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SUMMARY

Accumulation of adenosine-3',5-monophosphate (cyclic AMP) and progesterone synthesis were studied
in vitro in slices of human corpora lutea. On incubation of corpora lutea in vitro, prostaglandin E,
(PGE,) clearly stimulated progesterone synthesis, though its stimulatory effect was less than that of

human chorionic gonadotropin (HCG). Conversely,

accumulation of cyclic AMP induced by PGE,

was markedly more than that induced by HCG. Exogenous cyclic AMP and dibutyryl cyclic AMP
clearly stimulated progesterone synthesis. The present data suggest that the mechanism of action of
PGE, on the human corpus luteum in vitro may be mediated by cyclic AMP.

INTRODUCTION

It has been reported that, in wvitro, prostaglandin
(PG)F,« and PGE, stimulated progesterone synthesis
in corpora lutea [ 1-4] which involved cyclic AMP as
the second messenger [4, 5]. However, gonadotropins,
such as luteinizing hormone (LH) and human chor-
ionic gonadotropin (HCG) in vivo and in vitro stimu-
lated progesterone synthesis in corpora lutea and
were mediated by cyclic AMP [6-8]. Recently, Marsh
and LeMaire[9] studied the effects of gonadotropin
and PGs on cyclic AMP accumulation and steroido-
genesis in the human corpus luteum. Using slices of
human corpus luteum, they found that PGE, stimu-
lated the accumulation of [8-*H]-adenine into cyclic
AMP in this in vitro system. The present paper studies
the effects of PGE, and HCG on cyclic AMP ac-
cumulation and progesterone synthesis in human cor-
pora lutea in vitro.

MATERIALS AND METHODS

Tissues. Human corpora lutea were obtained at
laparotomy. and were at the luteal phase of the men-
strual cycle or in early pregnancy (from cases of tubal
ligation, ectopic pregnancy, myoma uteri or cancer
of the cervix). Each experiment was performed with
tissue from only one woman and usually started
within 1h after removing the tissue.

Chemicals. Prostaglandins (PGs) were donated by
Ono Pharmaceutical Company, Japan. Human chor-
ionic gonadotropin (HCG) was supplied by Organon
Oss, Holland. [*H]-Cyclic AMP (207 Ci/mmol) and
[1,2-3H]-progesterone (53-0 Ci/mmol) were purchased
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from the Radiochemical Centre, Amersham, England,
and [*H]-arachidonic acid (182 Ci/mmol) from New
England Nuclear Corporation. Non-radioactive ster-
oids. NAD, cyclic AMP, and dibutyryl cyclic AMP
were obtained from Sigma Chemical Co. Reagent
grade organic solvents were redistilled before use.

Incubation. The corpus luteum was removed,
chilled and sliced with a hand microtom (approx.
100 mg wet wt.). For incubation with pregnenolone
corpus luteum tissue was homogenized in 0-1 M phos-
phate buffer, pH 74, and centrifuged at 800 g. Tissues
were incubated as described m the legends to tables
and figures.

Measurement of progesterone synthesis. Progester-
one was measured as described previously [10, 11].

In brief: The incubation was terminated by addi-
tion of 5 vol. of acetone, and slices were homogenized
with the medium used for incubation. Progesterone
was isolated and purified by extraction of an homo-
genate of the tissue and medium with ethyl acetate
followed by chromatography of the steroid extract in
column and thin-layer chromatographic system. The
progesterone was determined quantitatively from its
O.D. at 220, 240 and 260 nm in ethanol. The value
for the O.D. at 240 nm was corrected using Allen’s
formula [12]. Tracer amounts of [1,2-*H]-progester-
one were added to each sample prior to homogeniza-
tion to correct for losses.

Endogenous progesterone isolated and measured
by U.V. absorption was identified on the following
criteria [10]: (1) the absorption maximum at 240 nm
in ethanol, (2) its absorption maximum at 295 nm in
H,SO, chromogen, (3) the absorption maximum at
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380nm of its 24-dinitrophenylhydroazone in chloro-
form, (4) its identical retention time with that of an
authentic sample on gas chromatography, (5} its iden-
tical Ry value with that of an authentic sample on
thin-layer chromatography.

Assay of cyclic AMP by protein binding. Cyclic
AMP was estimated by assay of protein binding,
using a slight modification of the method of Gil-
man{13]. Cyclic AMP-binding protein used was pre-
pared from fresh bovine muscle according to the
methods of Walsh er al[14] and Miyamoto ¢t
al[15], and its activity was 0-0325 pmol/ug protein.
The standard binding reaction was conducted in
100 1l of SOmM acetate buffer, pH 4-0, for 60 min
at 0 C. Then the mixture was diluted to I ml with
cold 20 mM potassium phosphate buffer, pH 60, and
after S min was applied to a Millipore filter, The filter
was then washed with 10 m! of the same buffer and
placed in a counting vial with 1 ml of cellosolve, in
which it readily dissolved. Radioactivity was counted
in a liquid scintillation spectrometer. Protein in
homogenates was determined by the method of
Lowry er al[16].

Estimation of prostaglandins (PGs) Prostaglandins
{PGs) were estimated by the method of Ungar[17].
To measure incorporation of [*HJ-arachidonic acid
into PGs, slices of corpora lutea (0:3-0-5 g) were incu-
bated in 3 ml of 0:-1 M phosphate buffer, pH 74, with
[*HJ-arachidonic acid {0:5 uCi) at 37 C for 30min.
Then the slices were homogenized with the incubation
medium and extracted twice with 3 vol. of butanol
The butanol extracts were pooled, evaporated to dry-
ness, and applied to a silicic acid column (1-5 g). The
column was eluted successively with benzene and ben-
zene containing 30, 60 and 80°, ethyl acetate. The
eluate with 60°, ethyl acetate. containing PGE,. and
the eluate with 80°, ethyl acetate, containing PGF,,
were chromatographed on silica gel thin layer chro-
matograms in chloroform—ethanol-ethyl acetate-gla-
cial acetic acid (200:40:200:10 by vol). Standard
samples of PGs were located on the chromatograms
by the phosphomolybdic acid reaction. The labelled
metabolites eluted from the thin-layer chromatogram
were counted in a liquid scintillation spectrometer.

RESULTS

Dose response of PGE, and HCG on progesterone
synthesis. Figures 1 and 2 show results of experiments
in which PGE, and HCG were added to the incuba-
tion medium. The results show that progesterone syn-
thesis increased with increase in the concentration of
these substances. The maximum effective doses of
PGE; and HCG appear to be approx. 10-50 pg/mi
and 50 100 1L ml. respectively.

Effects of PGE, und HCG on progesterone synthesis.
Table 1 shows results obtained on incubation of slices
of corpus luteum with PGE, (10 ug/ml), or HCG
(100 IU/ml) or without either (control). Both PGE,
and HCG significantly increased the synthesis of pro-
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Fig. 1. Dose response of PGE; on progesterone synthesis.
Flasks contained S ml of Krebs-Ringer phosphate buffer,
pH 74, and 0-2-0-3 g of corpus luteum slices. Slices were
incubated for 10 min in buffer alone (preincubation) and
then transferred to fresh buffer with or without PGE,
(01-100 ug/ml) and incubated at 37°C for 2h in air.
Corpus luteum used: 9th week of pregnancy. Values were
corrected for the initial quantity in the tissue (determined
on a sample of the tissue before incubation).

gesterone. The values for progesterone synthesis
(mean + S.E., ug/g tissue) were: control, 23-8 + 4-1;
PGE,, 441 + 67 (P<00l); HCG. 732 + 117
(P < 0:001).

Effect of cyclic AMP on progesterone synthesis. To
see whether cyclic AMP affects progesterone synthesis
in the corpus luteum, tissue slices were preincubated
with 0-0002-0-:04 M cyclic AMP or with 0005-
1-0 mM dibutyryl cyclic AMP at 37-C for 10 min, and
then incubated in fresh medium for 2 h. Both com-
pounds stimulated progesterone synthesis in the
shices. and their minimum effective concentrations
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Fig. 2. Dose response of HCG on progesterone synthesis.

Flasks contained Sml of Krebs-Ringer phosphate buffer,

pH 7-4, and 0-2-0-3 g of corpus Iuteum slices. Slices were

incubated for 10 min in buffer alone (preincubation) and

then transferred at 37°C for 2 h in air. Corpus luteum used:

10th week of pregnancy. Results are expressed as in Fig.
L.
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Table 1. Effect of PGE; on progesterone synthesis in human corpora
lutea in vitro

Day of cycle

or

Progesterone synthesis de novo¥

(ug/g, wet tissue)

Week of pregnancy Control PGE2(10 yg/ml) HCG(100 IU/ml)
25 4. 33.9 59.3 944
26 d. 7.5 35.9 72.1
32 4. 28.4 33.3 51.5
8 w. 27.7 64.6 100.7
8 w. 21.3 28.5 40.3
Mean * S.E. 23.8 + .1 B4.1 4 6.7%% 73.2 + 11, 7%%%

* Incubation of slices and measurement of progesterone were car-
ried out as for Fig. 1. Results are expressed as in Fig. 1.

** P < (001
**% P < 0-001.

were 2 x 107> M and 1 x 107> M, respectively (Figs.
3 and 4).

Effect of theophylline on stimulation of progesterone
synthesis by PGE, and HCG. To see whether the
actions of PGE, and HCG on progesterone synthesis
in the corpus luteum via cyclic AMP were due to
activation of the adenyl cyclase system, 0-04 M of
theophylline, which inhibits phosphodiesterase, was
added to the incubation medium with PGE, or HCG.
As seen in Fig. 5, PGE, and HCG still increased
progesterone synthesis by PGE, and HCG in the
presence of theophylline.

Accumulation of cyclic AMP. Time course of ac-
cumulation of cyclic AMP was observed. Corpus
luteum slices were preincubated for 10 min, and then

so[- —
[} —

40—
[
F
b )
-
Y
o
RS

20~

C 00002 0002 OO0l 002 004

Cyclic AMP, mmol

Fig. 3. Effect of cyclic AMP on progesterone synthesis.
Flasks containing 0-2-0-3 g of corpus luteum slices in 5ml
of Krebs-Ringer phosphate buffer, pH 7-4, with or without
cyclic AMP (0-0002-0-04 M), were incubated at 37°C for
10 min (preincubation). Then the slices were transferred to
fresh buffer only and incubated at 37°C for 2h in air.
Corpus luteum used: 10th week of pregnancy. Results are
expressed as in Fig. 1.

s8. 7/4

PGE,; or HCG was added, and accumulation of cyclic
AMP was measured at intervals. The amount of cyclic
AMP, expressed in pmol per mg protein, showed a
peak in the first Smin under all conditions used
(Table 2). Accordingly, in subsequent experiments ac-
cumulation of cyclic AMP was measured after 5 min.

The stimulatory effects of different concentrations
of PGE, and HCG on accumulation of cyclic AMP
were determined. As seen in Fig. 6, increasing the
concentration of PGE, to 01 and 10ug per ml
resulted in definite increase in the amount of cyclic
AMP. As for progesterone synthesis a concentration
of 10 ug per ml of PGE, appeared to have the maxi-
mum effect, since there was no further increase in
the amount of cyclic AMP on increasing the concent-
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Fig. 4. Effect of dibutyryl cyclic AMP on progesterone

synthesis. Incubation of slices and measurement of pro-

gesterone were carried out as for Fig. 1, except that the

concentration of dibutyryl cyclic AMP was varied. Corpus

luteum used: 8th week of pregnancy. Results are expressed
as in Fig. 1.
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Fig. 5. Effect of theophylline on progesterone synthesis in-

duced by PGE, and HCG. Incubation of slices was carried

out as for Fig. I. PGE; used, 10 ug/ml; HCG used, 100

1U/ml; theophylline used, 0:04 M. Corpora lutea used:

PGE,(A). 8th week of pregnancy, and PGE,(B), 24th day

of cycle; HCG, 22nd day of pregnancy. Results are
expressed as in Fig. 1.

ration to 100 ug of PGE; per ml. A concentration
of 100 1U per ml of HCG appeared to have the maxi-
mum effect, as for progesterone synthesis (Fig. 7).
Table 3 shows results obtained on incubation of
slices of corpus luteum with PGE, (10 ug/ml), or

Table 2. Time course of cyclic AMP accumulation

AMP accumulation¥*

Condition
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Fig. 6. Effect of PGE, concentration on cyclic AMP ac-

cumulation. Incubation of slices and measurement of cyclic

AMP were carried out as for Table 2. Corpus luteum used:

22nd day of cycle. Results are expressed as in Table 2.
Values are average of two determinations.
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Fig. 7. Effect of HCG concentration on cyclic AMP ac-
cumulation. Incubation of slices and measurement of cyclic
AMP were carried out as for Table 2. Corpus luteum used:
25th day of cycle. Results arc expressed as in Table 2.

Values arc average of two determinations.

Table 3. Effect of PGE, on cyclic AMP accumulation in

of (pmoles/mg protein)
ircubation 3 min 5 min 7.5 min 10 min 15 min
TSE, 130.3 134.7 115.3 G0.7 80.¢
b 121.7 128.3 ioc.9 83.3 68.0
(126.0) (131.5) (108.1) (87.0)  (74.3)
HCG 815 66.9
70.3 61.5
(75.9) (6h.2)
Control 30.3 33.9 29.% 2501 18.3
27. 23.9 4 17.9 8.6
(28.7) (31.9) (27.1) (21.5) (13.2)

Flasks contained S ml of Krebs—Ringer phosphate buffer,
pH 7-4, and 0-1--0:-15 g of corpus luteum slices. Slices were
incubated for 10 min in buffer alone (preincubation), and
then transferred to fresh buffer with or without 10 ug per
ml of PGE, or 100 IU per ml of HCG and incubated
for various times. Corpora lutea used: control, 20th day
of cycle; PGE;, 25th day of cycle; HCG, 22nd day of
cycle.

* Cyclic AMP is expressed as pmoles per mg protein.

Figures in parentheses represent averages of two deter-
minations.

human corpora lutea in ritro
Day of cycle Cyelic AMP accumnlation¥
or {pmoles/mg protein
Week of pregnancy Control POE, {10 pa/mi) HOH{190 Ti/ris
19 4. 15.0 55,3
21 d. 10.8 A1,
23 d. 13.5 5.y oh.
27 4. 10.9 97.5 [
30 d. 10.9 42y 12,0
9 w. 13.1 97.8 4.7
Mean + S.E. 12.4 + 0.7 §5.7 + 10.79%% ELUR S 06 B 0]

* Incubation of slices and measurement of cyclic AMP
were carried out as for Table 2. Results are expressed as
in Table 2. Values shown are averages of two determina-
tions.

*¥* P < 0001

*¥*% P < 0:001.
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Table 4. Effect of HCG on [*H]J-arachidonic acid incor-
poration into prostaglandins in human corpora lutea in

vitro
Day of cycle 4Stimulation®*

PGE2 PGan
18 4. 110.9 121.5
20 4. 186.1 148.5
23 d. 144.8 132.9
24 d. 148.3 155.5

Mean + S.E. 147.5 + 15.3%# 129.6 + 7.3%*

Each flask, containing 0-3-0'5 g of corpus luteum slices
and 0-5 uCi of [3H]-arachidonic acid in 3 ml of phosphate
buffer, pH 7-4, were incubated with or without HCG (100
1U/ml) at 37°C for 30 min.

* Results are expressed as percentage increase over the
control.

** P < 005,

** P < 005.

HCG (100 IH/ml) or without either (control). Both
PGE, and HCG significantly increased the accumu-
lation of cyclic AMP. The values for cyclic AMP ac-
cumulation (mean + S.E, pmol/mg protein) were:
control, 124 + 0-7; PGE,, 657 + 109 (P < 0-001);
HCG, 317 + 71 (P < 0-001).

Effect of HCG on [3H]-arachidonic acid incorpor-
ation into PGs. Corpus luteum slices were incubated
with {*H]-arachidonic acid at 37°C for 30 min in 3 ml
of 0-1 M phosphate buffer with or without HCG. The
incorporation of labelled arachidonic acid into PGE,
and PGF, fractions increased by 47-5% (P < 0-05)
and 29-6% (P < 0-05), respectively, in the presence of
HCG (Table 4).
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Fig. 8. Effect of cyclic AMP on conversion of pregneno-
lone to progesterone. Flasks containing 120 ug of preg-
nenolone, 100mg of corpus luteum homogenate, and
0-5 pumol of NAD in 2ml of 0-1 M phosphate buffer, pH
7-4, with or without 10 umol of cyclic AMP were incubated
at 37°C for 2 min in air. Corpora lutea used: Exp. 1, 25th
day of cycle, and Exp. 2, 20th day of cycle. Values are
averages of three determinations. Bars show standard
errors of the means.
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Effect of cyclic AMP on conversion of pregnenolone
to progesterone. It has been reported that high levels
of cyclic AMP inhibit the conversion of pregnenolone
to progesterone in bovine corpus luteum [18] and
adrenal [19], rat ovaries [20] and adrenal [21] and
mouse ovaries [22]. To examine the effect of cyclic
AMP on human corpus luteum, the conversion of
pregnenolone to progesterone was measured in tissue
homogenates under control conditions or in the pres-
ence of cyclic AMP (5 x 10~ * M). The results in Fig.
8 show that cyclic AMP inhibits the enzyme
3B-hydroxysteroid dehydrogenase, which converts
pregnenolone to progesterone in homogenates of
human corpus luteum (P < 005).

DISCUSSION

In the study on the prostaglandin stimulation of
steroidogenesis in bovine corpora lutea in vitro, Sper-
off and Ramwell [3] have reported that all the PGs
tested (PGE,, PGE,, PGF,, and PGA,) were found
to be steroidogenic, stimulating both the production
of progesterone as measured in micrograms and the
incorporation of radioactivity from [1-!*CJ-acetate
and that PGE, gave the greatest effect, being approxi-
mately half effective as LH on a molar basis. They
also reported that the time-response curves for PGE,
and LH were similar and that there was no additive
effect when PGs were added to luteal slices incubated
with saturating doses of LH or HCG. The present
results demonstrate that PGE,, as well as HCG,
stimulates progesterone synthesis in vitro in human
corpus luteum slices, and confirm the findings of
Marsh and LeMaire [9].

It is generally accepted that the mechanism of
action of hormones involves two steps: first, the selec-
tive binding of the hormone to a specific receptor
in the target cell and then stimulation of adenyl cyc-
lase in the cell membrane to produce cyclic AMP.
Many hormones, such as ACTH, LH and HCG, pro-
duce at least some of their effects via cyclic AMP.
Moreover, many of the effects of PGs may be
mediated directly or indirectly by cyclic AMP [23].
In this paper PGE, and HCG caused an increase
in the accumulation of cyclic AMP in incubating
slices of human corpora lutea. Furthermore, it has
been shown here that exogenous cyclic AMP and its
derivative, dibutyryl cyclic AMP, clearly stimulate
progesterone synthesis in incubating corpus luteum
slices, and that addition of theophylline, which in-
hibits phosphodiesterase, potentiates the steroido-
genic actions of PGE, or HCG. The results suggest
not only that the actions of PGE, or HCG on pro-
gesterone synthesis are mediated by cyclic AMP in
the human corpus luteum, but also that the increase
in the accumulation of cyclic AMP is due to stimu-
lation of adenyl cyclase, rather than to inhibition of
the phosphodiesterase enzyme system.

Although there are several problems in the method-
ology for estimation and identification of prosta-
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glandins. 1t 1s nteresting that HCG was found to
stimulate the incorporation of [ *H]-arachidonic acid
into PGE; and PGF,, in slices of corpus luteum.
Chasalow and Pharriss[24] have measured the effects
of LH on prostaglandin synthetase activity in
luteinized rat ovaries. Anti-LH antibodies were in-
jected into pregnant rat at doses which interrupt pro-
gesterone secretion in this animal preparation, and
the ovaries were harvested. Arachidonic acid incor-
poration into PGE fractions was measured, and it
was found that the antibody significantly lowered the
synthetase activity. Addition of LH to the animals
or the incubation media reversed the effect of the anti-
body. However, from studies on bovine corpus
luteum, Marsh[4] reported that the stimulatory
effects of PGE, on steroidogenesis and on cyclic
AMP accumulation in that tissue are separate pheno-
mena and do not form part of the action mechanism
of LH. Recently, Rao[25] suggested that there are
specific receptors for PGE; and HCG in the cell
membrane of the bovine corpus luteum and that these
compounds bind to a “different™ receptor molecule.

In the present work it was consistently observed
that PGE, induced more accumulation of cyclic
AMP and less progesterone synthesis than HCG. The
reason for this is unknown. However, one reason may
be related to the present findings that a high level
of cyclic AMP inhibited the conversion of pregneno-
lone to progesterone in vitro in homogenates of
corpus luteum.

Finally, in the present study it has been observed
that both corpora lutea of menstrual cycle and early
pregnancy respond to a similar extent to PGE, in
terms of cyclic AMP accumulation and in vitro pro-
gesterone synthesis. These results do not agree with
those of Marsh and LeMaire[9], probably largely due
to differences in the conditions of the corpora lutea
studied.
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