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Prostaglandins Do Not Appear to Play a Role in hCG-Induced
Regression or Desensitization of Rabbit Corpora Lutea’
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ABSTRACT

Prostaglandin F, , has been suggested to be a physiological luteolysin inseveral species. It was
the intent of the study reported herein to determine whether prostaglandins are involved in the
hCG-induced desensitization of the luteal LH-responsive adenylyl cyclase or hCG-induced luteal
regression. Rabbits were made pseudopregnant by injection of 75 IU of hCG (Day 0 of pseudo-
pregnancy). Rabbits (n’= 34) were surgically implanted with estradiol-filled Silastic capsules or
empty capsules on Day 5 of pseudopregnancy. Other rabbits (n = 16) did not receive implants of
any kind. On Day 6 of pseudopregnancy, all rabbits were injected with oil or indomethacin (70
mg) at 1000 h and with saline or hCG (75 IU) at 1600 h; at 1800 h, the oil and indomethacin
injections were repeated. At 1000 h on Day 7 of pseudopregnancy (18 h after injection with hCG
or saline), the rabbits without implants were killed, blood was collected by cardiac puncture, and
the ovaries were removed and corpora lutea dissected free. Luteal homogenates were assayed for
adenylyl cyclase activity and progesterone content, and the serum obtained was assayed for proges
terone. Blood was drawn at 1600 h (24 h after hCG or saline treatment) from the rabbits with
estradiol-filled or empty implants. The serum obtained was assayed for progesterone. Injection of
hCG caused an increase in basal luteal adenylyl cyclase activity but caused decreases in LH-,
isoproterenol-, and NaF-stimulated luteal adenylyl cyclase activities as well as a decrease in luteal
progesterone concentration. Indomethacin treatment alone had no major effect on any parameter
measured, but did cause an attenuation of the increased basal adenylyl cyclase activity found after
hCG injection. Treatinent with indomethacin did not prevent hCG-induced desensitization or luteal
regression. Estradiol, on the other hand, partially protected the corpora lutea from the hCG-
induced decrease in serum progesterone.

INTRODUCTION nant rabbits than in intact pseudopregnant
rabbits. There have been many reports suggest-
ing that prostaglandin F,4 (PGF,q) is the
uterine luteolysin in several species including
the rabbit (Scott and Rennie, 1970; McCrackan
et al,, 1973; O’'Grady et al., 1972; Marsh, 1971;
Hichens et al., 1974; Chang and Hunt, 1972;
Dunn et al, 1973; Labhsetwar and Watson,
1974; Shaikh et al., 1977; Grinwich et al.,
1976; Torjesen et al., 1978; Behrman et al.,
1976; Keyes and Bullock, 1974; Goding et
al.,, 1971, 72; Carlson and Gole, 1978). How-
ever, Scott and Rennie (1970) have also report-
ed that CL from Day 2 pseudopregnant rabbits
transplanted under the kidney capsule of Day
12 pseudopregnant rabbits will regress at
approximately the same time as the in situ CL
at the end of pseudopregnancy. This evidence
makes the prospect of uterine PGF,q as the

Although much is known about what
maintains the rabbit corpus luteum (CL), the
causes of luteolysis in the rabbit are not known.
Several avenues of research, however, have
provided clues to the control of luteolysis. It
has been reported that hysterectomy will
prolong the life of the CL in pseudopregnant
rabbits which implicates a uterine factor as a
luteolysin (Scott and Rennie, 1970). Spies et al,
(1968a,b) have reported that uterine trauma
will also extend the life of the CL. Hunzicker-
Dunn and Birnbaumer (1976a) have found that
the LH-stimulable adenylyl cyclase activity of
CL is higher in hysterectomized pseudopreg-
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luteolysin in rabbits doubtful since the PGF, g
would have to reach the ectopic CL via the
systemic circulation. Hence, very large amounts
of PGF;y would have to be secreted by the
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uterus to have an effect on the ectopic CL.
Increases in peripheral serum PGF,q levels
toward the end of pregnancy or pseudopreg-
nancy have not been reported. To the contrary,
it has been reported (Carlson and Gole, 1978)
that there is no change in peripheral serum
PGF,q during pseudopregnancy in rabbits.
Therefore, the uterine luteolysin is probably
something other than PGF,, which is not
cleared as rapidly as prostaglandins are.

This does not preclude the possibility that
PGF,q is a physiological luteolysin in the
rabbit since indomethacin, a potent inhibitor of
PGF, o synthesis, has been reported to prolong
pseudopregnancy (O’Grady et al,, 1972; Carl-
son and Gole, 1978). Since the source of the
PGF, g is not likély to be the uterus, its source
may be the corpus luteum itself. The role of the
uterine factor may be to stimulate luteal
PGF, 4 synthesis. Demers et al. (1973) have
demonstrated that the CL of the rat are capable
of synthesizing PGF,( in vitro in response to
LH and PGE,. The results from Demers’ study
suggest the possibility that hCG/LH-induced
luteal regression could be a result of increased
PGF;  synthesis by CL in response to hCG or
LH.

Therefore, the purpose of this study was to
determine whether an inhibitor of prostaglan-
din synthesis (indomethacin) could prevent
hCG-induced luteal regression and adenylyl
cyclase desensitization. Since the CL are
dependent upon estradiol for survival and since
hCG-induced ovulation and/or luteinization
temporarily interrupts the supply of estradiol,
any beneficial effects of indomethacin follow-
ing hCG injection could be masked by the
consequent fall in estradiol secretion. Hence,
some of the experiments reported herein were
performed using estradiol-filled Silastic im-
plants to offset any loss of estradiol secretion.

MATERIALS AND METHODS

Materials

Indomethacin (Sigma Chemical Co.) was suspended
in sesame oil containing ethanol (30%) at a concentra-
tion of 35 mg/ml. Human chorionic gonadotropin
(hCG) was a gift from Dr. John B. Jewell (Ayerst
Labs.) and was dissolved in 0.15 M saline to yield a
concentration of 250 IU/ml. LH (NIH-LH-S19,
obtained from NIAMDD) was kept as a stock solution
(1 mg/ml) in 0.15 M NaCl. (-)-Isoprotereriol was a gift
from Dr. F. C. Nachod (Sterling Winthrop Research
Institute) and kept asa 10~* M stock solution in 103
M HCL. NaF (Fisher Scientific Co.) was kept as a1 M
stock solution. Prostaglandin E, (PGE,), kept as a 1
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mg/ml stock solution in 10 mM Tris-base, was a gift
from Dr. John E. Pike (Upjohn Co.) as was the proges-
terone-11-hemisuccinate-tyrosine-methyl-ester. For
adenylyl cyclase assays, LH, isoproterenol, NaF, and
PGE, stock solutions were diluted with water to 50
sug/ml, 500 uM, 50 mM, and 50 ug/ml, respectively; 10
#l of each solution was used in the assays. Creatine
phosphate and creatine kinase were from Calbiochem;
myokinase, ATP (Tris-salt), cAMP, EDTA, and Tris
were from Sigma Chemical Co. [o-3?P] ATP (20—50
Ci/mmol), synthesized according to Walseth and
Johnson (1979) and purified according to Birnbaumer
et al. (1979), was supplied by the Core Laboratory on
Cyclic Nucleotide Research, Center for Population
Research and Studies on Reproductive Biology,
Baylor College of Medicine, TX. [*H]cAMP (10—15
Ci/mmole) was from Amersham Searle. All other
chemicals and reagents were of the highest commer-
cially available purity and were used without further
purification.

Animals

Virgin New Zealand White rabbits (3—4 kg) were
housed in individual cages in air-conditioned quarters
and were fed Purina rabbit chow ad libitum for at least
15 days before initiation of experiments. Pseudopreg-
nancy was induced by i.v. injection of 75 IU hCG (0.3
ml). The day following hCG injection was designated
Day 1 of pseudopregnancy.

Treatments and Preparation of Sera and
CL Homogenates

Experiment 1. On Day 6 of pseudopregnancy, the
rabbits were divided into four groups (4 animals/
group). At 1000 h, the rabbits in groups 3 and 4 were
given a 2 mls.c. injection of the indomethacin suspen-
sion (70 mg/rabbit) while the animals in groups 1 and
2 received the oil-ethanol injection vehicle without
indomethacin. At 1600 h, the rabbits in groups 2 and
4 were given a 0.3 ml iv. injection of hCG (75 IU)
while th'ose in groups 1 and 3 received saline only. At
1800:h, the indomethacin and vehicle injections were
repeated. At 1000 h on Day 7 of pseudopregnancy
(18 h after hCG or saline treatment) the rabbits were
killed by cervical dislocation, blood was collected by
cardiac puncture, and the ovaries were removed and
placed in ice-cold Krebs-Ringer bicarbonate buffer
prepared with one-half the recommended amount of
CaCl, (Cohen, 1957). The blood was allowed to clot
at room temperature for about 10 min and was placed
in a refrigerator for 4 h after which it was spun in a
refrigerated centrifuge for 10 min to obtain serum.
The corpora lutea were dissected free of the ovaries,
cleaned of adhering interstitial tissue and kept in
ice-cold Krebs-Ringer bjcarbonate buffer until further
processing (30 min—1 h). Prior to homogenization, CL
were blotted and weighed. Homogenization was
performed in 10 volumes of ice-cold 27% w/w sucrose
in 10 mM Tris-HCl, 1 mM EDTA, pH 7.5, as described
by Hunzicker-Dunn and Birnbaumer (1976a), fol-
lowed by a twofold dilution with the same homogeniz-
ing medium. Homogenates were analyzed for adenylyl
cyclase activity within 30 min and for progesterone
content after storage at —20°C for 2 weeks. Homog-
enates were also assayed for protein (Lowry et al,
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1951) using bovine serum albumin (Fraction V,
Armour) as standard.

Experiment 2. A second experiment was per
formed which differed from experiment 1 as follows.
Eighteen rabbits had estradiol-filled Silastic capsules
(3.35 mm i.d., 4.65 mm o.d.; 12 mm length) surgically
implanted according to Holt et al. (1975) at 1000 h of
Day 5 of pseudopregnancy. The remaining 16 rabbits
received empty implants. Estradiol-filled Silastic
implants of this type resulted in serum estradiol
concentrations of ~v14 pg/ml in normal pseudopreg-
nant rabbits (unpublished data). Four groups were
established as in experiment 1 for both estradiol-
treated and control rabbits. All injections followed the
same schedule as in experiment 1, At 1600 h on Day 7
of pseudopregnancy (24 h after hCG or saline treat-
ment), 2—3 ml of blood were drawn from the marginal
ear vein of each animal. Serum samples were derived as
described above, frozen, and stored at —20°C for
approximately 1 week, and were then assayed for
progesterone.

Adenylyl Cyclase Assays

Adenylyl cyclase activity in 20 ul aliquots of
homogenates was determined as described (Hunzicker-
Dunn and Birnbaumer, 1976a) at 32.5°C in 50 ul
medium containing 3.0 mM [a-32P] ATP (V5 X 10°
cpm), 5.0 mM Mgd,, 1 mM EDTA, 1 mM [*H]-
cAMP (10,000 cpm), 20 mM creatine phosphate, 0.2
-mg/ml creatine kinase, 0.02 mg/ml myokinase, and 25
mM TrissHCl. When present, LH was 10 pg/ml, isopro-
terenol was 100 M, NaF was 10 mM, and PGE, was
10 pg/ml. The final pH of the incubation (10 min) was
7.0. The [**PIcAMP formed was isolated by the
method of Salomon et al. (1974) as modified by
Bockaert et al. (1976). Under the conditions em-
ployed, adenylyl cyclase activities were linear with
respect to time of incubation for up to 20 min, and
.with respect to homogenate concentration for up to
the equivalent of 40 pl of 1:20 homogenates (i.e., 20
#l of homogenates prepared by homogenizing 1 part
of CL in 10 parts of homogenization medium and
omitting the subsequent 1:2 dilution step). Results are
expressed as pmoles of cAMP foimed/min/mg protein.

Progesterone Assays

To determine procedural losses, [1,2-*H] proges-
terone (New England Nuclear, V1.5 X 10 cpm, sp act
50 Ci/mmol) was added to all serum and homogenate
samples. The samples were then extracted with 10
volumes of petroleum ether. The dried extracts were
reconstituted with 1.2 mi of 0.1% gelatin—0.01 M
phosphate-buffered saline (gel-PBS), 0.2 ml of which
were counted in a liquid scintillation counter to
determine recovery.

The assay was performed as follows. The samples
and standards (Calbiochem) were pipetted in duplicate
to 12 X 75 mm assay tubes and were brought to 500 ui
with gel-PBS. Antiserum GDN #337 (supplied by Dr.
G. D. Niswender) (200 ul) at a dilution of 1:80,000 in
1:100 NRS (1 part normal rabbit serum plus 99 parts
gel-PBS) and 100 pl of **I-progesterone-11-hemi-
succinate-tyrosine-methyl-ester (20,000 cpm) were
added simultaneously to each tube containing either
sample or standard at room temperature. In addition,
three tubes received 100 ul of labeled progesterone
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plus 1.7 ml of gel-PBS (total count tubes) and three
tubes with 500 ul of gel-PBS received 200 ul of 1:100
NRS and 100 ul of labeled hormone (nonspecific
binding tubes). All tubes were transferred to a cold
room where they were incubated overnight. The
following day 1 ml of 0.5% charcoal—0.05% dextran
was added in the cold room to each tube (except the
three ‘‘total-count” tubes). Following 2 15 min
incubation in the cold, the tubes were spun for 15 min
in a refrigerated centrifuge, and the supernatants were
poured into clean tubes and counted for 1 min each in
a Searle 1197 gamma counter. Assay results were
analyzed using a computer program based on the assay
statistics described by Midgely et al. (1969) and
Duddleson et al. (1972). Cross reactivities of various
other steroids with the GDN #337 antiserum using
this assay procedure are not significantly different
from those described by Gibori et al, (1977) using
tritiated progesterone as labeled hormone. The amount
of [*H]progesterone added to determine recovery
was subtracted from the values obtained in the assay.
The “zero” competition tubes for this procedure give
25 + 1% binding, and the 50% inhibition point is 410
+ 26 pg/tube. The assay sensitivity is 7 + 3 pg/tube,
and the slope of the standard curve is —1.76 + 0.04.
These values are the means + SEM of nine assays.

Statistics

Multiple comparisons were made using analysis of
variance (ANOVA). Where noted, Student’s t test was
used. Differences were considered significant when
P<0.05.

RESULTS

Effects of Indomethacin on bCG-Induced
Ovulation

The timing of injections and dose of indo-
methacin used were sufficient to block the
ovulations which normally occur in pseudo-
pregnant rabbits injected with 75 IU of hCG.
This is based on the observation that whereas
there were numerous ovulation points on the
ovaries of oil-treated hCG-injected rabbits,
there were none on the ovaries of indometha-
cin-treated hCG-injected rabbits. The dose used
has also been reported by others to be effective
in blocking hCG-induced ovulation (Hunzicker-
Dunn and Birnbaumer, 1976; O’Grady et al.,
1972).

Effects of Indometbacin on bCG-Induced
Desensitization of Luteal Adenylyl Cyclase

The results of the adenylyl cyclase assays are
shown in Table 1. Injection of hCG significant-
ly elevates (P<0.005) basal luteal cyclase
activity by 42% in indomethacin-treated rabbits
and by 71% in oil-treated rabbits when com-
pared with saline-injected controls. Indometh-
acin alone does not decrease basal cyclase
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TABLE 1. Effects of indomethacin on hCG-induced desensitization of luteal adenyly! cyclase activities (mean

SEM in pmoles/min/mg).

Additions to assay*

Treatment n None LH ISO NaF PGE,

Oil:saline 4 98+1.12 49.4 + 5,02 29.7 + 1.42 77.8 + 1.82 28.1+2.1
Indomethacin:saline 4 8.2 + 0.52 52.9 £ 2.62 29.6 + 2,23 71.4 t 4.52 32,7+ 1.7
0il-hCG 4 16.7 + 0.5b 20.7 + 0.6b. 258 +1,1b 62.5+ 1.8b 331+ 1.7
Indomethacin:hCG 4 11.6 + 0.9¢ 14.3 + 0.7€ 21.4 £ 0.6C 51.6 + 3.2¢ 30225

*Groups with different superscripts are different at at least the P<0.05 level.

activity, nor does it alter LH-, isoproterenol-,
NaF-, or PGE,;-stimulated adenylyl cyclase
activities. Injection of hCG decreases adenylyl
cyclase activities in the presence of LH, isopro-
terenol, and NaF by 58% (P<0.005), 13%
(P<0.05), and 20% (P<0.005), respectively, in
animals not treated with indomethacin, and by
73% (P<0.0005), 27% (P<0.005), and 28%
(P<0.0005), respectively, in indomethacin-
treated animals. Injection of hCG has no effect
on PGE, -responsive cyclase activity. The levels
to which the LH-, isoproterenol-, and NaF-
stimulated cyclase activities fall after hCG
injection are all significantly lower in indo-
methacin-treated rabbits than in oil-treated
rabbits (P<0.0005, 0.05, and 0.025, respec-
tively). The statistical evaluation of the com-
parisons were all made using ANOVA except
for those in the LH-responsive cyclase group.
For this group Student’s t test was used because
of nonhomogeneity of variances.

Effects of Indomethacin on the bCG-Induced
Decrease in Serum and Luteal Progesterone

The serum and tissue progesterone data are
shown in Fig. 1. Indomethacin alone has no
effect on either serum or tissue progesterone.
Injection of hCG causes a decrease in tissue
progesterone regardless of the presence (40%
decrease; P<0.005) or absence (42% de-
crease; P<0.005) of indomethacin. However,
serum progesterone is significantly decreased
(P<0.025) in only the indomethacin-treated
rabbits following hCG injection (46% decrease).

Effect of Exogenous Estradiol on the bCG-
Induced Decrease in Serum Progesterone

By 24 h after hCG injection, as opposed to
18 h after injection, serum progesterone is
significantly decreased regardless of whether

indomethacin was injected (Table 2). Although
exogenous estradiol does not prevent the
hCG-induced decline in serum progesterone, the
decrease is less in the presence of exogenous
estradiol than in its absence.

DISCUSSION

Our data lead us to the conclusion that
prostaglandins do not play a major role in
hCG-induced luteal regression or hCG-induced
desensitization of the LH-responsive luteal
adenylyl cyclase. The most compelling evidence
we have for this conclusion is that a dose of
indomethacin capable of blocking ovulation, a
PG-dependent event (Armstrong and Ginwich,
1972; Grinwich et al., 1972; Armstrong et al,,
1974), did not prevent a fall in both serum
(despite the presence of estradiol implants) and
tissue progesterone following hCG injection,
nor did it prevent desensitization of the LH-
responsive adenylyl cyclase. Several interesting
effects of indomethacin were uncovered how-
ever. Although indomethacin had no effect on
acute stimulation (hormone-stimulated cyclase
activity in saline-injected rabbits) of the luteal
adenylyl cyclase by LH (Table 1), it did
have an apparent effect on chronic stimulation
(basal cyclase activities in hCG-injected rabbits).
We expected basal adenylyl cyclase activity to
be elevated following hCG administration since
this activity in actuality was hormone-stimu-
lated. However, we did not expect indometh-
acin treatment to attenuate this elevation.
Furthermore, the data imply that indomethacin
also decreased LH-, isoproterenol-, and NaF-
stimulated adenylyl cyclase activities after hCG
injection, but had no effect on PGE-stimulat-
ed adenylyl cyclase activity.

The data suggest, therefore, the possibility
that prostaglandins may have an effect on the
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FIG. 1. Effects of indomethacin on serum and luteal tissue progesterone of hCG-treated pseudopregnant
rabbits. Rabbits were treated with either oil or indomethacin 6 h before and 2 h after injection of either saline
or hCG on Day 6 of pseudopregnancy. Rabbits were killed 18 h after receiving saline or hCG, and serum proges-
terone (ng/ml; left panel) and luteal tissue progesterone (ng/mg protein; right panel) were measured. Oil-treated
groups are represented by open bars and indomethacin-treated groups by solid bars. Each bar represents the

mean + SEM of four rabbits.

timing of the desensitization process. Further
evidence in support of this hypothesis comes
from the serum progesterone data. We did not
expect drastic falls in serum progesterone since
the animals were killed only 18 h after hCG
injection, a time at which the luteolytic re-
sponse to hCG is still in its early stages. How-
ever, it is interesting that only the decrease in

the indomethacin-treated group was significant.

That both the LH- and the isoproterenol-
responsive luteal adenylyl cyclase activities are
desensitized by hCG/LH injection, albeit to
different degrees, has been reported by others
(Harwood et al., 1979, 1980; Day et al,, 1979;
Hunzicker-Dunn et al., 1979; Day and Birn-
baumer, 1980; Eletcher et al., 1980) as well as

TABLE 2. Effects of estradiol and indomethacin on the hCG-induced fall in serum progesterone [mean + SEM

(n) of serum progesterone in ng/ml 24 h after hCG]J.

No E, treatment*

E, treatment*

Saline hCG Saline hCG
oil 11.4 + 0.63 (4) 4.8 + 0.8bc (4) 9.6 + 0.63 (4) 6.4 + 1.0b (5)
indomethacin 11.7 £ 0.92 (4) 4.1 +0.7€ (4) 11.5£1.33 (4) 6.4+0.7b (5)

Total 11.5 + 0.54 (8)

44+050(8)

10.6 + 0.8d (8) 6.4 + 0.6 (10)

*Groups with different superscripts (a—c) are significantly different at at least P<0.05, and groups with
different superscripts (d—f) are significantly different at at least P<0.05.
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that the PGE;-responsive adenylyl cyclase is
not affected by hCG/LH injection (Hunzicker-
Dunn and Birnbaumer, 1976b; Fletcher et al.,
1980). These data suggest that LH and iso-
proterenol may act via similar adenylyl cyclases
or coupling mechanisms whereas PGE; either
acts on a different adenylyl cyclase (either in
the same cells or in a different cell type) or else
that its receptors couple to the adenylyl cyclase
in a manner different from those for LH and
isoproterenol.

In a previous study from this laboratory
(Day and Birnbaumer, 1980), it was reported
that estradiol treatment suppressed the LH-
responsive luteal adenylyl cyclase, and in
addition caused the serum progesterone con-
centrations following hCG injection to remain
somewhat elevated. The results from the
present study confirm these previous findings
concerning serum progesterone. It is our belief
that the exogenous estradiol either causes a
decrease in LH receptor number or affinity or
causes a partial uncoupling of the LH receptor
from the adenylyl cyclase system. This hypoth-
esis would explain both the decrease in LH-
responsive adenylyl cyclase and the partial
protection of the corpora lutea from hCG-
induced desensitization and luteal regression.

In summary, the use of a prostaglandin
synthetase inhibitor in quantities sufficient to
block ovulation does not prevent hCG-induced
desensitization and luteal regression regardless
of the presence or absence of exogenous
estradiol. Hunzicker-Dunn and Birnbaumer
(1976a) reported similar findings using estrous
rabbit follicles: i.e., indomethacin did not block
hCG-induced desensitization. In addition, the
desensitization found appears to be heterolog-
ous, but not all-inclusive. Finally, exogenous
estradiol, but not indomethacin, appears to
protect partially the corpora lutea from func-
tional regression.
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