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Abstract:

An in vitro incubation system was used to assess the effects of ergocornine (ECO) on the stimulation of
progesterone synthesis in "bovine corpus luteum tissue. Luteal tissue slices were incubated in
Krebs-Ringer bicarbonate buffer under various experimental conditions: 1) incu- bated controls; 2)
incubations containing ECO; 3) incubations stimulated by LH, PGE2, or cAMP; 4) stimulated
incubations containing ECO. Luteinizing hormone (200 ng/ml) increased (p<0.001) the total
progesterone content of the incubated luteal tissue to 246 +£7 (ug progesterone/g luteal tissue) compared
to the incubated control level of 169 = 7 ug/g. ECO alone decreased (p<0.01) progesterone synthesis
from an incubated control level of 169 £ 7 to 139 - 7, ug/g. "When ECO (10-4M) was included with
LH in the incubation media, progesterone synthesis was reduced (p<0.01) from an LH-stimulated level
of 246 + 7 to 188 = 7 ug/g. The inhibitory effect of ECO on IH stimulation of progesterone synthesis
was verified by decreased acetate-1-14C incorporation into de novo progesterone. In a range of 10-7 to
5 x 10-4M ECO, the inhibitory effect of ECO on LH-stimulated progesterone synthesis was found to be
concentration dependent with 10-4M ECO having maximal effect. When PGE2 (10 ug/ml) was added
to incubated tissue, progesterone synthesis was significantly (p<<0.01) stimulated to a level of 204 =9
ug/g compared to incubated controls which had a progesterone level of 148 + 11 ug/g. With the
addition of ECO (10-4M) to the PGE2 stimulated system the progesterone level was significantly
repressed to 148 + 11 ug/g. Cyclic - AMP also stimulated an increase in progesterone synthesis (215 +
11 vs. 142 + 12 ug/g for the control). However, the addition of ECO to this cAMP stimulated system
does not lower progesterone (196 + 11 ug/g) to a significantly (p<0.01) different level. In light of the
fact that IH and PGE2 are known to stimulate adenylate cyclase in the production of cAMP it was
apparent the ECO may be affecting the activity of this enzyme or cAMP-phosphodiesterase. In luteal
tissue homogenates 10-4M ECO inhibited cAMP-phosphodiesterase activity slightly by 14%.
However, ECO was found to have a larger inhibiting effect on overall adenylate cyclase activity.

In a tissue slice assay the accumulation of 14C - cAMP in 30 min. was stimulated to a 5143 + 861
cpm/100g tissue level compared to a control level of 1030 = 89. When 10-4 M ECO was included with
LH the 14C - cAMP accumulation dropped to a 2335 - 466 cpm/1I00g level. In luteal tissue
homogenates LH (20 ug/ml) stimulates the production of cAMP at a rate of 539 + 4] pmoles/15 min./40
mg of homogenized tissue (e.u.) compared to a control rate of 246 + 30 e.u. The addition of ECO to the
LH stimulated system results in a significantly (p<0.01) decreased rate of cAMP production (276 + 8
e.u.). Ergocornine also inhibited PGEg stimulation of adenylate cyclase from 399 + 25 e.u. to 327 + 21
e.u. This evidence suggests that the inhibition of LH and PGEg stimulation of progesterone synthesis
by ECO is due to an inhibition of LH and PGE2 stimulation of adenylate cyclase activity by the
alkaloid.
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ABSTRACT

An in vitro incubation system wes used to assess the effects of
ergocornine ZECO) on the stimulation of progesterone synthesis in bovine
corpus luteum tissue. ILuteal tissue slices were incubated in Krebs-
Ringer bicarbonate buffer under various experimental conditioms: 1) incu-
bated controls; 2) incubations containing ECO; 3) incubations stimulated
by 1H, PGEp, or cAMP; 4) stimulated incubations containing ECO. ILutein-
izing hormone {200 ng/ml) increased (p<0.0l) the total progesterone con-
tent of the incubated luteal tissue to 246 * 7 (ug progesterone/g luteal
tissue) compared to the incubated control level of 169 * T ug/g. ECO
alone decreased (p<0.0l) progesterone synthesis from an incubated control
level of 169 * 7 to 139 * 7,ug/g. When ECO (10-4M) was included with IH
in the incubation media, progesterone synthesis was reduced (p<0.01l) from
an IH-stimulated level of 246 * 7 to 188 * 7 ug/g. The inhibitory effect
“of ECO on IH stimulation of progesterone synthesis was verified by
decreased acetate~1-17C i corporation into de novo progesterone. In a
range of Zl.O"7 to 5 x 107°M ECO, the inhibitory effect of ECO on LH~
stimulated prggesterone syathesis was found to be concentration depen-
dent with 10™*M ECO having maximal effect. When PGE, (10 ug/ml) was
added to incubated tissue, progesterone synthesis was significantly
(p<0.01) stimulated to a level of 204 * 9 ug/g compared to incubated
controls which hﬁd a progesterone level of 148 * 11 ug/g. With the addi-
tion of ECO (10™°M) to the PGEo stimulated system the progesterone level
was significantly repressed to 148 * 11 ug/g. Cyclic - AMP also stimu-
lated an increase in progesterone synthesis (215 + 11 vs. 12 + 12 ug/g
for the conitrol). However, the addition of ECO to this cAMP stimulated
system does not lower progesterone (196 * 11 ug/g) to a significantly
(p<0.01) different level. In light of the fact that IH and PGE, are
known to stimulate adenylate cyclase in the production of cAMP it was
apparent the ECO may be affecting the activity of this enzyme or cAMP-
phosphodiesterase. In luteal tissue homogenates 107 M ECO inhibited cAMP-
phosphodiesterase activity slightly by 14%. However, ECO was found to
have s larger inhibiting effect on overall agﬁnylate~cyclase activity.

In a tissue slice assay the accumulation of ~7C - cAMP in 30 min. was
stimulated to a 5143 + 861 cpm/100g +tissue level compared to_g control
level of 1030 * 89, When 107"M ECO was included with LH the Yo o camp
accumulation dropped to a 2335 * 466 cpm/100g level. In luteal tissue
homogenates LH (20 ug/ml) stimulates the production of cAMP at s rate of
539 * 41 pmoles/15 min./40 mg of homogenized tissue (e.u.) compared to a

control rate of 246 + 30 e.u. The addition of ECO to the LH stimulated
system results in-a significantly (p<0.01) decreased rate of cAMP pro-
duction (276 * 8 e.u.). Ergocornine also inhibited PGE, stimulation of
adenylate cyclase from 399 + 25 e.u. to 327 # 21 e.u. This evidence
suggests that the inhibition of IH and PGEs stimulation of progesterone
synthesis by ECO is due to an inhibition of IH and PGE, stimulation of
adenylate cyclase activity by the alkaloid.

—~




INTRODUCTION -

Ergpf alkaloids have been reported to.have a variety of physiologi-
cal gffects on mammalian species among them the disruption of the female
reproductive system. <Cattle consuming toxic levels of ergot have been
Observed tc have poor breeding efficiency, as evidenced by poor concep-
tion rate or abortioa. The mechanism of,this_ergdf alkaloid action in
cattle has not been well characterized. However, extensive experimental
.inVGstigations have been conducted wiéh rats_po determine the mode of
actlon of ergot alkaloids. Single injections of one of thé ergotvalka—
loids, ergocornine, given to female rats" at critical times during.tﬁeir
reproductive cycle result in certain reproductive dysfunctions. The
primary site of this ergot alkaloid effect is thought to be at the
pituitary gland where the alkaloids have an inhibitory action on the
release of hormones necessary to stimulate progesterone biosynthesis in
the corpus luteum. Although the corpus lﬁteum has remained a suspected
site of a secondary ergot alkaloid action, the direct effect of ergot
aikaloid on progesterone synthesis_in luteal tissue has.not been pre-
viouslj tested. It will be the purpose of this thesis to ihvestigate a.

possible direct effect of an ergot alkaloid on corpus luteum tissue.

Ergot Alkaloids

‘The term "ergot" is a common name for species of fungi of the genus

Claviceps which parasitize the grain heads of various cultivated grains
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and wild‘grassés. Ergot occurs to some extentlevery year §n‘cerea1
grasses such as wheat, barley, and rye snd in pasture grasses. After
infecting the open floret the fungus filaments ramify throughout thé
grass ovarial tissue eventually compacting into a dark pufple,‘hard
structure céiled'the sclerotium.which forms in pléce of the érain kernel.
These sclerotia are composed of lipids, carbohydfates, inorganic coﬁsti-
tugnté and alkaloids. Among the alkéloids are a group of amiﬁe, amino
. acid, and cyciopeptide derivatives of lysergic acid (Fig. 1) that have
pfonounced physiological‘efféqts‘on animals ingesting them.- |

Individual animals display a wide v;riation of reactions to the
ingestion of ergbt aikaloids in. their feed grains and grasses. Some of
the general_symptoms of ergot poisoning of cattle, swiﬁe, sheep and
poultry are: 1) géngrene.of the extremities; 2) severe convulsions;
3) ulceration of the gastréintestinal tract; h)‘foor breeding efficiency;
and 5) decreased lactation (for a review'see:Kingsbury, 196k ). Iqéestion
of compargtiﬁely larger amounts of ergot results in the. convulsive type
ergotism,  in which contraction of‘arteriole mascuiature éﬁdﬂsmooth
muscle of the gastrointestinal tract are important in prodqcing the
characteristic symptoﬁs}and lesions. Continuous ingestion of small
amounts of rergot daily resﬁlts in the gangrenous type ergotism. The
stimulatory effect of ergot alkaloids on smooth muscle causes vasocon-
sfricﬁion resulting in a great restriction of blood sppplied to.the

extremities. Ingestioh of ergotized feed also seems to disrupt the
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Figure 1, The Ergot Alkaloids
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cyclic reproduct;ve hormone levels in female animals resulting in poor
conception rates (Dinnusson et al., 1971) and decreased lactation (Peace
and‘Shaw,' 1967). Although the modé of action of 'thesé alkaloids has not
been fuily characterized, great insights have been made in determining

" some of thé mechanisms by Vhich ergot alkaloids causé their effects.

One area of active research has been the actlon of ergot alkaloids in

the disruption of rat reproductive functions.

The Effect of Ergocornine on the Rat Reproductive System

An extensive investigation has been done on the mechanism of action
of ergot alkaloids:on the female rep%oductive system'of the rat. A
single injecfion of érgocornine methanesulfonate iﬁ the first six days
after fertilizdtion\will prevent implantation of the blastocyst
(Varavudhi et al., 1966) or cause reabsorption of an implanted fetus
(Kisch and Shelesnyak, 1968). !An injection of exogenous progestercne
or prolactin into an ergocorniée treated rat, will neutralize the effects
of the alkaloid (Shelesnyak, 1958). Since it is progesterone.that main-
tains the uterine wall for implantation and pregnancy,; it would seem
that & decreased level of progesterone is the end result of an'ergo—
éornine injection. In the ovary, the corpus luteum is the tissus respon-
sibie for the production of progesterone. In the rat, prolactin
(Lamprecht ‘et al., 1969) and luteinizing hormone (IH) (Loewit et al.,

'1969) are required to maintain the corpus Juteum and stimulate




progesterone syn£hesié.

It has been found that ergocornine prevents any cyclic increases
in serum prolactin levels and also significantly reduces the sérum pro-
laectin level. Pitgitary prolactin and 1H levels were found to be’
reduced after ergocornine.treatmeﬁt (Wuttké et al., 1971). Experimental
results indicate that the ergocofnine action is mediated through the
hypothalamus by increasing prolactin inhibitory hormone and decreasing -
luteinizing releasing Tactor, and that ergocornine can'directly ach on
pituitary cells to prevent prolactinirelease'(Malven and Hoge, 1971; -
Ia et al., 1971). Therefore, the primery mechanism for the ergot vlka-
loids actioh on the hypothalamus-and;anterior pituitary resulting in‘low
serum levels of prolactin and IH which are necessary for the meintenance
of the corpus luteum and stimulation of progesterone synthesis from the
corpus luteum to maintsin the uterine wall. /

Futher research with rgts{offeréd 2 possible explanation for the
decreased progesteréne activit% due to ergocornine induced low prolactin
levels. Progesterone is convérted to a relatively inactive fofm;
20u~dihydroprogesterone, by the enzyme 20a-hydroxysteroid dehydrogsusse
in ovarian tissue (Wiest and Forbes, 1964). The activity of this epzyme
fiuctuates.with the cyclic release of " and.prolactin from tﬁe pituitary
gland (Lindner and Zmigrod, 1967). From additional experimental evi-

dence, it appears that a dual control system exists where IH stimuiates

steroidogenesis toward progesterdne synthesis by decreasing
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200~ hydroxysteroid dehydrogenase activity (Wiest et al., 1968). Since
ergqcornine administration resulté in decreased prolactin levels, pseudo-
pregnant rats show increased 20c-hydroxysteroid dehydrogenase activity
(Lamprecht et al., 1969) and increased ovarian content of
20a-dihydroprog§sterone relative to progesterone (Lindner and Shelesnyak,
1967) when injected with the alkaloid. .

Throughout the investigation of decreased progesterone levels in
rats due to ergocoinine, a direct effect of the alkaloid on steroido-
genesis in the corpus luteum remained a suspected site of action. The
interéretation of the éxperimental results of Kréicer and ‘Strauss (1970),
who found that efgbéornine adﬁinistefed at é critical time will block
ovuletion in the rat? is indicative of such an effect of the alkalqid on
corpus luteum function. The timing of this ergocornine injection is not
as critical as that of other ovulation blocking drugs -- atropine,
dibenamine, barbiturates, and thorpromazine which are know to inhibit
neurosecretion of the ovulatioA inducing hormone reléasing factors
(Kraicer and Strauss, 1970). Since ergocornine does not exhibit the
same temporal specificity, it does not operate in the same way as do

these other drugs. Because it acts earlier than the other drugs, ergo-

cornine mey block some process which tekes place well befors the cvula-

tory peak of IH. The alkaloid action could be due to inhibition of the
facilitatory action of progesterone in ovulation-induction. The alkaloid-

mey directly inhibit a cyclic corpora lutea secretion of small amounts of
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progesterone which hsave been indicated to influence the timing of the

pregvulatory pulse of gonadotropin secretion (Acker and Alloitesu, 1968).
A direct effect of ergocornine or the corpus luteum would be diffi-
cult to detect in the in vivo éxperimental-designs used in the pre-
jiously mentioned investigations because of the prior effect of ergo-
cornine on the pituitary gland. By controling gonadotropic hormone
levels, the pituitary controls corpus luteum function thus over-
shadowihg the observation of any direct effect of ergocornine on the
corpus luteum. The action of ergdcornine in blocking increased pro-
gestérone levels may not be entirely at the pituitary level. - The repro-
ductive disfunctions caused by ergdqornine may be due, at leést in part,
to the interference of normal steriodogenisis resultiﬁg iﬁ the loss of
an optiﬁal steroid énvironment essential for normal reproductive function.
.Tb test the direct effect of ergocornine on the corpus luteum, the
tissue needs to be placed in an isolated enfironment free of .outside
influences. The assessment of progesterone synthesié from an igiﬁiﬁzg
corpus luteum £issue slice incubation would provide the -desired situa-
tion. Corpora lutea from cows would ﬁroviae the quantity of specialized

tissue needed for in vitro tissue slice incubations. Before suggesting

| possible experiments to test for a direct effect of ergocornine on the

corpus luteum, the tissue and its function needs to be described.




Corpus Iuteun Tissue Development

' The bovine ovary is a heterogeneous tissue composgd of several
endocrinologically active structural subunits which undergo functional
changes during the cow's 2l dsy estrovs cycle. These structurél sub=~
units-includé the follicles, corpora lutea, and the‘specialized cells
of the nongerminal elements. The normal endocrine function of the ovary
is dependent on the cyclg of follicular development, ovulation, corpus
Iuteum formation, and corpus lutewm regressiocn which are éll gpparently
under the control of gonadotropic substences derived preaéminantly from
the anterior pituitary, placenta, and uterus (review#: ‘Savard et al.,
1965; Iobel and levy, 1968). The names of the pituitary gonadotropins
are discriptive of the changes they bring sbout in the ovaries of exper-
imental animals -~ follicle-stimula;.’cing hormone (FSH), lubteinizing
hormone (1H), and luteotropic horﬁone (LTH).

At any given time, the ovary has a population of follicles in
various stages and hormonal aétivity. The follicles consist of the
ovum aroﬁnd which the two cell types, ganulosa and theca, are arranged
in a concentric fashion. During its development, the theca layer
becomes vascularized aand the fqilicle becomes cystic and fills with
fluid. A mature follicle ovulates upon a gonadotropin signal, and
the remaining follicular tissue transforms to a corpus luteum through
proliferation and vascularization of the granulosal and thecal éellé.

These two parenchymal cellular types of the pre-ovulatory follicle
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are intermingled and the morphological distinction between them becomes
b#urred. waevéf, the bulk of the luteal cells appear to be derived
from the granulosa. Thecal cells can be identified along the edges. of
the trabeculea which contain the large blood vessels. This strﬁctural
change is accompanied by a striking'hormonal change from a follicle
that predominatel& produces estrogens in microgram quantities to a
corpus luteum that produqes milligram guantities of progesteronee

By the nineth day post-ovulation, & full spectrum of as many as
six different morphoiogical cell types (Foley and Greenstein, 1958),
are present in the corpus luteum. These luteal cells may exhibit a
variety of different characteristic in histological preparations, but
the histochemical preparations demonstrate the luteal cells to possess
.the same enzymatic ?rofile. Therefore, the clagsification of luteal
cellé according to size and shape may bg convenient for descriptive
purposes, but appears to have little foundation with respect to cell- _
ular functional‘ability.

The first sign of cyclic corgpora lutea degeneration is infiltration
.of lymphocytes which beéin about ‘day 14 and increase steadily to the end
of the cycle. Until day 17, the enzymatic activities in the luteél cells
gppear strong, but there is an increase in lipid droplets. By day 18, |
the wallé of the small blood vessels have thickened and a constriction
of the vascglar network has oécured. Following the collapse of"thé

vascular systenm ﬁithin-the corpus Jubeum tissue, the tissue'éhowsra
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decline in enzyme activity and an increase in free lipids. After the
nfxt ovulation, the luteél cells shrink rgpidly until only large blood
vessels are left sufrounded by macrophages heavily laden with lipofuchsin.

As has Eeen described, corpus Iuteum has & changing, limited
functional life span, therefore fhe stage of development must be
defined for metabolic studies. Measurements of the progesterone coﬁ-
centration of the peripheral venous blood of cows duriﬁg the estrous
cycle reveal a slow increase of progesterone to about day 9 post-
ovulation where it peaks ét some level beforé dramatically declining
at about day 18 or 19 (Gomes et al., 1963). In addition to different
corpus luteum tissue levels of progesterone (Gomes et al., 1963), there
also gppears to be marked differences in the ggixizgé_stimqlatory
response of luteal tissue téken at different stages of the estrous
cycle (Armstrong et al., 196la; Armstrong and Black, 1966). The
response'to.LH is least in tissue takeﬁ 2 to 7 days post-estroﬁs when
compared to tissue obtained 8 to 18 days post-estrous. The ability of
the tissue to synthesize progesterone ig_iiﬁgg,is maximal 4-13 days
post-estrous and then gradually declines to day 19 where no detectable
synthesis occurs (Armstrong et al., 196ha){ Conversioq'of tritiated
‘choiesterol to radioactivé progesterone is greater at dey 11-13. Histo-
logical studies show that from follicle rupture wntil day ', the luteal
cells are rapidly proliferating and increasipg ;nlfize. These celis are

capable of progestin synthesis during this time, but its not until after
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active mitotic division that the fully formed luteal cells are capable
of maximal progestin synthesis capacity and exogenous gonadotropin
stimulation (Iobel and lLevy, 1968). '. |

When comparing the two parameters of 1H stimulatory ability and
progesterone synthesis ability, the influence Q:f' endogenous gériadotropin
on the experimenta.l'tissue appears to be an important factor. Progest-
erone formation may be maximal from endogenous gonadotropiﬁ during the
.early development of the corpus luteum and not capable of further stim-~

ulation by addition of exogenous IH.

Steroid Producits of the Corpus Iuteum -

The steroi.d products of the individual tissue compartments‘ of an

. évary hé.ve been quantitatively measured through in vitro methods. The
incorporation of radioactive sfteroidogénic precursors has provided a
quantitive method to characterize the spectrum of steroids formed in

. the tissue and also indicated the relative proportion of each.  The
influence of gonadotropins ,on the quantitative formation of the steroid
products has also been demonstrated. The in vitro system employed to
study bovine corpora lutea Mction involves the incubation ‘of tissue
slices in. Ki-ebs-Binger bicarbonate buffer at pH T.4 for 2-3 hours as:
developed by Suarez, Sota and Demare (1960), and Armstrong (1964). To

this system radioactive precursors and gonadotropic stimu]ators‘arek

. ' . . “ o, . P e . P
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added and the resulting'steroid products are extracted from the tissue,
separated by chroﬁatography,'and analyzed. '
Accordin% to Savard et al. (1965), the corpora lutea of various -

memmslisn species may be divided into two groups: those which produce
aniy progestins and tﬁose producing both progestins and‘éétrogeﬁs.
" Although the bovine cor@us luteum Gevelopes from a préovulatory follicle -
which produces estrogens before its rupture (Lobel and Levy, 1968), it
"falls into the group that synthesizes only progestins. When th-l—
aéetate is included in bovine CL tissue incubations, only fwo radio-
active stercids.are recov‘ell'ed (Savard end Burdulis, 1961) both of which
are progestins. These have been characterized as progesterone and
205—h&droxy~Ah1pregnap-3-one (20g-dihydroprogesterone) (Fig. 2). The
' estrogen fractions are devoid of radioactivity. When lhc-ﬁ-testdsteroné
was used ag substrate, again no radicactivity was recovered with estro-
gen carriers (Savard and Burdulis, 1961). Incubations with ey,
progesterons result in only one radioactive product, 208-dihydroprogest-
erone-(Hayano st al., 1954, and Savafd and Burdulis, 1961). There was
no radioactivity in the chromatograms in the regions occupied by

L

17-hydroxyprogesterone and A -androstenediene.
Therefore, it appears that the bovine corpus luteum does not con-

tain the enzymes, lT-hydroxylase and the aromatizing enzyme complex,
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Figure 2., The steroidogenic pathway

0
I
CH3—C=—SC0A =Yoo
Cholesterol
HO
i
=0
Estrogens
Pregnenolone
HO
19 ~hydroxy
testosterone
A o
C==0

Testosterone X
4 Progesterone

s 3

C_ Hc .....OH

17 -hydroxy 20 -hydroxy
0 progesterone 0 progesterons




1
to continue steroidogenesis from progesterone to androgen and estrogeus

as does the other ovarian tissues.

Effect of Gonadotropins on Corpus Luteum Tissue in vitro |
| The tissué slice incubation system has been utiliéed to test for

stimulatory activity ofisuﬁstances on progesteroﬁe synthgsis. The
gonadotrépin or other substance of suspected gonadotropic activity is
'added to tissue incubations end the tissue level of progesterone after
incubation is compared to control incubation tissue le&elsb

Gonadotropins were first reported to cause a significént increase
-in progesterone synthesis in tissue slices by Mason et al. (1961). In
a detailéd stﬁdy, Mason et al. (1962) went on to demonstrate that human
chorionic gonadotropin (HCG), horse and bovine pituitafy génadotropin
extract, and a highly.purified sheep pituitary luteinizing hormone
significantly enhanced progesterone synthesis. The stimulatory effect
of these gonadotropins appears to be specific father than due to any
non-specific érotein. Tissue that was responsive to IH was shown to be
inactive to bovine serum albumin and adrenocorticotropic hormone (ACTH).
Steroidogenesis in the adrenal gland is stimulated by ACTH.

Mason et al. (1962) continued to deﬁonstfaﬁe the specificity of
the gonadbtropin protein by testing the activity of denatured IH. Sheep
IH was exposed to hydfogen peroxide at room temperature and when added

to the in vitro tissue incubation failed to stimulate progesierone
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synthesis over control values. Although prolactin is an acce;ptéd tropic
hormone for the corpus lubeum of the rat (Astwood, 1964), it has no
activity in vitro on progesterone synthesis in the bovine corpus luteﬁm.
.Follicle-stimulating hormone (FSH) and growth hormone (GH), ini‘bially
démonstrated‘ progesterone synthesis stimulation, however, subseéuent
investigation by Mason g;'g al. (1964a) concluded, as suspected, that
these hormone preparations were coﬁtaininated by trace amounts of IH.
‘Armstrong and co-workers (1964a) confirmed that highly purified bovine
IH is active in stimulating progesterone .synthesis in vitro in luteal
tissue. |

The incubating bovine slice preparation is extremely sensitive to
small gquantities of 1H. The minimum effective dose of IH is between
0.01 and 0.02 ug per gram of tissue or 0.002 and 0.004 ug ﬁer milliliter
of incubation medla as reported by Mason end Savard (196%a). These low
dose levels of 1H causing stimulation in the in 1_r_i_j:;r_c_>_ system are con-

sidered to be.in the physiological range.

Cyclic AMP Stimulation of Iuteal Tissue

Guided by the work of Héynes et al. (1960); implicating cAMP as a
mediating agen;t of ACTH stimulation of steroidogenesis in the adrenal
cortex, Marsh and Savard (1964) investigafed the possibility that this
cyclic_nucleotide might also act as a mediator of the stimuiatory action

of LH on ‘steroidogenesis in incubating slices of bovine corpora lutea.




16

In this early étudy cAMP at a concentration of 0.002 M caused a sliéht
increase in progesterone synthesis which was much smaller than the
increase brought about by LH. A concentration stﬁdy usiﬁg_graduated
doses from ©.002 M to 0.04 M cAMP demonstrated that maximal stimulation
of progesterone syanthesis, aé measured spectrophotometricaliy aﬁd by
th—acetate incorporatién; occured at 0.02 M cAMP (Marsh and Savard,
1966). The level of progeéterone produced by maximal cAMP stimulation
is comparable to that caused by saturating amounts of LH. Hall and
Koritz (1965b) also foupd that high concentrations of cAMP are réquired
to increase the conversion of 3H;7—cholesterol into progesterone in .
incubating luteal slices. Marsh and Savard (1966) demonstrated the
specificity of the cAMP response by showing that the strﬁcturally
related nuclsotides, 3'-AMP, 5'-AMP or ATP at 0.02 M, do nét effect
progestercne synthesis in the in vitro systenm. |

The concentration of exogenous cAMP needed for maximal stimulation
of progesﬁeroﬁe s&nthesis in tissue slices far exceeds endogenousllevels
of cAMP (8.5 nanomoles per gram) found in the corpus luteum (Marsh et al.,
1966). High concentrations of exogenous cAMP have also been needed to
stimulate liver and adrenal cells (Sutherland and Rell, 1960). Since
homogenates of these later tissues réquire much smailer concentrations
of cAMP to effect stiﬁulation, it was concludedsthét the high copcentra-
tions of exogenous c¢AMP was needed due to the inability of* the nucleo-

! {

tide to easily penetrate the cell membrane. ,In.homogenates of corpora'
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lutea, Marsh end Savard (1966) were unable to demonstrate a stimulation
of progesterone synthesis with either high or low concentrations of

CAMP.

The Effect of Prostaglaendins on Progesterone Synthesis

In & number of species it was found that the prostaglendin, PGF,,,
when administered subcutaneously, resulted in a decrease of progestin
~blood levels albng with a decrease in fertility (Pharrisé.gg al., 1968,
1969; Blatéhley and Donoven, 1969). Paradoxically, when prostaglandin
was added to an ;g'ziggg'luteal tissue incubaﬁion, a stimulation of
progesterone synthesis over coantrol ircubations was observed (Bedwani
and Horton, 1968; Pharriss et al., 1968). Speroff end Remwell (1970)
characterized the effects of prostaglandins on progestéroné synthesis
in bévine corpora Jutea slices. All of tﬁe prostaglandins they examined
(deéending ofder of potency: FPGE,> PGE;> PGF,,> PGA,) increased pro-
gesterone synthesis cdmpared to control incubations as determined by
spectrophotometric assay of total tissué progesterone aﬁd.by incorpor-
ation of lhc—acetate into progestercne synthesized de novo. The peak
of PGE, stimulation oc;ured at a dose of approximately 1.0 ug/ml,

The in vitro stimulaetory activity of PGF2G is contradictory with
the anti-fertility and luteolytic in vivo effects of this prostaglandin
vhen large doses are given to rats (Pharriss and Wyngexdon, 1969),

guinea pigs (Blatchley and Donoven, 1969), rabbits (Pharriss, 1970),
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sheep (McCrackén et al., 1970), hamsters (Gutknecht et 2l., 1971), and
cows (Iouis gg'gi., 1973, 197T4). ‘The evidence supporting the concept
that PGFo is the uterine luteolytic agent responsible for the omset of
corpus luteum regression is very convincing. In sheep, PGEéa is
released in relatively high concentrations from the utérus at the timé
of lutéal regression and thought to be tranéferred from the'utero-
ovarian vein to the ovarian artery by a counter-current mechanism
(McCracken et al., 1972). When an' intrauterine device (IﬁD) is placed
in tﬁe uterus of sheep, the corpus luteum does not develép normally
(Hawk, 1968) shd the endometrial PGFpq level increased (Wilson et al., "
1972). In a repor£ by Spilman and Duby (1972) using the IUD model sysiem,
the following observations were made; 1) PGFéa was_incfeased in the
endometrium at the site of the IUD end the uterine vein plasma, but
2) when an inhibitor of prostaglandin synthesis (indomethacin) was
addéd, the Increases in PGFZG-%ere abolished, 3) cofpus luteun develup-
ment was inhibited by am IUD, but 4) the inhibition of corpora lutea by
the IUD was blocked by indomethacin. This evidence indicates, insofzx
as indomethacin is truly a specific inhibitor of prostaglandin Synthesis,
that the uterine luteolytic factor induced by an IUD is a prqstaglandinp

Although PGF, , has been shown to be luteolytic in vivo, vérious
investigators have reported increased synthesis of progestins in rat,

mouse, rabbit, cow, rhesus monkey, and human ovarian tissues incubated

with PGFEG.(Iauderdale, 197h). Additional charscterization of this
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stimulatory éffgct strongly indicates this effect to also be of physio-
logical significance. Stimulation by prostaglandins closely parallels
the properties of IH stimulation as characterized by Speroff and Ramwell

(1970) in the following experiments: (1) The increased g

ALY

~progesterone
formed de 'EQYE from -acetate in the presence of prostag.‘léndn‘ns bas
about the same specific activity as the l&C—progesterone‘formed by
gonadotropin stimulation; (2) The time-response curves for PGE, and IH
are similar;'(3) There is no additive effect when saturated doses of
prostaglandin are added to incubatiohs with saturating doses of either
HCG or IH; (4) Cycloheximide equally. blocks the ste'roidogénic response
1o either PGE2 or IH. _

The Steroidogenic Pathway in the Bovine Corpus Tuteum

Mach of our understanding of the pathway of progesterone synthesis
and its tropic stimulation has 'iresulted from studies of the incorpor-
AL LT

ation of radioactive precursors such as -mevalcnate,

-acetate s
ll"C—squalene ».and 11;0_ or 3H—ch'olesterol in bovine tissue (Mason ev al.,
1962; Savaerd and Casey, 1964; ﬁason and Savard, 196ka; Savard et al.,

‘4 1965; Hellig and Savard, 1965, 1966; Hall and Koritz, 19658,b). Incor-
poration of ll’LC—acetate has provided the best tool of gste;.blishing the
pathway from acetate to cholesterol and progesterone and t‘hg gonado-
tropin stimulation of this pathway. Mevalonate-a-lhc was used to la.be;L

squalene, cholesterol, and progesterone in bovine corpus luteum slices
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(Hellig and Saverd, 1965a), but the incoxrporation is less efficient than
W u;d have been expected from liver and yeast studies. ILH added in vitro
L

increases the incorporation o C~mevalonate into progesterone but not

into cholesterol (Hellig and Savard, r19_65a,). Attempts to m£roducé

. exogenous th-squalene as pfecursor in luteal tissue failed (Mason aﬁd
Savard, 1964; .Sava-rd et al., 1965), likely due to the insolubility of

the hydrocarbon to the agueous incubation media. However, -the precursor -
roles of squalene were demonstrated using an anaerobic incubation to’

accumulate 1k

C-squalene from exogenous luc-acetate aﬁd then‘adﬁittipg
oxygen to the system té allow for thé disappearance of';uc—sqpalene to
form increased radioactive sterols (Hellig and Savard, 1966). \Incorpqr-
ation of radioactive cholesterol into progesterone has demdnstratéd its
obligatory role in the biosynthetic pathway (Mason aﬁd Savard, 196k4;
Hall end Koritz, l965a,b)ﬁ However, certain experimental difficulties
must be recognized when the incorporation of radioactive cholesterol
into progesterone is used as a measure of gonadotropin stimulation of
steroidogenesis. Initially, there is a problem of getting cholesterol,
which is insoluble in incubation media, across cell‘memﬁranes into the
biosythetic'precursor pool. Oncde across the cell membrane this radio-
active exogenous cholesterol is subsitantially diluted by the vastly
greater quantity of endogenous cholesterol already contained by the °
tissue. To further complicafe labeiing by qpqlesyerol, there aﬁpeér

to be various "metabolic pools" (Savard et al., 1965; Armstrong, 1966)
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of cholesterocl in the tissue into which the exogenous cholesterol may
entér. While at least one of these "metabolic pools” actively supplies
precursor for progeéterone syntheéis the ofher pools have other méta-
bolic fates. The proportions of exgenous cholesterol that enter into
the various "metabolic pools" is an unknowﬁ when the results of cholest-
erol labeling experiments ére interpreted.
. g g

The time course labeling o -acetate into the individual com-

.ponents of the nonsaponifiable fraction suggest that the'biosynthetib

pathway in the corpus luteum is as follows: squalene'—a;lanostérol

Cog and 029 sterols —~ cholesterol — progesterone (Hellig and Savard,
1966). Figure’2 is an illustration of the sequencial appearance of

C label in these compounds in the pathway. Thevdynamic aspects of
labeling in.this time~course experiment is evident from surge-like
appearances of radioactivity among the intermediates in stepwise fashion.

1k

There is a rapid and linear rate of radioactive.incorporation of ~'C~
acetate into éqpalene for the first hour of incubation and then»leveis
off and decreases when monitored for 4 hours. After 15 minutes of
incubgtion, llLC labeled lanosterol appears, and not until after a 30
minute lag time does labeled cholesterol appear. :The précursor rela~
tionships are evident by cbméaring the slore'of the rate.of labeling
of each. The precursor reaches its meximum rate of lhc incorporation

just before the next compound in the pathway begins to increase its

rate of incor@oration. When the incubations were carried out to l hours,
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_gthe radiocactivity of lanosterol and thé 028 and. 029 sterol fractions
declined while cholesterol lsbeling continues increasing (Hellig and
Savard, 1966). This most likely is due to the depletion of the labeled
acetate pool before the cessation of turnover of the intérmediazy pools.

In comparing specific activities of squalene, cholesterol, and
progesterone, squalene consistantly has a greater specific éctivity
than progesterone indicating the precursor role of squalene>(Hellig

.and Savard, 1966). These studies show the specific activity of the
total cholesterol was consistantly less than either squalene or pro-
gesterone, This evidence sﬁpports +the concept of “meﬁabolié pools" of
cholesterol, Since the specific activity of progesterone can not be
greater than its frecursor cholesterol, the'cholesterol utilized in
progesterone synthesis would have to come from a "steroldogenic fool"
of relativaly higher specific activity than progeéterone. . This implies
that the distribution of radicactive cholestercl is not uniformly equil-
ibrated with the preformed cholesterol of the_tissué, therefore, newly
synthesized cholesterol must remain temporarily in a compartmentalized
state (Armstrong, 1967; Criol-Bosch and Romanoff, 1966).

Exogenous labeled cholesterol has been extensively used ir eluci-
dating the steroidogenic pathway: cholesterol —= 20-hydroxychclesterol
- 20, 22-dihydroxycholesterol——»—A?-pregnenoloné.and isocaproic aldehyde
(Tamsoki and Pincus, 1961; Ichii et al., 1963; Hall and Koritz, 196k4).

The transformations of ll+C--26-cholesterol and 1'lLC-_l!-—cho:Les‘s:e:c'o:L have

|
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resulted in the demonstration of 20;hydroxycholesterol and 20, 20-
dihydroxycholesterol as key intermediates in the cleavage'of the chol-
esterol side chain. The 20-hydroxylation steé has been studied in a
cell-free system by Hall and Koritz (1964) who.confirmed its sub-cellular
localization and its NADP requirement. They suggested it to be the rate-

limiting reaction in the steroidogenic pathway.

- IH Stimulation of lnC-acetate Incorporation

The incorporation of radloactive precursors has been utilized to
study the site of 1H action on the steroidogenic pathway. Bovine corpus
luteum tissue stimulated by LH in vitro consistantly has both an increased

incoerporation of 1k

C-acetate and increased formation of microgram quen-
tities of progesterone (Savard and Casey, 1964; Savard et al., 1965;
Marsh and Savard, 1966). The specific activity of IH stimulated pro-
gesterone is higher but of the same order of magnitude when compared to
the specific activity of the increased progesterone of control incuba-
tionsf Since cholesterol is the obligatory precursor of brogesterone,
the increased specific activity of LH stimulated progesterohe should bve
a direct reflection of the specific activity of the cholesterol from
which it is formed. As proposed by Saverd et al., (1969), this implies
that IH has two sites of action: 1) stimulation ef the conversion of

acetate and the other precursors into cholesterol, and 2) stimulation

of cholesterol transformation to progesterone.
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When Mason and Savard (1964ka) and Marsh g’g al., (19.66) examined
the transformation of 3H-'?-cholesterol, they found a significant porition
of the labeled precursor was incorporated into progesterone in tissue
slice incubations. IH added to the system increased the iﬁcorporation
of label into progesterone, however, the increase of microgram gusntities
of progestercne was greater. This resulting lower specifiec activity of
IH stimulated progesterone indicates 1LH favors synﬁhesis from precursors
othér than labeled-éholesterol. This evidence supports.the Savard et al.,
(1969) hypothesis that IH stimulatory action of progesterone bi&synthesis
is not confined to the transformation of cholesterol but also involvesg
stimulated incorpofation of pre-cholésterol Precursors.

Other investigators, Armstrong and Hall in particular, argue that
+this second action of IH on pre-cholesterol precursors is uxnecessary.
Based on their experimental data (Armstrong, 1966; Hall, 1966; Armstrong
gﬁig&., 196ka; Major et al., lﬁ67), they contend that the depletion of
the steroidogenic cholesterol p%ol under IH stimulation is sufficient %o
promote new synthesis of cholesterol from acetate due to the removal of
& negative feed béck action from the mass of cholesterol. In fach, Hall
and Koritz (1965a) reported results from 3H-cholesﬁerol incorporation _
into 1H stimulated progesterone contrary to those of Mason apd Savard
(1964b) and Marsh et al., (1966). Using the same ig_zizzg_bovine tissue
slice incubation but a slightly different meyhod of entering exogenous :

i

t3H-cholesterol to the media, the sﬁecific activities of 1H stimulated
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progesterone in Hall and Koritz's experiments were never less than
control values. |

' Marsh and Savard (1966) compared th-acetate incorporation into
progesterone synthesis stimulated by cAMP to 1H stimulated and control
ipcubation of bovine corpus luteuﬁ tissue. The cyelic nucléotidé
stimulated.an increased formation of micrograms of progesterone in the
same manner as LH. However, the specific activity of theé progesterone

from this cAMP stimulated incorporation of th

-acetate is about the same
as the control tissue speéific activity unlike the higher specific act-
ivity observed with IH stimulatioﬁ. . These results indicéte.that the
action of cAMP is confined to transformation of cholesterol imto pro-
gesterone, whereas, the increased specific activity from iH stimulation
indicétes en LH site of action before cholesterol in addition to the
stimulation of cholesterol transformation into microgram quantities of
. |

progesterocne. Therefore, IH aﬁpears to have an additiocnal site of
action earlier than cholesterof in the biosynthetic pathway as well as
parallel action with cAMP. Whén 3H-cholesterol was used as a radio-
active precursor, IH and cAMP demonstrated the seme increase.in specific
activity (Hall and Koritz, 1965a) compared to control iﬁcubations.

In their study of prostagisndin stimulation of progesterone syn-
thesis in bovine luteal tissue, Speroff and Remwell (1$70) also com-

pared lhC-ace“ba’ce incorporation wader the conditions of prostaglandin

stimulation, IH stimulation, and control synthesis of progesterone.
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They found thé specific activity of the pewiy formed progestefone_under
IH stimulation or prostaglandin ;timulation to be of the same order of
magnitude, thus demonstrating & possible parallel stimulationjof pro-

gesterone biosynthesis by prostaglendin and ILH.

Mechanism of Gonadotropin Action on Steroidogenesis

After the first demonstration of the in vitro stimilation of pro-
gesterone synthesis by gonadotropin (Mason et al., 1962),'it seemed
natural for the investigators to confinue to follow the example of ACTH
stimulation of corticosteroidogenesio in the adrenal cortex. ‘The con~
cept of tropic hormone action of ACTﬁ as aayance by Haynes (1957, 1958,
1960) was that ACTH initially acts oo adenylate cyclase. to increase the
cAMP level which in turn activafes a phosphorylase enzyme of the ad;enal"
cortex. The activated phosphorylase acts on glycogen to produce glucoéeu
l-POu and glucose-6-POh. .Glucose-6-POh is metabolized via the pentose :
phosphate shunt resulting in iécreased amounts of the nucleotide NADPH.
This nucleotide stimulates corticosteroid synthesis through' its action
as a cofactor for many of the steps inxthe steroidogenic pathway.

In the initial studies of gonadotropin stimlation-by Meson et al.,
(1962) it was found that NADP + glucose-6-P0), caused incréase‘progestor-
one synthesis. In a subsequent repo;tj 1H was shown to stimulate phos-
phorylase of the bovine corpus luteum (Marsh and Savard, 196l), thus

c.(;, 3

 remaining consistent with the Haynes hypothiesis. However, 'experiments
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where IH was added to incubations in the presence of saturating amounts
of NATPH demonstrate an additive effect by these ;timulators (Savard>
et al., 1663). This wouid not have occurred if NADPH were the limiting
factor. | '

In 1hc-acetate incorporation studies, IH and NADPH were found to
have ;iffering effects on the incorporation of radioactivity (Savard and
Casey,‘l964). The 1H stiﬁulation resulted in the formation of de novo

.progesterone of roughly the same specific activity as incubated controls.
On the other hand, exogenous NADPH resulted in formation of progesterone
of much lower specific activity. It is obvious from these results that
the progesterone synthesized in'the presence of NADPH could not have
come from the same pool'of labeled precursors as the progesterone formed
in the control or in the IH stimulated slices. When 3H-T-éholesterol
was added as a radidactiﬁe precursor, NADPH increased the conversion of
this precursor to a far greater extent than did IH (Mason and Savard,
l96ha). Agaiﬁ the progesterone synthesized by LH stimulation had to have
come from a different precursor poo; than the progesterone synthesized
by NADPH stimulation. It was concluded (Savard end Casey, 196k; Mason
and Saverd, 1964b) from %hese experimental results that because of the
distinet qualitiative differences in the precuréor poois of progesterone
synthesized in the presence of the two agents, the stimulator actions

of IH anl NADPH on steroidogenesis are independent,

‘-
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Another broad concept concerning the mechanism éf hormone action
on its target tissue involves'the synthesis of proteins and the asso-
ciated genetically linked regulatory mechanism (Karlson, 1963). &s
applied to the action of-gonadotropin on the corpus luteum, this implies
that 1H stimulates steroidogenisis through a stimulatibn of thé'synthesis
of certaln key enzymes in the steroidogenic pathway. To tesf this
hypothesis Savard et al., (1965) introduced an inhibitor of protein

" synthesis, puromycin, to the tissue slice incubation system. When -
puromycin was added to the incubation mé@ia along with 1H, the -stimula-
tory action of 1H was completely inhibited. Another known inhibitor,
actinonyecin D,'had the same effect of guppressing IH stimulation of pro-
gesterone synthesis as puromycin. Actinomycin D indirectly inhibits
prétein synthesis through its inhibiting action on RNA éynfhesis (Breuer
and Davis, 1964). The inhibitory effect of these two antibiotics on

10 stimulation imply that Iﬁ mey cause increased progesterone synthesis
through a stiﬁulation of the protein synthesis of key enzymes in the
steroidogenic pathwéy.

The inhibitory effect of the protein synthesis inhibitors is also
seen with cAMP and PGE2 stiﬁulatiqn of progesterone synthesis. Purdmycin
inhibits the increased progssterone synthesis when incubatedlwith tissue
slices in.the p;esence of 0.02 M cAMP in the same mermmer it inhibited IH

stimulation (Marsh et al., 1966). When cyclcheximide was included in

PO - PRI - - ' P - - PR
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" incubations containing IH or PGE2, the stimulation of progesterone syn-
thesis by both'agents was equally blocked (Speroff and Ramwell, 1970).

Further similarities between the steroidogenic stimulating agents
are seen in the results of incorporation studies of radioactive pre;
cursors. The incdrporation of lhc-acetate into gg_ggzg.prggesterone
synthesis is stimulated by PGE, in the same manner as LH {Speroff and
Remmvell, 1970). Cyclic AMP stimulated the incorporation of both the.,
acetate and 3H-T-cholesterol into progesterone resulting in similgr
specific activities to 1H stimulation (Marsh et al., 1966). This also
strongly indicates that the effect of cAMP, like that of I1H caanot be
medisted through NADPH. |

Since these three agents, LH, cAMP, and prostaglandin, all seem to
effect progesterone biosynthesis in the same'manner, their éctions s
in some way be related t§ each other. Their effects on steroidogenic
stimulation are not additive. EWhen IH and cAMP (Marsh and Savard, 1966)
or 1H and PGE, (Speroff end Bau%rwell, 1970) are added collectively to
tissue incubations, the progesterone level is not any greater from com-
pined stimulators than from each stimulator alone. The possibility of
g mediatory role for cAMP in the LHlstimulatory respounse was investi-
gated by measuring the cﬁanges_in endogenous cAMP conceéntration due to
the addition of IH to incubating tissue (Marsh et al., 1966).. It was

found that LH increased endogenous cAMP by 100 fold, and this response

i

in bovine luteal tissue was speclfic for IH compared to other hormones.
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Marsh and co-workers (1966) also found that endogenous cAMP reached
dmum concenfration TS5 minutes after addition of 1H, whereas, an
increase in progesterone synthesis was not_observed.until 15-30 minutes
into the stimulated incubation. This time-relationship isnindicative of
a cAMP mediator role in IH stimulatory action.

Further investigation by Marsh (1970&) into the relat{onship between
cAMP end IH found that 1IH stimulates the enzyme, adenylate cyclase, Which
produces cAMP from ATP. It was found that 1 had no ffect on
phdsphodiesterase which could have accounted for increasgd‘endogenous
cAMP through an inhibition of its activity.

This mediator role of cAMP is common for meny other hormones in
other tissues (reviews, Robison, 1971, 1972) and has been termed "the
second ﬁessengér éoncept“ {(Fig. 3). The hormones released from their
cells of origin are the first messéngers which interact wifh the specific
receptors of their target tissue. This interéction results in adenylate '
cyclase activation, thereby, increasing the intracellular level of cAMP.
The cAMP is the second messenger which interacts with one or more systems
within.a cell to produce the effe;t associated with the particular hormone.

The possibility that prostaglandin stimulation of progesterone
synthesis may also be mediated by cAM?, was investigateq by Mersh (1970=,
1971). The prostaglandins stimulate adenylate cyclase following the same
genéral order of activﬁty obsérved in their stimulatory effect §n stero-

idogenesis. PGE2 and PGE; resulted in more than a'lOO% stimulation over
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cgntrol activit§, wheresas, PGFéa.and PGAE resulted in about a 50% stimu-
lption. The functional significence of this effect of-prostaglandins on
luteal tissue is uncertain. Marsh (1971) demonstrated that IH and PGE2
added together doubled the stimulation of sdenylate cyclase compared to
;timulation by either one of the agents a&ded singly. This would indicate
- that the two effecté are separate phenogena and that PGE2 is not a meéi-
ator of the effect of 1H on adenylate cyclase. T?ere are individual
receptor sites for gonadétropins and prostaglendin in bo#ine éorpus

luteum cell membrenes (Rao, 1973) also indicative of two separate
phenomena; However, Xuehl et al., (1970) concluded that the IH effect

on adenylate cyclase is mediated,bvaGE2 in théir studies with mouse
ovaries. They found that a prostaglandin antagonist, 7-oxa-13~-prostynoic
acid, not only blocks PGE2 stimulation of adenylste cyclase, but also
blocks IH stimulation of adenylate cyclase. Although this observation
indicates a mediatory role of prostaglendin on IH stiﬁulation, they

observed additive effects of IH and prostaglandin on luc-cAMP accumulation.

The Effect of Ergot Alkaloids on Adenylate Cyclase

' The stimulatory action of 1H and PGE2 on progesterone synthesis,
hes been shown to be mediated by their stimulatory effect on adenylate
cyclase. Ergot alkaloids have a history of blocking stimulatory responses

of adenylate cyclase by othér'agents in various tissues.
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The early studies on epinephrine, Dale in 1906 reported that
ergotoxine and ergoﬁamine blocked the pressor effects of epineﬁhrine
on sympathetic nerve stimulation without blocking the vasodilator effect
of the hormone. This began the work which separated‘catecholamine

responses into the alpha or beta adrenergic receptor‘classifications.

Dihydro-derivatives of ergot alkaloids were found to ﬁe even more potent
alpha adrenergic blocking agents than their parent compounds (Rothlin,
C194T7).

Dihydroergotamine at high concenfration has been found.to have
numerous paysiological responses in addition to its action as an alpha
adrenergic antagonist. Most of . these additional responses seem to involve
cAMP as a key intermediate which is a charapteristic of a beta adrenergic
effect (Sutherland, 1968). In rats, dihydroergotamine blocks epinephrine
and cAMP induced hyperglycemia (Northrop and Parks, 1964). The blockage
of the hyverglycemic effect of cAMP is interpreted as an indication that
the.site of actioﬁ of the alkaloid is beyond adrenergic receptors and
that dihydroergotamine may block the activation of phosphorylase by cAMP
or increa & the rate of inactivation of the cyclic nuceotide. In the dog,
it was demonstrated that 0.1l mM dihydroergotaminp blocked catecholamine
activation of adenylate cyclase of the beart and liver (Murad et al., 1962).
Ergotamlne 1nh1b1ts the adrenalin-potentiated production of cAMP in rat
liver homogenates (Berthet et al., 1957). Glucagon, adrenalin, and

noradrenalin increase cytoplasmic phosphopyruvate carboxylase activity
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through.the"induction of cAMP which is inhibited by the ergot alkaloid
(Yeung and Oliver, 1968). Dihydroergotamine has shown variable effects
upon lipolysis. Scriabine and co-workers (1968) reported that dihydro;
ergotémine pfévents catecholamine stimulation of lipolysis in rat adipose
_tissue fragments {Booker and Calvert, '1967) and isolated fat cells (Fain,
1970). In an investigabtion usiﬁg cells isolated from both brown and.
white rat adipose tissue, Ward and Faiﬁ (1971) found that»dihydroergotamine
~influences the intracellular level of cAMP by its effect on two different-
enzymes. The ergot alkaloid inhibits.phqsphodiesterase resulting in
increzsed levels of cAMP and it also inhibits the activation by catechola-

mines of adeﬁylate cyclase resulting in decreased levels of cAMP.
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STATEMENT OF THE PROBLEM

The éction of 1H on'thé corpus Juteum has not heen sufficiently
characterized to the point where-we fully understand the interaction of
the hormone with its receptor and the following meédiatory steps toward
increased steroidogenesis. One approach-fo the elucidation of the
meqhanism behind IH stimulation of progesterone sygthesis has been to
break the system down into its componen£ parts and aitempt to fully
characterize each part. .Corpora lutea slices and homogenates have

’

provided isolated model systems where the concentrations of endogenous

‘controlling chemical components may be measured or cEanged by exogenous

additions. By the addition of one chemical component and the measure of
the response to this addition by quantitating the effect on other com-~
ponents, the inter-relationships between the verious components of the
system imay be determined. There are iﬁdications that ergot alkaloids
could directly influence the interactiocos betwesn some of the important
mediators in -the IH stimulation of progestercne synthesis.

One of the chemical mediators in steroidogenesis.in incubated corpora
lutea slices and homogenates has been found to be cAMP. Investigators

have shown many times that ergot alkaloids block hormonal stimulation of

. cAMP in several different types of tissue. One example is the ergotamine

inhibition of the adrenalin-potentiated production of cAMP which would
normally induce an increase in cytoplasmic phosphopyruvate carboxylase

activity (Yéung and Oliver, 1968). It could be pestulated that ergot
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aikaloids may inhibit IH-potentiated productioﬁ of cAMP in a similar
fashion in the corpus luteum.

Although a primary effect of ergot alkaloids on animal reproductive
dysfunctions appears to result from direct action on the pituitary gland,
there is also some indication of a direct effect of the alkaloid on the
corpus luteum. The purpose of this resgarch has been to determine if‘the
physiologically active ergot alkaloid, ergocornine, directly.effects 1H
stimulation of progesierone bios;nthesis in the corpus luteum. The
incubated luteal slice system employed Ly previcus investigators provides
the necessary isolated conditions-required to investigate any Qifect
effects ergocoranine may have on stimulation of steroidogenesis. ‘The cow
pro&ides fhe quantity of luteal tissue needed for the repetitions of
different experimental conditioﬁs required to define the system and demon-
strate any effect of ergocornine on that system.

The first step in the investigation would be to establish a luteal
tissue incubation system capable of showing increased progesterone synthesis
with the addition of‘LH to the incubation media. Stimulation of progester-
one synthesis may be measured by determining spectrophotometrically the
qpantiti of progesterone extracted from the IH treated tissue and media
and comparing it to the quantity of progesterone extracted from & control
incubation. Frogesterone synthesis may also be measured by the incorpora-

tion of 3H-acetate into de novo progesterone. Once IH stimulation is

3 -
. i ’
i oo . . . { ..
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established, ergocornine may be added to ﬁﬁe incubation to see if it has
an effect onAprogesterone synthesis,

Steroidogenesis in luteal tissue has been shown to be stimulated by
prostaglandins and cAMP, Thé éffeét of ergocornine on stimulation b}
these two agents should be tested., Since PGE, stimulates proéegteroné
synthesis in the Zame manner as does LH, a similar effect of érgocornine
on stimulation by both agents might be expected. However, it should be
“kept in mind that separate adenylate cyclase receptor sites for the gonad.
otropin and the prostaglandin have been demonstrated. Exogenous cAMP
stimulates steroidogenesis mimicking the rise ;f endogenogs cAMP dué to
;ﬁ'LH or PGE, stimulation of adenylate cyclase., By determining the effect
‘of érgocornine on exogenous cAMP stiﬁulation oé progesterone synthesis,
the site of alkaloid action should.he narrowed, If eréocofnine éfféqts
thé stimulatory action of cAMP in the same way it effects IH stimulation,
the, results would indicate the alkaloid aétion to be beyond LH stimulation
of adenylate.cycllase° However, if ergocornine does not effect exogenous
cAMP stimulation in the same manner as its effect on LH stimulation, the
results would indicate a poséible effect of the alkaloid on tﬁe adenylate
cyclase system.

To test a possible effect of ergocornine on adenylate cyclase, the
alkaloid my be added ﬂo adenylate cyclase assay syspems stimulated Ey IH,
Adenylate cyclase activity may be measured iﬁ tissge homogenates, and ths
accumulation of cAMP from.adenylate cyclase may be measured in tissue'

slices. Since ergot alkaloids have been implicated in an irhibitory
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agtion on adenylate cyclase stimulation in other tissués, this would seem
to be a possible site of ergocornine action in corpus luteum tissue. The
ergot alkaloids have also been shown to effect the activity of cAMP-
phosphodiesterase. A possible ergocornine action on phosphodiesterase
activity should also be determined.

The results from the experiments outlined above should demonstrate
the suspected direct effgct of ergocornine on the stimulation of
progesterone biosynthesis. The initial experiment will show if such
an effect exists, and the following experiments will be used to character-
ize this possible direct effect of ergocornine on the stimulation of

steroidogenesis.




= EXPERTMENTAL MATERTATS AND METHODS

Corpus Iuateum Tissue

Tissue for the in vitro incubation studies was prepared from bovine
corpora lutea. The corpora lutea were extracted from cows through an .
incision in the anterior wall of the vagina dorsolateral to the cervix.
Since. the corpora lutea are at maximal stimulatory capacity between days
10-13 of the cow's estrus cycle (Armstrong and Black, 1966; Inskéep, et al.,
1967), careful records of the estrus cycles of the donating cows were kept,
and corpora lutea were teken only during this three day period. After
taking a corpus luteum, the cow was allowed at least one full, undisturbed
cycle before another corpus 1ut§um was taken. Each cow could provide up
to. four corxpora lutea before accumulated'scér tissue prevented the extrac-'
tion of additional corpora lutea.

Immediately after extraction, the corpus luteum was placed in 0.9%
NaCl solution (saline) on ice and rushed to the cold room (1°¢) for
further preparation. Once in the cold room the extraneous connective
tissuve was peéled from the corpus iuteum before cuttiné it into quarters.
Each quarter was sliced carefully with a .razor blade and the slices
randomly placed in a petri dish containing cold saline oVer'a cirele of
filter paper. Each slice was again cut into at least three pieces and
randomly placed in a second petri dish of cold saline. Through this
randdmizing process it was hoped that relatively homogenious samples

could be taken from the total tissue. Individual tissue samples were
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blotted on filter paper before weighing them to 175 + 5 mg samples for

incubation.

Tissue Incubation -

'The techniques of. in vitro corpus Juteun tissue 1ncubat10n as descrlbed
by Suarez, Soto and Demare (1900) and further developed by Mason et al.,.
(1964 ), and Seifart and Hansel (1968) provide a ready tool for testing
the effects of various agents in vitro on corpus luteum function. The
"ﬁissué slice gamples weré‘plaqed_in 5 ml of Kfebs-Ringer_bicafbohate.bﬁffer.
{(Umbreit et al., 1957) at pH 7.4t containing glucose (2 mg/ml). Progest-
efone synthesis stimulators (Lﬁ, 200 ng/ml, NIH-IH-B8; PGE

2
provided by Dr. J. E. Pike, Upjoln, Inc.) were added where appropriate

» 10 ug/ml,

after a iO minﬁte pfé-inéubation of tissue in media contaiping the fest
substance,.ergocornine_(75 uM, ergocornine hydrogen umaleate, provided oy
Sandoz Pharmaceuticals, Inc.), when called for. Stimulation of the luteal
tissue with 0.02 M cAM? (Adenoéine-é':B' cyclic-monophosphoric acid,
soaium salt, Plenum écient; Reé., Inc.) did not lend itéelf to alpre-
incubation due to the large quantity of cAMP required for stimulation.

In some vxperlments 1 uCi SH-acetate (sodlum salt, spec. act. 0.05 ci/mM,
ICN Pharmaceuticals, Inc.) was added to the 1ncubations to measure de novo
progesterone synthes1s. The'incubatiqns were carried out in 25 ml |
'erlenmeyer flasks placed in a Dubnoff metabollc shaker at 37 C under

95% O and 5% COp. After two hours, the incdubations were perm;na?ed by

'freezing the incubation samples on dry ice and stored at -20°C.
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' Each corpus luteum provided enough tissue for three to four exper-
i?ental groups cpnsisting 6fvfour gr five differe?t incubation conditions
: per éxperimental_group“ The experimental groups contained.an incubated.
control, incubated tissue with ergocorniﬁe, an incubation stimulated by
I1H or PGE2 or cAMP, an incubatiocn containing one of the stimulators plus
ergocornine. The incubations were sterted sequentiaily:through the |
experimental group .before continuing on to the second experimental groﬁp,
etc. This mode of initiating incubatious tends to help eliminate any,
bias’duetto sliéht loss of tissue response with time. The time from when

the corpus luteum was teken from the cow until the start of the last

incubation was kept under two hours:

Progesterone Analysis'

Progesterone analysis of the incubated tissue followed the précedures
developed by Seifart end Hansel (1969). Before beginning the extraction

‘ )
and analysis of progesterone, a standard amount of L

C-h-prbgesterone"
(approx. lOu cpm, spec. act. 52.8 mCi/mM, Calatomic, Inq.) was added to
each incubation sample to provide a measure of chemical recovery after
completion of the analysis. After‘tﬁawing; the .tissue andlmédia wére
added to a round bottom flask and extracted in TO ml of boiling ethanol
~for one hour, the supernatant was poured off and filtered, and the residue
refluxed for an, additional 30 mimites in 50 ml of ethanol. The combined

' . ; s (o}
filtrates were evaporated on a rotary evaporator under vacuum in a 60°C .

water bath. Five samples were spotted on each silica gel plate (thiekneés
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0.5 mm) containipg 2.5 mg fluorescent zinc silipate/g silica gel. The
plates were first developed in a solveﬁt system of hexane: ethylacetate
(5:2) and then after drying, developed in a second solvent system of
benzene: ethylacetate (3:1) in the same dimension. This Tesulted in the’
orange piéments migrating to the top of the plate while the progesterone,
visulaized under a U.V. lamp, was &t an R, of aﬁout_o.h. The area of the
plate containing the progesterone was scraped off into centrifuge tubes
and the progesterone extracted from the silica gel by threé, 2 ml washes
with diethylether. After evaporatioﬁ under a stream of Hé, the extracted
progesterone was further purified on silica gel plates (Thiekneés 0.25 mm)
devéloped in a solvent system of isopropylether: ethylacetate (5:2). The
progesterone areas of the plates were scraped into sample vials  to which
3 ml of methanol were added. One column on each plate was left blank and
an equivalent progesterone areé was scraped from this column to serve as
a blank for that set of progesferone samples during specﬁrophotometric
snalysis. The sample vials wege thoroughly mixed and eentrifuged before
spectrophotometric qpantitativg analysis on a Cary-l4 spectrophotometer
at a wavelength of 240 nm. Aliquots of each sample were evaporated axnd
then dissolved in 0.4% PPO in toluene for assessment‘of radioactivity
by a Beckman IS 100 liquid scintillation spectrometer. -All samples weie

corrected to 100% recovery and progesterone was expressed per gram of

luteal tissue.

=
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A time effect on the tissue, measured from the time it was sliced
until it was placed in the incubator, was corrected for by use of

covariance analysis (Steel and Torrey, 1960).

Separation and Analysis of Progestins

A liquid-liqguid chromstography system was developed *o qpantitaté )
the relative percentages of progesterone and 208-dibydroprogesterone
.Which account for the total progestins Qf the corpus luteum. After
trying differeﬁt sﬁlvent systems andAflow rates, it was found that
progesterone and 20B8-dihydroprogesterone can be separaxed onal2mXlmn
Corasil C;g column eluted with Me‘bhaaiaol: H,0 (66:3%) at a 0.9 wlf/min,
flow rate employing the Waters Assoc;, ATC 202 li@uid chromatogravh.
The luteal tissue extract was injeqtéd on the column, énd quantitation

was determined by disc integration of the recorder trace.

‘ Preparation of Homogenates

!
: |

Hémogenization of bovine éorpora lutea for the assesgment of
adenylate cyclase activity and:cAMP-phosphodiesterase activity followed
the procedures of Sutherland, et al., (1962), and Marsh, (1970a,b).
After obtaining & corpus luteum as preﬁiously described, it wag taken
to the cold room (4°C), cut intc quarters, and the capsular tissue
removed. Approximately 2.5 g of lutea tissue was sliced and minced with
a razor blade before placing it in the glassamgrta; of a Potter;Elvehjem

homogenization apparatus. After the addition of 10 ml of cold 0.02 M
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glycylglycine (pH T.k4) contéining 0.01 M MgS0),, the homogenization was
accomplished by no more than seven up and down strokes of the motor-
driven Teflon pestle in the glass mortér. The mortar was surrounded by
an ‘ice water bath during the homogenization. The homogenate'was strainad.
through cheese cloth to remove connective tissue and kept on ice for

immediate use.

Agsessment of Adenylate Cyclase Activity

The measurement of adenylate cyclase activity in luieai tissue
homogenates was carried out as described.by Marsh (1970a,b). One tenth
of a ml of homogenate suspension was added to 0.51 ml of a solution
containing 25 umoles of.tris (pH T.4), 24.4 umoles theophylline, 1.2
umoles ATP, 10 uCi 3H-ATP (3H~2-Adenosine 5% ~triphosophate tetrasodium,
spec. act. 15 Ci/mm, Schwarz/Menn), 1.8 umoles Mg, 1.54 umoles NaCl,

0.12 mg vovine serum albumin, and the appropriate test éubstance. The
test substances were added in the following concentrations; IH (10 ug/ml),
PGE, (10 ug/ml), and ergocornine (100 uM). The reaction mixture was
incubated with shaking in a Dubnoff metabolic incubator, in air, at 3700
for 10 minutes. The reaétion was terminated by imme;sing the incubation
tubes in a boiling water bath for three minutes. Blanks were made by
boiling the reaction mixture before incubation. The formation of cAMP

was assessed by measuring the conversion of 3H-ATP into 3H-cAMP,‘
The purification:of cAMP was achieved th$ough Fhe cbmbination of

ion-exchange chromatography and precipitation with zinc sulfate and
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barium hydroxide as first described by Krishna et al., (1968) and then
by Forn and Krishna (1971). The cAMP was found to bs 99% pure after
this analytical procedure as checked by ion-exchange and paper chroma-
togravhy and electrophoretic techniques, as well as by crystalization to
constant specific activity. B N

The cAMP assay orocedure starts with the addition of 0.1 ml of a
soiution (0.2 mg/ml) of carrier cAMP to the-homogenéte° Centrifugation
- of the homogehate produces a supernatant fluid which was chromatographed-
on a Dowex 50W-X8 (200-400 mesh) column'(0.4 X 4.5'cm),\preparéd by
pipetting 2 m1 of a 1:1 slurry of resin and water into a glass wool
pugged, disposable pipet. Thelcolumn was eluted with water and 2 ml
fraciions were collected. The results of a'frial'run of *the ion-exchange
sevaration of ATP, ADP, cAMP ave shown in Fig. 4. About 75% of the.cANP
_ elutes out in the third fraction, After elution from the column, the
cAMP fraction was trested ﬁith 0.2 ml each of 5% ZnSOu and 2.5% Ba(OH)Z.
It has been observed by Krishna et al., (1968) that the addition of
ZnSOLL ;nd Ea(HO)Z quantitatively vrecivitates ATP, ADP,'55—AMP, adenine,
and inorganic phosvhate while more that 99.9% qf the cAMP remains in
the supernatant. The resulting precipitant is centrifuged and thé
supernatant is transferred to another tube for a second EhSO4 precipi-
tation. After centrifugation, an aliquot of the resultigg supernstant
was measured for absorption at 260 nm to calculate the recovery~of cAMP.

1

4 1,0 ml aliguot of‘supernatant was added to 15 ml of cocktail D(4 g'PPO

A
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Figure 4, Separation of ATP, cAMP, and AMP on a Dowex 50W X8 column.
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and 100 g nephthalene in 1 liter of dioxane) for liquid scintillation

comting by a Beckman IS100 scintillation spectrometer.

Assessment of cAMP-Phosphodiesterase Activity

The assay for cAMP-phosphodiesterase consists of a two stage
enzymatic isotopic procedure as developed by Thompson and Appleman
{(1971). Phosﬁhodiesterase in the homogenate hydrolized 3H-cAMP to
3H—5'-AMP. A snake venom nucleotidase further hydrolized 3H-5'-AMP

'to 3H-adenosine. An ion-exchange resin was used to bind all of the

Sg-camp = - 351 -aMp 2 > SH-Adenosine
homogenate . nucleotidase
phosphodiesterase

i

charged nucleotides leaving 3H-adenosine as.the only labeled compound
t0 be counted.

The homogenate incubation for phosphodiesterase~was the same as
that described for adenylate cyclase except for a change in subsfrate
and the elimination of theophylline. In place of ATP, 0.06 umoles of
CAMP and 0.3 uCi of JH-cAMP (Adenosine-8-JH-3', 5'-cyclic phosphate,
spec. act. 21.0 Ci/mM, ICN, Inc.) were added per 0.51 ml of incubation
media. The reaction was initiated by the addition of 0.1 ml of
homogenate and incubated with sheking in a Dubnoff,metabqlic incubator,
in air, at STOC for 15 minutes before terminating by immersion in a

boiling water bath for three minutes.




TR g
After the boiled incubations were cooled, they were put back into
the metabolic incubator and 0.1 ml (1 mg/ml) of snake venom nucleotidase

(Ophiophegus hannah, Sigma Chem.) added. This reaction was incubated for

30 minutes at 37°C before terminating by the addition of 1 ml of a 1:3
slurry of AG 1-X2 (200-400 mesh) in water. After centrifugation a
1.0 ml aliguot was added to 15 ml of cocktail D for assessment of radio-

activity by liquid scintillation counting.

‘Measurement of Cyclic AMP Synthesis in Tissue Slices

Cyclic AMP formation was measured as described previously by
Humes et al., (1969) and Kuo and DeRenzo (1969). This radiometric
assay permits the ;g_giigg_measﬁrement of adenylate cyciase activation
in tﬁe intact cell by the determination of newly synthesized cAMP.

The bovine corpus luteum tissue was collected and éLiéed as pre-
viously described for the preparation of tissue slice incubation. Tissue
samples of approximately 175 mg were initially incubated for one hour in
1.5 ml of Krebs-Ringer bicarbonate buffer (pH 7.4) with one-half the
prescribed Ca++ concentration and containing 1 uCi of th-8-adenine
(52 mCi/mM, Schwarz/Mann). The 10 ml erlemmeyer incubation vessels were

and stoppered before incubation at 37°C in

flushed with 95% 0,: 5% co,
the Dubnoff metabolic incubator. The purpose of this one hour pre-
incubation is to produce intracellular llLC—A.‘I.'P from the l&C-adepine.‘

After the one hour pre-incubation, 0.5 ml:of 20 mM theophylline

cand 1 mg/ml bovine serum albumin was added to each incubation vessel
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along with the appropriate stimulating agents and ergocomiﬁe. Each
incubation vessel was again flushed with 95% 02: 5% 002 before further
incubstion for various time periods. The incubations were terminated
by freezing the tissue and media on dry ice. The sampleé were then
stored at -20°C wntil analysis for Mo ome.

Before analysis, 3H-cAMP (3X 10t cpm) was added to the incubation
samples to measure recovery along with 0.5 ml of 0.05 M tris buffer
(pH 7.5) 'containing 1.25 mM cAMP as gé.rrier and 0.01 M t‘heophy_;l.line.
The incubation samples were then homogenized by the Potter~Elvehjem
apparatus. After the homogenate was precipitated with 0.2 ml of 20%
trichloralacetic acid and centrifugeé. , bthe supernatant was precipitateq.
with 0.1 ml of 5% znsol+ and 0.1 ml of 2.56% Ba(OH)E, centrifuged, and
then precipitated again with BaSOLx_ and centrifuged. The supernatants
were transferred to 10 ml erlenmeyer flasks and evaporated in a vacuum

oven at 60°C. - The samples We:re’i taken up in 0.5 ml of water and placed
|

on a O.t X k.5 cm, Dowex 50W-%X8 (200-L0O mesh) column which was eluted
by water. The 2 ml fraction coln'taining the cAMP was added to 15 ml of
cocktail ‘D for assessment of lb'C and 3H activity by liqufi.d scintillation
counting. The luC-cANP produced by tissue adenylate cyclése was
corrected to 100% recovery from the recovery of 3g-carMp.

The incorporation of th-adenine into luC-AT.P was also assessed

in this tissue slice system.‘, The luteal tissue was prepared and incu-

bated in thé same manner as the pre-incuba:tioh stép described above,
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However, the pre-incubations were stopped at various time intervéls by
freezing on dry ice. . |
' ‘Adenine and ATP were extracted from the tissue as described above
employing the homogenization procedure, and the resulting supermstant
was 1yophiiized. Each residue was‘redissolved in 0.2 ml of a solution
containing 1.25 mM ATP and 1l.25 mM adenine. A 90 ul aliquot of each
sample was spotted on cellulose (MN-cellulose powder 300G, 250 microns
thick) fhin-layer plates for separation of the adenine and ATP. . After
' developing the cellulqse plates using.the solvent system of butanol-
acetone-acetic acid-5% NH)OH-water (h 5:1.5:1:1:2, by volume) (Marsh and
LeMaire, 1974), the plate was viewed under a U.V. light and the appro-
priate areas corresponding to ATP and adenine standards were scraped
. into separate vials. Bach sample was eluted with 1.5 ml of water and
a 1.0 ml aliquot was added to 15 ml of cocktail D for liquid scintille

stion counting. i
f

e




RESULTS AND DISCUSSION

The'ig,gggég inéubation system provides a means of investigating the
direct effect of an agent such as ergot alkaloid on progesterone produc-
tion in isolated corpus luteum tiséue. The entire steroidogenic process
is conserved in the tissue slice incubation which includes; 1) the endo-
genous precursors of progesterone, 2) the enzymatic pathway to converf
those precursors to progesterone, and 3) the control apparatus by which
hormones stimulate the enzymatic pathway to increase the prodnétion of
progésterone. Tangible guantities of progesterone, which can be measured
spectrophotometrically are produced by as little as 100 mg of incubated
tissue. The progesterone biosyﬁthetic pathway may be stimulated by the
addition of IH (Maéon.gg g;.,'l962),hprosfaglandins (Speroff and Ramnvell,
1970), or cAMP (Marsh and Savard, 1966) to the incubation media. The
resulting production of measurable increases in progesterone tissue levels
stimulated by these agents, prﬁvides one way of investigating the regula-~

1
- tory mechanism of steroidogeneﬁis. The endogenous precursor pool may be

radiocactively labeled by exogeﬁous 1hc-aceta£e or 3H-cholesterol to pro-
vide the investigator another means of monitoring the stercidogenic

process.

The Effect of Ergocornine on IH Stimulated Progesterone Synthesis

Wnen ergocornine (¥CO) was added to the incubation media of the
in vitro incubation system, it had the effect of suppressing prdgester-

one biosyntheéjs. The corpus luteum has been a previously suspected site
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of ECO action' (Draicer and Strauss, 1970; Shelesnyak, 1958; Zeilmaker

and Carlson, 1962; Iobel et al., 1966), but the direct effect of ECO

on luteal tissue had not been demonstrated. As can be seen in Figure 5,

ECO results in decreased progesterone synthesis compared to control incuba-

tions as determined from the spectrophotometric measurement of the total
progesterone content of the incﬁbation samples. Unincubated luteal

tissue samples were found to contain 35-50 ug of progesterone per g of

_luteal tissue. The addition of IH to the tissue incubation results in-a

stinmulated level of progeéterone synthesis comparable to that observed by
other investigators (Séifart and Hansel, 1968; Marsh and Savard, l9§6;
Veenhuizen EE.EE’::1972)° When ECO was added along with-;ﬂ, the stimula~-
tory action of the hormone was suppressed.

The actual progesterone values and their statistical significance
are expressed.in Table I. There is a significant difference (»<0.01),
as determined by the‘student’s;test, between the IH stimulated condition
and the IH plus ECO condifion Ao matter how the data is expressed.

Ergocornine at 75 uM suppressed 80% of the progesterone biosynthesis

produced:by maximal IH stimulation (200 ug H/ml). The progesterone con-

tent is lowered by the addition of BCO to the IH incubated condition to

a2 level thét does not differ significantly (p<0.01) frqm‘the incubated
control. When the data was treated by covariance analysis, a signifigant
difference (ps0.01) is observed between incubated tissue and tissue

i £

incubated with ECO in the absence of exogenous lH. Covarience analysis
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Figure 5. The effect of ECO on IH stimulated and control tissue
steroidogenesis. (I) incubated control, (E) incubated with 75 uM
ECO, (L) incubated with 200ng ILH/ml, (LE) incubated with LH and
ECO,
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Table I. Effects of LH and ECO on progesterone biésynthesis in luteal tissue

Total progesterone

ug/g tissue

no. of - no. of Incubated

’ CL samples control " ECO LH LH + ECO - -
Covariance 3 10 169.2+6.8%  139.5+6.8P 246.3&6.8° i87.9i6.83-
‘corrected ‘ ) :
Uncorrected ~3' - 10 156.51—8.0ab 138.3+8.02 220.3-!_-8.0c 175.148.0P
Covariance 7 21 158.645.52 214.4+5.5°  172.1£5.52
corrected '
Uncorrected 7 ‘91 142.245.72 200.445.7°  160.1+5.72
*All values are least square means + SE
abeyalues with different superscripts differ significantly By p<:0.01~
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attempts to correct the data for decreased progesterone biosynthesis due
to the effect of time of tissue preparation before the start of incubation
(Moody and Hansel, 1969). As can be seen in Table I the covariance
énalysis results in slightly higher progesterone values and decrease in
the standafd error of the mean.

Whether or not the slight depressivg effect of ECO on progesterone
synthesis in tissue incubations is due to the effect of ECC on endogen-~
.ous hormone stimulation is a point of speculation. According tc Niswendex
et al., (1969) the blood serum levelé of 1H in fhe cow are 12-60 ng/ﬁl on
the day of estrouslaﬁd then fall bff‘to a 1l.5-2.5 ng/ml basal level during
the luteal phase. ' Therefore, ﬁhen-the corpus luteum is tsken from the.
cow, the tissue would contain some uﬁknown'level of endogendus IH. Con~
sidering the in vitro experiments show a minimum effective dose of 10 ng
of IH/g of tissué pr 2 ng of LH/ml of incubation media (Mason and Savard,
196l4) for stimulation of proge%teroné synthesis over control incubation.,
it.Seéms very possible that aniendogenous IH sfimulation is occurring in
the Incubated controls. ;

Ancther observation indicative of a possible endogenous gonadotropin'
effect may be seen in the results of adding puromycin to incubating luteal
tissue. Puromycin effectively blocks IH stimulatiep of progesterocne syn-
thesis by its inhibitory action of protein synthesis. When Savard et al.,
(1965) were investigating this puromycin effect, they also observed a

slight decrease in progesterone synthesis when'pufomycin was added to’

_— . -
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'»incubating tissue in the absence of exogenous IH. This effect is very'_
similar. to the slight decrease in progesterone synthesis observed when
ECO was added to incubating tissue.

When investigating the effect of a single injectibn of ECO on the
progestin content of rat ovaries, Lindner and Shelesnyak (l96f) found that
ECO caused a sharp rise in ovarian beudihydroprogesterone ﬁhile the pro~
gesterone level decreases resulting in reduced phsiological activity. This
observation necessitated the determination of 20g-dihydroprogesterone lefels
in the present in vitro system containing ECO in the incubation media.

The relative percentage of 20B-dihydroprogesterone of total progestins
in the bovine corpus luteum tissue iﬁcubations agree with the normal 5 to
20% range observed by other investigators (Veehuizen et al., 1972; Gorski
et al., 1958; Gomes and Erb, 1965). |

In Table II are expressed the average percentages of progesterone
and 208-dihydroprogesterone for the four incubation conditions. The
presence of ECO in the incubation media did not seem to influence the

Table II. The effect of ECO and 1H on the ratio of
208-dihydroprogesterone to progesterone.

Incubation Incubéted
Condition Control ECO IH 1LH + ECO .

% progesterone 83.2 + 1.2 83.3 + 1.4 86.8zx0.0 86.310.5

S

% 208-dihydro-
progesterone - 16.8

W

1.2 16.7 £ 1.+ . 13.2 % 0 23.7 + 0.5
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progestin ratio. Uhlike,fhe in vivo effect observed in rats, the ratio
of 20B-dihydroprogesterone to progesterone remained the same under the
various in vitro treatment conditions of this study.

An experiment was conducted to establish the effective range'of ECOo
on IH stimulated luteal tissue. The ;nhibitory action of ECO was found
1o be dependent upon ECO concentratioﬁ; As can be seen in Fig. 6, ECO
reaches its maximal suppreésion qf 10 stimulation at a concentration of
about 100 uM. Incubations were condﬁcted out to ECO levels equivalent to
500 uM without a further reduction in IH stimulation of progestercne bio-
synthesis. A precipitate of ECO'appears in the incubation media before
reaching the 100 uﬁ level which may limit any concentraticn effect above
this ECO level.

A series of experiments were performed using the incorporation of
3H-acetate into progesterone ai an indication of'gg_égzg_progesterone bio-
synthesis in incubated luteal ﬁissue. Thé three levels of 1H did not seem
to show real differences iﬁ stimulated incorporation (Table IIT) indicating
the system to be maximally stiﬁulated at even the lowest 1I. level employed.
Therefore, the data was combined to show the average 3H-acetate incorpor-
ations. In Taeble III the data indiéates tﬁat incorporation into the pro-
geéterone of IH stimulated tissue is significantly (p<0.0l) greater than
incorporation into incubated controls, When ECO was added to the inpu-
bations alqng with IH, the incorporation level drops back to’that of the

r q .
incubated controls. Therefore, the incorporation of “H-acetate into

progesterone during tissue incubations reflect the results of the
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" Table III. The effect of ECO on LH stimuiated progesterone biosynthesis

as measured by 3H-acetate incorporation

EXPERIMENTAL CONDITIONS

LH concentration - Incubated control I 4 IH <+ ECO

(ng/m1) (dpm/g tissue) x 10~2
0 - 29.3#2.3 2 ,
20 : © 39,1660 27,542, 3
100 L 37.3+6.2°  28.942.48
200 . 42,946.6 29.743.4°
' ' c n d ‘ c
Average JH-acetate 29,.342.3 40,664 28,7426
incorporation o _ :
Specific activity 185521 189234 16826

{dpm/ug progesterone)

* Each experiment represents the mean % standard error of determinations:
from four tissue incubations,

2D .lues with different superscripts differ significantly by p<0.05

¢d values with different superscripts differ significantly by p<0.,01

-
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spectrophotometric determinations. The specific activities of the
dncubated control, IH stimalated, and IH and ECO incubation were. about
the same indicating that the extent of the JH-acetate incorporation is
parallel for the different incubation conditions.. The results in

specific activity imply that LH increased progesterone éynthesis withe
’ out .changing the precursor pools from those observa& in control incuba-
tions., Savard and co-workers (196#,1965 and 1966) have shown a slight
increase in specific activity of the IH stimulated tissue-compéred to
controls, This implies that IH is stimulating incorporation of acetate
over control incubations as well as stimuiating pfogesterone synthesis,
In looking at their data they show variable specific activity for diff-
erent experiments and many of these valués are the same as those specific
activities seen in thé control. It should élso be noted that in their
specific activity determinationsio~20 uCi of 140-a§etate was used per
incubation, whereas only 1 uCi of 3H-acetate was ﬁsgd for obtaining the
data in Table III, The imporfant point made by the data in Table'III is -
that ECO inhibits the 1H sfimulation of incorporation of acetate‘into
progesterone. This supports the same conclusion drawn from the spectiropho-

tometric determinations of total progesterone from the tissue incubations.

~

Effect of ECO on Prostaglandin. Stimulation

Prostaglandins‘have the paradoxical effect of‘decréasing the cir-
culating progestin level when administered subcutaneously to live animals
and inereasing the progesterone level of in vitro bovine corpus luteum

tissue incubations (Speroff and Ramwell, 19703 Bedwani and Horton, 1968).
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Since PGE2 was reported tq be the most active stimulator of the prosta-
glandins, it was-utilized to stimulate progesterone synthesis in ﬁhe
study of %he effect of ECO on stimulation of steroidogenesis. When PGE2
(10 ug/ul) was added to the in vitro incubation system, it significently
(p<0.01) stimulated progesterone synthesisAcompared To the incuﬁated
v

control (Table IV). The progesterone level of the PGE2 incubations was
Jjust under but comparable to the iH stimulated level (Fig. 7)..'When ECO
‘was added along with PGE |

2
dropped significently (p<0.01) below the PGE, stimulated level. The ECO

to the incubation media, the progesterone level

guppressedeGE2 stimulation of progesterone synthesis to a level that
did not significantly differ from that of incubated controls. The stat-'
istical results were the same when the data was adjusted for a time effect
by covariance analysis. |

The effect of ECO on either 1H stimulation or PGE2 stimulation
appears to be about the same. This is not surprising,sincg;the stimu-
lator properties éf prostaglandins closely parallel those of‘LH stimula-
tion. Similarities are observed in specific activity of the increased
incorporation of 1'LLC-=-a.c:e’c,a':be into progesterone, time responsé curves,
and eycloheximide inhibition (Speroff and Remwell, 1970). More imporf-
ent is the fact that both stimulate adenylate cyclase. The common

inhibitory effect by ECO is indicative of some common intermediate between

IH and PGE2 stimulation of progesterone synthesis.
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‘Table IV. Effect of ECO on PGE, stimulation of steroidogenisis in

Juteal tissue

Incubation Incubated IH PGE2 PGE2+ECO
condition control :

No. Observations 9 9 15 15
Progesterone (ug/g) + 3 + b + b + 3
uncorrected 148.3-11.5 215.3-11.5 203.8-9.0 147.6~9.0
Progesterone (ug/g) _

covariance: , '

corrected 161.778.62  234.8%8.6¢° . 226.1%6.8° 179.9%6.82

a,b
Averages on the same line with different superscripts differ

‘

significantly (p<<.01).
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Figure 7. The effect of ECO on PGE, stimulation of steroidogenesis.,
(I) incubated control, (L) incubated with 200 ng LH/ml, (P) incu-
bated with 10 ug PGEz/ml, (PE) incubated with PGE, and 75 uM ECO,
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When PGE2 was added to homogenates of bovine corpora lutea, adenylste
cyclase was stimulated to produce cAMP (Marsh; 1970b). This implies that
PGE, S stimulation of steroidogenesis is mediated by cAMP as is IH stimula-
tion. In view of the vast structural dissimilarities befween prostagland-
ins end gonadetropins it was not surprising when Rao‘(l973) demonstrated
separate receptor sites for PGE, and humen chorionic gonadotropin (HCG)

" in the cell meﬁbranes of bovine corpora lutea. The gonadotropin receptor
.was specific in binding HCG and 1H, whereas the prostaglandin~recept0rs

2
glandins and gonadotropins bind to different sites on the same receptor

were very specific for PGEl and PGE_.. This evidence suggests that prosta-

of adenylate cyclase or that each binds to different receptor molecules
for adenylate cyclase. ,
The experimental evidence builds a strong case for both the luteolytic
effect and the contrary steroidogenic stimulatory effect to be existing |
vhysiological phenomena. Perhaps these paradoxical effects may co-exist,
considering that prostaglandin injected into an animal may have its effect
on the cofpus luteum as a whole organ sub-structure or its periphery,
whereas the in vitro effects of the prostaélandins are confined to the
tissue itself. - When interpreting in vitro and in vivo experimental results,
the differeece in time an agent has to exert its action must be'considefed.
The in vitro incubations demonstrate a‘short term effect of prostaglandins, -

whereas the in vivo experlments demonstrate a long term effect. Therefore,

prostaglandin may stimulate progesterone synthesis when conflned to luteal
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tissue as seen in a short term in vitro experiment, but the long term
effect on the organ substructure results in luteolysis and resultiﬁg
decreased progesterone released from the ovary.

It has been proposed by Pharriss (1970) that PGF,, is luteolytic
due to a vasoconstrictive effect resulting in a local ;t'eduction of
ovarian blood flow. Prostaglandin Feoc has been shown to reduce ovar-
ian venous blood flow in the rat and rabbit (Pharriss et al., 1968).
The factb that PGF2 is thé only poi':en’c venoconstrictor among the prost-
aglendins (Remwell et al., 1968) would explain the luteolytic ineffec-
tiveness of the other prostaglendins when given in vivo.

Certain in vitro studies indicate that prostaglandins mimic tropic
agents in the adrenal gland (Flack et al., 1968) and thyroid gland
(Onaya et al., 1969) as well as luteal tissue. Unlike tropic agents,
prostaglandins are endogenous in the target tissué (Speroff and Ramwell,
1970) and mé,y be synthesized from certain endogenous long chain fatty
acid precursors (Claesson, 1954). It would not be difficult to
invision a localized tissue or cellular effect by a short lived,
endogenously produced prostaglendin. Since prostaglendins are rapidly
degraded, a long~term effect on the corpus luteum would not be expected.
The pfostaglandins may serve as local regulators by 'modifyi.n'g the
effects of hormones at the tissue level. They could act as inter-

cellular'messengers of an IH response to the surrounding corpus luteum

cells, or they may play a role in the cellular mechanism by which
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bormones exert their effects. DPerhaps the mobilization of cholesterol
esters. and fatty acids by IH (Armstrong et al., 1969) are intimately
related to the biosynthesis of prostaglandins and their resulting

stimulatory action.

Effect of ECO on cAMP Stimulation

Since IH a.lzld.'PGE‘2 both stimulate adenylate cyciase 1o produce
cAMP, the effect o;‘ ECO and cAMP stimulation was determined. When
cAMP (0.02 M) was added to the incubation media, progesterone synthésis
" was stimulated to a level significantly greater (p<O.Ol)Athan the
incubated control (Figure 8). The aadition of ECO to the incubation
media along with cAME’ resulted in a 1l>rogesterone level still signi-
ficantly (p<0.01) greater than the control incubation. This was
definitely in contrast to the results of ECO inhibition of bofh LH and
PGE2‘ stimulation. In fact, onll‘y a sligh‘c; decrease 1n pz'oges’cefcone
level is observed wheﬁ ECO is i:ncluded with gAMP in the incubation
media to the cAMP stimulated condition.

The stﬁnulated levels of plrogesterone expressed in Table V, are
comparable to those values obtained by Marsh and Savard (1966) -- 207 ug
progesterorie/g lutegl tissue for the 0.02 M cAMP condition and 233 ug/g
for the saturated IH stimulatory condition. The concentratioﬁ of

exogenous cAMP needed for meximal stimulation of progesterone synthesis

is relatively high compared to the endogenous, I1H stimulated concentration
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Figure 8, The effect of ECO on cAMP stimulation of steroidogenesis,
(I) incubated control, (L) incubated with 200 ng LH/ml, (C) incub-
ated with 0,02M cAMP, (CE) incubated with cAMP and 75 uM ECO.
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Progesterone (ug/g) 140.8312.52

Table V.. Effect of ECO on cAMP stimulation of steroidogenisis in
luteal tissue
Tncubation Incubated LH cAMP cAMP+ECO
-condition control
No. Observations 7 : 5 9 9
‘Progesterone (ug/g) 141.8%12.57 202.5%15.2° 215.7711.0° 195.7%31.0°
. ! - ;: .
" No. Observations 9 13 i3
230.3%10.3°  210.0%10.3°

a,b !

Averages on the same line iwith different superscrlptq differ

significantly (p<<0 01).

(G
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of 8.5 ¢ 4.1 panomoles/g (Marsh et al., 1966) found»in the corpus luteum.
This requirement for high concentrations of nucleotide has also been
observed in studies on exogenous cAMP stimulatiﬁn of intact liver and
adrenal cells (Sutherland and Rall, 1960). Since much smaller con-
centrations of cAMP were needed to stimulate homogenates, they decided
that perhaps the cyclic nucleotide does not effectively penetrate the
cell membrane. This may be true in corpora lutea slices, but Marsh
and Savard (1966) were umable to stimulate steroidogenesis by'high or
low levels of cAMP in homogenates of corpora lutea and the éame attempts
were unsuccessful in our lab. Anothgr factor which may'influence ‘the
effective concentration of exogenous:cAMP is the enzyme, cAMP-
phosphodiéstefase, which may be inactivating the cAMP that does manage
to get through the cell membranes. If the dibutyryl derivative
N6-2'-O~dibutyryl—3', 5!'-AMP is used, the effective concentration can
|

be reduced 100 fold (Marsh, 196%9). The dibutyryl derivative is much
more permeable to cell membranés and it is not hydrolized by
phosphodiesterase. 5 | - |

By incubating corpus luteum tissue with the three known stimulators
of steroidogenesis along with ECO, it has been determined that an
inﬁibitory action of ECO on sfimulation of progestercne synthesis
appeaxrs to take place prior to cAMP stimulation. Considering that
cAMP is the second messenger for LH and PGE, stimulation, the results

2
indicated that the action of ECO may be to effectively prevent en
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increase in the intracellﬁlar concentration of cAMP due to the first
mfssengers. The infracellular level of cAMP is raised by 1H and PGE2
through their stimulatory action on the enzyme aﬁenylate cyclase.

This stimulatory action may be blocked By ECO thus prevenﬁing a-rise

in intracellular cAMP. Another possible way ECO may‘inhibif the

increase in intracellular cAMP is through a stimulatory action on
cAMP-phosphodiesterase. Further investigation of the effect of ECO on
the stimulation of steroidogenesis proceeded with the determination of

the effect of ECO on adenylate cyclase and phosphodiesterase activity.

The Effect of ECO on Phosphodiesterase

| Cyeclic AMP is hydrolized fo'phySioloéically inactive 5'-AMP under
the influence of one or more phosphodiesterases. Most cells conﬁain
at leést two phosphodiesterases, one with a low Km for cAMP (on the

6 M) and the other with a higher Km (about 10’1* M) (Thompson

order of 10~
and Appleman, 1971), located in the soluble as well as in the parti-
culate fracpiohs.. Homogenates of corpus luteum tissue contain
phosphodiesterase activity as reforted by Marsh (l970a); Since the
inhibitory action of ECO on IH and PGE2 stimulation could possibly be
due to a stimulatory action of ECO on phosphodiestersse, the effect of
ECO on phosphodiesterase activity was assessed.

Homogenates of luteal tissue had an enzyme activity of Lo nanamoles/ '

15 min. X 2C mg luteal tissue for phosphodies%eraSE as measured by the
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conversion of SH~cAMP to 3H-5'-AMP. TWhen IE or PGE, were added to the
h%mogenates, the phosphodiesterase activity was unchanged by these
sferoidogenic stimuilators as was also observed by Marsh (l970a,b).

The classic phosphodiesterase inhibitor, theophylline, added at near
saturated levels (0.0 M) reduced the catabolism of cAMP to'a near
negligible level. Dihydroergotamine as well as ECO was added to
homogenate incubations at two concentrations, ILO'"3 M and 10‘“ M.

- Neither alkaloid was completely soluble at the lOf3 M ievel. The two
ergot alkaloids had a slight inhibitory effect on phosphodiesterase aé
expressed in Table VI. At the concentration of ECO éomm;nly used in
the prévious experiments (10'4 M), the inhibition of phosphodiesterase
was 13,7% of the control which”is a small effect but significant
(p<0.01).

Some of the ergot alkaloids and lysergic acid dexivatives are
known.phosphodiesterase inhibitors in vérious tissues. ?Ehkoveté and
Poch (1969) demonstrated that‘bromé—ISD reduces myocafdial phospho-
diesterase in adipose tissue. Iwangoff and Enz (1972) repérted ‘the
inhibition of phosphodiesterase in cersbral grey matter by dihydro-
ergotamine and a large group of analogous compounds. Iwangoff and Enz
(1973) also reported the inhibitory effect of dihydrosrgotamine and
bhydergine (an equimolar mixture of dihydroefgotamine, aihydroergocristine,
and dihydroergokryptine) on the phosphodieétg;ase qgtivity in diffefent

organs (heart, kidney, liver, and brain) of the cat. A slight
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Tgble VI. The effect of ergot alkaloids 6n phosphodiesterase activity.

Molar Conc. of ' % Tnhibition of

Alkgloid Phosphodiesterase Activity* |
© 107" ECO | . 13.7 + 2.0F

10™3M ECO S .7 + 1.3

10_th DHE oo C 155 2.2

10~3M DHE 19.8 + 0.8

* Phosphodiesterase activity of the control was 40 n nioles/l‘j min. /20 mg
tissue (homogenized).

# Values differ significently from control enzyme activity (p<0.01).
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inhibitory effect of the alkaloids on phos@hodiesterase was generally
olserved fér all cases in the cat organ study comparable to the -
inhibitory'effect of ECC and dihydroergotamine.observed in bovine
corpora lutea homogenates. The cat brain had the highest phospho-
diesterase activity (39 u moles/30 min. X 100 mg tissue) and was
inhibited 15.3% of the control by .'LO"11L M dihydroergotémine.. This can
be compared to an activity of 40.n mole/lS min X 20 mg tissue for
bovine corpora lutea homogenates and a 13.7% inhibition of the control

by ZLO'LL

M ECO. Mar;h (1970a) reported a é50 n mole/15 min. X 20 mg
tissue for phosphodiesterase activity in bovine corpora luéea at a
higher substrate level.

This slight inhibition of phosphodiesterase by ECO in bovine corpora
lutea homogenates indicates that ECO would tend to increase the intra-
cellular level of.;AMP. An increase in cAMP results in an increase in
progestérone synthesis which is contrafy to the inhibitory actibn of
ECO observed on stimulated steroidégenesis in incubated luteal tissue.
The slight inhibiting effect of phosphodiesterase is not likely to have
a dominating effect‘on intracellular levels of cAMP compared to an IH
or PGE, stimulation of adenylate cyclase. Since phosphodiesterase is
inhibited rather than stimulated by ECO, it cannot be the site of the
ECO inhibition of stimulate& progesterone synthesis. It is difficult
to assess this effect of ECO inhibited phosph%giestgrase on the OVe?-

. shadowing ECO inhibited levels of progesterone synthesis observed in

2
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tissue incubations. Perhaps the inhibiting effect of ECO on stimulated
' steroidogenesis would be even greater in the absence of inhibitory

effect on phosphodiesterase.

The Effect of ECO on Adenylate Cyclase Activity

The assessment of adenylate cyclase activity was made in corpora
lutea homogenates and in luteal tissue slices thfough the ﬁeasurement ‘
of accumulated newly formed cAMP from radioactive. precursors added to
the two systems. Tissue and cellular integrity are presefved in the
tissue slice system providing the iﬁtact cellular‘system sometimes
fequired for full expression of hormcnal activation. The tissue
‘iﬁtegrity may be an important faétor considering the nature of adenylate
¢yclase and its activation by more than one agent. One difficulty of
the tissue adenylaﬁe cyclase assay is labeling the ATP substrate pobl.
Phosphoryiated nucleotides are’relatively impermeable to the ;ell.
Homogenates provide a cell free system that will readily accept radio-
active ATP into its substrate pool. OFf coﬁrse, celiular integrity.is
lost along'with some adenylate cyclase activity. The hdmogenate does
provide a system where-any degradation.of accumulating cAMP by
phosphodiesterase can be ruled out by complete inactivation of the
enzyme by an inhibitor such as theophylline. ‘
The effect of ECO on IH stimulation of adenylate cyclase was

determined by measuring the accumulation of 14C-CAMP3in tissue slices.
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The intracellular ATP substrate pool was labeled by the conversion of

1k

extrgcellular ll’"('J-a.deni::le to intracellulsr =~ C-ATP.. Adenine was reported

to penetrate lipocytes with relative ease and, in the presence of

glucose as an energy source, was found to be almost exclusively

converted to intracellular th-ATP (Humés et al., 1969). 'This

Yo amp — o opyp

adenylate-
cyclase

I
1;C-adenine ——

conversion was demonstrated to take-placé in bovine corpus iuteum slices.
When labeled adenine was added to incubating tissue slices, an increase
in th-ATP and tﬁe conéurrent'dépiefion of lAC-édenine was measured

with time. As can be seen in Figure 9, maximal conversion'to ll*C-A‘.l‘.‘IID
plateaued after 60 minutes on incubation.

. After a’6Q minute pre-incubation, IH and ECO were added to the
appropriate incubations to determine the effect of ECO on IH stimula-
tion of adénylate cyclase activity. The measured amounts of luc?cAMP
accumilated under the control incubétion condition, IH stimﬁlated
condition, and IH pius ECO condition incubated for different time
intervals are compared in Figure 10. The'resglts are expressed as the
mean ; the standard error of threé experiments. The addition of I1d

(1.0 ug/ml) resulbed in a marked increase in cAMP accumulation in the

"luteal tissue compared to incubated control tissue.! When ECO (100 uM)

/-
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was added to the incubation media along with IH, the accumulation of
CAMP was substantially decreased from the,LH stimulated condition.
These results suggest that ECO hdas an inhiﬁitory effeet on the 1E
- stimlation of adenylate cyclase activity in intact corpus luteum
tissue. o

Lutesl tissue homogeﬁetes were also ueed toeassess:the effect of
ECO on the stimulation of adenylate cyclase in a cell free system. The
"ATP substrate pool was tagged with the addition of 10 uCi of 3H-ATP to
each incubation. Adenylate cyclase activit& was determined from the
amount of JH-ATP converted to JH-cAMP during the incubation. The
_ inclusion of e high concentration of theophylline (0.0k M) in the
assay ineubation and the relatively short incﬁbation'time of 15 minutes
assures an ineffectual phosphodiesﬁerase activity in the hemogenate.

The additioﬁ of IH (20 ug/ml) to the homogenate incubation, con-
taining the equivalent of 40 mg of luteal issue, results in stimulated
adenylate cyclase activity as previously demonstrated by Marsh (1970a).
The mean activities % standard'errof as determined by Marsh in bovine
'corpora luteal homogenates were 116 + 25 p moles/20 mih. X 40 mg for ﬁhe
control, &69 + 95 for.IH stimulated, and 4140 + 720 for NaF stimulated
adenylate cyclase. As can be seen in Figure 1l, the enéyme activities
~ determined under the same conditions. are in the same range as those ‘
reported by Marsh. The addition of ECO (lOO uM), once again, had the

effect of inhibiting IH stimulation of adenylate cyclase. _The results
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Figure 11. Adenylate cyclase activity in luteal tissue homogenates
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expressed in Figure 11 are the mesns + the standard error of three
eriments er_LH and IH plus ECO while the remaining values are the
means + the range‘for two experimental groups. Statisticai analysié
dempnstrate the enzyme acti&ities for the IH condition and the IH -plus

ECO condition to be sigrificantly (p<0.0l) different.

The addition of PGE2 (10 ug/ml) to the homogenate also results in

‘stimulated adenylate cyclase aétivity but not tc the same extent as

does IH (Figure 11). This same observation was made by Marsh (1970b).

The addition of ECO appears to reduce the stimulatory effect of PGE2

on adenylate cyclase in the same manner as it reduced LH stimulation.

An even greater stimulatory effect of adenylate cyclase was
observed with the addition of NaF (0.01 M) 4G tissue homogenate. The
stimulation of adenylate cyclase by NaF has been observed consistently

in the study of the effect of other hormones on this medistory enzyme.

_ in various target tissues (Suthérland et al., 1962). The magnitude of

the NaF effect always seems to significantly exceed the effect'of’a‘
stimulatory hormone. The addition of ECO 4id mnot éffect ‘the stﬁnula;
téry action. of NaF as it has suppressed IH and PGE2 stimulation of
édenylate cyclasé.- In a similar fashion, another ergo® alkaloid,
dihydroergofamine, inhibits the norepinephrine stimulation of adenylate
cyclase but does not effecf\NaF stimulation of the enzyme (Ward and
Fain, 1971). It seéms likely that NaF intefacts with some compénenﬁ>

of the'adenylate cyclase system which is common to all tissues and‘thai
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this interaction is different from the effect of the hormone, which is
very specific in most tissues studied.

The nature of the effect of ECO on adenylate cyclase in bovine
corpora lutea tissue is difficult to assess. The ergot alkaloid
inhibits the stimulatory action of both IH and PGE2 on adenylate cyclase.
Initially it seems logical to speculaté #hat the alkaloid prevents the
binding of IH and PGE2 to an adenylate cyclase receptor sife. .Howéver,
one must keep in mind the specificity these sifes have demonstrated.
Separate receptor sites for gonadotropin and prostaglandin were shown
to exist in bovine corpus luteum tissue (Rao, 1973). C&nsi&ering the
structural dissimilarities between 1LH, PGE2, and ECO it is difficult to
invision the alkaloid to be competing with LH and PGEé for their respec-
tive binding sites. Hormones such as adrenocorticotropin, glucagon,‘
norepinephrine and epinephrine which stimulate adenylate cyclase in
their respective target tissue% have no effect on adenylate cyclase in
bovine luteal tissue (Marsh, 1§70a). Yet ergot alkaloids have demons
strated inhibitory actions on norepinephrine stimulation of adenylaté

cyclase in lipocytes (Ward and Fain, 1971), catecholamine activation of

adenylate cyclase in the heart and liver of dogs (Murad et 2l., 1962)

" and rat liver (Berthet et al., 1957), and glucagon and catecholamine

increase of cAMP in the rat liver (Yeung and Oliver; 1968). The general
inhibitory effect of ergot alkaloids on stimulation of adenylate cyclase

must result from some common action on the enzyme to prevent its
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activation. Recent experimental evidence (Schmidt, et al., 197h) indi-
cates iiver and platelet adenylate cyclase has activated dephospho-- E
and inhibited phospho--forms controlled by an adjoining phosphoprotein
phosphatase which activates phospho--adenylate chla.sé by dephosphoryla-
tion. DPerhaps the ergét alkaloids aré preventing hormone stimulation
through a direct inhibitory action on the activation of adenylate cyclase
by a common activation ﬁrocess such as the one Jjust mentioned above.

i




- ' SUMMARY

The Effect of ECO on the Stimulation of Steroidogenesis

|

ergocornine on the production of progesterone in the corpus luteum. The

The initial experimental evidence demonstrated ‘s direct effect of

physiological importancé of the ECO inhibited progesterone would be haxrd
to determine in light of the action of . ECO on pituitary hormone output.
However, this direct effect in tissue progestgrone biosynthesis must be
taken into acéount when discussing the effects of ECO on mammal repro-~
ductive dysfunctions.

Although the decreased progesterone levels in rats following ECO
iﬁéections has been traced to inhibition of pituitary release of prolactin
and 1H (Wuttke, et al., 1971), there may be other significant effects
resulting from a direct effect of ECO on luteal tissue. Kraicer and

Strauss (1970) pointed out that ECO may interupt a preovulatory surge of

' progestins responsible for setting off the gonadotropin ovulatory pulse.

Brgocornine was also found. to decrease progesterone levels when adminstered

to the mouse (Carlsen et al., 1961), the ferret (Blatchley and Donovan,

1967), and man (Shelesnyak et a2l., 1963) although this later observation

- came into question following subsequent investigation (Lindner et al.,

1967).
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Hormone levels‘of cattle treated with ergot alkoids have not been

measured. However, cattle consuming toxic levels of ergot have shown

reproductive dysfunctioning. Since the bovine corpus luteum is a well

characterized, specialized ftissue and since it is relatively large in
mass, it seemed to be the ideal tissue to use to investigate the effect
of ECO on steroidogenesis,

The corpus luteum is characterized as a specialized tissue which-

'fUnctions to produce progesterone. This progesterogeiis released into

the blood stream where is activabes or maintains the female reproductive
system. The production of progesterone in the corpus luteum is controlled
by the serum level of IH releaséd from the pituitary. Therefore, the
pituitary, under the influence of the hypothallimus and reproductive hormone
feedback, controls the cyclic female reproductive rhythm. |

Investigators have shown that ILH stimulates progesterone synthesis
in the corpus luteum via the "second messenger" cAMP. The prostaglandins
also sfimulate steroidogenesis in luteal tissue vis cAMP. However, neither
the relationship between IH and prostaglendins nor the physiological signi-
ficance of prostaglandin stimulation has been determined. The “"second
messenger systemﬁ (Fig. 3, p. 31) provides a means for: (l) thg»recogni~

tion of a hormone by specific target tissues, (2) the transmission of the
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hormone message across the cell membrane, and (3) the émplification of
the hormone message into the stimulated cellular processes.

Tnitial experiments demonstrated that ECO inhibited IH stimuwlation
and PGE, stimulation of‘steroidogeneéis.(Fig. 12). However, the alkaloid
did not result in the large reduction of steroidogenesis when the tissue
incubatiéns wvere stimulated by éxogenous cAMP. Thése results place the
effect of the ergot\alkaloid at the‘center of the "secéndary;messenger

"system". The inhibitory effect of ECO is prior to cAMP mediation of IH
and PGE, stimulation of progesterone synthesis (Fig. 13).

The intracellular level of cAﬁP is controlled by the activity of
two enzyme systems (Fig. 13). Ergocornine could inhibit IH and PGE,
stimulation of steroidogenesis by inhibiting adenylate cyclase or
increasing phosphodiesterase both resulting in the breék-dbwn of the
mediation of IH or PGE2 stimulation. Ergocornine was f&und t0 have a
slight inhibitory action on phosphodiesterase which would result in
increased intracellular cAM? levels. However,.ergocornine was found to
block IH and PGE2 étimulation of.adenylate cyclase, which would result
in decreased intracellular.cAMP and subsequent break-down of mediation
of IH and PGE; stimulation of steroidogenesis. The magnifude of ECO
inhibition of adenylate cyclase should over-shadow the small'inhiﬁitory
effect of ECO on phosphodiesterase. As a result of homogenizat;on,
phosphodiest;rase does have a much higher enzymatic activity than

adenylate cyclase in homogenates. However, Marsh (1970a) pointed out
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Figure 13. The effect of ECO IH PGE,
on steroidogenesis,
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that cAMP accumulates in the cell in the bresence of this large potential-
phosphodiesterase activity indicating that either very little of the
phosphodiesterase activity is expressed or that there is some conpart-
mentalization which separates cAMP from this desﬁructivé enzyme. OFf |
course homogenization releases the phosphodiesterase activity which must
be inhibited by theophylliﬁe when assessiﬁg adenylate cyclase activity.

The primary effect of ergocornine inhibition of stimulated progesfer-
one, therefore has been demonstrated to take place by an inhibitory‘actioﬁ
of the alkaloid on the activation of adenylate cyclase. From the exper-~
imental data presented, one may only speculéte on the nature of this ECO
inhibitory action on adenyiate cyclase. Since the stimulatory action of
both ILH and PGE2 are interrupted it appears that ECO interfers with an
activation process of adenylate'cyclase between the receptor sites and
the'enzyme. A general inhibi%ory.action of ergot alkaloids on adenylate
cyclgse activation would also.explain érgot alkaloid disruption of hormone
stimulation in the other tissues mentioned -~ adipose (Ward and Fain, 1971),"
heart (Murad et al., 1962), and liver (Berthet et al., 1957, Yeung and
Oliver, 1568). '

As a vesult of the ECO inhibitory action, IH or PGE, fail to stimulate
en increase in the intracellular level of:cAMP in bovine'luteal tissue.
Normally, IH or PGE2 stimulated adenylate cyclase would increase thg

intracellulsr level of cAMP which activates certain protein kinases in

bovine luteal tissue as shown by Menon {1973).(Fig. 13). The activated.
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p‘rotein kinases induce increased progesterons synthesis through certain
P osphorylation reactions. Both ILE and cAMP have been shown to. directly
activate a protein kinaée that phosphorylates higtones, whereas, only
cAMP activates a different protein kinase to phosphorylate ribosomal
proteins (Azhar and Menon, 197%). These phosphorylations could possibly
increase the protein synthesis of enzymes in ihe steroidogenic pathway.
Another phosphorylation reaction has been shown by Caron et al., (1974-)
to stimulate the activity of the rate-limiting enzyme of the steroidogenic
pathway. ~The side-chain cleavage enzyme s\ystem in bovine luteal tissue
is stimulated by a cAMP-dependent protein kinase phosphorylation of some
protein in the cytochrome P-450 fraction of the enzyme complex.

From this discription it can be seen how the ergot alkaloid induced
reproductive dysfunctions observed in cattle could possibly result from

a direct effect of the alkoid on the progesterone synthesis in the corpus

1

Juteum.
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