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The study was conducted to determine the effect of low-dose estrogen in the early cycle
of clomiphene citrate therapy on the expression of level estrogen receptor a (ERa) and
VEGF-A in the endometrium. This study was an experimental study using 29 adult female
rats aged 3 months with the body weight of 150-200 grams. The female rats were randomly
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allocated were allocated randomly into 3 groups (C: placebo; T1: treated with clomiphene
citrate (100 mg/kg BW, IP, single dose); T2: combination treatment with clomiphene citrate
(100 mg/kg BW, IP, single dose) and estradiol valerate (15 pg/kg BW, IP, single dose).
Uterine samples were examined for estrogen-ao receptor expression and VEGF-A expression

VEGF-A using immunohistochemistry. The results revealed a significant difference between the
Correspondence: percentage of Estrogen-o in the C group compared with the T1 and T2 groups. Meanwhile,
EM. Lugman there was no significant difference between the T1 and T2 groups. The percentage of VEGF-

A expression in group C was significantly different compared with T1 and T2. Meanwhile,
there was no significant difference between the T1 and T2 groups. In conclusion,
administration of a low dose of estradiol valerate in early clomiphene citrate therapy resulted
in no significant effect on estrogen-a receptor expression and VEGF-A expression in the
endometrium.
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Introduction

Clomiphene citrate is often the first choice in infertility
cases caused by an anovulatory state and oligo ovulation,
even empirically used for ovarian stimulation in regular
ovulation cycles. The two main indications for using
clomiphene citrate are ovulation induction in cases of
anovulatory infertility and multi-follicular ovulation
stimulation to increase ovulation in ovulating infertile, such
as unexplained infertility (1). Clomiphene citrate is often
used because of its easy administration method, relatively
cheaper, relatively safe use, and high success rate for
ovulation. Several studies have reported that clomiphene
citrate, along with hCG, can be used to induce ovulation in
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pre-pubertal (2-4). Endometrial growth failure is a sensitive
stage in preparation for implantation because it causes
desynchronization between the embryo and the readiness of
the uterus for implantation. Preparation of the endometrium
from the proliferation phase to the secretion phase is an
essential step in achieving the receptive state required for
implantation. The proliferative phase is associated with the
growth of ovarian follicles and increased secretion of
estrogen. As a result, there is reconstruction and growth of
the endometrium. The estrogens, apart from causing an
increase in the expression of estrogen receptors, also
stimulate the expression of genes and receptors of several
biochemical agents such as cytokines, lipids, and peptides
that are present in the endometrium, including several
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growth factors that are potent mitogens for growth (5).
Endometrial growth depends on the ability to regenerate the
capillary vascular tissue and the proliferation and
differentiation of the endometrial lining. One of the
angiogenic factors that have a significant role in vascular
growth is VEGF. During the proliferative phase, estrogen
stimulates VEGF synthesis. The response to exogenous
steroid administration affects the proliferation and function
of endometrial capillaries (5-7). Until now, no studies have
been carried out using low doses of estrogen at the start of
the cycle to suppress the anti-estrogen effect of the
endometrium on clomiphene citrate therapy to increase
therapeutic efficacy. This study was conducted with the
administration of low doses of estrogen using estradiol
valerate at the beginning of the cycle in therapy with
clomiphene citrate, with the precaution that this does not
affect the hypothalamic-pituitary-ovarian axis. It only acts
locally on the endometrium, and early cycle estrogen
administration aims to induce estrogen receptors and
regulates gene expression for autocrine and paracrine factors
in the endometrium before starting clomiphene citrate
therapy.

This study aims to determine the effect of a low dose of
estrogen in the early cycle of clomiphene citrate therapy on
the expression of estrogen receptor (ERa) levels and VEGF-
A in the endometrium of female’s rats (Rattus norvegicus)
aged 3 months.

Materials and methods

This experimental study used a randomized post-test-
only control group design involving 29 female rats aged 3
months with a bodyweight of 150-200 grams. The rats were
allocated randomly into 3 groups. The animal received a
standard pellet diet and drank water freely; the room
temperature was 23+2°C, and there were twelve hrs of
light/dark cycles during the experiment. Control group (C) is
placebo / did not receive treatment. Groups (T1), rats
received a single dose of clomiphene citrate 100 mg/kg body
weight intraperitoneal, and groups (T2) received a single
dose of a combination of clomiphene citrate (Serophene-
Sanofi-Aventis U.S. LLC) 100 mg/kg body weight and a
single dose of estradiol valerate (Hikma Pharmaceuticals
USA Inc) 15 pg/kg body weight intraperitoneal in early
proestrus (T2). The administration is done in a single dose.
The rats were sacrificed at the metestrus stage, then the rats
were dissected, cardiac blood was withdrawn, and
endometrial preparation was performed.

Estrous stage determination

The rats were subjected to vaginal swabs utilizing a wet
cotton bud inserted into the vagina while rotated, then
smeared on the object glass. The object glass was fixed with
70% alcohol, dipped with Giemsa dye, and then washed and
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dried. Finally, the slides were examined under a microscope
to determine the stages of the estrous cycle (8).

Assessment of the estrogen level in blood

Blood in the early stages of proestrus and metestrus were
taken, then allowed to clot, and centrifuged at 3000 rpm for
10 minutes at 4°C to separate blood serum to be used by radio
immune assay for assessment of estradiol levels.

Examination of estrogen-a receptor expression and
VEGF-A by immunohistochemistry

After treatment, the rats were euthanized at the
metestrous stage. Then the rats were dissected, blood was
drawn intracardiac and uterine preparation was performed.
The uteri were fixed in 10% formalin buffer, and
histopathological endometrial tissue was prepared (9).

The sample part was immersed in methanol containing
3% diluted hydrogen peroxide. To inhibit nonspecific
binding, Dako cytomation (reagent peroxidase blocking
S200/30-2- Bio-Rad Laboratories, Inc. Indonesia) was
applied to sample parts and then incubated at room
temperature with primary antibodies toward Anti-Estrogen
Receptor alpha (SP1) monoclonal antibodies (ab16660)
Abcam Inc Cambridge, UK. (1: 300), and Anti-VEGFA
(EP1176Y-C-terminal ab52917) AK, BK) - monoclonal
antibodies Abcam Inc Cambridge, UK. (1: 300). Then, all
samples were incubated with biotin-labeled secondary
antibodies (Trekkie Universal Link-Biocare Medical USA)
then incubated overnight using streptavidin-conjugated
peroxidase (Trekavidin-HRP Label Biocare Medical USA)
and DAB as chromogen (BioLegend, Inc. San Diego,
California, United States), based on the manufacturer's
instructions. These parts were calculated with hematoxylin,
dehydration, and installed.

Expression of Estrogen-a receptor and VEGF-A
measurements were calculated based on the number of
epithelial cells expressing estrogen-a receptor and VEGF-A
in the vaginal wall tissue determined by calculating the mean
number of vaginal wall cells that react positively to
monoclonal antibodies seen under a microscope with 600x
magnification in 10 fields of view using the Olympus DP12
Digital Camera (10).

Semi-quantitative scale index Remelle scale is the result
of multiplying the positive cell percentage score with the
color reaction intensity score (11). The positive cell
percentage score: Score 0: No positive cells; Score 1:
Positive cells <10%; Score 2: Positive cells between 11%
and 50%; Score 3: Positive cells between 51% and 80%; and
Score 4: Positive cells over than 80%. And the color reaction
intensity score within: Score 0: no color reaction; Score 1:
Low color intensity; Score 2: Medium color intensity; and
Score 3: Strong color intensity.
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Statistical analysis

Data were analyzed using the SPSS 24.0 software and
first tested for normality using the Kolmogorov-Smirnov
test. Furthermore, non-parametric data were verified using
the Kruskall Wallis Test, then intervariable using Mann
Whitney U Test to find the differentiation of each group, and
p=<0.05 was considered statistically significant (12).

Results

The administration of low doses of estrogen using
estradiol valerate in clomiphene citrate therapy has a
different effect. The three groups resulted in the expression
of estrogen-a and VEGF-A receptors in the endometrial
tissue. According to the histopathological samples, estrogen
receptor-a in the uterus sample expresses high positive
expression in the Control group (C) and moderate expression
on T1 and T2 group. Figure 1 and table 1 show the number
of cells expressing estrogen-a receptors. The median value
in the control group is 7.15, with an QD of 1.35. Meanwhile,
the median value of the T1 group was 3.0 with an 1QD of
0.55, and the T2 group was 2.6 with an IQD of 0.65. The
Kruskal Wallis Test was analyzed to see any differences
between the three treatment groups. These results indicate a
significant difference between the three groups (P<0.01).

Advanced statistical tests between groups used the
Mann-Whitney U test because the data were ordinal and

normally distributed. Based on the results of the Mann-
Whitney U test, there was a significant difference between
the percentage of estrogen-a expression in the control group
(C) with the T1 group ( P=0.000; «<0.01) and T2 ( P=0.000;
a<0.01). Meanwhile, there was no significant difference
between the T1 and T2 groups ( P=0.243; o> 0.05) (Figure 2
and Table 1).

VEGF-A in the endometrial tissue sample expresses high
expression in the control group (C) and moderate expression
in the T1 and T2 groups (Figure 3). Figure 4 and Table 2
show the number of cells expressing VEGF-A. The median
value in the control group is 17.6, with an IQD of 3.5. In the
T1 group, the median score was 8.6 with an 1QD of 2.15, and
the T2 group median was 7.05 with an IQD of 1.31.
Statistical tests using the Kruskal Wallis Test showed
significant differences between the three treatment groups
(P=0.000; a<0.01).

Analysis using Mann Whitney U test showed a
significant difference between the percentage of VEGF-A
expression in the control group and T1 group (P=0.000; a
<0.01) and between the control group with T2 group
(P=0.000; a <0.01). Meanwhile, there was no significant
difference between the T1 and T2 group (P=0.218; a >0.05).
Based on the correlation test between the estrogen-o receptor
variable and the VEGF-A variable using Spearmann
Correlation Test, there is a significant positive correlation of
64.1% (P=0.2641; a <0.01) (Figure 4).

Table 1: Mean and SD of estrogen-a receptor expression in endometrium

Estrogen-a Receptor Expression

Group n Mean SD Median 1IQD Min. Max. p
Cc 10 7.39 1.54 7.15 1.35 4.7 9.3

T1 9 3.03 0.69 3.0 0.55 1.8 3.9 0.000*
T2 10 2.62 0.65 2.6 0.65 1.7 33

note: (*) significant at 0.000; p<0.01; SD: standard deviation; IQD: interquartile deviation; C: control group; T1: clomiphene
citrate 100 mg/kg BW; T2: a combination of clomiphene citrate 100 mg/kg BW and estradiol valerate at a dose of 15 pg/kg BW.

Table 2: Mean and SD of VEGF-A expression in endometrium

VEGF-A Expression

Group n Mean SD Median IQD Min. Max. p
C 10 18.11 3.44 17.6 3.5 13.5 22.6

T1 10 8.63 2.06 8.6 2.15 55 11.7 0,000*
T2 10 7.63 1.92 7.05 1.31 5.8 11.3

note: (*) significant at 0,000; p<0,01; SD: standard deviation; 1QD: interquartile deviation; C: control group; T1: clomiphene
citrate 100 mg/kg BW; T2: a combination of clomiphene citrate 100 mg/kg BW and estradiol valerate at a dose of 15 pg/kg BW.

Discussion

Clomiphene citrate administration in the treatment will
affect estrogen in the form of a selective estrogen receptor
modulator. Clomiphene acts as a competitive inhibitor to the
estrogen receptor. Depending on the target tissue, the effect
can be an agonist or an antagonist. Clomiphene citrate
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consists of two geometric isomers: Zuclomiphene 38% in the
-cis array and Enclomiphene (62%) on -trans. Enclomiphene
is more dominant in the ovulation induction process, and
both work effectively on the uterus. The enclomiphene has a
short half-life, while zuclomiphene has a longer half-life.
Regarding estrogenic activity, zuclomiphene has more
significant estrogenic activity than enclomiphene (13).
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Figure 1: Immunohistochemical staining pattern of estrogen
receptor-a. in endometriums. Estrogen receptor-o. expressed
positive at cytoplasm in an endometrial tissue sample
(yellow arrow). A: C Group (Control); B: T1 Group; C: T2
Group (scale bar = 60 p m).
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Figure 2 Schematic overview of endometrium’s estrogen-a.
receptor in three examination groups (C: control group; T1:
clomiphene citrate 100 mg/kg BW; T2: a combination of
clomiphene citrate 100 mg/kg BW and estradiol valerate at a
dose of 15 pg/kg BW).
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Figure 3 Immunohistochemical staining pattern of VEGF-A
in endometriums. VEGF-A positive expressed at cytoplasm
in an endometrial tissue sample (yellow arrow). A: C Group
(Control); B: T1 Group; C: T2 Group (scale bar = 60 p m).
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Figure 4: Schematic overview of endometrium’s VEGF-A in
three examination groups (C: control group; T1: clomiphene
citrate 100 mg/kg BW; T2: a combination of clomiphene
citrate 100 mg/kg BW and estradiol valerate at a dose of 15
pg/kg BW).
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With clomiphene administration, there was an increase in
the concentration of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) in plasma. When clomiphene is
given to regular cycles, there is an increase in the pulsatile
LH frequency (but not the amplitude), indicating an increase
in the pulsatile gonadotropin-releasing hormone (GnRH)
frequency. Enclomiphene acts as an anti-estrogenic in this
case by blocking negative feedback from estradiol on the
hypothalamic-pituitary axis, which causes an increase in LH
and FSH. The chemical structure of clomiphene is similar to
estrogen. It can bind to estrogen receptors in the nucleus.
However, this clomiphene can bind to estrogen receptors for
a long time. Clomiphene that binds to estrogen receptors in
the hypothalamus causes the hypothalamus to pick up false
signals about estrogen levels circulating in the blood so that
estrogen levels are perceived to be lower than the actual level
and stimulate the release of FSH and then stimulate a surge
in LH that can cause ovulation (13,14).

Clomiphene administration causes an inhibitory effect on
the transcription of the estrogen response element (ERE)
gene activation of 17p-estradiol (E2) and endometrial cell
proliferation through inhibition of the steroid receptor
coactivator-1 (SRC-1), which binds to the estrogen receptor.
Clomiphene will occupy the ligands of estrogen receptors,
but it also causes the number of estrogen receptors to
decrease, thereby inhibiting the action of estrogen in the
endometrium. This is linear with this study which explains
why the number of estrogen receptor expressions in T1 and
T2 treatment is lower than in the C group (15,16).

In addition, the expression of estrogen receptors between
the T1 group given clomiphene and T2 given a combination
of estradiol valerate and clomiphene was insignificant. This
is linear with the study of (14), which reported that the level
of estrogen in the single clomiphene group and the
combination of clomiphene and estradiol were not
significantly different. The addition of estradiol or estrogens
valerate is less responsive to the endometrium. These results
are also in line according to Elkind-Hirsch et al. (17).
According to Elkind-Hirsch et al. (17), expression results,
such as research, may be significant if examined during the
proliferative phase. Taheripanah et al. (18) explained that
combining clomiphene and valerate estrogen would increase
the estrogenic effect only in blood plasma but had no
significant effect on the endometrium. Therefore the
expression of estrogen receptors in the clomiphene group
was not significantly different from the clomiphene and
estrogen combination group (14-19).

In line with the results of the estrogen receptor
expression, the VEGF-A expression between the T1 group
given clomiphene and T2 given the combination of estradiol
valerate and clomiphene was not significant. This is because
ERo mediates the increase in VEGF via E2. So the lower the
expression of estrogen receptors, the lower the resulting
VEGF-A expression. The results reinforce that estrogen
receptor expression positively correlates with VEGF-A
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expression. Clomiphene administration which inhibits the
transcription of 17B-estradiol (Ez) ERE gene transcription
activation, also triggers inhibition of VEGF-A expression.
Mueller (20) reported in their study that a single ERE variant
associated with E2 induces transcription of the VEGF-A
gene in endometrial cells. The increased expression of VEGF
in the endometrium and vascular vessels is due to the effect
of estradiol. Molecular evidence is reported by De Francesco
et al. (21), which states that ERo mediates the increase in
VEGF through E2. The presence of E2 induces the
expression of ERa through the VEGF regulator, namely
hypoxia-inducible  factor-lo.  (HIF-1a). E2  signal
transduction travels through the GPER / EGFR / ERK / ¢c-fos
pathway, increasing HIF-lo expression and stimulating
VEGF production (20-23). Administration of low-dose
estrogen using estradiol valerate in the early cycle of
clomiphene citrate therapy did not significantly affect
estrogen-a receptor expression and VEGF-A expression in
the endometrium.

Conclusion

Administration of a low dose of estradiol valerate in early
clomiphene citrate therapy resulted in no significant effect
on estrogen-a receptor expression and VEGF-A expression
in the endometrium.
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