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Summary

The direct effect of zonadotropin releasing hormone (3nRH) upon
ovarian function, is initiated by a rapid receptor-mediated in-
crease in phosphatidylinositol (PI) turnover (~ 5 min) followed by
prostaglandin E (PGE, 120 min) and progesterone (120 min), forma-
tion, oocyte maturation and induction of ovulation. 1In contrast,
luteinizing hormone (LHY) stimulation of oocyte maturation and in-
duction of ovulation is nediated by increased adenosine
3',5'-monophosphate (cAMP, 15 min), progesterone (30 min) and PGE
(180 min) production. Both LH and. GnRH stimulation of oocyte matu-
ration are inhibited by dibutyryl <AMP and 3-isobutyl-1-methylxan-
thine, whereas induction of ovulation Dy the &two hormones is
blocked by indomethacin. GnRH and LH differ, therefore, in the
mechanisn lz2ading to PGE formation, but %thereafter share a conmon
mechanisn responsi®le for oocyte maturation and independently for
induction of ovulation,

Pituitary gonadotropin biosyathesis and release is regulated by the deca-
peptide gonadotropin releasing hormone (3nRH). Paradoxical antifertility ef-
fects of GnRH in vivo have led %o the findings that the psptide and its po-
tent analogs exert direct effects on the gonads (1).

The inhibitory effects of 5nRH on FSH-induced estrogen production and LH
receptor formation in the ovary, might be explained by findings that GnRH an-
alogs reverse the inhiditory effect of FSH on phosphodiesterase activity and
progressively inhibit adenylate cyclase activity (2). 1In addition, the inhi-
bitory effects of GnRH on FSH-induced progesterone production can result from
inhibition of the side-chaia cleavage enzyme and the increase in 27--zhydrox-
ysteroid dehydrogenase activity (3). ‘fowaver, Lthe “1echanisn by wiich 5nRH
exerts its direct 'gonadotropin-like' effzcts on PGEC ani progesterone forma-
tion, oocyve maturation and ovulation, and the relationship between GnRH and
LH actions are not yet clear (4-7).
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Recently, it was reported that LH stimulates PI = labeling and
steroidogenesis in luteal cells, and that LH and GnRH increase PI metabolisa
in ovarian granulosa cells (3-10). It was also suggested that GnRH analogs
increase cAMP (11), PGE, and progesterone production in granulosa cells
(4-6). Therefore, it seems that a common mechanism of action might exist for
LH and GnRH in stimulating ovarian functions. s dirbn o, ;

We and others have recently reported that enhanced phospholipid turnover
is involved in the mechanism of action of GnRH in the pituitary and the ovary
(12-14). We therefore examine in this report the effect of GnRH and LH on
granulosa cell phospholipid turnover in relation to PGE and progesterone for-
mation, and compare the effects by which both GnRH and LH stimulate oocyte
maturation and induce ovulation,

Methods

GnRH and its [D-Alasldes—Gly1O-N ethylamide analog (GnRHa) were purchased
from Peninsula Lab. Inc. (San Carlos, Ca)., Ovine LH (oLH; NIH-319) was kind-
ly supplied by NIA4DD, NIH. Prostaglandins_were obtained from the Upjohn
Co., (Xalamazoo, MI). 15,6,8,11,12, 14, 15=-"4(N) IPGE (165 Ci/mmol) and
(1,2,6,7-"4]Progesterone (90 Ci/mmol) were purchased from NEN Corp. (Boston,
MA). PGE and progesterone antiserum were gifts from Dr. F. Kohen.

Immature (26-day-old) Wistar-derived rats from the departmental colony
were injected with 15 [.U. of pregnant mare serum gonadotropin (PMSG .V. Or-
ganon, Oss, Holland). Granulosa cells were harvested 48 h. later_ at room
temperature by puncturing the follicle with a blunt probe and applying gentle
pressure to the follicles, Cells were cultured in McCoy's medium cpn;éining
glutanine (2 mM), fetal calf serum (5%), penicillin (50 u/ml) and streptomy-
cin (50 pg/ml). Cell viability was determingg by trypan blue.exclusion and
was normally between 70 and 30%. Cells (2x107/dish) were then pipetted into
plastic tissue culture dishes (35 mm, Falcon) in a total volume of 2 ml and
cultured for 2 days in a humidified incubator.

For phosphatidylinositol turnover determination, culture medium was re-
moved ‘and replaced by phosphate-free Krebs—Ringefggicarbonabe. Endogenous
phospholipids were 1ableed for 2’)0 min with S50pCi [ P]-Pi/dish before addi-
tion of GnRHa, [D-pGlu ', nclPhe”, D-Trp3,6]-GnRH (GnRH antagonist), ovine FSH
(NI4-FSH-ST), or ovine-LY for another 50 min,

Cells were harvested in methanol and transferred to Eppendorf conical
tubes. Cell phospnolipids were then extracted using chloroform-methanol
(2:1), followed by sonication for 1 min. After centrifugation (20,000 x g
for 10 min), the supernatant was collected, evaporated under nitrogen, and
redissolved in 3.5 ml chloroform. Samples were washed with 0.5 ml chloro-
form-methanol-water (3:4:3), and the lower phase was collected, dried, and
redissolved in 25 Ul chloroform-methanol (2:1). .Samples were then applied to
Silica gel G-coated plates (Kieselgel 50, Merck, Darmstadt, West Germany),
and phospholipids were identified by two-dimensional thin layer chromatogra-
phy with chloroform-methanol-methylamine (65:35:15), followed by a second
separation with chloroforn-acetone-methanol-acetic acid-water (100:U0:20:
30:10). The plates were exposed to autoradiography (Curix RP2, AGFA-GEVAER,
Belzium), the radioactive spots were identified with markers, and. the corre-
sponiing areas of the various phospholipids were removed and counted by the
Cerenkov techaique. The inorganic phosphorus contents of total lipid ex-
tracts and individual phospholipids were determined according %o the method
of Bartlett (19). For statistical analyses, data were pooled from several
experinents, and the means compared with control values by Student's t test.
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Cyclic AMP, prostaglandin E and progesterone formation

To follow GnRHa- and LH-induced cAMP, prostaglandin and progesterone for-
mation, cultured cells were incubated in nedium 199 containing 25 mM HEPES,
0.2 mM 3-isobuty1-1-methylxanthine (MIX) .and 1 mg/ml BSA. Iacubations were
performed in triplicate at 37°C and test substances were added in 10 pi medi-
um, Incubations were stopped by collecting the medium from the dishes and
freezing the samples until assaysd. When cAMP was deternined, a portion of
the mediun (3.3 ml) was added to 0.3 ml of acetate buffer (50 mM, pH 4) and
the sample was inmediately boiled for 5 min. Cyclic AMP levels were deter-
mined by a compatitive protein binding assay as previously described (20),
and prostaglandin E and progesterone by radioimmunoassay (20,21). Signifi-
cance was evaluated by Student's t test. ;

Docyte maturation

Follicles were dissected from 26-day-old female rats injected subcutane-
ously with 15 L[.U, of PMSG and killed 48 h later. Individual follicles were
incubated in 2.5 ml of Leibovitz's L-15 tissue culture medium (5ibco, Grand
Island, NY) supplemented with 10% fetal bovine serum (3era-Lab, England),
penicillin (100 units/ml) and streptomycin (100 ug/ml) (Gibco), in the pres-
ence or absance of the indicated concentrations of the following agents:
GnRHa, GnRH antagonist, ovine LH, dibutyryl 3':5'-cyclic monophosphate (DBC)
or methylisobutylxanthine (MIX) (Sigma Chemical Co.). Incubations were car-=
ried out ia a N :02 (1:1) atmosphere in an oscillating bath at 37°C. At the
indicated time %he follicles were incised and the cumulus-oocyte complexes
were recovered. The oocytes were exanined using an inverted microscope
equipped with Nomarski interference contrast optics. Resumption of meiosis
was indicated by the absence of the germinal vesicle (GV) in the oocyte. For
each study, the data of several individual experiments were combined and the
results are reported as the fraction of oocytes with GV breakdown (GV3).

Induction of ovulation

Hypophysectomy was performed on mature Wistar proestrous female rats and
followed by a subcutaneous injection of 15 [.U. of PMSG . in 9.1 ml of 0.9%
NaCl. An intraperitoneal injection of either human -chorionic gonadotropin
(hCG, Pregnyl, Organon, Holland; 4 I.U./rat) or GnRHa (500 ng/rat) was given
24 nh later, A second group of the hypophysectomized rats was injected with
one of these hormones in combination with either 5’“5 per rat of a GnRH-an-
tagonist or 2 mg per rat of indomethacin (1-[p-chlorobenzoyl]-5- methox-
y=-2-methylindol-3-acetic acid, Assia Chemical Labs., Israel). The rats were
killed by cervical dislocation 20 h after injection. The oviducts were re-
moved and examined for the presence of ovulated oocytes,

Results

32 Cultured granulosa cells from preovulatory follicles were incubated with

P-Pi to label endogenous phospholipids (Fig. 1a) and latq; stimulated with
GnRHa, FSH or LH for up to 50 min (Fig. 1b), GnRHa (10°°M) increased the
specific labeling of PI and phosphatidic acid (PA) by 4.5 and 3.5 fold re-
spectively (p < O.OZ)Zand the egfect was abolished by the potent GnRH antago-
nist [D-pglu » pclPhe”, D-Trp3' 15nRH (Fig. 1b). The effect was dose-related
(ED 0=1O' M) and could be detected after 5-10 min of incubation (13). Both
LH gnd FSH had no stimulatory effect on phospholipid labeling during 60 min
of incubation, :
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FIG. 1:

GnRHa(I09M)+
antagonist (I0°6 M)

Effect of GnRH-analog (GnRHa), LH and FSH on phospholipid labeling.
Granulosa cells were prepared from 25-day-old female rats pretreat-
ed with 15 I.U. of PMSG. 3§ndogenous phospholipids were labeled for
60 min_, with 5% MUCi %SP]-Pi/dish before addition of GnRHa,
[D-pGlu’, pclPhe®, D-Trp”’”]-GnRH (GnRH antagonist), Ovine FSH, or
ovine-LH for another 50 min. Cell phospholipids were extracted and
separated by two dimensional thin 1layer chromatography as de-
scribed. Plates were then exposed to autoradiography (eurix RP2,
AGFA) for 2 days and the spots were identified with markers, re-
» moved and counted by the Cerenkov technique. Inorganic phosphorus
(Pi) was determined according to Bartlett (19) a. The nunbers on
the autoradiograph denote the relative migration of the phospholi-
pids: 1) origin, 2) unidentified, possibly phosphatidylinositol
plasmalogen, 3) lysophosphatidylcholine, #4) phosphatidyleholine
plasmalogen, 5) phosphatidylinositol, 6) phosphatidylethanolamine
plasmalogen, 7) phosphatidylserine, 8) phosphatidylcholine, 9)
phosphatidylethanolamine, 10) phosphatidic acid, 11) phosphatidyl-
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glycerol, 12) cardiolipin. b. Results are the mean of triplicate

determinations representing three separate experiments (SE < 10%).

Labeling of other phospholipids such as phosphatidylethanolanine,

phosphatidylserine, choline plasmalogen, phosphatidylglycerol and

cardiolipin was not affected by the GnRHa treatment, while a small "
increase in phosphatidylcholine and lysophosphatidylcholine was ob-

served.

On the other hand, LH, but not GnRHa, produced a time-related increase in

cAﬁfzprogfcbion in cultured granulosa cells (Fig. 2). At concentrations of
10" “=10 'M, GnRHa had no stimulatory effect on cAMP accumulation up to % h

of incubation (Fig. 2 and data not shown). However, both LY and GnRHa pro-.

duced a dose~ and time-related increase in progesterone formation which was
first observed after 30 min of incubation and became significant (p<0.05 and
p< 0.02) after 30 and 120 min for LH and GnRHa respectively. A 2-3 fold in-
crease in progesterone formation was detected at the end of the incubation
period (Fig. 2).

It is assuned that LH-induced cAMP formation mediates PGE_ and progester-
one formation (15-18), therefore we also measured PGE levels in the culture
mediun. GnRHa and LH increasad the formation of PGE in a time related manner
and the effect could be detected after 2 and 3 hours of incubation for GnRHa
and LH respectively (p< 0.001 and p< 0.05 respectively). At the end of the
incubation period there was a 3 fold increase in PGE production by GnRHa and
LH.

I¢ was recently reported that GnRH analogs can mimic the effect of LH on
stimulation of both meissis resumption of follicle enclosed rat oocyte in vi-
tro, and induction of ovulation in hypophysectomized rats (4-7). We there-
fore investigated whether the formation of PGE by GnRHa mediates the stimula-
tory effect on oocyte maturation and ovulation. As shown in Fiz. 3,
administration of indomethacin blocked the stimnulatory effect of both LH and
GnRHa on induction of ovulation but had no effect on the peptide-induced oo-
cyte maturation, indicating that PGE is involved in induction of ovulation
but not in oocyte maturation. On the other hand, the stimulatory effect of
both LH and GnRHa on resumption of meiosis in follicle-enclosed rat oocyte in
vitro was bSlocked by D3C and MIX., These results suggest that GnRH and LH
share a conmon nechanisn leading to resumption of oocyte maturation. The
nechanism by which DBC and MIX inhibi“ hormone induced oocyte maturation is
not yet known (22).

The possibility that gonadal GnRH-like material (23,24) is involved in me-
diating LH actions on oocyte maturation and ovulation was zxcluded by demon-
strating that 5nRH antagonist capable of inhibiting GnRH-induced stimulatory
effects failed to influence LH actions (Fig. 3).

In this report we present 2vidence that followinz its dinding to specific
receptors in 3zranulosa cells (25), GnRH, hut not LH, activates the PI re-
sponse (26,27). Increased PI turnover is belisved to precede the opening of
calcium channels, and 24 was recently implicated as an endogenous calcium
ionophore (28,29). The enhanced labeling of PA suzgest the involvement of 2
PI-spzcific phospholipasa Z in GnRH action (30)., The PA thus formed can ac-
tivate a PA-specific phospholipase A, “hat will liserate free. arachiionic
acid (AA) and produce lysopnosphatiiic acid. The lysoderivative and the re-



394 GnRH on Ovarian Phospholipid Turnover Vol. 35, No. 4, 1984

8001 — Control

E R

E ?-HHO

£ o0} =
w
-~

T 400} —
c

S

o

S 200} ud
2]

o =
Q

P e J

—~ : X nRHa

T - Z240H 1
~ be .
S 24

£ L d
2 e} -
e

g i ]
g 8 i
o

o L .
s

Q

[ ]Control
] GnRHa
40 LH

30

cAMP (pmol/ml)
n
o
I

o5, |
Time (hr)

FIG. 2:

Effect of GnRH analog and LH on cAMP, progesterone and prostaglan-
din E formation in cultured granulosa cells. Granulosa cells were
prepared from preovulatory follicles as described. After 2 days in
culture the medium was changed to medium 199 containing H?PES (20
mM), MIX (9.2 mM), and BSA (1 mg/ml). GnRHa (10”'M) and
oLH(1 ug/ml) were added” for the time indicated. Mediun was col-
lected for radioimmunoassay of progesterone and prostaglandin E,
and- cA4P was determined in the mediunm by a competitive protein
,binding assay. Results are the mean + standard error of triplicate
determinations representing one of 3 sinilar experiments.

maining PA can serve as calcium-ionophores and activate phospholipase A, that
liberate AA from other phospholipids such as phosphatidylcholine and phospha-
tidylethanolamine (31). The accumulated AA is then converted ts PG's and P3E
mediates GnRHa induction of ovulation. 0On the other hand LH stimulation of
PGE production is nediated by cAMP formation in the absence of =levated PI
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FIG, 3:

Comparative studies on GnRH and LH stimulation of ovarian func-
tions. To study oocyte maturation, follicles were isolated from

the ovaries of immature rats 48 h after PMSG (15 IU/rat) priming.
and jncubated in the presence of either oLH (2.1 ug/ml) or GnRHa

(10”'M) with or without either GnRH antagonist, (107°M), dibutyryl

cyelic AMP (D3C, 5 mM), MIX (0.2 mM) or indomethacin (Indo

10 Mg/ml). The incidence of maturation in the oocytes recovered

from the incubated follicles after 20 h was indicated by the break-

down of the germinal vesicles. The numbers at the bars represent

for this study the amount of oocytes analyzed for each experimental

group. Ovulation was studied in mature rats hypophysectomized on

the morning of proestrus and later (2 p.m.) injected with hCG (4

IU/rat) or GnRHa (500 ng/rat) with or without a combined treatment

with either GnRH antagonist (5 wg/rat) or indomethacin (2 mg/rat).

The oviducts of the treated rats were examined for the presence of

ovulated oocytes 20 h after the injections. The numbers at the

bars represent the number of rats (SE < 10%).

labeling. Further studies are needed to support our proposal of the cascade
of events involved in GnRH-induced PGE formation.

Since it is thought that cAMP mediates LH effects on both PGE and progest-
erone production (15-18), it is obvious that LH and GnRH differ in the mecha-
nism of action leading to PGE and progesterone formation. It is possible
that GnRH-induced PI turnover is also involved in progesterone formation via
the recently discovered calcium-activated, phospholipid-dependent protein ki-

nase C (32). Nevertheless, the two pathways merge apparently at the PGE pro-
duction step.

395




396 GnRH on Ovarian Phospholipid Turnover Vol. 35, No. 4, 1984

Although little is known about the process of oocyte maturation, both LY
and GnRH seem to share some mechanistic pathways since the stimulatory effect
of both hormones is blocked by DSC and MIX but not by indomethacin. It has
been shown that PGE mediates LH-induction of ovulation (for review see 17)
the finding that indomethacin also blockad GnRH-induced ovulation indicates
that PGE mediates the direct stimulatory effect of GnRH on induction of ovu-
lation.

Our data support the notion that the AA needed for GnRH-induced PGE
synthesis was derived from PI turnover, as suggested for angiotensin II ac-
tion in the kidney (33). Also, in terms of the time course of GnRHa action,
the effect observed in this study represents, to our knowledge, the eagrliest
biochemical response to the hormone, and hence night represent initial events
leading to both the early stimulatory effects and later to inhibition of 20=-
nadotropin stimulation of ovarian function.

We have recently suggested that lipoxygenase products of AA are involved
in GnRH-induced pituitary gonadotropin release (12), and the present report
indicates that the cyclooxygenase pathway is involved in the ovarian actions
of GnRH. Therefore, GnRH seems to-be an examnple of a hormone capable of se-
lectivr' .2tivating one of the two major pathv : of AA metabolism in dif-
ferent ' -get cells,

Our data indicate that although LH and GnRH differ 1in the mechanism lead-
ing to PGE and progesterone formation (Fig. 4), thereafter both peptides
share a common mechanism responsible for oocyte maturation and independently
to ovulation. Since it is unlikely that hypothalamic GnRH reaches the go-
nads, it is possible that the data presented provided insight into the mecha-
nism of action of putative GnRH-1like substances in the gonads of some species
(23,24). Finally, the pathway suggested for GnRH action in the pituitary
(12,14) and the ovary (present results), provides a novel alternative mecha-
nism of action for peptide hormones which do not act via cAMP formation.
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r PDE Progesterone . qating |
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FIG. U4:

Scheme of proposed mechanism of LH and GnRH action. R, represent
the respective specific receptor for LH and GnRH; PT, phosphatidyl-
inositol; indo, indomethacin; MIX, 3-1sobuty1-1-methylxanthine;
DBC, dibutyryl cAMP; PLC, phospholipase C; AC, adenylate cyclase;
PDE, phosphodiesterase; SCC, side chain cleavage, enzyme; 200-HSD,
20 -hydroxysteroid dehydrogenase.
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