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Introduction: In implantation, endometrial epithelium is affected by the release of steroid 
hormones secreted from the ovary and allows the blastocyst to bind. This course is called the 
“implantation window” and occurs about 4-10 days after the onset of progesterone secretion. 
Therefore, the endometrium undergoes changes in the configuration of microvilli in the apical 
membrane, as well as the number and depth of different types of connections between the 
epithelial cells in the lateral membrane. It also changes in the base membrane in the form of an 
increase in the thickness of the base laminate, and in membrane folding and cellular skeleton. 
Ultimately, these changes lead to implantation. Embryo implantation involves different 
receptors and genes at each stage. 

Methods: Animals were anaesthetized by the intraperitoneal injection of high dose of 
Ketamine and Xylazine. We removed ovaries by surgery. After 72 hours and observing the 
vaginal plaque, the animals were sacrificed. The left horn of uterus was removed from the 
animal’s body and placed in fixative solutions, and after tissue processing, the molds were 
ready to be cut. The sections were stained with general method to determine the thickness of 
endometrium wall.

Results: Analysis of variance results suggested a significant difference in endometrial layer 
thickness between the groups receiving GONAL-F and other groups (P<0.000).

Conclusion: The coadministration of Gonal-F and HCG could provide an appropriate 
basis for the implantation process by increasing the thickness of endometrium wall and 
preventing its loss.
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1. Introduction

emale reproductive system consists of two 
ovaries, uterine tubes, uterus, vagina, and 
external genitalia. This system produces 
female gametes, provides a suitable envi-
ronment for fertilization, maintains em-

bryo, and produces self-control hormones. Uterus has 
thick and muscular walls consisting of three layers, as 
follows: 1. The layer of external connective tissue called 
premetrium, which is located along the ligament; 2. A 
very thick venose muscular layer called myometrium; 
3. A mucosal layer called endometrium, covered by a 
simple cylindrical epithelium. 

The thickness and structure of endometrium are affect-
ed by periodic changes in respect of ovarian hormones. 
This layer having lamina propria or endometrial stro-
mal connective tissue, often has type III collagen fibers, 
abundant fibroblasts, and an underlying matter. The se-
creting cells of epithelium form several tubular uterine 
glands that penetrate the entire thickness of the endo-
metrium. The endometrium has a basal layer adjacent to 
myometrium, consisting of multicellular lamina propria 
and a deep basal end of the uterine glands. 

The most important changes in the reproduction stage 
relate to the endometrial glands and a functional layer 
consisting of spongy, low cell count, and substrate rich 
lamina propria. The major part of glands and epithelium 
are superficial. The functional layer undergoes a pro-
found change in the menstrual cycle, but the basal layer 
remains almost unchanged. Two-thirds of the endome-
trial surface is an area that proliferates, and in the event 
of non-pregnancy, it eventually releasing in each cycle. 
This part consists of two sponge sections and superficial 
dense stratum. The basal layer has no monthly prolifera-
tion; however, it is the source of endometrial reconstruc-
tion after every bleeding of menstruation.

Ovulation occurs on the 14th day of secretion phase, on 
a typical 28-day cycle. Within 48-72 hours after ovula-
tion, with the onset of progesterone secretion, the tissue 
appearance of the endometrium turns into the secretion 
phase; then, eosinophilic and protein-rich secretion ma-
terials are observable inside glands’ ducts. The secretion 
stage in the menstrual cycle is characterized by the cel-
lular effects of estrogen and progesterone. At this stage, 
there is a significant reduction in the density of estro-
gen receptors in endometrial cells. During the secretion 
phase, the endometrial glands of their own glycogenic 
vacuoles, which on the 6th-7th day after ovulation reach 

the maximum secretion level, and endometrium has the 
most optimal conditions for the blastocyst implantation. 

In blastocyst attachment, the endometrium undergoes 
several structural and biochemical changes that depend 
on the hormones and the regulation of genes expression. 
Morphological changes include changes in the plasma 
membrane [1], where the shape and configuration of the 
microvilli in the apical membrane and the number and 
depth of the connections types between the epithelial 
cells in the lateral membrane, are altered. Changes in the 
base membrane occur in the form of an increased thick-
ness of base laminate and membrane folding and the cell 
skeleton [2]; this process ultimately leads to the possibil-
ity of implantation [3]. 

However, in the follicular period, there are sequential 
and consistent phenomena to produce a certain number 
of follicles for ovulation. These changes occur within 10 
to 14 days, with hormones affecting the follicle. After the 
initial growth stage and other stages, the follicle even-
tually reaches the stage of pre-ovulation. At the end of 
this period, estrogen first slowly increases and reaches 
its peak just before ovulation. As the estrogen increases, 
the FSH decreases; on the contrary, LH increases unin-
terruptedly in the early stages and suddenly reaching its 
peak during the menstrual period. Fast follicular growth 
in the late follicular phase and the reduced amount of 
FSH indicate that the more follicle grows, the greater 
its sensitivity to FSH becomes. A candidate follicle for 
ovulation prevents its death by producing estrogen hor-
mone. Increased estradiol concentration within the folli-
cle causes the higher absorption of FSH into the follicle, 
resulting in increased follicular susceptibility to FSH.

When follicles grow, the ovarian field cells form the 
theca layer around follicles. LH binds to these cells and 
increases steroids. In the mid-menstrual period, much of 
the estradiol is secreted from a follicle that will later ovu-
late. Atresia occurs when the remaining follicles fail to 
reach maturity, during which estradiol receptor follicles 
lose their LH and FSH. Ovarian base tissue is not gen-
erally under the effect of atresia, as it still significantly 
secretes steroid. However, androgens especially andro-
stenedione and testosterone excel estrogen and are major 
products of ovarian base tissues. Increasing the ovarian 
base tissue in the last follicular stage raises androgens in 
the mid-menstrual period.

This concurrency of such events prepares the endo-
metrium for blastocyst attachment [4]. This period, so 
called the implantation window, lasts about 4-5 days af-
ter the progesterone secretion [5]. Many morphological 
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changes are caused by changes in the plasma membrane 
and cellular skeletons, which ultimately lead to implan-
tation [2-6]. Implantation included stages that each in-
volve specific receptors and genes [4]. However, the 
progression of each stage initially depends on the proper 
interaction between the mother’s endometrium and em-
bryonic cells [7].

In infertility treatment centers, the patient is exposed 
to sexual hormones to stimulate her ovaries to produce 
ovules. Several medications are used, including the 
most commonly used Gonal-F and Human Chorionic 
Gonadotropin (HCG) [8, 9]. Most of these medications 
affect hormone system changes and are able to increase 
or decrease the concentration of steroid hormones in 
the blood.

Gonal-F as a human follicle stimulating hormone is a 
DNA recombinant. It has two subunits of α and β consist-
ing of 92 and 111 amino acids, respectively. It stimulates 
the growth of follicles in women without an initial ovar-
ian defect and can promote follicle development. This 
medication does not contain LH hormone. HCG can be 
used to compensate the lack of LH, to mature the follicle 
and perform ovulation, after examining the patient and 
ensuring that the follicles have sufficiently developed.

Moreover, HCG is a glycoprotein that consists of 237 
amino acids and a molecular weight of about 26 kDa. It 
is secreted from placenta syncytiotrophoblast cells and 
by binding to the LH receptor, contributes in the survival 
of corpus luteum, and the preservation of pregnancy. 
The molecule is composed of two subunits α and β. It’s 
α subunit is also observed in FSH, LH, and TSH hor-
mones, but the subunit β is independent. This product is 
also used in the treatment of infertility caused by a poor 
pituitary function in men and infertility in women alone 
or in combination with other medications, including Go-
nal-F. With the imitation of natural LH peak in women, 
it stimulates ovulation in women and increases androgen 
by the testicle. Ovarian stimulation is commonly prac-
ticed in infertility clinics and Gonal-F is used at multiple 
and uncontrolled doses. Furthermore, no studies have 
explored this area. Therefore, we investigated the effect 
of these medications on this particular receptor which 
could be effective in the success of IVF (In Vitro Fertil-
ization) and infertility treatment.

2. Materials and Methods

Given that the reproduction cycle of rat consists of 4 
parts of proestrus, estrus, metestrus, and diestrus, the on-
set of puberty in female rats occurs at the fourth week of 

life as a result of LH secretion, which causes the ovule 
maturity. These changes in the secretion of LH occur 
about 8-9 days before the first prosthesis; then, the first 
stage of proestrus occurs. Therefore, we selected adult 
female rats [10]. 

Animals were deeply anesthetized using a high dose 
of intraperitoneal injection of ketamine 45 IU and xy-
lazine 15 IU. By surgery, we removed the left horn of 
uterus; then, the animals were randomly divided into 
three groups of experimental (n=35), sham (n=5), and 
control (n=5). The experimental group was divided into 
7 subgroups based on the dose of Gonal-F (IU) with 
and without HCG, and HCG alone, titled as follows: 1. 
Gonal-F dosage 10 recipient group (G10); 2. Gonal-F 
dosage 20ESD recipient group (G20); 3. Gonal-F dos-
age 30ESD recipient group (G30); 4. Group receiving 
HCG; 5. Gonal-F dosage 10ESD recipient group with 
HCG (H+G10) ; 6. Gonal-F dosage 20ESD recipient 
group with HCG (H+G20); 7. Gonal-F dosage 30ESD 
recipient group with HCG (H+G30). 

To the experimental groups, Gonal-F was intraperito-
neally injected for 5 days with the desired dosages, and 
after the last dosages of Gonal-F, the HCG was injected 
to the specimens by the previous method. After 72 hours 
of the observation of vaginal plaque, animals were sac-
rificed. Samples were separated and the tissues were 
placed in 10% formalin solution. In tissue processing 
stage, the tissues were prepared for molding in the stages 
of dehydration, clarification, hydration, and impregna-
tion. Then, the molds were ready to be cut with a micro-
tome machine and transferred to the slide. After passing 
the deparaffinization step, the slides were prepared for 
staining by the H&E method. 

The hematoxylin-eosin staining protocol was per-
formed; the slides were first placed in xylene, then 
hydrated to 70% in absolute alcohol. Then, they were 
washed in distilled water and maintained in a jar of he-
matoxylin stain for 10 minutes. After that, we rinsed 
the specimens to make them blue. To differentiate the 
color, we immersed the slides in an acid alcohol con-
tainer. Then, they were placed in lithium carbonate for 
2 minutes to stabilize the color. After rewashing, the 
specimens were placed in eosin jar for 5 minutes. After 
rewashing with distilled water, we initiated the hydration 
stage. We proceeded from 70% alcohol to absolute alco-
hol. Finally, the slides were placed in xylene jar again. 
Eventually, the mounting and adhering the coverslip was 
performed by Entellan adhesive.
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Table 1. The Mean±SD of the uterine endometrium thickness, expressed in μm in all of the studied groups

Variables Control Sham G10 G20 G30 G10.HCG G20.HCG G30.HCG HCG

Mean 86.919862 88.583194 53.379571 76.074150 71.098013 83.143788 78.109292 57.515279 65.940788

SD 4.1749526 7.8407674 5.3709142 9.7376531 7.2619043 5.6248231 3.9415634 5.6730915 4.9306392
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Figure 1. The Mean±SD of endometrial thickness changes expressed in μm in different study groups
Periodic Acid Schiff staining with 100x. Thickness of endometrium (in μm), except for the sham and HCG groups was signifi-
cantly different between all of the studied groups and the control group. The thickness of endometrium is shown by arrows.
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Table 2. The M
ean±SD

 of changes in the uterine endom
etrium

 thickness (in μm
) in all of the studied groups 

HCG
65.940788±
4.9306392

G30.HCG
57.515279±
5.6730915

G20.HCG
78.109292±
3.9415634

G10.HCG
83.143788±
5.6248231

G30
71.098013±
7.2619043

G20
76.074150±
9.7376531

G10
53.379571±
5.3709142

Sham
88.583194±
7.8407674

Control
86.919862±
4.1749526

Group
M

ean±SD

P<0.000
P<0.000

P<0.000
P=0.174

P<0.000
P<0.000

P<0.000
P=0.4

__
Control

86.919862±
4.1749526

P<0.000
P<0.000

P<0.000
P=0.011

P<0.000
P<0.000

P=0.4
__

P=0.4
Sham

88.583194±
7.8407674

P<0.000
P<0.247

P<0.000
P<0.000

P=0.013
P<0.000

__
P=0.4

P<0.000
G10

53.379571±
5.3709142

P<0.000
P<0.000

P=0.889
P=0.003

P=0.013
__

P<0.000
P<0.000

P<0.000
G20

76.074150±
9.7376531

P<0.000
P=0.004

P<0.000
P<0.000

__
P=0.013

P=0.4
P<0.000

P<0.000
G30

71.098013±
7.2619043

P<0.000
P<0.000

P=0.088
__

P<0.000
P<0.000

P<0.000
P=0.011

P=0.174
G10.HCG

83.143788±
5.6248231

P<0.000
P<0.000

__
P=0.088

P=0.004
P=0.889

P<0.000
P<0.000

P<0.000
G20.HCG

78.109292±
3.9415634

P<0.000
__

P<0.000
P<0.000

P<0.000
P<0.000

P<0.247
P<0.000

P<0.000
G30.HCG

57.515279±
5.6730915

__
P<0.000

P<0.000
P<0.000

P=0.01
P<0.000

P<0.000
P<0.000

P<0.000
HCG

65.940788±
4.9306392

Endom
etrial thickness in the recipient groups (G

10, G
20, G

30) had the largest decrease, com
pared to the control, sham

 and H
C

G
 groups. O

ne-w
ay A

N
O

V
A

 and Tukey test w
ere used to 

com
pare the groups at a significance level of P≤0.05.
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3. Results

Table 1 presents the Mean±SD changes of endometrial 
thickness in all of the studied groups (highest thickness 
in G10+HCG, G20 groups). We compared the Mean±SD 
of endometrium thickness in μm in the studied groups. 
The Analysis of Variance (ANOVA) results suggested a 
significant difference in the endometrium thickness (in 
μm) between the Gonal-F recipient groups, and control, 
sham, and HCG groups (P<0.05) (Figure 1).

There was a significant difference between all of the 
groups receiving Gonal-F with the control. Endome-
trial thickness in the recipient groups (G10+H, G30+H, 
G20+H), was significantly lower than the control and 
sham groups (P≤0.000). There was no statistically sig-
nificant difference between the G10+HCG and control 
group (P=0.174). The recipient groups (G10+H, G20+H) 
demonstrated a significant decrease compared to the con-
trol, sham and HCG groups; and a significant increase 
compared to G30+H group (P≤0,000). The HCG group 
had less increase than both control and sham groups and 
this difference is statistically significant (P≤0.000). In 
the group receiving Gonal-F and HCG, there was an in-
crease, compared to the Gonal-F receptor group. Except 
for the comparison of G20 with G20+HCG which had 
no statistically significant difference (P=0.889), there 
was a significant difference between the other groups 
(P<0.000) (Table 2 and Figure 2).

4. Discussion

Casper et al. in 2012 investigated the association be-
tween endometrial thickness and implantation success. 
Their results revealed that the endometrium thickness 
of ˃7 mm caused the implanting embryo to be closer to 
the spiral arteries and oxygenated blood, and improved 

the possibility of further implantation [11]. Weism et al. 
argued that endometrium thickness of ˃14 mm clearly 
reduced the probability of pregnancy [12]. 

Richter [13] and Ai Ghamdi [14] documented that the 
reduced endometrium thickness decreases the probabil-
ity of pregnancy. This result was confirmed by Jing Z et 
al. who reported that the success rate of IVF is reduced 
with the endometrial thickness of <7 mm [15]. Several 
factors change under the impression of periodic hor-
monal changes and hormonal treatments during assisted 
reproductive practices. Moreover, some factors affect 
the success of these treatments. In this regard, the en-
dometrial thickness is especially important, and several 
researchers have addressed it [16, 17]. 

In the lack of intrauterine pathology, the endometrium 
thickness can be considered as a measure of endometrial 
proliferation degree. Researchers found that in the IVF 
cycle the endometrium thickness of at least 8 mm and a 
three-line pattern lead to greater success rates. Chanqq 
et al. investigated the effect of Gonal-F in the doses of 
200-400-600 mIU/mL on endometrial cells proliferation 
in the culture medium, and noticed a decrease in endo-
metrial cell proliferation [18]. 

Seung et al. examined the effect of FSH (5-15-30-150) 
IU on endometrial stromal cells in the laboratory and de-
tected a decrease in endometrial cell proliferation [19]. 
Other studies have suggested that decreased endome-
trial cell proliferation occurs under the effect of steroid 
hormones, cytokines, and growth factors [20-22]. In the 
patients receiving Gonal-F, the estradiol level increased 
due to an increase in the number of follicles. Yagel stated 
that estradiol may negatively affect endometrial devel-
opment in the follicular phase [23]. 
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Another study found that in patients who used clomi-
phene citrate to treat infertility and stimulate ovulation, 
the success rate of pregnancy was lower, despite success-
ful ovulation and appropriate ovules,. These researchers 
demonstrated that estradiol and progesterone concentra-
tions increase and endometrial thickness decreases by 
using clomiphene citrate [24]. We also observed that in-
creasing Gonal-F dose reduces the endometrium thick-
ness. In this study, the doses of 10, 20, and 30 with HCG 
in rats with removed ovaries increased the endometrium 
thickness, which was consistent with the results of Juan 
Balasch and colleagues. 

Among a number of patients undergoing IVF, some 
received Gonal-F with HCG and some others received 
u-FSH-HP. We found that those who received Gonal-F 
with HCG had more developed follicles and pregnancy 
rates, than those receiving u-FSH-HP [25]. Additionally, 
Aysin Dursun et al. injected Gonal-F in doses of 10-20 
with HCG to a number of rats. They found that the mi-
totic index, which is a characteristic of implantation re-
duced in the gonadotropin receptor groups, compared to 
the control group. In addition, the mitotic index in the 
groups receiving 20 units of Gonal-F significantly re-
duced, compared to those receiving 10 units of that [26]. 

Their results were inconsistent with our findings that 
suggest increasing the HCG dose enhances the endome-
trium thickness. This needs to be further investigated. 
Studies have suggested that FSH, HCG, and HMG hor-
mones increase cell proliferation due to  decidualization 
of endometrial stromal cells [27].

In this study, HCG increased the endometrium thick-
ness, which affirms the study of Paiva et al. who ex-
amined factors enhancing the activity of trophoblast, 
(Interleukin-11), factors involved in blastocyst adhe-
sion migration (GMCF), and Fibroblast Growth Factor 
(FGF2). They concluded that these factors increased 
with HCG and endometrium thickness in its consumer 
groups increases accordingly [28]. Their findings were 
in line with our obtained data. HCG, by increasing the 
effect of LH through influencing LH receptor along with 
direct and indirect effects on the endometrium, posi-
tively affects the increased endometrium thickness and 
improves the implantation process. 

Tesarik et al. and Rao et al. found this effect due to the 
impact of LH on cytokines’ regulation and growth fac-
tors production, which HCG improves the implantation 
by imitating such effect [29, 30]. The imitation of LH 
function by HCG increases the growth factors affecting 
the growth and development of the endometrium, which 

can be explained by this result. Furthermore, accord-
ing to Seung et al. increasing HCG doses prevented the 
growth of stromal cells in the laboratory environment 
[19]. Check et al. found that patients with more endome-
trial thickness were more successful in pregnancy. They 
also argued that people who received clomiphene with 
gonadotropins had thicker endometrium than those treat-
ed with clomiphene citrate. However, both groups had 
less endometrial thickness than the control group [16].

The endometrium thickness in rats with removed ova-
ries elevates by increasing Gonal-F dose from 10 units 
to 20 units. Moreover, the adjunct HCG causes more 
thickness. However, by increasing Gonal- F with HCG 
from 10 units to 20 units, and from 20 units to 30 units, 
the thickness reduces, accordingly. Therefore, due to the 
high prevalence of Gonal-F in infertility treatment cen-
ters, the obtained results of this study can improve the 
therapeutic outcomes in clinics by changing the pharma-
cotherapy approach.

Ovulation stimulants are very diverse and it was not 
possible to study all of them in the current study. Thus, 
the effects of these medications, such as follitropin beta 
and letrozole, which are currently in use, could be further 
explored on the quality of endometrial factors affecting 
implantation. Gonal-F has been reported to change in 
endometrial morphology. Therefore, the effect of this 
medication on the morphology of epithelial cells, as an 
effective factors on implantation can be studied. More-
over, the impact of HCG hormone in higher doses varies 
with respect to the affecting factors , and can be explored 
in other studies. 
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