin et
al. (1983) had indicated that the increased responsiveness of the
gmndau'qiﬁbmxghtabmtbyestradiolocamsduringmesecaﬂpnseof
the biphasic secretion of IH from pituitaries cbtained from diestrous II
female rats. Since PRC-stimulated gonadotropin secretion occurs in the
second phase (Das et al., 1989), this cbservation by Baldwin et al. (1983)
is consistent with the present results, and a report by Liu and Jackson
(1987). These cbservations suggest that at least one basis for the
estradiol-induced increased responsiveness of gonadotrophs to GnRH appears
tojxwolveﬂlesecretimofmwhidlisdimctlystimlatedbym. If
the effects ofmﬁnbeattrimtedtoitsactivatimofpu:'ateinkinase
¢, then one underlying pbasis for the estradiol-induced increased
rwpa‘sivermsofgamswemismnifestinﬂxeabﬂityof
pmteinkjmsectostimlategmadotropinsecretimintheabsemeof
calcium mobilization. since protein kinase C interacts with

calcium-mobilizating mechanisms to mediate the extracellular



calcium-dependent phase II component of gonadotropin secretion from female
pituitaries (Das et al., 1989), this component may also be involved in the
estradiol-induced increased responsiveness of gonadotrophs to GnRH.

on the surface, the inability of pituitaries fram intact or
orchidectomized males to respond to PMA with an increased secretion of IH
and FSH could be construed to suggest that protein kinase C does not
normally play a role in GnRH-stimulated gonadotropin secretion in
pituitaries of male rats. However, evidence against this possibility was
obtained from other experiments (cf. table 9) which demonstrated the
manifestation of synergistic interactions between ioncmycin and PMA from
pituitaries of intact or castrated males. These cbservations suggest
that the activation of calcium mobilization is mandatory for the
expression of an involvement of PMA-activated mechanisms as a mediator of
GnRH-stimulated gonadotropin secretion from pituitaries of intact or
castrated males.

The fact that perifused pituitaries cbtained from castrated males were
capable of responding to PMA after exposure to estradiol, indicates that
the hasic mechanisms involved in PMA-stimulated gonadotropin secretion (in
the absence of calcium mobilization) could also be induced in castrated
males.

The mechanisms by which estradiol affects the activation of protein
kinase C to directly induce the secretion of IH are unknown. However, it
seems reasonable to suggest that estradiol conceivably causes: i)
increased synthesis and/or activity of protein kinase C (cf. Drouva et
al., 1990), ii) increased synthesis and/or activity of proteins which are
involved in the secretory mechanisms and serve as substrates for protein
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kinase C, iii) increased synthesis and/or activity of cytoskeletal or
contractile protein(s) that facilitates the mobilization of FKC from the
cytosol to the plasma menbrane (Kamel and Krey, 1983; Goldstein et al.,
1975), and/or iv) increased synthesis and/or activity of proteins which
could neutralize the actions of the endogenous inhibitors of protein
kinase C (cf. Kraft and Anderson, 1983; Turgeon et al., 1984; Naor et al.,
1985Db) . Tf the latter possibility does indeed occur, it also
necessitates the postulate that calcium mobilization can neutralize the
inhibitors in pituitaries of males, permitting the synergistic
interactions between calcium-mobilization-activated mechanisms and protein
kinase C. Obviously, thehypotmsaameratedabcvearemtmtually
exclusive and the effects of estradiol may actually reflect a camposite of
all or some of these possibilities.

In contrast to the present results cbtained from perifused intact male
pituitary tissue blocks, other reports had demonstrated that dispersed
male anteriorpimitazygmadctrqilsmspaﬂtomﬁthanimased
secretion of IH (Smith and Vale, 1980; 1981). These results with cells
were confirmed in the present study (cf. Fig. 7). Based on the results
cbtained from pituitaries of castrated + Ez-treated females (cf. Fig. 6),
it seemed plausible that the ability of dispersed male cells to respond to
HdAmaybeduetotheeffectsofastradiol in the supplementary sera added
to the culture medium. Thus, the responses rbtained fram dispersed cells
cbtained from anterior pituitaries of male rats cultured in Ham's F10
s:pplenentedwithmmalnalemtsenmcwldbed:etotheestradiol
content of the male rat serum (although very low, cf. Appendix 1) or due
toﬂlepossibleestmgenicactivityofmemlmdcamaimiinﬂxewlm
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medium (cf. Drouva et al., 1990).

II. Induction of an Extracellular Calcium-Independent Component of
Gonadotropin Secretion from the Anterior Pituitaries of Male Rats.

Previous reports from this laboratory had demonstrated the
manifestation of a delayed onset (30-60 min), extracellular
calcium—independent campanent of gonadotropin secretion from pituitaries
of diestrous II female but not male pituitaries (Bourne and Baldwin, 1980;
Bourne, 1988; Bourne et al., 1988). This response was shown to be
dependent on estradiol (Bourne et al., 1988), and appeared to be
duplicated (at least in part) by PMA (Bourne et al., 1989). Since, in the
first study, the PMA-stimulated gonadotropin secretion from male
pituitaries was shown to be an estradiol-dependent phencmenon, the next
logical question to be investigated was whether estradiol could induce a
GnRH and/or PMA-stimilated, extracellular calcium-independent camponent of
gonadotropin secretion from pituitaries of castrated males.

The responses to GnRH in calcium-free medium from pituitaries of
intact, castrated and castrated + E,-treated males were temporally similar
to those in the KIRB medium but much lower in amaunts, demonstrating the
importance of extracellular calcium in maintaining the normal levels of
gonadotropin secretion from male pituitaries. It was also interesting to
note that, similar to the situation in KIRB medium, IH secretion in
calcium-free medium was higher than FSH secretion. This indicates that
the absence of calcium in the extracellular medium, does not interfere
with the mechanisms regulating the IH/FSH ratio which is critical in
maintaining normal gonadal function (Yen et al., 1970; Rebar, et al.,
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1976; Yen, 1980).

Surprisingly, however, during the course of these experiments,
pituitaries obtained from both intact and castrated males responded
rapidly to GnRH in the absence of extracellular calcium (cf. Fig. 9).
These low, instantaneous, extracellular calcium-independent responses
conflicted with previous reports (Bourne, 1988; Bourme et al., 1988) which
demonstrated the absence of an extracellular calcium-independent secretion
of IH from male pituitaries. After repeating the experiments several
times (to ensure the reproducibility of the results), a careful review of
all experimental data indicated that the experiments in which pituitaries
ofmlsdidmtrespmﬁto&ﬁiwemperformdinthefallarﬂwinter,
whereas the experiments with responsive pituitaries were undertaken in
late spring and summer. These observations, coupled with the
demonstration of rhythms for a mmber of signal transduction mechanisms
(Takahashi and Zatz, 1982), made it tempting to speculate that pituitaries
of male rats might be exhibiting a rhytim in which changes occur
approximately every 12 months, and are observed even under constant
envirormental conditions, i.e. a free-running circanmual rhythm (Takahashi
and Zatz, 1982). If this speculation is correct, the rhytim would be
associated with changes in the roles and requirements of various
conponents of signal transduction mechanisms. At least one of these
dwang&wmldbemanifestdmi:gspringarﬂsmmbythemtimofa
rapid onset, low extracellular calcium-independent secretion of IH and
FSH, asec:etc:ycmpamtthatismmllyabsent‘mrirgﬂzemirderof
the year. It is also conceivable that the different responses could be
due to changes in the hormonal supplements (especially estradiol) in the
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rat food. Obviously, future studies over a period of several years will
be required to test these hypotheses.

Apparently, the intracellular mechanisms mediating the
GnRH-stimilated extracellular calcium-independent release of gonadotropins
fram pituitaries of intact and castrated males differ from those which are
operative in the pituitaries of intact females. In the first instance,
responses from the pituitaries of males have a rapid onset (cf. Fig 9),
while the responses from pituitaries of females have a delayed onset
(Bourne and Baldwin, 1980; Bourne 1988; Bowurne et al., 1989). Secordly,
the responses from pituitaries of females which are mimicked by PMA
(Bourne et al., 1989) are campletely dependent on protein synthesis
(Bourne and Baldwin, 1980; Bourne et al., 1989), whereas the rapid onset
responses from pituitaries of males are not. These cbservations suggest
that the rapid onset responses from pituitaries of males are not mediated
by PKC as might be the the case with females (Bourne et al., 1989), but
are similar to the dispersed pituitary cells' responses which are
immediate (Catt et al., 1983), and appear to be mediated by the
mobilization of intracellular calcium (Nacr et al., 1988). If this, is
indeed the case, then the low, rapid onset extracellular
calcium-independent secretion of gonadotropins from male pituitaries might
be due to the mobilization of inmtracellular calcium.

In this regard, it is interesting to note that phosphwolipase C
activation appears to occur in the absence of extracellular calcium (Naor
et al., 1985a, Huckle and Conn, 1987; Andrews and Conn, 1986).

Consequently, the GnRH-stimulated, rapid onset, extracellular
calcium~independent component of gomadotropin secretion from pituitaries

118



of males could be due to the hydrolysis of phosphatidyl inositol
bisphosphate by phospholipase C into diacylglycerol and inositol 1,4,5
trisphosphate (IP,). The fact that IP, rapidly mobilizes calcium from
intracellular stores (Berridge, 1984), makes it conceivable that this
cmpmmtof@ﬁi—stimﬂatedgmndotmpinsecretimmigﬁtirﬂeedbedueto
the mobilization of intracellular calcium.

Additionally, the results of the present study demonstrate that
estradiol enhances GnRH-stimulated gonadotropin secretion from pituitaries
of castrated males perifused with calcium-free medium. Interestingly,
the enhanced secretion was delayed, becoming evident approximately 80
minutes after GnRH administration (cf. Fig. 10). Moreover, this
estradiol-induced enhanced response was inhibited by cyclcheximide
suggesting a requirement for de novo protein synthesis. These
cbservatioms:ggstthattheestndiol—eﬂmnedmsemaybedmm
the same mechanisms which are operative in female gonadotrophs.
Furthermore, the fact that cyclcheximide inhibited the enhanced component
of GnRH-stimulated gonadotropin secretion from pituitaries of castrated +
Ez-treated males reducing it to the low levels of the rapid onset
secretion cbtained fram pituitaries of intact and castrated males, suggest
that the GnRH-stimilated extracellular calcium~independent gonadotropin

secretion from pituitaries of castrated + Ez—treated males might actually
represent a coamposite response.  Thus, the response appears to consist of
an initial, rapid onset, partially protein synthesis-dependent camponent
that may be due to the mobilization of intracellular calcium, and a
delayed response that is completely dependent on de novo protein
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Unlike GnRH, PMA, stimulated gonadotropin secretion fram the
pituitaries of castrated + E,-treated males only. FUrttmnnoré, the
PMA-induced response was characterized by exhibiting a delayed onset
(approximately 40-50 min), and by being campletely dependent on de novo
protein synthesis. These results extend the cbservation of the first study
and indicate that estradiol also enhances gonadotropin secretion from
pituitaries of castrated males perifused with calcium-free medium by
affecting the PMA-stimilated mechanisms.

The estradiol-enhanced GnRH-stimulated secretion is similar to the
PMA-induced secretion in that both have a delayed onset and are dependent
on de novo protein synthesis. ‘This in turn suggests that cammon cellular
mechanisms might be operative. If the PMA-induced secretion is in fact
due to the activation of PKC, then it seems 1likely that the
GnRH-stimulated estradiol-enhanced camponent might be mediated by PRKC. In
short, the GnRH-stimulated gonadotropin secretion cbtained from castrated
+ E,-treated male pituitaries perifused with calcium-free medium appears
to consist of a rapid onset camponent mediated by the mobilization of
intracellular calcium, and a protein synthesis-dependent, delayed
canponent which might be mediated by PMA-activated mechanisms, presumably

The final study was designed to investigate potential interactions
between ionamycin- and PMA-stimulated mechanisms in anterior pituitaries

of male rats, and the effects of estradiol on these interactions. The
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results of this study confirm earlier reports (Comn et al., 1980; Chang et
al., 1986; Das et al., 1989) that jonamycin stimilates gonadotropin

secretion from the anterior pituitary. The ionomycin-induced IH and FSH

secretions from pituitaries of intact and castrated males were
qualitatively (Fig. 14) and quantitatively similar (cf. Table 9),
indicating that the short-term absence (72 h) of testicular factors
(steroids and/or peptides) does not affect gonadotropin secretion cbtained
in response to calcium mobilization. In contrast, an enhanced response
was obtained from pituitaries of castrated + Ez-treated males.

The mechanisms through which estradiol enhances the secretory response
to the calcium mobilizing agent are not known. However, the results from
this study suggest that it is a protein synthesis-dependent phenamencn,
since onlytheemancedccnpmentofthemsefmpimitariesof
castrated + Ez-treated males was inhibited by cyclcheximide. The protein
synthesis inhibitor did not affect the ionomycin-induced gonadotropin
secretion from pituitaries of intact or castrated males or a corresponding
component  fram pituitaries of castrated + Ej-treated males (cf. Fig.
16). As a result, the effects of estradiol on the ionamycin-induced
secretion may be due to i) increased synthesis of gonadotropins (Tang,
1980), ii) increased availability of gonadotropins for secretion, since
it was reported that calcium mobilization results in the secretion of
gonadotropins from a "readily available pool" (Hoff et al., 1977), or
iii) Increased synthesis of the effector proteins that mediate secretion
e.d. the calcium-mobilization-dependent enzymes. It should be noted that
these possibilities are not mitually exclusive, and the effects of
estradiol could be the result of some or all of the above.
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In addition to enhancing gonadotropin secretion from pituitaries of
castrated + E,~treated males, there was also a decline in gonadotropin
secretion from these pituitaries after two hours of ionomycin or GnRH
infusions (cf. Figs. 8 & 14). It is noteworthy that after approximately
two hours, ionamycin and GnRH induced a decline in the rate of secretion,
while PMA did not. This suggests that the GnRH-induced decline in the
rate of secretion probably involves mechanisms associated with
calcium-mobilization. It is also interesting that this phenamenon was not
apparent from pituitaries of castrated or intact males, and the secretion
from the pituitaries of castrated + E,-treated males decreased to the
levels obtained from pituitaries of intact and castrated males. These
cbservations suggest that in this instance the decline in secretion is
only associated with the estradiol-enhanced camponent of gonadotropin
secretion. Furthermore, the fact that the estradiol-enhanced secretion
is dependent on de novo protein synthesis, suggests that the decline in
gonadotropin secretion might be related to the newly synthesized
protein(s) induced by estradiol. As such, the decline in secretion
cbserved from pituitaries of from castrated + E,-treated males may be due
to a relatively rapid turnover rate for the protein(s) whose synthesis is
stimilated by estradiol, and/or the fact that the rate of release exceeds
the rate at which the "releasable" gonadotropins are made available for
secretion. This second possibility is based on a report that the initial
rapid onset of gonadotropin secretion caused by calcium-mobilization is
due to the release of a readily available pool of gonadotropins (Tang,
1980; Hoff et al., 1977). Obviously, both possibilities can be cambined
resulting in a situation where the availability of the "releasable"
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gonadotropins may require newly synthesized enzymes which have a
relatively rapid turnover rate.

Infusions of PMA alone to intact or castrated male anterior
pituitaries, did not stimilate gonadotropin secretion (cf. Figs. 2 & 6),
while infusions of ionomycin alone caused a rapid onset of gonadotropin
secretion. However, simultaneous infusions of both campourds  to
pituitaries of intact or castrated males, resulted in synergy between
these secretagogues. This is illustrated by the fact that the total
amamtsofhoxmmssecmtedinmspasetothesimltammsinfusiomof
RdAardiormycinwasgreaterthanthealgebricamofthemm
secretedinmponsetoeitheroftmseaetagogmsalm (cf. Table 9).
Thus, althmghmAdidmtstimlategmadotmpinseaetimfrmMactor
castrated male pituitaries, the phorbol ester activated mechanisms which
interacted with those activated by ionomycin. This may be indicative of
the fact that calcium mobilization is normally a prerequisite for the
manifestation of a role forpmteinkinasecﬁamediatorofgaadotmpin
secretion from pituitaries of male rats.

The release of gonadotropins in response to similtaneous infusions -
Marﬂiamycintopimitariesobtainedfrmimactormstratedmale
were quantitatively and qualitatively similar indicating that, at least in
the short term (3 days) astratednales,ﬂnsymrqisticjnteractiom
beuoeenthesesecretagoguesmmtaffectedbytestiwlar factors.

The cellular mechanisms underlying the synergistic interactions are
presently unknown, bt appear to be dependent on protein synthesis. The
synergy may be due to same or all of the following possibilities. First,
PMA and/or ionamycin may activate other signal transduction systems that
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play a role in gonadotropin secretion (e.d. the caMP-adenylate cyclase
system and/or the arachidonic acid-lipooxygenase pathway). In this
regard, itisinterasti:gtomteﬂaatﬂxesecretagogmsstinulatedcmm
production in a dose dependent marmer in male pituitaries (Bourne, G.A.,
unpublished data). Obviously, the recruitment of other mediators could
result in an increased response. Secmﬂly,iamycinmayresultinthe
activation of certain proteins associated with the secretory mechanisms,
while PMA may activate others. The cambination of these agents together
would then result in the simultaneocus activation of all of these proteins,
culminating with the synergistic response. For example, in platelets,
tlmtbinislawwntoircreasetlmegwspmrylatimofbomammaarﬂa
20 KDa protein (Lyons and Alberton, 1979) . The 40 KDa protein appears to
be a specific substrate for protein kinase C (Kaibuchi et al., 1982;
1983), while the 20 KDa protein is normally phosphorylated by calcium
calmodulin (activated by the ionamycin-induced increases in cytoplasmic
calcium concentration) (Kaibuchi et al., 1082; 1983). When PMA and
ionomycin areadministeredtogeﬂaer,bathpmteinsarepwspwzylated
resulting in a synergistic response. Additionally, it is also conceivable
that the activation of the calcium-mobilization system could counteract
the effects ofttxeerﬂogansi:mibitozsofpmteinldmsec&ms
facilitating the expression of the full activity of the PMA-stimulated
mechanisms. Another possibility is based on the ability of the phorbol
ester to sensitize effector mechanisms to the actions of calcium, as
described in other systems (Whitefield et al., 1973; Knight and Barker,
1083; Knight and Scrutton, 1983). In thymic lymphocytes, the phorbol
esterswexesquestedtosensitizetheeffectorsysl:an (in this case DNA
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synthesis) to the action of calcium (Whitefield et al., 1973), while in
adrenal medullary cells DAG apparently altered the responsiveness 6f the
exocytosis process for calcium (Knight and Barker, 1983). Similar
conclusions were drawn fram a study by Knight and Scrutton (2983) on
permeabilized blood platelets where thrombin and 1-oleoyl, 2-acetyl
glycerol were shown to increase the sensitivity of the secretory cells to
calcium. The increased sensitivity to calcium would then result in an
increased secretory response.

Surprisingly, synergistic interactions were not apparent from
pituitaries cbtained from castrated + Ez-treated male rats. The algebric
sum of the hormones secreted in response to either PMA or ionamycin alone
wasmtsignifiwntlydiffem&frunﬂxeammtssecmbedinr&spmseto
both secretagogues infused similtanecusly (cf. Table 9). Since the
synergistic interactions of RA and ionomycin-activated mechanisms are
protein synthesis-dependent, and estradiol enhances the responses to both
secretagoguesbypmteinsynﬂmsisdepaﬂem:medxanims, it seems highly
pmbableﬂxatﬂmabsaneofsymrgisningundomsobtainedfm
castrated+Ez-t|:'eatednales is due to the fact that estradiol had already
induced the synthesis of the protein(s) which play a role in synergism.
Obviously, future experiments will be required to clarify this issue.
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Using an anterior pituitary tissue perifusion system which duplicates
_j,ngj,!_ogmaddtrcpinsecrertorypmfilesaniplmma, I have demonstrated
that PMA-stimulated gonadotropin secretion (in the absence of calcium
mobilization) is an estradiol and protein synthesis-dependent
phenomencn.  Moreover, in females, the concentration of estradiol appears
todetexmireboﬂiﬂmemagniuﬁearﬂﬂaetimeofa'setofﬂlem-hﬂwed

estradiol.
Pituitaries of intact and castrated males perifused with calcium-free

mediun responded to GnRH with a low, rapid component of gonadotropin
secretion which might be mediated by calciun-mobilization mechanisms. In
cantrast, a cmpositesecretoryrespmsewascbtainedfmpimitaries of
castrated + estradiol-treated males. The response included the calcium
mobilization-mediated, low, rapid onset protein synthesis-independent
camponent, plus a delayed secretory component (about 70 min) which was
depexﬂem:mestradiOIalﬂproteinsyrﬂﬁis, and was hypothesized to be
mediated by protein kinase C.
'meocamra\ceofpmteinsynmesisdepaﬂartsynexgistici:wactias
betweeniamycinarﬂﬁﬂ(evmﬂnx;h%almewasanimffective
secretagogue) in pituitaries dbtained from castrated and intact males,
suggests a role for PMA-activated mechanisms (presumabely PKC) during
GnRH-stimilated secretion. However, the demonstration of a definitive
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role for the enzyme will be dependent on the availability of specific and
potent PKC inhibitors. In addition to the absence of synergistic
jnteractions between PMA and ionomycin, the enhanced gonadotropin
secretimafteracposmtoestmdiolslqvedadeclineintherateof
secretion despite the continued presence of ionomycin or GnRH, suggesting
that the decline of secretion in both cases might be mediated by similar
underlying mechanisms.
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APPENDIX 1. Postimplantation serum estradiol concentrations in female and

male rats used in this study (weight of the rats was 250-300 g).

Group Serm concentration at the time of sacrifice*.
Intact males 11.2 + 1.7 pg/nL
Intact females (DII) 38.4 + 3.5 py/mL
Castrated males 9.6 £+ 2 pg/mL
Ovariectomized rats <5 pg/mL
Castrated + E streated males 113 + 8 pg/mL
ovariectomized + E.~treated rats 65.7 = 11.4 pg/mL

2

* Values represent the mean + SEM (r=6).

N.B.

The same estradiol implants were used for males and females (cf. Materials

and Methods) .



80 parts of 0.154 M sodium chloride

4 parts of 0.154 M potassium chloride

3 parts of 0.154 M calcium chloride

1 part of 0.154 M potassium moncbasic phosphate
1 part of 0.154 M magnesium sulfate

21 parts of 1.3 g % sodium bicarbonate

4 parts of 0.16
7 parts of 0.05
4 parts of 0.16
5 parts of 0.30

M sodium pyruvate
M sodium fumarate
M sodium glutamate

M glucose B(D+)

2.68 parts of MEM amino acid stock (as supplied by Flow

Laboratories, Mclean, VA, cf. Materials and Methods).

1.34 parts of MEM vitamins stock (as supplied by Flow

Laboratories, Mclewi, VA, cf. Materials and Methods).
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APPENDIX 3.

for IH and FSH.

(i) IH.

Percent of total bound = 0.32

Mean counts

concs.
Totals
NSB
Bo

Logits

Concs
0.0625
0.125
0.250
0.500
1.000
2.000

A8 &3

9289
154
2988

Counts
2770
442
1997
1355
885
536

9355

107
2995

2614
2339
1921
1410

932

Counts Counts Counts
9227 9014
158 112
3082 3137
Mean
Coamts Counts counts
2715 2700
2399 2393
2009 1976
1415 1393
868 895
593 568

576

Urweighted regression analysis for the standard curve

Correlation coefficient

Y intercept
Slope

Weighted regression analysis

Y intercept
Slope

Percent bound

10%
50%
90%

0.9996
% - 1.0133
- 2.4668

for the standard curve

= % - 1.0186
= = 2.4861

Concentratian of IH

2.98
0.39
0.05

8992
123
3140

0.874
0.770
0.628
0.430
0.260
0.149

Data and log-logit plots for representative radioimmnoassays

9175
131
3068

g
1.21
0.52
-0.28
-1.05
-1.47



LH RA

3 -
15
LOGT
0t
-15 |
-3 . .
0.03 0.3 3.0

LOG (ng added)
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(ii) FsH

Percent of total bound = 0.33
Mean counts
concs. Counts Counts Counts Counts Counts
Totals 10140 10036 10090 10065 10110
NSB 85 66 81 80 76
Bo 3480 3318 3356 3348 3260
Logits

Mean Percent
Corcs. Courtts Counts Counts Counts bound
0.3125 3089 3124 3319 3137 0.934
5250 g 2839 2896 2972 2902 0.863
~..2500 ng 2512 2527 2534 2524 0.747
2.500 ng 1986 2056 1927 1990 0.584
5.000 ng 1358 1347 1303 1336 0.384
10.00 ng 857 810 812 826 0.229

Umeighted regression analysis for the standard curve

Correlation coefficient = 0.9998

Y intercept = 1.3381

Slope = =2.5635

Weighted regression analysis

Y intercept = 1.3363

Slope = -2,5599

Percent Bound Concentration of FSH
10% = 24.01

50% = 3.33

90% = 0.46

10088
78
3352

Iogit
2.65
1.84
1.08
0.34
-0.47
-1 . 22



FSH RIA

15 r

LOGT

-+1 1 10

LOG (ng added)
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AFPENDIX 4. Reproducibility of the responses cbtained from pituitaries of
diestrous II females in response to continuous infusions (4 h) of 10 uM
ionomycin in KIRB medium. Dates of conduction of the experiments are from
top to bottam:
Jdan. 8, 1990.
May 25, 1989.
Apr. 20, 1989.

Feb. 12, 1988.

N.B. Results courtesy of Dr. S. Das.
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