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The Involvement of Platelet Activating Factor

in Ovulation

AKINWUNMI O. ABISOGUN, PIERRE BRAQUET, ALEX TSAFRIRI*

Follicle rupture during ovulation is associated with inflammation-like changes. Be-
cause platelet activating factor (PAF) participates in the inflammatory process, the
effect of a PAF-specific antagonist, BN52021, on the ovulatory response was tested in
rats. BN52021, administered locally, inhibited follicle rupture in rats stimulated to
ovulate with human chorionic gonadotropin (hCG). In addition to suppressing
rupture of the follicles, this antagonist suppressed the hCG-stimulated increase in
ovarian collagenolysis and vascular permeability. The inhibition of ovulation of
BN52021 could be reversed by simultaneous administration of PAF. Furthermore,
PAF partially reversed the blockage of ovulation by inhibitors of eicosanoid synthesis.
Collectively, these results suggest the involvement of PAF in ovulation. Its role seems
to be closely related to the metabolism of arachidonic acid. Thus, modulation of PAF
action may serve as an additional target for regulation of reproduction via its action on
ovulation.

HE RUPTURE OF MATURE OVARIAN
follicles during ovulation involves
changes that are also common to
inflammation (7). Thus, induction of ovula-

findings prompted us to examine the possi-
ble involvement of the platelet activating
factor [PAF; 1-O-octadecyl (or hexadecyl)-
2-acetyl-glycero-3-phosphorylcholine] (10)

tion by gonadotropins, which stimulate in-
creases in follicular tissue—type plasminogen

in follicular rupture during ovulation.

Immature, 25- or 26-day-old female Wis-
tar-derived rats were primed with 15 IU
of pregnant mare’s serum gonadotropin
(PMSG) to produce multiple preovulatory
follicles. Ovulation was induced with a sub-
cutaneous injection of 4 IU of human chori-
onic gonadotropin (hCG) 48 to 54 hours
after PMSG administration. Approximately
18 to 20 hours after administration of hCG,
the rats were killed by cervical dislocation.
The ampullae of the oviducts were excised,
and the ovulated ova were released and
counted under a dissecting microscope.
When ovulation was inhibited, the presence
of large Graafian follicles was confirmed by
examination of the ovaries. The data of
unilateral injections into the ovarian bursa
were expressed as percent inhibition of the
number of ovulated eggs in the oviduct of
the treated versus the untreated side.

The involvement of PAF in ovulation was
tested by injection of a specific PAF antago-
nist BN52021 (11) [median inhibitory con-
centration (ICsp), 107’M], isolated from
the Chinese tree Ginkgo biloba L. (10, 12).
Unilateral injection of the antagonist into
the ovarian bursa resulted in a dose-depen-
dent inhibition of follicle rupture from the
treated ovary (Table 1). The drug effectively
blocked ovulation when administered con-
comitantly with hCG (0 time), or up to 9
hours after hCG treatment. The inhibition
of follicle rupture was prevented when
BN52021 (0.75 mg) and PAF (Sigma) were
injected into the ovarian bursa simulta-
neously with hCG (Table 1). Administra-
tion of PAF (0.5 to 20 pg per bursa) to rats
that were not stimulated by hCG and had
their endogenous surge of luteinizing hor-
mone (LH) blocked by Nembutal failed to
induce ovulation.

In view of the action of inhibitors of
eicosanoid synthesis on follicle rupture (5,

Fig. 1. Induction of ovula-

activator (tPA) (2) and collagenase (3, 4)

activities, can be blocked by inhibitors o the o b of oo
cyclooxygenase (5) and lipoxygenase (6) Ty synthesis. Immature 25- or
pathways or arachidonic acid (AA) metabo- 2 SN EY N 26-day-old rats were inject-
lism. Recently, platelet aggregation and ad- 3 5, ed with 15 IU of PMSG.
herence to endothelial cells was observed in % . * " ﬁgfr“fz E‘;ri?ﬂl;?:ﬁ; O‘I;“Clg
periovulatory ovine follicles (7). Likewise, £ o[ ) (4 IU); 3 hours late¥ indo
margination of platelets in acutely inflamed & | (0.5 mg per bursa, solid
tissues (8) and their high content of media- £ o[- n T e bars) bor NDthAh (g~5b mg)
tors, including vasoactive amines and pep- 8 g T T per  bursa, hatched = bars
tides, protcas%s, chemotactic factors, par?d ol ! @Als @ 6] [9] 6 Es] me :::g ull)t gnFe(v)\;esrle aiclljmmsong/(t’crgg
growth factors (9) were described. These m?itor - * * * * * * methyl su[fozjde in saline

(ug per bursa) 0 o 01 025 05 10 20 (v/v) into one ovarian bursa.
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Ovulation was examined the

next morning. Only the number of ova (mean = SEM) released from the treated ovary are given; the
untreated ovaries were not affected significantly by PAF. The number of rats is indicated on the bars.
*P < 0.01; **P < 0.001 versus the rats treated with the same inhibitor only. Analysis of variance
revealed a significant (P < 0.001) effect of PAF doses on inhibition of ovulation by indo or NDGA.
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6), we tested the possibility that adminis-
tration of PAF could affect the inhibition
by indomethacin (indo) (Ikapharm, Ramat
Gan, Israel) or nordihydroguaiaretic acid

(NDGA; Sigma) (0.5 mg per bursa). PAF
(0.1 to 0.5 g per bursa) partially reversed
the inhibitory action of eicosanoid synthesis
inhibitors on follicular rupture (Fig. 1).

A 100 - c
E 400 t
80 — -
B L ~h £300 [—
3 ol e F
8 i r
- - =] -
g 40— *¥ %200 o *x
s g
(&) - 'E B
20 [— & 100 [—
Sk g -
% 150 - 8 8
B g - 0
% 125 | hCG hca
= o +
= F BN52021
g 100 | —_—
o o * Fig. 2. The inhibition of ovulation, collagenoly-
= - sis, and ovarian vascular permeability by
8 F BN52021. PMSG (15 IU) was administered in-
3 - traperitoneally to 26-day-old rats concomitantly
= 50 |— with 100 uCi of [*H]proline and 0.5 mg of r-
& o (+)-ascorbic acid. After 48 hours (proestrus), all
% 25 [~ the rats were given injections of hCG (4 IU) to
o - induce ovulation; some of the rats were given
s o 6 9 concomitantly bilateral injections of an ovulation-
- inhibiting dose of BN52021 (0.75 mg per bursa).
Estrus Estrus (A) The number of ovulated ova in oviducts was
(hCG) (hCG + BN52021)

examined the next morning (the day of estrus).
(B) The ovaries were homogenized and processed for assaying collagenolysis as described (3). The data
are presented as the amount of remaining labeled collagen as a percentage of the labeled collagen
measured on the preceding morning (proestrus), which is defined as 100%. (C) The uptake of '*I-
labeled BSA was estimated by administration of 1 wCi intravenously at the time of hCG administration
or 6 hours afterward. The hCG was administered 48 hours after PMSG. Some of the rats were also
given bilateral injections of 0.75 mg of BN52021 per bursa. Thirty minutes after injection of the label,
blood was collected via a cardiac puncture; the animals were killed, the ovaries were excised, and '*I-
labeled BSA in blood and ovaries was counted as described (14). The uptake of the label 6 hours after
hCG in ovaries is expressed as the percentage of the uptake in rats not treated with hCG, which is
defined as 100%. Other details are as in Fig. 1. *P < 0.01; **P < 0.001 versus the appropriate control

group.

Table 1. Inhibition of ovulation by BN52021. The difference between the treated and untreated side
was analyzed by the Student ¢ test. Values for number of ova and percent inhibition are means = SEM;
= number of rats; NS, not significant.

Number of ova per ovary Percent

Treatment n N P value
Untreated Treated inhibition

BN52021
(mg/bursa)
0 11 266 1.6 214 +24 19.7 = 9.1 NS
0.1 6 28016 248 2.1 13.6 = 89 NS
0.3 15 32719 201 £2.0 385+ 6.3 <0.001
0.7 17 269 + 3.2 14.6 £ 2.3 455+ 9.2 <0.01
1.0 11 32.1 =238 13523 578+ 7.2 <0.001
BN52021*
(hours after hCG)
0 9 31.3 34 20.1 = 3.1 359 +10.0 <0.05
3 11 343 =35 26.2 +33 236 94 NS
6 12 30.2 = 3.6 18.7 £ 2.1 380+ 7.1 <0.05
9 10 34225 174 = 3.7 49.1 +11.0 <0.01
BN52021 + PAF
Vehicle 5 395+ 4.6 33.0 = 4.5 165 =114 NS
BN52021 + PAFt 8 336 3.7 35.0 = 3.4 4.5 = 10.1 NS
*0.7 mg per bursa. 10.7 mg per bursa and 0.5 ug per bursa, respectively.
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Analysis of variance revealed a significant
(P < 0.001) effect of PAF doses on inhibi-
tion of ovulation by indo or NDGA. Higher
doses of PAF (1.0 to 2.0 pg per bursa) were
detrimental for ovulation, probably because
of toxic systemic effects of the drug, previ-
ously described in other systems (13).

Our earlier studies demonstrated that LH
and hCG stimulation of ovulation is accom-
panied by an increase in ovarian collagenoly-
sis (3) and in vascular permeability (14).
These actions of LH and hCG were attenu-
ated by inhibitors of eicosanoid synthesis (3,
15). Likewise, BN52021, administered bi-
laterally into the ovarian bursae, blocked
hCG-induced ovulation (Fig. 2A), the in-
crease in ovarian collagenolysis (Fig. 2B),
and the uptake of labeled bovine serum
albumin (BSA) (Fig. 2C). It seems, there-
fore, that the concerted action of eicosan-
oids and PAF is involved in the mediation
of LH- and hCG-triggered preovulatory
changes in ovarian collagenolysis and vascu-
lar permeability.

PAF can induce margination and activa-
tion of thrombocytes and leukocytes in vivo
(8)- Several matrix-degrading proteases were
identified in human granulocytes (16), of
which neutrophils constitute over 90%.
Neutrophils increase epithelial permeability
(17). In view of our recent demonstration of
a preovulatory increase in ovarian and follic-
ular neutrophil content in the rat (18), it
seems plausible to suggest that PAF action
on ovulation is mediated through blood
cells.

The precise mechanisms of PAF involve-
ment in ovulation, as well as the primary
cellular origin and targets of its action,
remain to be determined. Recently PAF was
shown to have a role in ovoimplantation
(19). Thus, PAF elicited responses similar to
the “early pregnancy factor” (19), and two
unrelated PAF antagonists inhibited ovoim-
plantation in the rat (20) and the mouse
(21). The present demonstration of PAF
involvement in follicle rupture further un-
derlines the similarity between inflam-
mation, implantation, and the ovulatory
response (1). Moreover, the PAF-re-
lated mechanisms may offer additional sites
for pharmacologic regulation of fertility
through their action on ovulation.
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Atrial Natriuretic Peptide Inhibits a Cation Channel
in Renal Inner Medullary Collecting Duct Cells

DoucgLas B. LIGHT, ERIK M. SCHWIEBERT,
KATHERINE H. KARLSON, BRUCE A. STANTON*

The patch-clamp technique was used to examine the effects of atrial natriuretic peptide
(ANP) and its second messenger guanosine 3’,5’-monophosphate (cGMP) on an
amiloride-sensitive cation channel in the apical membrane of renal inner medullary
collecting duct cells. Both ANP (10™"'M) and dibutyryl guanosine 3’,5’-monophos-
phate (107*M) inhibited the channel in cell-attached patches, and ¢cGMP (10~5M)
inhibited the channel in inside-out patches. The inner medullary collecting duct is the
first tissue in which ANP, via its second messenger cGMP, has been shown to regulate
single ion channels. The results suggest that the natriuretic action of ANP is related in
part to cGMP-mediated inhibition of electrogenic Na* absorption by the inner

medullary collecting duct.

TRIAL NATRIURETIC PEPTIDE (AND),

a circulating hormone released from

the atria of mammalian hearts in
response to volume expansion, acts on the
kidneys, adrenal glands, and vasculature to
regulate fluid and electrolyte homeostasis
(1, 2). The natriuretic and diuretic effects
of ANP are mediated in part by inhibit-
ing Na* and water absorption by renal
inner medullary collecting ducts (IMCD)
(1-5). Although this action of ANP has
been linked to the intracellular second mes-
senger cGMP (1-4), relatively little is
known about the cellular mechanisms
whereby ANP and ¢<GMP reduce Na* ab-
sorption by the IMCD.

Electrogenic sodium absorption by the
IMCD is a two-step process: passive diffu-
sion across the apical cell membrane
through an amiloride-sensitive conductive
pathway and active extrusion across the
basolateral membrane by a Na*- and K*-
dependent adenosine triphosphatase (6, 7).
In a recent patch-clamp study, we reported
that electrogenic Na® uptake across the
apical membrane of IMCD cells in primary
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culture and in the native epithelium is medi-
ated by a cation channel (6). The channel
was selective for monovalent cations (Pa+:
P¢i- = 13:1), inhibited by micromolar con-
centrations of amiloride, and had a single
channel conductance of 28 pS; however,
the channel was not regulated by voltage.
The present study on IMCD cells was con-

Fig. 1. Current records from a cell-attached patch
of the apical membrane. (A) Control. Six channels
were present in the patch; the single channel P,
was 0.70. (B) Three minutes after addition of
ANP (107"'M) to the bath [rat synthetic ANP,
amino acids 1 to 28 (Sigma), the chief circulating
form of ANP in rats (32)]. Simultaneous open-
ings of more than three channels was not ob-
served in the patch in the presence of ANP. The
P, decreased from 0.70 to 0.54. Vehicle had no
effect on channel activity (n = 10). The command
potential, Vc, in both records was +20 mV; the
voltage across the membrane was the sum of V¢
and the resting membrane voltage (~—60 mV).
Voltage refers to the cytoplasmic side of the
membrane referenced to the interior of the patch
pipette. For patches with multichannel events,
individual channels were found to be identical and
independent by methods described by Palmer and

ducted to determine whether ANDP reduces
Na® absorption by inhibiting the cation
channel in the apical membrane.

Patch-clamp studies were conducted on
rat IMCD cells grown in primary culture as
described (6). The patch current was mea-
sured with a current-to-voltage converter
(Yale Mark V design), low-pass filtered at
300 Hz, and digitized at 1 kHz with an IBM
AT computer. Data were recorded for at
least three 20-s periods (with a 30-s delay
between each period) before and after each
experimental condition to determine the
probability of a single channel being open
(Po). P, was estimated from the total time
spent in the open state divided by the total
time of the record (6). All experiments were
conducted in a paired fashion. Data are
reported as the mean = SEM.

We first examined the effects of ANP on
the cation channel in cell-attached patches of
the apical membrane. Channels were spon-
taneously active in 10% of our experiments.
We usually observed two or three channels
in each patch; occasionally we saw as many
as six active channels (Fig. 1A). Addition of

A Control

0.5 pA |_

B ANP(10°"'M) 100 msec

-0
-1
-2
-3

Frindt (33). In addition, the number of channels and P, were determined as described (6, 33). The
numbers to the right of each current record indicate the number of open channels. Solutions: pipette
(cell-attached and inside-out patches) and bath (cell-attached patches): NaCl, 140 mM; KCl, 5 mM;
CaCly, 1 mM; MgCl,, 1 mM; and Hepes, 10 mM; pH 7.4; bath (inside-out patches): NaCl, 5 mM;
KCl, 140 mM; CaCl,, 1 mM; MgCl,, 1 mM; and Hepes, 10 mM; pH 7.4.
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