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Abstract

The implant containing Nestorone is a promising long-acting contraceptive especialy suitable for lactating women. In this study, two
experiments were designed to observe the effect of Nestorone on the gonadotropic cells in pituitary of rats for analyzing its antiovulation
mechanism. In the first experiment, the EDg, of Nestorone on inhibiting ovulation was found to be 1.32 mg/kg. The serum luteinizing
hormone (LH) levels were significantly lower 60 h after being treated with Nestorone at 8:30—9:00 am. on Day 2 (D2) of estrus. Image
analysis showed that the average size of the LH cells in groups treated with Nestorone at 2 or 4 mg/kg was larger than that of the control.
In the group treated with 4 mg/kg, most of gonadotropic cells were regular round in shape. And, abundant granules in cytoplasm were found
in those cells, which indicated that the LH stored in cells was not released. In the second experiment, the rats were treated with Nestorone
at 5 mg/kg at 11:30—12:00 am. on D2 of estrus. The normal or higher expression of LHB mRNA in pituitary suggested that the synthesis
of LH was not inhibited by the treatment with Nestorone. The expression of PR mRNA in pituitary was significantly lower than that of the
control at 33 h after treatment. This might be a direct effect of Nestorone, since there were no differences in the serum E, and P, levels
between the treated and the control group. It is concluded that Nestorone prevents ovulation through inhibition of LH secretion and it has
no effect on synthesis of LH. Progesterone receptors in pituitary might be involved in this process, but further study is needed to gain more
evidence. © 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Nestorone (16-methylene-17«a-acetoxy-19-nor-4-preg-
nene-3,20-dione), formally called ST-1435, is a potent pro-
gestin administered parenterally. Upon ora administration,
Nestorone undergoes rapid metabolism and inactivation be-
cause of rapid hepatic first-pass effect. When given paren-
terally via sustained release formulations such as subdermal
implant, vaginal ring and transdermal administration, etc., a
strong progestational activity combined with lack of andro-
genic, estrogenic and glucocorticoid-like activities confer
specia advantages to this steroid for use in contraception.
Since the 1970s, a subdermal implant releasing this proges-
tin has been in devel opment for femal e contraception, which
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is convenient to use, long-lasting, highly efficacious and
safe. In the clinical trials, Nestorone was found to be very
effective in controlling fertility at a low dose. In addition,
this implant is recommended as especially suitable for con-
traception during lactation. The fetal liver is capable of
metabolizing Nestorone and the hepatic first-pass effect is
so strong that the steroid transferred through breast milk
should be metabolized as inactive products that have no
progestational effect and should pose no risk to the infant
[2-7].

In clinical trails, it has been demonstrated that the con-
traceptive efficacy of Nestorone is mainly due to its inhib-
itory effect on ovulation [8,9]. In the manner of concentra-
tion-dependence, lower plasma concentrations of Nestorone
act on the hypothalamus and/or pituitary, whereas at higher
plasma concentrations, a direct effect on the ovariesis also
achieved [9]. Our earlier study showed that Nestorone could
not inhibit the superovulation induced by pregnant mare
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serum gonadotropin and human chorionic gonadotropin,
while it prevented the ovulation induced by gonadotropin-
releasing hormone (GnRH) in mature rats [10]. This sug-
gested that the pituitary isthe main target organ upon which
Nestorone acts. In this study, the first experiment was de-
signed to observe the effects of Nestorone on the function
and morphology of pituitary gonadotropic cells in rats.

We learned from the literature that the progesterone
receptor (PR) and the GnRH receptor (GnNRH-R) were in-
volved in regulation of preovulatory gonadotropin secretion
in the anterior pituitary of female rats [11,12]. Colocaiza
tion of the PR protein with the B-subunit of luteinizing
hormone (LH) in the gonadotropic cells suggested a key
role of PR in direct regulation of gonadotrophin secretion.
In addition, the hypothalamic peptide GnRH is the primary
neuroendocrine signal regulating cyclic gonadotropin secre-
tion in the female. GnRH regulates LH synthesis and secre-
tion through the high affinity GnRH-R on the plasma mem-
branes of pituitary gonadotropic cells. The GhRH-R number
is correlated with the magnitude of gonadotropin secretion
responses to GnRH. The increase in GNRH-R levels before
preovulation likely plays an important role in enhancing
pituitary sensitivity to GnRH. The second experiment was
designed to determine the effects of Nestorone on mRNA
expression of PR B, PR A+B (total PR), GhRH-R and LHp3
in pituitary of rats.

2. Materials and methods

2.1. Animals

Female Sprague-Dawley rats were housed in an air-
conditioned room under 14-L:10-D schedule, with lights on
at 0600 h. They were provided with standard rat chow and
tap water ad libitum. Vaginal smears were performed every
morning and only the rats showing at least two consecutive
regular 4-day estrous cycles were used in this study.

2.2. Compounds and reagents

Nestorone was manufactured by Zhejiang Xian ju Phar-
maceutical Co., Guinea pig anti-rat LHB antibody and ra-
dioimmunoassay (RIA) kits for LH measurement in rats
were supplied by National Institute of Diabetes and Diges-
tive and Kidney Diseases (NIDDK, Bethesda, MD, USA).
Biotinlyated goat anti-guinea pig 1gG and ABC kits were
purchased from Vector Laboratories (Burlingame, CA,
USA). 3',3-Diaminobenzidine (DAB) staining kits were
from Sino-American Biotechnology, TRIzol reagent was
from Gibco (Grand Island, NY, USA), random hexamers,
AMYV reverse transcriptase and Taq DNA polymerase were
from Promega (Madison, WI, USA). Rat estradiol (E,) and
progesterone (P,) RIA kits were obtained from Beckman
Coulter (Fullerton, CA, USA).

2.3. Antiovulation test

Rats were given a single subcutaneous injection with vari-
ous doses of Nestorone or megestrol acetate at 11:30—12:00
am. on Day 2 (D2) of estrus (n = 10/group). Peanut oil was
adminigtrated to rats in the control group. Rats were sacrificed
a 72 h after administration, and the oviducts were separated.
Ova were rinsed out and counted under the dissecting micro-
scope. The median effective dose (EDg,) of Nestorone on
inhibiting ovulation in rat was calculated by the Bliss method.

2.4. Analysis of the function and morphology of rat
pituitary gonadotropic cells

Rats were treated by subcutaneous injection with 1.0, 2.0
or 4.0 mg/kg of Nestorone or peanut oil at 8:30—9:00 am.
on D2 of estrus (n = 9-10/group). Sixty hours after admin-
istration (late proestrus in the control), rats were sacrificed
and blood samples were collected for measurement of se-
rum LH. The pituitaries were enucleated and fixed in
Bouin's solution. Three pituitaries from each group were
selected randomly for dehydrating and embedding in par-
affin. Corona sections (5 wm) were made and mounted onto
glass dlides for immunohistochemical staining.

2.5. Immunohistochemical analysis

Immunohistochemical staining of pituitary gonadotropic
cells containing LH was performed according to the method
described by Zhou et al. [13]. Briefly, sections were depar-
affinized, hydrated and treated with 3% hydrogen peroxide
to block the endogenous peroxidase activity. Nonspecific
background staining was suppressed by incubation with
0.3% bovine serum abumin and normal goat serum. Then
the sections were incubated with guinea pig anti-rat LHp
antibody at a dilution of 1:6000 for 45 min at 37°C in a
humidified chamber. After washing in 0.1 mol/L phosphate-
buffered saline, the sections were incubated with biotinyl-
ated goat anti-guinea pig 1gG (1:200, 37°C, 20 min) fol-
lowed by avidin-biotin-peroxidase complex (1:100, 37°C,
20 min) from a Vector ABC kit. Finaly, the pituitary
gonadotropic cells that contained LH were visualized by
incubating with a DAB of 0.5 g/L for 10 min at 25°C. A
universal microspectrophotometer combined with a KS400
Image Analysis System (Zeiss, Germany) was used to an-
alyze the cell size and shape.

2.6. Analysis of PR A+B, PR B, GhRH-R and LHS
mMRNA levels in pituitary

Rats were treated by intramuscular injection with Nestor-
one of 5 mg/kg (EDg, of antiovulation) at 11:30—12:00 am.
on D2 of estrus. Peanut oil was administered to rats of the
control group. Animals were sacrificed by decapitation at
33 h, 45 h, 57 h and 69 h after treatment (n = 5/time point).
Pituitary was rapidly removed, frozen in liquid nitrogen and
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Table 1

Sequences of primers and cycles used in RT-PCR analysis of PR A + B, PR B, GnRH-R and LHB mRNA

Gene Primer sequence (5'—3') Positions (nt) Product size (bp) PCR cycles

PR A+B Sense: CCCACAGGAGTTTGTCAAGCTC 3009-3030 326 25
Antisense: TAACTTCAGACATCATTTCCGG 3313-3334

PR B Sense: GTGTGAGGATTCTGCCTTTC 40-59 221 27
Antisense: CGCTCTCAGGACTTCTTACG 241-260

GnRH-R Sense: GGAGAAATATGGCTAACAATGC 719-740 271 25
Antisense: AGGTTGGCTAAGGTCAAATG 970-989

LHB Sense: CTTCACCACCAGCATCTGTG 136-155 250 25
Antisense: GTCACAGGTCATTGGTTGAG 366-385

GAPDH Sense: ACCACAGTCCATGCCATCAC 1369-1388 452 23
Antisense: TCCACCACCCTGTTGCTGTA 1801-1820

stored at —80°C until RNA extraction. Blood samples were 3. Results

collected for RIA of serum hormone levels.

2.7. Reverse transcription-polymerase chain reaction (RT-
PCR)

Total RNA was extracted from whole anterior pituitary
using TRIzol reagent according to the manufacturer’s in-
structions. Approximately 4 ug of total RNA was reverse
transcripted into cDNA with 30U AMV reverse transcrip-
tase and random hexamers (0.5 g/g total RNA) to prime the
reaction at 37°C for 60 min.

The primers used for PCR amplification are summarized
in Table 1. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used in the same sample as an internal
control. PCR amplifications were performed in two steps
according to the previous description [11]. In the first step,
the reaction mixture contained RT reaction product 2.5 ulL,
each primer 0.4 umol/L, and 1U Taq DNA polymerasein a
final volume of 12.5 uL. After the appropriate number of
cycles with the first set of primers, 12.5 uL of another
mixture containing the primers for GAPDH 0.4 umol/L,
and an additional 1U Tag DNA polymerase was added for
the remaining cycles. At the end of the last cycle, an addi-
tional extension at 72°C for 10 min was conducted. The
PCR products were separated by electrophoresis on 2%
agarose gel containing ethidium bromide (Fig. 1). Imaging
Digital System (United-Bio, Marlton, NJ, USA) was used to
quantify the signal intensity, and the values were expressed
as ratios of each gene to GAPDH.

2.8. Hormone assay

LH concentration in the serum was measured by means
of RIA using the rat LH kits kindly supplied by NIDDK.
Serum E, and P, were measured by RIA kits purchased
from Beckman Coulter.

2.9. Satigtical analysis

All data were expressed as mean + SD. The significance
of difference between treated group and control group was
determined by the Student’s t test.

3.1. EDg, of antiovulation

Both Nestorone and megestrol acetate suppressed the
ovulation of rats effectively when administrated subcutane-
ously on D2 of estrus. The EDg, of Nestorone is 1.32
mg/kg, while the ED5, of megestrol acetate is 2.17 mg/kg.
Comparing by the EDg,, the antiovulation potential of
Nestorone is 1.6 times that of mesgetrol acetate (Table 2).

3.2. Effect on the function and morphology of
gonadotropic cells

3.2.1. Serum LH level

Serum LH concentration in control rats was 3.33 = 2.57
ng/mL. In the groups treated with Nestorone at 1.0, 2.0 or
4.0 mg/kg, the serum LH levels were 0.99 + 1.23, 0.29 =

Marker Vehicle control Nestorone

A 1000bp
s
200bp
B
500bp GAPDH
200bp PRB
@
500bp GAPDH
200bp GnRH-R
D
500bp GAPDH
200bp LH beta

Fig. 1. RT-PCR analysis of PR A+B, PR B, GnRH-R and LHB mRNA
expression in the pituitary of rats. PCR products were run and separated by
2% agarose gel. (A) 326-bp PCR product of PR A+B; (B) 221-bp product
of PR B; (C) 271-bp product of GnRH-R; (D) 250-bp product of LHS.
Reverse-transcribed RNA from pituitaries of rats collected at 69 h after
treatment. The internal control, GAPDH, amplified for 23 cycles in every
reaction, yielded a 452-bp product.
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Table 2
Effect of Nestorone on ovulation of rats

X.-F. Zhao et al. / Contraception 69 (2004) 505-511

Group Dose (mg/kg) No. of No. of Inhibitory rate ED5, (95% confidence
tested rats ovulatory rats of ovulation (%) interval) mg/kg
Control 0 10 10 0
05 10 9 10
Nestorone 1 10 5 50 1.32 (0.49-3.51)
2 10 3 70
4 10 2 80
Megestrol acetate 1 10 8 20
2 10 6 40 2.17 (0.95-4.96)
4 10 2 80

0.11 and 0.33 = 0.16, respectively, which were significantly
lower than that of the control (Table 3).

3.2.2. Sze and shape of gonadotropic cells in pituitary

After immunohistochemical staining, the pituitary gona-
dotropic cells containing LH could be identified by the
appearance of brown granules. In the control group, the
gonadotropic cells were small and irregular in shape. No
obvious differences of the size and shape of gonadotropic
cellswere found between the rats treated with Nestorone 1.0
mg/kg and the control, while larger and regular cells were
observed in the rats treated with Nestorone 2.0 mg/kg. In the
group of 4.0 mg/kg, most of the gonadotropic cells were
large and round, particularly, a huge amount of brown
granules were found in the cytoplasm of cells, which sug-
gested that large quantities of LH were stored in these cells
(Fig. 2).

The results of image analysis showed that the average
areas of pituitary gonadotropic cells in the groups treated
with Nestotone at 2.0 or 4.0 mg/kg were significantly larger
than that of the control group (p < 0.001). In control rats,
most of the gonadotropic cells were small, and the areas of
42.2% of cells were less than 60 um?. In treated groups, the
amount of small cells decreased and large cells increased
with the increased dosage of Nestorone. When the dosage of
Nestorone increased to 4.0 mg/kg, only 13.8% of gonado-
tropic cells had an area of less than 60 um?, while the area
of 48.7% of the cells were 80~120 um?. This was 2.14
times the area of the control (Table 4).

Another parameter, hamed circle factor, describes the

Table 3
Serum LH concentration at 60 h after treatment with Nestorone in rats
(n=9)

Group Dose (mg/kg) LH concentration (ng/mL)?
Control 0 333257

1 0.99 = 1.23*
Nestorone 2 0.25 = 0.11**

4 0.33 = 0.16**

2Values are mean *= SD.
* p < 0.05 vs. control.
**p < 0.01 vs. contral.

degree of deviation from a circle of the cross-section of
cells. When the cross-section of a cell is a circle, the circle
factor isequal to 1; for cross section of acell isacircle, the
circle factor is equal to 1, for cross section of a cell not a
circle, the circle factor islessthan 1. The more irregular the
cell, the smaller the circle factor. Results of the image
analysis showed that the average circle factors in Nestor-
one-treated groups were higher than that of the control,
though a significant difference was only observed between
the group of rats treated with Nestorone 4.0 mg/kg and
control (p < 0.01). The circle factors of most gonadotropic
cells in each group were 0.6—0.8. In the control group, the
circle factor of 19.5% of cells was less than 0.6, while only
10.5% of cells that had a circle factor less than 0.6 existed
in the group treated with Nestorone 4.0 mg/kg. In addition,
the circle factor of 12.3% of cells in the control group was
higher than 0.8, while 18.5% of cellsin the rats treated with
Nestorone 4.0 mg/kg had that large circle factor (Table 5).

3.3. Expression of PR A+B, PR B, GnRH-R and LHf
mMRNA in pituitary

In rats treated with Nestorone 5.0 mg/kg at 1130—1200 h
on D2 of estrus, the expression of PR A+B mRNA and PR
B mRNA in the pituitary was normal at 45 h after treatment,
but obviously lower at 33 h and markedly higher at 57 and
69 h when compared to the control (Figs. 3A and B).

The expression of GhRH-R mRNA in the pituitary was
significantly higher in the Nestorone-treated group than in
the control group at 45 and 69 h, and there was no signif-
icant difference from the control at 33 h and 57 h after
treatment (Fig. 3C).

Compared to the control, a higher expression of LHf
mMRNA in the pituitary of the treated group was observed at
57 h after treatment. No difference was found between the
control and treated group at 33 h, 45 h and 69 h after
treatment (Fig. 3D).

3.4. Serum E, and P, levels

Compared with the control rats, the serum E, levels in
the treated group were normal at 33 h and observably lower
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Fig. 2. Effects of Nestorone on the morphology of gonadotropic cellsin pituitary of rats. Animals were treated subcutaneously with various dose of Nestorone
or vehicle at 8:30—9:00 am. on D2 of estrus. At 60 h after treatment, rats were decapitated and paraffin sections of pituitaries were stained by ABC technique
of immunohistochemistry. Brown granules in gonadotropic cells were observed under the microscope (X500): (A) 1.0 mg/kg; (B) 2.0 mg/kg; (C) 4.0 mg/kg;

(D) vehicle control.

(p < 0.01) at 45 h after administration, while higher levels
of serum E, were found in the treated group (p < 0.05) at
57 and 69 h. The serum concentrations of P, in the treated
groups were lower than in the control during the period of
observation, especially at 57 h after treatment (p < 0.01)
(Table 6).

4. Discussion

As the intermediate of hypothalamus-pituitary-ovary
axis, the pituitary plays a key role in the regulation of
reproductive function in mammals. The LH peak in mid
menstrual cycle is a main initiating factor of ovulation. In

Table 4

this study, two experiments were designed to observe the
functional and morphological changes of gonadotropic
cells, as well as the expression of PR mRNA, GnhRH-R
mRNA and LHB mRNA in pituitary of the rats after treat-
ment with Nestorone. The results of the first experiment
showed that the serum LH levels in treated groups were
significantly lower than that of the control at 60 h after
treatment, indicating suppression of the preovulation LH
release.

In female adult rats, the gonadotropic cells of the pitu-
itary secrete two kinds of gonadotropins, namely LH and
follicle-stimulating hormone (FSH). There are about 60% of
gonadotropic cells secreting both of LH and FSH, while
18% and 23% of gonadotropic cells only secrete LH or

The size of gonadotropic cells in pituitary at 60 h after treatment with Nestorone in rats

Dose of No. of No. of No. of Cell area (um?)? Distribution of cell area (%)

Nestorone rats sections cells

(mg/kg) <60 <80 <100 <120 <150 =150
0 3 15 154 68.116 + 32.620 422 253 15.2 6.0 84 13

1 3 15 168 72.091 + 30.139 38.7 25.6 184 10.7 54 12

2 3 15 160 84.982 + 33.647*** 25.0 20.0 24.4 15.6 125 25

4 3 15 152 91.935 + 30.027*** 138 230 25.7 230 105 4.0

2Values are mean = SD.
***p < 0.001 vs. control.
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Table 5

Circle factors of gonadotropic cells in pituitary at 60 h after treatment with Nestorone in rats

Dose of No. of No. of No. of Circle factor® Distribution of circle factor of cells (%)

Nestorone rats sections cells

(mg/kg) <05 <06 <07 <08 <09 =09
0 3 15 154 0.683 + 0.107 52 14.3 30.5 37.7 117 0.6
1 3 15 168 0.687 = 0.110 5.4 14.3 310 339 14.9 0.6
2 3 15 160 0.703 = 0.102 31 11.9 30.0 36.9 15.0 0.3
4 3 15 152 0.717 + 0.091** 13 9.2 26.3 447 17.8 0.7

2Values are mean *= SD.
**p < 0.01 vs. control.

FSH, respectively [14]. During the estrous cycle, the mor-
phology of gonadotropic cells in the pituitary varies. The
morphological changes of these cells could reflect the syn-
thetic and secretory state of LH in the pituitary [13,15]. In
the present study, the pituitaries were collected at late
proestrus of rats in which the preovulation LH surge had
been released. In the control rats, the small size and irreg-
ular shape of the gonadotropic cells in the pituitary sug-
gested that the LH stored in these cells had been released,
which was confirmed by the high LH level in the serum.
However, the gonadotropic cells in the pituitary of treated
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W Nestorone
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33 45 57 69
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groups were large in size and were more regular in shape.
Furthermore, in the group treated with Nestorone 4.0 mg/
kg, abundant granules were found in the cytoplasm of the
gonadotropic cells. This indicated that LH had not been
released from these cells, which was coincident with the low
level of serum LH in treated rats. Therefore, it is suggested
that the antiovulation effect of Nestorone is mainly due to
its effect on the inhibition of LH release.

In the second experiment, the serum E, and P, pesk found
inthe control ratsat 45 h and 57 h, respectively, after treatment
suggested the occurrence of ovulation. On the contrary, no P,
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Fig. 3. Effects of Nestorone on mRNA expression of PR, GnRH-R and LH in pituitary. Rats were treated with intramuscular Nestorone 5 mg/kg or vehicle
at 11:30—-12:00 am. on D2 of estrus. Total RNA for RT-PCR were isolated from pituitary at 33 h, 45 h, 57 h and 69 h after treatment. Data are represented
as mean * SD (n = 5) of PR A+B/GAPDH (A), PR B/GAPDH (B), GnRH-R/GAPDH (C) and LHB/GAPDH (D). °p < 0.05; °p < 0.01; and %p < 0.001

vs. controls at the same time points.
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Table 6
Concentrations of serum E, and P, a 60 h after treatment with Nestorone in rats (n = 5)
Dose of E, (pg/mL)? P, (ng/mL)?
Nestorone -
Time after treatment (h Time after treatment (h
(mg/kg) (h) Q)
33 45 57 69 33 45 57 69
0 8.8+ 3493 37*11.958 3.2+ 2950 24+ 3782 26.464 = 2541 23.322 = 9.120 >40 21.438 = 4.225
5 46 5459 12+ 6.753** 35 * 24.658* 39 £ 28.381* 25998 *+ 8.137 18644 + 6.826 27.444 + 5.934** 17.45 * 4.029

#Values are mean = SD.
* p < 0.05 vs. contrals.
**p < 0.01 vs. controls.

peak in serum was found in the treated group. This indicated
that ovulation was prevented in the cycle following treatment
with Nestorone. However, the higher or normal expression of
LHB mRNA in pituitary suggested that the synthesis of LH
was not suppressed by the treatment of Nestorone. This is
coincident with the result of the abundant granules found in the
cytoplasm of gonadotropic cells.

In the pituitary, PR and GnRH-R act as important factors
involved in the regulation of preovulation LH surge. PR
may regulate LH secretion directly, and P, enhances the
response of pituitary to GhnRH mediated by PR. In cultured
anterior pituitary cells of ovariectomized rats, PR mRNA
was up-regulated by E, and acutely down-regulated by P,.
In addition, E, increases GNRH-R and the sensitivity of the
pituitary to GnRH [12,16]. Therefore, the mMRNA expres-
sion of PR and GnRH-R in the pituitary as well as serum
levelsof E, and P, were observed in this study. At 33 h after
treatment, the mRNA expression of PR was significantly
lower than that of the control. This might be a direct effect
of Nestorone, since there were no differencesin the levels of
serum E, and P, between the treated and the control group.
The serum E, level of the treated group was observably
lower than that of the control at 45 h after administration,
indicating a suppression of follicle development. Nestorone
may suppress follicle development directly or through sup-
pressing the synthesis and/or secretion of FSH in the pitu-
itary. The E, level elevated gradually and even reached a
high level over that of the control, indicating renewed fol-
licle development because of the withdrawal of medication.
The increasing mMRNA expression of PR B, PR A+B,
GnRH-R and LHp coincided with the elevating E, level,
suggesting the next ovulation cycle was beginning.

In summary, the antiovulation mechanism of Nestorone
is mainly due to its inhibiting effect on LH secretion; PR
might be involved in this process. In addition, there is no
effect of Nestorone on synthesis of LH in the pituitary.
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