Progestin and Sterol Synthesis by Rabbit Ovarian Interstitial
Tissue in Response to LH in Vivo and in Vitro! (35384)

W.D. OxENDER,% C. C. MILLER, AND H. D. HAFs

Animal Reproduction Laboratory, Department of Dairy, Michigan State University,
East Lansing, Michigan 48823

Hilliard et al. (1, 2) demonstrated that
20a-hydroxypregn-4-en-3-one (20q-ol) in rab-
bit ovarian venous blood increases from un-
detectable levels before mating or before LH
injection to levels, at 2 hr later, greater than
during pregnancy, and diminished to unde-
tectable levels within 10 hr (about the time
of ovulation). Coincidentally, cholesterol con-
tent of ovarian interstitial tissue is depleted
(3). Later, they proposed that the 20q-ol
secretion after mating may act to heighten
LH release in the rabbit (4); possibly ex-
plaining the observation that pituitary con-
tent of LH is continuously reduced for as
long as 7 hr (5) and that gonadotropic po-
tency of peripheral blood remains elevated
for as long as 6 hr (2).

Based upon progestin content of ovarian
venous blood, Hilliard e al. (1) found 20a-ol
was produced by estrous rabbits in quanti-
ties about 10-fold greater than progesterone,
while Endo et al. (6) concluded that ovarian
interstitial tissue in pregnant rabbits pro-
duced only 20q-0l. To our knowledge, proges-
tin secretion in estrous rabbits has not been
evaluated during incubation of ovarian inter-
stitial tissue in wvitro, as Solod et al. (7)
reported for ovaries from pseudopregnant
rabbits. Using similar methods, Armstrong
and Price (8) concluded that LH depletes
esterified cholesterol by inhibiting synthesis
of cholesterol and by inhibiting esterification
of cholesterol.

The present experiments were designed to
assess ovarian synthesis of progestins and
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sterols by two methods during an 8-hr inter-
val following injections of LH into estrous
rabbits. The two methods were ovarian inter-
stitial tissue content of progestins and sterols
after intravenous injection of LH, and syn-
thesis of progestins and sterols in interstitial
tissue incubated with LH in vitro. Another
objective was to determine whether the pro-
gestin synthetic response of interstitial tissue
to LH in vitro was additive to that of LI
previously injected iz vivo.

Materials and Methods. Mature female
rabbits were isolated for at least 30 days at
18° with a 14-hr photoperiod daily. Three
controls received no treatment. Nine rabbits
were given 100 pg of LH3 intravenously;
three were killed within 5 min of LH injec-
tion; three, 2 hr later; and three, 8 hr later.
The ovaries were removed immediately and
chilled in iced saline. None had evidence of
corpora lutea. After the visible follicles were
removed, each pair of ovaries was cut into
1-mm slices and these slices of ovarian inter-
stitial tissue were randomized into three
parts. Each part was weighed and placed in a
25-ml incubation flask, containing 5 ml of
Krebs-Ringer-bicarbonate buffer with 1 mg/
ml of glucose, and gassed with 95%
02-5% COs. One flask was frozen (—79°)
immediately to determine initial content of
progesting and sterols. Another flask was
incubated for 2 hr at 37° to determine in
vitro synthesis of progestins and sterols. The
remaining flask was incubated similarly but
with 2 ug of LH?/ml of incubation medium.

To calculate extraction losses, *C- pro-
gesterone, 1*C-20q-0l, *C-cholesterol, and
14 C_cholesteryl palmitate were added to each
incubation flask. The content of each flask

3 NIH-LH-B5, supplied by The Endocrinology
Study Section.
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TABLE I. Progestin and Sterol Content of Rabbit Ovarian Interstitial Tissue After Injection
of LH.

Time after injection of LH in vivo

Progestin or sterol 0 5 min 2 hr 8 hr
Progesterone (ug/g) 42¢ 68 157 66
20g-0l (ng/g) 38 88 117 4
Cholesterol (mg/g) 1.93 2.83 2.66 1.05
Tisterified chol (mg/g) 21.09 27.04 16.01 4.83

¢ Bach value is the average for three rabbits. Pooled standard errors were: progesterone, 31;
20q-01, 29; cholesterol, 0.56; and esterified chol, 1.1.

was homogenized and extracted three times
with diethyl ether. After evaporation of the
ether, the residues were transferred to thin-
layer silica gel chromatography plates for iso-
lation of progesterone, 20q-0l, cholesterol, and
esterified cholesterol. Progestins were quan-
tified by spectrophotometric absorption at
240 mp and sterols were quantified by the
Lieberman-Burchard reaction. These proce-
dures were described and validated by Arm-
strong et al. (9).

Results. Based upon progestins and sterols
in fresh-frozen tissues, the interstitial tissue
content of 20«-0l more than doubled (Table
I) and progesterone increased 60% within 5
min after LH injection. By 2 hr after LH
injection, progesterone and 20a-ol levels in-
creased nearly 4- and 3-fold, respectively.
Levels of both progestins at 8 hr after LH
were similar to those in uninjected controls.
Ovarian interstitial tissue from these estrous
rabbits contained nearly 10 times more ester-
ified cholesterol than cholesterol (Table I).
Within 5 min after injection of LH, esterified
cholesterol increased about 25% and choles-

terol increased more than 40%. But, a
marked reduction of the ovarian content of
both sterols occurred during the following 8
hr.

Net synthesis i# wvitro of progestins and
sterols was calculated by subtracting the
fresh-frozen content of a progestin or sterol
from that present after a 2-hr incubation.
Changes in net synthesis of progestins by
ovarian interstitial tissue during the 8-hr
period after LH injection (Table IT) were
similar to changes in initial progestin con-
tent. Synthetic capacity for both progestins
increased within 5 min after LH injection.
Progesterone and 20a-ol syntheses at 2 hr
after LH injection were more than 4- and
10-fold greater than control values. By 8 hr
after LH injection, progestin synthetic capa-
city was similar to control ovaries. We found
little net cholesterol synthesis iz wvitro in
ovaries taken from control rabbits, and a
significant quantity of esterified cholesterol
was lost from the ovarian interstitial tissue
from control rabbits during the 2-hr incu-
bations. However, at 2 and 8 hr after LH

TABLE II. Net Progestin and Sterol Synthesis in Rabbit Ovarian Interstitial Tissue Incubated
in Vitro After in Vivo LH Injection.

Time after injection of LH in vivo

Progestin or sterol 0 5 min 2 hr 8 hr
Progesterone (ug/g/2hr) 32¢ 66 140 26
20q-01 (ug/g/2 hr) 10 24 118 1
Cholesterol (mg/g/2 hr) 0.07 0.77 1.49 0.35
Esterified chol (mg/g/2 hr) —3.40 —4.68 3.01 1.08

“ Each value is the average of three rabbits. Pooled standard errors were; progesterone, 61;
20q-0l, 44; cholesterol, 0.72; and esterified chol, 2.47.
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TABLE III. In Vitro Synthesis of Progestin and Sterol Attributed to LH in Incubation
Medium.
Time after injeetion of LH in vivo
Progestin or sterol 0 5 min 2hr 8 hr
Progesterone (ug/g/2 hr) 105¢ 33 —43 —4
20q-0l (ug/g/2 hr) 151 118 —10 —10
Cholesterol (mg/g/2 hr) 1.68 0.11 —0.83 —0.18
Esterified chol (mg/g/2 hr) 8.05 3.55 —4.44 0.14

¢ Each value is the average of three rabbits. Pooled standard errors were: progesterone, 27;
20a-0], 36; cholesterol, 0.59; and esterified chol, 3.70.

injections, significant quantities of both
sterols accumulated during incubations in vi-
tro.

Net synthesis in vitro of progestins and
sterols attributed to LH in the incubation
medium was calculated by subtracting the
quantity in a flask without LH after 2-hr
incubation from that in a flask with LH. Net
synthesis of progesterone and of 20«-ol at-
tributed to LH added to the incubation medi-
um was greatest in ovaries from rabbits that
were not given LH intravenously (Table
IIT). This response to LH in vitro was re-
duced within 5 min after intravenous injec-
tion of LH, and abolished within 2 hr. When
rabbits were injected with LH 2 or 8 hr
before they were killed, the ovaries did not
respond with added progestin synthesis to
LH in the incubation medium. Ovaries from
control rabbits responded to LH in the incu-
bation medium with significant sterol synthe-
sis (Table III), but this influence had virtu-
ally disappeared within 5 min after in-
travenous injection of LH. At 2 hr after LH
injections, LH in the medium caused a net
loss of sterols during the 2-hr incubation.

Discussion. In agreement with data on pro-
gestin content of ovarian venous blood
(1-3), our results reveal maximal content and
maximal én vitro synthesis of progestin
about 2 hr following LH injection. Levels of
20a-0l are much greater than levels of pro-
gesterone in ovarian venous blood following
LH injections into estrous rabbits (1). Al-
though the 20q-ol secreted in response to mat-
ing or LH is derived principally from inter-
stitial tissue, we found roughly equivalent
quantities of these two progestins in ovarian
interstitial tissue from estrous rabbits. Fur-

ther, the interstitial tissue synthesized rough-
ly equivalent quantities of progesterone and
20a-0l in vitro.

Behrman and Armstrong (10) reported in-
creased activity of cholesterol esterase in rat
lutein tissue in response to LH. A similar
response in rabbit ovarian interstitial tissue is
suggested by the marked loss of esterified
cholesterol 2 and 8 hr after LH injections
(Table I). Although a significant quantity of
esterified cholesterol accumulated in response
to added LH during 2-hr incubation of
ovaries from control rabbits (Table 111), we
found a net loss of esterified cholesterol in
response to added LH during in wvitro incu-
bation of ovaries removed 2 hr following LH
injections. The parallel loss of cholesterol in
response to LH in vitro agrees with the ob-
servation (8) that LH in the incubation
medium inhibits incorporation. of acetate into
cholesterol, both free and esterified in ovari-
an interstitial tissue from estrous rabbits.
Similarly, intravenous injection of LH, 2 hr
before ovaries were recovered, obliterated any
progestin secretion response to LH added to
the in vitro incubation medium.

This interference of injected LH with
steroidogenic response of interstitial tissue to
LH én vitro was detected within 5 min fol-
lowing intravenous injection of LH, suggest-
ing that injected LH may have been bound
to interstitial tissue #n wvivo and thereby
affected steroidogenesis in vitro. Alternative-
ly, that both interstitial tissue content and in
vitro (without LH) progestin synthesis were
stimulated within 5 min of injection of LH
suggests that LH may have affected
steroidogenic enzymes within this period.

Summary. Progestin and sterol secretory
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capacity of rabbit ovarian interstitial tissue
was investigated with and without LH. Based
upon ovarian content and upon synthesis iz
vitro, progesterone and 20«-ol secretion in-
creased within 5 min after intravenous injec-
tion of LH. At 2 hr after LH injection, inter-
stitial tissue content of progesterone and
20q-0l were about 3 and 4 times larger and in
vitro syntheses were 4 and 12 times larger
than controls. By 8 hr after LH injection,
progestin synthesis returned to near control
levels and stores of cholesterol and esterified
cholesterol were depleted to 60 and 23% of
control levels. Synthesis by ovarian intersti-
tial tissue of progestins and sterols in wvitro
was enhanced by LH in the incubation medi-
um, especially among the rabbits not injected
with LH. This steroidogenic response to LH
in vitro was reduced within, 5 min and abol-
ished within 2 hr after intravenous injection
of LH.

877

1. Hilliard, J., Archibald, D., and Sawyer, C. H.,,
Endocrinology 72, 59 (1963).

2. Hilliard, J., Hayward, J. N, and Sawyer, C.
H., Endocrinology 75, 957 (1967).

3. Hillard, J., and Sawyer, C. H., Horm. Steroids;
Biochem. Pharmacol. Ther. Proc. Int, Cong. 1st, 1,
263 (1964).

4, Hilliard, J., Penardi, R., and Sawyer, C. H,
Endocrinology 80, 901 (1967).

5. Desjardins, C., Kirton, K. T., and Hafs, H. D,,
Proc. Soc. Exp. Biol. Med. 126, 23 (1967).

6. Endo, H., Kotoh, K., Matsumoto, K., and Oka-
no, K., J. Endocrinol. 44, 455 (1969).

7. Solod, E. A., Armstrong, D. T., and Greep, R.
0., Steroids 7, 607 (1966).

8. Armstrong, D. T., and Price, J. M., Anat. Rec.
160, 309 (1968).

9. Armstrong, D. T., O’Brien, J., and Greep, R.
0., Endocrinology 75, 488 (1964).

10. Behrman, H. R, and Armstrong,
Endocrinology 85, 474 (1969).

D. T,

Received Oct. 16, 1970. P.S.E.B.M., 1971, Vol. 136.



