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bstract

The implant containing Nestorone is a promising long-acting contraceptive especially suitable for lactating women. In this study, two
xperiments were designed to observe the effect of Nestorone on the gonadotropic cells in pituitary of rats for analyzing its antiovulation
echanism. In the first experiment, the ED50 of Nestorone on inhibiting ovulation was found to be 1.32 mg/kg. The serum luteinizing

ormone (LH) levels were significantly lower 60 h after being treated with Nestorone at 8:30–9:00 a.m. on Day 2 (D2) of estrus. Image
nalysis 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.
n the group treated with 4 mg/kg, most of gonadotropic cells were regular round in shape. And, abundant granules in cytoplasm were found
n those cells, which indicated that the LH stored in cells was not released. In the second experiment, the rats were treated with Nestorone
t 5 mg/kg at 11:30–12:00 a.m. on D2 of estrus. The normal or higher expression of LH� mRNA in pituitary suggested that the synthesis
f LH was not inhibited by the treatment with Nestorone. The expression of PR mRNA in pituitary was significantly lower than that of the
ontrol at 33 h after treatment. This might be a direct effect of Nestorone, since there were no differences in the serum E2 and P4 levels
etween the treated and the control group. It is concluded that Nestorone prevents ovulation through inhibition of LH secretion and it has
o effect on synthesis of LH. Progesterone receptors in pituitary might be involved in this process, but further study is needed to gain more
vidence. © 2004 Elsevier Inc. All rights reserved.

eywords: Nestorone; LH; Gonadotropic cells; LH� mRNA; PR mRNA
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. Introduction

Nestorone (16-methylene-17�-acetoxy-19-nor-4-preg-
ene-3,20-dione), formally called ST-1435, is a potent pro-
estin administered parenterally. Upon oral administration,
estorone undergoes rapid metabolism and inactivation be-

ause of rapid hepatic first-pass effect. When given paren-
erally via sustained release formulations such as subdermal
mplant, vaginal ring and transdermal administration, etc., a
trong progestational activity combined with lack of andro-
enic, estrogenic and glucocorticoid-like activities confer
pecial advantages to this steroid for use in contraception.
ince the 1970s, a subdermal implant releasing this proges-

in has been in development for female contraception, which

* Corresponding author. Tel.: �86-21-5080-6600, ext. 2515; fax: �86-
1-5080-7088.
nE-mail address: zpgu99@yahoo.com (Z.-P. Gu).

010-7824/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
oi:10.1016/j.contraception.2004.01.007
s convenient to use, long-lasting, highly efficacious and
afe. In the clinical trials, Nestorone was found to be very
ffective in controlling fertility at a low dose. In addition,
his implant is recommended as especially suitable for con-
raception during lactation. The fetal liver is capable of
etabolizing Nestorone and the hepatic first-pass effect is

o strong that the steroid transferred through breast milk
hould be metabolized as inactive products that have no
rogestational effect and should pose no risk to the infant
1–7].

In clinical trails, it has been demonstrated that the con-
raceptive efficacy of Nestorone is mainly due to its inhib-
tory effect on ovulation [8,9]. In the manner of concentra-
ion-dependence, lower plasma concentrations of Nestorone
ct on the hypothalamus and/or pituitary, whereas at higher
lasma concentrations, a direct effect on the ovaries is also
chieved [9]. Our earlier study showed that Nestorone could

ot inhibit the superovulation induced by pregnant mare
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erum gonadotropin and human chorionic gonadotropin,
hile it prevented the ovulation induced by gonadotropin-

eleasing hormone (GnRH) in mature rats [10]. This sug-
ested that the pituitary is the main target organ upon which
estorone acts. In this study, the first experiment was de-

igned to observe the effects of Nestorone on the function
nd morphology of pituitary gonadotropic cells in rats.

We learned from the literature that the progesterone
eceptor (PR) and the GnRH receptor (GnRH-R) were in-
olved in regulation of preovulatory gonadotropin secretion
n the anterior pituitary of female rats [11,12]. Colocaliza-
ion of the PR protein with the �-subunit of luteinizing
ormone (LH) in the gonadotropic cells suggested a key
ole of PR in direct regulation of gonadotrophin secretion.
n addition, the hypothalamic peptide GnRH is the primary
euroendocrine signal regulating cyclic gonadotropin secre-
ion in the female. GnRH regulates LH synthesis and secre-
ion through the high affinity GnRH-R on the plasma mem-
ranes of pituitary gonadotropic cells. The GnRH-R number
s correlated with the magnitude of gonadotropin secretion
esponses to GnRH. The increase in GnRH-R levels before
reovulation likely plays an important role in enhancing
ituitary sensitivity to GnRH. The second experiment was
esigned to determine the effects of Nestorone on mRNA
xpression of PR B, PR A�B (total PR), GnRH-R and LH�
n pituitary of rats.

. Materials and methods

.1. Animals

Female Sprague-Dawley rats were housed in an air-
onditioned room under 14-L:10-D schedule, with lights on
t 0600 h. They were provided with standard rat chow and
ap water ad libitum. Vaginal smears were performed every
orning and only the rats showing at least two consecutive

egular 4-day estrous cycles were used in this study.

.2. Compounds and reagents

Nestorone was manufactured by Zhejiang Xian ju Phar-
aceutical Co., Guinea pig anti-rat LH� antibody and ra-

ioimmunoassay (RIA) kits for LH measurement in rats
ere supplied by National Institute of Diabetes and Diges-

ive and Kidney Diseases (NIDDK, Bethesda, MD, USA).
iotinlyated goat anti-guinea pig IgG and ABC kits were
urchased from Vector Laboratories (Burlingame, CA,
SA). 3�,3-Diaminobenzidine (DAB) staining kits were

rom Sino-American Biotechnology, TRIzol reagent was
rom Gibco (Grand Island, NY, USA), random hexamers,
MV reverse transcriptase and Taq DNA polymerase were

rom Promega (Madison, WI, USA). Rat estradiol (E2) and
rogesterone (P4) RIA kits were obtained from Beckman

oulter (Fullerton, CA, USA). P
.3. Antiovulation test

Rats were given a single subcutaneous injection with vari-
us doses of Nestorone or megestrol acetate at 11:30–12:00
.m. on Day 2 (D2) of estrus (n � 10/group). Peanut oil was
dministrated to rats in the control group. Rats were sacrificed
t 72 h after administration, and the oviducts were separated.
va were rinsed out and counted under the dissecting micro-

cope. The median effective dose (ED50) of Nestorone on
nhibiting ovulation in rat was calculated by the Bliss method.

.4. Analysis of the function and morphology of rat
ituitary gonadotropic cells

Rats were treated by subcutaneous injection with 1.0, 2.0
r 4.0 mg/kg of Nestorone or peanut oil at 8:30–9:00 a.m.
n D2 of estrus (n � 9–10/group). Sixty hours after admin-
stration (late proestrus in the control), rats were sacrificed
nd blood samples were collected for measurement of se-
um LH. The pituitaries were enucleated and fixed in
ouin’s solution. Three pituitaries from each group were

elected randomly for dehydrating and embedding in par-
ffin. Coronal sections (5 �m) were made and mounted onto
lass slides for immunohistochemical staining.

.5. Immunohistochemical analysis

Immunohistochemical staining of pituitary gonadotropic
ells containing LH was performed according to the method
escribed by Zhou et al. [13]. Briefly, sections were depar-
ffinized, hydrated and treated with 3% hydrogen peroxide
o block the endogenous peroxidase activity. Nonspecific
ackground staining was suppressed by incubation with
.3% bovine serum albumin and normal goat serum. Then
he sections were incubated with guinea pig anti-rat LH�
ntibody at a dilution of 1:6000 for 45 min at 37°C in a
umidified chamber. After washing in 0.1 mol/L phosphate-
uffered saline, the sections were incubated with biotinyl-
ted goat anti-guinea pig IgG (1:200, 37°C, 20 min) fol-
owed by avidin-biotin-peroxidase complex (1:100, 37°C,
0 min) from a Vector ABC kit. Finally, the pituitary
onadotropic cells that contained LH were visualized by
ncubating with a DAB of 0.5 g/L for 10 min at 25°C. A
niversal microspectrophotometer combined with a KS400
mage Analysis System (Zeiss, Germany) was used to an-
lyze the cell size and shape.

.6. Analysis of PR A�B, PR B, GnRH-R and LH�
RNA levels in pituitary

Rats were treated by intramuscular injection with Nestor-
ne of 5 mg/kg (ED90 of antiovulation) at 11:30–12:00 a.m.
n D2 of estrus. Peanut oil was administered to rats of the
ontrol group. Animals were sacrificed by decapitation at
3 h, 45 h, 57 h and 69 h after treatment (n � 5/time point).

ituitary was rapidly removed, frozen in liquid nitrogen and
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tored at �80°C until RNA extraction. Blood samples were
ollected for RIA of serum hormone levels.

.7. Reverse transcription-polymerase chain reaction (RT-
CR)

Total RNA was extracted from whole anterior pituitary
sing TRIzol reagent according to the manufacturer’s in-
tructions. Approximately 4 �g of total RNA was reverse
ranscripted into cDNA with 30U AMV reverse transcrip-
ase and random hexamers (0.5 g/g total RNA) to prime the
eaction at 37°C for 60 min.

The primers used for PCR amplification are summarized
n Table 1. Glyceraldehyde-3-phosphate dehydrogenase
GAPDH) was used in the same sample as an internal
ontrol. PCR amplifications were performed in two steps
ccording to the previous description [11]. In the first step,
he reaction mixture contained RT reaction product 2.5 �L,
ach primer 0.4 �mol/L, and 1U Taq DNA polymerase in a
nal volume of 12.5 �L. After the appropriate number of
ycles with the first set of primers, 12.5 �L of another
ixture containing the primers for GAPDH 0.4 �mol/L,

nd an additional 1U Taq DNA polymerase was added for
he remaining cycles. At the end of the last cycle, an addi-
ional extension at 72°C for 10 min was conducted. The
CR products were separated by electrophoresis on 2%
garose gel containing ethidium bromide (Fig. 1). Imaging
igital System (United-Bio, Marlton, NJ, USA) was used to
uantify the signal intensity, and the values were expressed
s ratios of each gene to GAPDH.

.8. Hormone assay

LH concentration in the serum was measured by means
f RIA using the rat LH kits kindly supplied by NIDDK.
erum E2 and P4 were measured by RIA kits purchased
rom Beckman Coulter.

.9. Statistical analysis

All data were expressed as mean � SD. The significance
f difference between treated group and control group was

able 1
equences of primers and cycles used in RT-PCR analysis of PR A � B,

ene Primer sequence (5�33�)

R A�B Sense: CCCACAGGAGTTTGTCAAGCTC
Antisense: TAACTTCAGACATCATTTCCGG

R B Sense: GTGTGAGGATTCTGCCTTTC
Antisense: CGCTCTCAGGACTTCTTACG

nRH-R Sense: GGAGAAATATGGCTAACAATGC
Antisense: AGGTTGGCTAAGGTCAAATG

H� Sense: CTTCACCACCAGCATCTGTG
Antisense: GTCACAGGTCATTGGTTGAG

APDH Sense: ACCACAGTCCATGCCATCAC
Antisense: TCCACCACCCTGTTGCTGTA
etermined by the Student’s t test. r
. Results

.1. ED50 of antiovulation

Both Nestorone and megestrol acetate suppressed the
vulation of rats effectively when administrated subcutane-
usly on D2 of estrus. The ED50 of Nestorone is 1.32
g/kg, while the ED50 of megestrol acetate is 2.17 mg/kg.
omparing by the ED50, the antiovulation potential of
estorone is 1.6 times that of mesgetrol acetate (Table 2).

.2. Effect on the function and morphology of
onadotropic cells

.2.1. Serum LH level
Serum LH concentration in control rats was 3.33 � 2.57

g/mL. In the groups treated with Nestorone at 1.0, 2.0 or
.0 mg/kg, the serum LH levels were 0.99 � 1.23, 0.29 �

GnRH-R and LH� mRNA

Positions (nt) Product size (bp) PCR cycles

3009–3030 326 25
3313–3334

40–59 221 27
241–260
719–740 271 25
970–989
136–155 250 25
366–385

1369–1388 452 23
1801–1820

ig. 1. RT-PCR analysis of PR A�B, PR B, GnRH-R and LH� mRNA
xpression in the pituitary of rats. PCR products were run and separated by
% agarose gel. (A) 326-bp PCR product of PR A�B; (B) 221-bp product
f PR B; (C) 271-bp product of GnRH-R; (D) 250-bp product of LH�.
everse-transcribed RNA from pituitaries of rats collected at 69 h after

reatment. The internal control, GAPDH, amplified for 23 cycles in every
PR B,
eaction, yielded a 452-bp product.
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.11 and 0.33 � 0.16, respectively, which were significantly
ower than that of the control (Table 3).

.2.2. Size and shape of gonadotropic cells in pituitary
After immunohistochemical staining, the pituitary gona-

otropic cells containing LH could be identified by the
ppearance of brown granules. In the control group, the
onadotropic cells were small and irregular in shape. No
bvious differences of the size and shape of gonadotropic
ells were found between the rats treated with Nestorone 1.0
g/kg and the control, while larger and regular cells were

bserved in the rats treated with Nestorone 2.0 mg/kg. In the
roup of 4.0 mg/kg, most of the gonadotropic cells were
arge and round, particularly, a huge amount of brown
ranules were found in the cytoplasm of cells, which sug-
ested that large quantities of LH were stored in these cells
Fig. 2).

The results of image analysis showed that the average
reas of pituitary gonadotropic cells in the groups treated
ith Nestotone at 2.0 or 4.0 mg/kg were significantly larger

han that of the control group (p � 0.001). In control rats,
ost of the gonadotropic cells were small, and the areas of

2.2% of cells were less than 60 �m2. In treated groups, the
mount of small cells decreased and large cells increased
ith the increased dosage of Nestorone. When the dosage of
estorone increased to 4.0 mg/kg, only 13.8% of gonado-

ropic cells had an area of less than 60 �m2, while the area
f 48.7% of the cells were 80�120 �m2. This was 2.14
imes the area of the control (Table 4).

Another parameter, named circle factor, describes the

able 2
ffect of Nestorone on ovulation of rats

roup Dose (mg/kg) No. of
tested rats

ontrol 0 10
0.5 10

estorone 1 10
2 10
4 10

egestrol acetate 1 10
2 10
4 10

able 3
erum LH concentration at 60 h after treatment with Nestorone in rats
n � 9)

roup Dose (mg/kg) LH concentration (ng/mL)a

ontrol 0 3.33 � 2.57
1 0.99 � 1.23*

estorone 2 0.25 � 0.11**
4 0.33 � 0.16**

a Values are mean � SD.
* p � 0.05 vs. control.
t**p � 0.01 vs. control.
egree of deviation from a circle of the cross-section of
ells. When the cross-section of a cell is a circle, the circle
actor is equal to 1; for cross section of a cell is a circle, the
ircle factor is equal to 1, for cross section of a cell not a
ircle, the circle factor is less than 1. The more irregular the
ell, the smaller the circle factor. Results of the image
nalysis showed that the average circle factors in Nestor-
ne-treated groups were higher than that of the control,
hough a significant difference was only observed between
he group of rats treated with Nestorone 4.0 mg/kg and
ontrol (p � 0.01). The circle factors of most gonadotropic
ells in each group were 0.6–0.8. In the control group, the
ircle factor of 19.5% of cells was less than 0.6, while only
0.5% of cells that had a circle factor less than 0.6 existed
n the group treated with Nestorone 4.0 mg/kg. In addition,
he circle factor of 12.3% of cells in the control group was
igher than 0.8, while 18.5% of cells in the rats treated with
estorone 4.0 mg/kg had that large circle factor (Table 5).

.3. Expression of PR A�B, PR B, GnRH-R and LH�
RNA in pituitary

In rats treated with Nestorone 5.0 mg/kg at 1130–1200 h
n D2 of estrus, the expression of PR A�B mRNA and PR
mRNA in the pituitary was normal at 45 h after treatment,

ut obviously lower at 33 h and markedly higher at 57 and
9 h when compared to the control (Figs. 3A and B).

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

Compared to the control, a higher expression of LH�
RNA in the pituitary of the treated group was observed at

7 h after treatment. No difference was found between the
ontrol and treated group at 33 h, 45 h and 69 h after
reatment (Fig. 3D).

.4. Serum E2 and P4 levels

Compared with the control rats, the serum E2 levels in

of
atory rats

Inhibitory rate
of ovulation (%)

ED50 (95% confidence
interval) mg/kg

0
10
50 1.32 (0.49–3.51)
70
80
20
40 2.17 (0.95–4.96)
80
No.
ovul

10
9
5
3
2
8
6
2

he treated group were normal at 33 h and observably lower
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p � 0.01) at 45 h after administration, while higher levels
f serum E2 were found in the treated group (p � 0.05) at
7 and 69 h. The serum concentrations of P4 in the treated
roups were lower than in the control during the period of
bservation, especially at 57 h after treatment (p � 0.01)
Table 6).

. Discussion

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

able 4
he size of gonadotropic cells in pituitary at 60 h after treatment with Ne

ose of
estorone

mg/kg)

No. of
rats

No. of
sections

No. of
cells

Cell area (�

3 15 154 68.116 � 32
3 15 168 72.091 � 30
3 15 160 84.982 � 33
3 15 152 91.935 � 30

a Values are mean � SD.

ig. 2. Effects of Nestorone on the morphology of gonadotropic cells in pitu
r vehicle at 8:30–9:00 a.m. on D2 of estrus. At 60 h after treatment, rats w
f immunohistochemistry. Brown granules in gonadotropic cells were obse
D) vehicle control.
***p � 0.001 vs. control.
his study, two experiments were designed to observe the
unctional and morphological changes of gonadotropic
ells, as well as the expression of PR mRNA, GnRH-R
RNA and LH� mRNA in pituitary of the rats after treat-
ent with Nestorone. The results of the first experiment

howed that the serum LH levels in treated groups were
ignificantly lower than that of the control at 60 h after
reatment, indicating suppression of the preovulation LH
elease.

In female adult rats, the gonadotropic cells of the pitu-
tary secrete two kinds of gonadotropins, namely LH and
ollicle-stimulating hormone (FSH). There are about 60% of
onadotropic cells secreting both of LH and FSH, while
8% and 23% of gonadotropic cells only secrete LH or

in rats

Distribution of cell area (%)

�60 �80 �100 �120 �150 �150

42.2 25.3 15.2 6.0 8.4 1.3
38.7 25.6 18.4 10.7 5.4 1.2
25.0 20.0 24.4 15.6 12.5 2.5
13.8 23.0 25.7 23.0 10.5 4.0

rats. Animals were treated subcutaneously with various dose of Nestorone
apitated and paraffin sections of pituitaries were stained by ABC technique
der the microscope (�500): (A) 1.0 mg/kg; (B) 2.0 mg/kg; (C) 4.0 mg/kg;
storone

m2)a

.620

.139

.647***

.027***
itary of
ere dec
rved un
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SH, respectively [14]. During the estrous cycle, the mor-
hology of gonadotropic cells in the pituitary varies. The
orphological changes of these cells could reflect the syn-

hetic and secretory state of LH in the pituitary [13,15]. In
he present study, the pituitaries were collected at late
roestrus of rats in which the preovulation LH surge had
een released. In the control rats, the small size and irreg-
lar shape of the gonadotropic cells in the pituitary sug-
ested that the LH stored in these cells had been released,
hich was confirmed by the high LH level in the serum.
owever, the gonadotropic cells in the pituitary of treated

able 5
ircle factors of gonadotropic cells in pituitary at 60 h after treatment wi

ose of
estorone

mg/kg)

No. of
rats

No. of
sections

No. of
cells

Circle factor

3 15 154 0.683 � 0.10
3 15 168 0.687 � 0.11
3 15 160 0.703 � 0.10
3 15 152 0.717 � 0.09

a Values are mean � SD.
**p � 0.01 vs. control.

ig. 3. Effects of Nestorone on mRNA expression of PR, GnRH-R and LH
t 11:30–12:00 a.m. on D2 of estrus. Total RNA for RT-PCR were isolate
s mean � SD (n � 5) of PR A�B/GAPDH (A), PR B/GAPDH (B), GnR

s. controls at the same time points.
roups were large in size and were more regular in shape.
urthermore, in the group treated with Nestorone 4.0 mg/
g, abundant granules were found in the cytoplasm of the
onadotropic cells. This indicated that LH had not been
eleased from these cells, which was coincident with the low
evel of serum LH in treated rats. Therefore, it is suggested
hat the antiovulation effect of Nestorone is mainly due to
ts effect on the inhibition of LH release.

In the second experiment, the serum E2 and P4 peak found
n the control rats at 45 h and 57 h, respectively, after treatment
uggested the occurrence of ovulation. On the contrary, no P4

orone in rats

Distribution of circle factor of cells (%)

�0.5 �0.6 �0.7 �0.8 �0.9 �0.9

5.2 14.3 30.5 37.7 11.7 0.6
5.4 14.3 31.0 33.9 14.9 0.6
3.1 11.9 30.0 36.9 15.0 0.3
1.3 9.2 26.3 44.7 17.8 0.7

uitary. Rats were treated with intramuscular Nestorone 5 mg/kg or vehicle
pituitary at 33 h, 45 h, 57 h and 69 h after treatment. Data are represented
APDH (C) and LH�/GAPDH (D). bp � 0.05; cp � 0.01; and dp � 0.001
th Nest

a

7
0
2
1**
� in pit
d from
H-R/G
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eak in serum was found in the treated group. This indicated
hat ovulation was prevented in the cycle following treatment
ith Nestorone. However, the higher or normal expression of
H� mRNA in pituitary suggested that the synthesis of LH
as not suppressed by the treatment of Nestorone. This is

oincident with the result of the abundant granules found in the
ytoplasm of gonadotropic cells.

In the pituitary, PR and GnRH-R act as important factors
nvolved in the regulation of preovulation LH surge. PR
ay regulate LH secretion directly, and P4 enhances the

esponse of pituitary to GnRH mediated by PR. In cultured
nterior pituitary cells of ovariectomized rats, PR mRNA
as up-regulated by E2 and acutely down-regulated by P4.

n addition, E2 increases GnRH-R and the sensitivity of the
ituitary to GnRH [12,16]. Therefore, the mRNA expres-
ion of PR and GnRH-R in the pituitary as well as serum
evels of E2 and P4 were observed in this study. At 33 h after
reatment, the mRNA expression of PR was significantly
ower than that of the control. This might be a direct effect
f Nestorone, since there were no differences in the levels of
erum E2 and P4 between the treated and the control group.
he serum E2 level of the treated group was observably

ower than that of the control at 45 h after administration,
ndicating a suppression of follicle development. Nestorone
ay suppress follicle development directly or through sup-

ressing the synthesis and/or secretion of FSH in the pitu-
tary. The E2 level elevated gradually and even reached a
igh level over that of the control, indicating renewed fol-
icle development because of the withdrawal of medication.
he increasing mRNA expression of PR B, PR A�B,
nRH-R and LH� coincided with the elevating E2 level,

uggesting the next ovulation cycle was beginning.
In summary, the antiovulation mechanism of Nestorone

s mainly due to its inhibiting effect on LH secretion; PR
ight be involved in this process. In addition, there is no

ffect of Nestorone on synthesis of LH in the pituitary.
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oncentrations of serum E2 and P4 at 60 h after treatment with Nestorone

ose of
estorone

mg/kg)

E2 (pg/mL)a

Time after treatment (h)

33 45 57 69

8.8 � 3.493 37 � 11.958 3.2 � 2.950 2.4 � 3.782
4.6 � 5.459 12 � 6.753** 35 � 24.658* 39 � 28.38

a Values are mean � SD.
* p � 0.05 vs. controls.
**p � 0.01 vs. controls.
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