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ABSTRACT

Background: To achieve multiple oocytes for in vitro fertilization, ovulation induction is induced by 
gonadotropins; however, it has several effects on oocytes and embryo quality and endometrium receptivity. The aim 
of this study was to assess ultrastructural changes of corpus luteum after ovarian induction using human 
menopausal gonadotropin (HMG) and human chorionic gonadotropin (HCG) during luteal phase at implantation 
period. Methods: Female NMRI mice (6-8 weeks) were divided into control and stimulated groups. In the control 
group, the mice were rendered pseudopregnant and in the ovarian induction group, the mice were rendered 
pseudopregnant after the ovarian induction. The samples were obtained from the ovary in each group at the same 
time during luteal phase at implantation period. Ultrastructural changes were assessed using electron microscopy 
study. Results: Our results displayed some identifiable changes in ultrastructure of corpus luteum in ovarian 
induction group. These changes included enhancement of the apoptosis and intercellular space, whereas the 
angiogenesis was decreased. The findings indicated a decline in organelle density in the cytoplasm of ovarian 
induction, such as mitochondria, endoplasmic reticulum and polyribosome. Furthermore, chromatin condensation 
of nuclei was observed in some cells. Conclusion: The ovarian induction using HMG and HCG resulted in some 
ultrastructural changes on the corpus luteum at implantation period, which could affect on the pregnancy rate. Iran. 
Biomed. J. 16 (1): 33-37, 2012
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INTRODUCTION

orpus luteum is a transient endocrine unit that 
originates from an ovulated follicle. It is found 
two classes of steroidogenic cell types in corpus 

luteum named techa and granulosa cells. If the 
pregnancy occurred, corpus luteum activity would be 
kept through secretion of human chorionic 
gonadotropin (HCG) and anti-luteolysis factors, which 
associated with neuroendocrine reflexes and trans-
mission of these signals to the corpus luteum [1, 2].

The corpus luteum has a principal role in production 
of steroidal hormones, including estradiol, 
progesterone and androgen [1]. Secretions of corpus 
luteum result in some changes in glands and vessels of 
the uterus, finally these changes cause to embryo 
reception. Therefore, the appropriate function of corpus 
luteum has a significant role in the pregnancy 

maintenance and differentiation between fertile and 
infertile cycles [1, 2].

In assisted reproductive techniques, ovarian 
stimulation is used to approach multiple oocytes, 
whereas this method leads to reduction in pregnancy 
rate by a disturbance in the hormonal balance [2-4].
Development of embryos after oviductal transfer was 
lesser in the ovarian induction group compared to the 
normal group [5].

Recently, ultrastructural changes of granulosa cells 
were studied in corpus luteum of rhesus monkeys 
during implantation [6]. It was reported the human 
ovarian hyperstimulation might result in dysplasia 
occurrence in ovarian epithelial cells [7]. Anderson et 
al. [8] demonstrated that hyperstimulation with 
pregnant mare serum gonadotropin and HCG caused an 
increase in DNA mitochondria proliferation of corpus 
luteum. Although corpus luteum has an essential role in 
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pregnancy maintenance [1, 2], there are a few studies
relevant to the effect of ovarian stimulation on 
ultrastructure of corpus luteum cells [7, 8]; thus it 
needs more investigation.

MATERIALS AND METHODS

Animals. NMRI female mice, aged 6-8 weeks, were 
kept under 12 h light/12 h dark condition. The mice 
were randomly divided into two groups (5 in each 
group): 1) control group, which was rendered 
pseudopregnant by vaginal stimulation using a plastic 
soup and 2) ovarian induction group, which was 
stimulated using an intraperitoneal injection of human 
menopausal gonadotropin (HMG, 10 IU), followed by 
another injection of HCG (10 IU) after 48 h. In the 
evening of the second injection, the mice were 
rendered pseudopregnant the same as the method of 
control group. 

Tissue preparation. The mice from each group were 
sacrificed by cervical dislocation at the same time 
during luteal phase at implantation period, 4.5 days 
after HCG injection or pseudopregnancy. The samples 
were obtained from the ovary and prepared for electron 
microscopy study.

Electron microscopy. The samples were fixed using 
2/5% glutaraldehyde in phosphate-buffered saline (pH 
7.4) at 4°C for 2 h and then washed two times in 
cacodylate buffer (0.1 M cacodylate buffer working 

solution, pH 7.4) for 15 min. Post-fixation of samples 
were carried out with 1% osmium tetroxide in the same 
buffer for 2 h. Then, the samples were washed two 
times in deionized water. After dehydration in a graded 
ethanol series, specimens were placed two times in 
acetone dilution for 2 h. For impregnation, the samples 
were transferred into 1:1 resin/acetone and then placed 
in propylene oxide and embedded in Epon 812. 
Sectioning was performed with ultramicrotome and 
semithin sections (0.5 µm) were stained with toluidine 
blue for light microscopy. After observation of corpus 
luteum in sample study, ultrathin sections were 
contrasted with uranyl acetate and lead citrate and 
examined by electron microscopy (Zeiss EM 900, 
Germany). 

RESULTS

Granulosa cells in the control group were 
morphologically identifiable with distinct cytoplasm 
borders and extensive adhesion areas. Nuclei of these 
cells were almost round, regular membrane with 
euchromatin and contained 1-2 nucleoli (Fig. 1A),
whereas granulosa cells in the ovarian induction group 
were irregular in shape and showed various shapes like 
round and long. Also, the nuclei of these cells in this 
group were irregular in shape with 1-2 nucleoli. 
Furthermore, the granulosa cells in this group had 
irregular cellular margin, increased intercellular space 
and darker nuclei (Fig. 2A).

Fig. 1. Micrograph of corpus luteum in the control group 4.5 days after pseudopregnancy. (A) shows the corpus luteum 
(magnification ×3,000) and the arrow shows the nucleoli of granulosa cell; (B) shows clearly the vascular semithin section of corpus 
luteum (magnification ×400) and the arrow shows the vascular section; (C) shows high density of lipid droplet and mitochondria in 
corpus luteum cell (magnification ×7,000) and the thick and thin arrows show the lipid droplet and mitochondria, respectively; (D)
shows high density of polyribosomes in the granulosa cell (magnification ×12,000) and the arrows show the polyribosomes; (E) shows
extensive golgi apparatus in the granulosa cell (magnification ×20,000) and the thick and thin arrows show the golgi apparatus section 
and corpus luteum body, respectively and (F) shows extensive endoplasmic reticulum in the granulosa cell (magnification ×7,000).
And the arrows show the endoplasmic reticulum. 
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Fig. 2. Micrograph of corpus luteum in the ovarian induction group 4.5 days after pseudopregnancy. (A) shows corpus luteum 
(magnification ×3,000) and the white and black arrows show the nucleoli and the intercellular space, respectively; (B) some of the 
corpus luteum cells showed apoptotic criteria. Cell membrane ruffling is visible in the apoptotic cell (magnification ×4,400); (C)
shows marginated, condensed heterochromatin of nuclei in the apoptotic cell (magnification ×12,000); (D) and the arrow show the 
apoptotic body (magnification ×3,000); (E) shows semithin section of corpus luteum. There is not observed vascular section 
(magnification ×400); (F) shows low density of lipid droplet and mitochondria in corpus luteum cell (magnification 4,400) and the 
thick and thin arrows show the lipid droplet and mitochondria, respectively; (G) shows low density of polyribosomes in the granulosa 
cell (magnification ×12,000) and the arrow shows the polyribosomes and (H) shows endoplasmic reticulum in the granulosa cell 
(magnification ×7,000) and the arrow shows the endoplasmic reticulum.

Some of the corpus luteum cells in ovarian induction 
group showed apoptotic criteria including cell 
membrane ruffling, high chromatin density in the 
nuclei perimeter, and apoptotic body formation (Fig. 
2B, 2C and 2D).

In addition, the assessment of semithin sections in 
control group indicated obvious vascular sections in 
techa compare to ovarian induction group (Fig. 1B, 
2E).

Lipid droplets in the control group had high density 
and were associated with a large number of 
mitochondria (Fig. 1C), but lipid droplets in the 
ovarian induction group showed low density and were 
accompanied by the presence of a few mitochondria 
(Fig. 2F). 

High density of polyribosomes was clearly observed 
in the granulosa cells in control group compared to 
ovarian induction group (Fig. 1D, 2G).

Extensive golgi apparatus associated with abundant 
aggregation corpus luteum body was observed in the 
granulosa cells in control group (Fig. 1E).

In addition, endoplasmic reticulum in the granulosa 
cells in control group was more extensive than ovarian 
induction group (Fig. 1F, 2H).

DISCUSSION

In the present study, ultrastructural analysis on the 
corpus luteum cells in ovarian induction group 

indicated heterochromatin nuclei and darker schema in 
these cells than control group. Centurine et al. [9] 
findings on morphometric and ultrastructural analyses 
of the granulosa cells after GnRH agonist 
administration lead to increase in clear cell numbers 
than dark cells. This issue indicated high activity of 
clear cells in steroidogenesis. The result of the present 
study indicated darker cells schema in ovarian 
induction group than control group, thus these findings 
may be associated with low activity for stero-
idogenesis. Ultrastructural evaluation in ovarian 
induction group declared that some corpus luteum cells 
have nuclei with peripheral heterochromatin and 
ruffling cell membrane. Moreover, apoptotic body was 
observed in some areas that this schema rarely 
observed in control group. Based on ultrastructural 
findings, apoptotic cells had symmetry with the 
nucleus ultrastructural changes in apoptosis process 
and cell-programmed death [10-13].

Atresia appearance may be happened in follicular 
cells in each step of follicular phase. In addition, 
apoptosis in the granulosa cells leads to cellular death
motivation in adjacent cells [12]. Additionally, it is 
declared that levels of apoptosis in human granulosa 
cells increase after ovarian stimulation [14]. The 
present data is compatible with the recent study, as our 
present findings approved increased intercellular space 
in various areas of the corpus luteum in ovarian 
induction group. It seems that ovarian stimulation acts 
through reduction of intercellular adhesions and results 
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in intercellular space formation. Finally, it will lead to 
increase in apoptosis induction rate in corpus luteum 
cells. Cell-cell adhesions and interactions in the 
granulosa cells are effective in cell signaling, 
intercellular substrates transfer and hemostasis 
maintenance. Considered together, increased inter-
cellular space in the granulosa cells leads to deficiency 
in proliferation and maturation [15, 16]. Moreover, 
electron microscopy findings in various studies have 
indicated that potentiality of follicular stimulating 
hormone on ultrastructure of granulosa cells results in 
separation and distance formation between granulosa 
cells [16, 17]. Therefore, it is concluded that increased 
intercellular space will be accompanied by reduction in 
material exchange and intercellular signaling. Finally, 
these happenings cause reduction in quality of the 
corpus luteum. As reported previously, there are a large 
number of mitochondria in natural granulosa cells in 
corpus luteum [18, 19]. Also, our findings clearly 
indicated a high density of mitochondria and 
polyribosomes in various sections of granulosa cells in 
control group. Evaluation of sections in corpus luteum 
cells in the ovarian induction group clearly showed low 
number of mitochondria and polyribosomes than in the 
control group. Nuclear changes such as irregular 
nuclear membrane and heterochromatin nucleus, 
associated with reduction in the mitochondria number, 
were observed in most sections in the ovarian 
induction group. Other researchers found similar 
changes during comparative cellular stress [3]; our 
present data confirmed this idea.

According to the recent studies, encircled areas by 
endoplasmic reticulum and golgi apparatus enhanced in 
the corpus luteum cells during implantation period. It 
seems that these changes are necessary for 
steroidogenesis [6]. Our report represents low 
extension of these organelles in ovarian-inducted cells 
than control group. 

Concurrent with steroidogenesis, the mitochondria 
number will be enhanced in follicular cells. Existence 
of potent relation among the endoplasmic reticulum, 
mitochondria and vesicles is indicative on substrate 
transition among these organelles [17]. Some 
researchers implied that mitochondria aggregation is 
effective in prevention of chromatin pyknosis [18]. 
Also, other researchers demonstrated that ovarian 
induction using HCG and pregnant mare serum 
gonadotropin leads to disturbance in scattered mito-
chondria in the follicular cells [3]. It seems that all of 
these changes will be ended in decreased efficiency 
and inappropriate function of the corpus luteum cells. 
This point has an important role in pregnancy 
maintenance and differentiation between fertile and 
infertile cycles [1, 2]. Therefore, ovarian stimulation 
acts through possible unfavorable changes in the 
corpus luteum and causes reduction in pregnancy rate. 

In the present study, observed capillary sections in the 
ovarian induction group were lesser than control group. 
Blood flow supporting throughout an enriched-
capillary web play a substantial role in development of 
corpus luteum, as the corpus luteum transforms to the 
most enriched vascular organ in the body at 7th day 
after implantation [20, 21]. On the other hand, the first 
phenomenon in the corpus luteum destruction is 
occurrence of apoptosis in the vascular endothelial and 
decline in vascular endothelial cells in the corpus 
luteum [22]. A recent study indicated that natural level 
of HCG during pregnancy acts as an angiogenic factor 
through vascular endothelial growth factor synthesis 
[23]. Berndt et al. [24] declared that physiologic level 
of HCG is responsible for enhanced angiogenesis and 
the number of pericytes. Assessment of various 
vascular sections in the cases with HMG and HCG 
treatment resulted in comparative reduction in corpus 
luteum angiogenesis. This difference between our 
results compared with previous reports may be due to 
some diversity, including higher dose of HCG in the 
ovarian induction than to physiological HCG levels, 
concurrent HMG administration and other interface 
reasons that are needed to be more investigated. 
Additionally, researchers have also shown that ovarian 
induction decreased endometrial levels of natural killer 
cells and vascularization index but increased vascular 
endothelial growth factor levels [25].

Regarding ultrastructural changes on corpus luteum 
cells due to ovarian induction using HCG and HMG, 
note that ovarian induction results in unfavorable 
changes in corpus luteum; as a consequence, it could 
affect on success level and pregnancy rate.
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