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Male Equivalent Polycystic Ovarian Syndrome: Hormonal,
Metabolic and Clinical Aspects

Federica Di Guardo, M.D.*, Lilliana Ciotta, Ph.D., Morena Monteleone, M.D., Marco Palumbo, Ph.D. 

Department of General Surgery and Medical Surgical Specialties, University of Catania, Catania, Italy

Abstract 
Recent studies identified the presence of a male polycystic ovarian syndrome (PCOS), which mainly affects men 
whose female relatives are afflicted with PCOS, caused by genes responsible for the susceptibility of this syndrome  
in women. Similar hormonal, metabolic, and clinical alterations occurring in PCOS women have also been reported 
in their male relatives, suggesting a association between the male and female forms of the syndrome. Although the 
remarkable clinical manifestation of the male equivalent PCOS is diagnosed by the early-onset androgenetic alopecia, 
characterized by hair recession, pronounced hypertrichosis, insulin resistance, biochemical and hormonal abnormali-
ties, the hormonal/metabolic profile is still controversial. Men affected by early-onset androgenetic alopecia (AGA) 
are at risk of developing hyperinsulinemia, insulin-resistance, dyslipidaemia, and cardiovascular diseases. However, 
there is no consensus on the association of male equivalent PCOS with hypertension and obesity. Moreover, re-
duced levels of sex hormone-binding globulin have been detected in these male patients, accompanied by increased 
free androgens. Conversely, literature reported lower concentrations of testosterone in male equivalent PCOS when 
compared with the normal range, indicating a crucial role for the conversion of cortical androgens. Finally, further 
studies are warranted to investigate a possible link among AGA, metabolic/hormonal alterations, and acne. Our study 
assessed the hormonal, metabolic and clinical aspects of male equivalent PCOS syndrome reported in the literature to 
evaluate similar and divergent elements involved in the female version of the syndrome.

Keywords: Androgenetic Alopecia, Insulin Resistance, Polycystic Ovarian Syndrome
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Introduction

Polycystic ovarian syndrome (PCOS) is a well-known 
endocrine disorder characterized by the changes in 
menstrual cycle, altered ultrasound of the ovaries, and 
clinical and/or biochemical abnormalities resulting 
from hyper-androgenism (1). Although the alteration 
of gonadotropin levels, in terms of luteinizing hormone 
(LH) elevation respect follicle stimulating hormone with 
respect to follicle stimulating hormone (FSH), seems to 
be the most representative hormonal sign, PCOS develops 
in a more complex metabolic background determined by 
obesity and insulin resistance. These last two elements 
play a fundamental role in disease pathogenesis, leading 
to the development of the long-term complications, 
such as cardiovascular diseases (CVDs) and type II 
diabetes mellitus (DM II) (2). The scientific scenario has 
been recently focused on the involvement of a genetic 
component in the etiology of PCOS, identifying the 
existence of a male equivalent PCOS resulting from 
the heredity of susceptibility genes responsible for the 
pathogenesis of the disease in male relatives of women 

with PCOS (3). Although similar clinical characteristics 
of PCOS observed in women have been found in male 
subjects affected by male equivalent syndrome, the precise 
mechanism of the hormonal and metabolic backgrounds 
in these patients has not been yet established (4). The 
current study aimed to highlight the hormonal, metabolic 
and clinical aspects of male equivalent PCOS, trying to 
point out similar and divergent elements from the female 
syndrome.

Data sources
The presented study represents a review about male 

equivalent PCOS. We searched research articles published 
in MEDLINE (PubMed), EMBASE, IBECS, BIOSIS, 
Web of Science, SCOPUS, and Grey literature (Google 
Scholar; British Library) from 2000 to May 2019. We used 
the terms ‘‘PCOS’’, ‘‘PCOS male equivalent syndrome’’, 
and “Androgenic alopecia” as appropriate medical 
subject headings or equivalent subject heading/ thesaurus 
terms. These terms mentioned earlier were combined with 
‘male’, ‘metabolic alterations’, ‘endocrine’, ‘symptoms’ 

Review Article

Received: 10/September/2019, Accepted: 31/December/2019
*Corresponding Address: Department of General Surgery and Medical Surgical  
Specialties, University of Catania, Catania, Italy
Email: fediguardo@gmail.com

Royan Institute
International Journal of Fertility and Sterility 
Vol 14, No 2, July-September 2020, Pages: 79-83



Int J Fertil Steril, Vol 14, No 2, July-September 2020                 80

and ‘signs’. The reference list of the available primary 
studies was reviewed to eventually find the additional 
relevant citations. We considered the following outcomes: 
hormonal pattern, metabolic profile, disease symptoms, 
and signs.

Screening of abstracts for eligibility
Original papers, meta-analyses, and published reviews 

were considered. In case of duplicate publications 
produced by the same team, the latter study was included. 
Case reports were not considered. Two authors (F.D.G 
and L.C.) independently extracted the data from the 
remaining studies. Disagreements about the inclusion or 
exclusion of articles were solved by consensus, and in the 
case of, a third reviewer (M.P.) was involved.

Finally, all the authors were involved in decisional 
process for including the relevant studies and a decision 
was made in the case of all authors’ approval. 

Study selection and eligibility criteria
A set of explicit criteria were used for the selection 

of the literature: (1) original articles, (2) meta-analysis 
conducted on human population, (3) adult males at the 
age range of 18 to 80 years old, and (4) being written in 
English language.

The investigation identified a total of 48 papers, of 
which 35 were potentially relevant following an initial 
evaluation. These met the inclusion criteria and were 
analyzed. The included studies were divided into three 
different issues: “Hormonal pattern”, “Metabolic pattern”, 
and “Clinical signs”.

Hormonal pattern
Several studies identified the association of male 

equivalent PCOS with the hormonal markers of insulin 
resistance and metabolic syndrome. Although the 
hormonal pattern of female and male individuals is too 
challenging to compare, the literature reported a similar 
hormonal background to PCOS in men affected by the 
early-onset androgenetic alopecia (AGA). This event has 
been considered a sign of male equivalent PCOS, since it 
was found that its characteristic (androgenetic alopecia 
before 35 years of age) is mostly present in men belonging 
to families where female members have been affected 
by PCOS, supporting the idea of a genetic transmission 
(5). A recent case-control study analyzing the hormonal 
pattern of 57 young men (19–30 years) with early onset 
AGA, found hormonal parameters similar to the ones 
of female PCOS, when compared to the agedmatched 
controls. Besides, as far as the gonadotropin levels are 
concerned, the results showed a significant increase 
in LH, accompanied by reduced FSH. With regards to 
prolactin (PRL) and dehydroepiandrosterone sulfate 
(DHEAS), higher values were reported, while FSH and 
sex hormone-binding globulin (SHBG) were lower than 
in controls (6). In addition, similar to what happens in 

women with PCOS, an increased function of adrenal 
glands has been supposed to occur in men with early-
onset AGA considering the augmented presence of two 
markers of adrenal activity (17αOH-P and DHEAS) 
found in these subjects (7) (Table 1). Considering the 
recent literature about hormonal assessment of earlyonset 
AGA, these studies showed results in accordance with 
the pattern discussed above. The first study conducted 
by Starka et al. (8) focused on the levels of SHBG, FSH, 
testosterone, and epitestosterone in men, showing a 
higher percentage of men affected by earlyonset AGA 
with the lower concentrations of the abovementioned 
values compared with the normal range. In the same 
way, in a successive study, they found lower levels of 
FSH, as well as lower concentrations of serum SHBG 
and higher levels of free androgen index (FAI) (Table 1).

Table 1: Hormonal/metabolic pattern of early onset AGA

Studies Hormonal and metabolic alterations 
in men with early onset AGA

Sanke et al.(6) Increased levels of LH, PRL, and DHE-
AS Reduced levels of FSH and SHBG

Stárka et al.(7) Increased levels of 17αOH-P and DHE-
AS
Reduced levels of SHBG

Starka et al.(8) Low levels of SHBG with consequent-
ly elevation of the free androgen index
Insulin resistance

Arias-Santiago et al.(9), 
Golden et al.(10)

Lower levels of SHBG and metabolic 
imbalance

Hirsso et al.(11), Matilain-
en et al.(12), Su et al.(13)

Higher BMI and risk of developing hy-
perinsulinemia

Hormonal/metabolic pattern the early-onset AGA considering the results of the most 
significant literature studies. LH; Luteinizing hormone, PRL; Prolactin, DHEAS; 
Dehydroepiandrosterone sulfate, FSH; Follicle stimulating hormone, SHBG; Sex hormone 
binding globulin, 17αOH-P ; 17α hydroxyprogesterone, BMI; Body mass index, and AGA; 
Androgenetic alopecia.

Metabolic pattern
Higher frequency of reduced insulin sensitivity 

was reported in men affected by the early-onset 
AGA associated with the low level of SHBG, 
introducing the concept of insulin unbalance in 
these patients (8). Although the relationship between 
lower SHBG levels and metabolic alterations has not 
been yet established (14), some studies reported the 
combination of lower level of SHBG and metabolic 
unbalance in the earlyonset AGA men, in virtue of the 
fact that this protein should be involved in mediation 
of the signaling pathways responsible for glycaemia 
maintenance (9, 10) (Table 1). According to this, 
lower SHBG levels may be regarded as a risk factor 
for the development of hyperglycaemia, insulin-
resistance, and/or DM II in young patients with 
AGA. However, among metabolic abnormalities, 
a higher prevalence of hyperinsulinemia, 
hypertriglyceridemia, and hypertension has been 
reported in siblings with PCOS; more specifically 
they seem to occur frequently in brothers of women 
with PCOS (11, 15, 16).

Hormonal and Clinical Facets of Male PCOS
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In accordance with the last concept, an increased 
prevalence of metabolic disorders, such as insulin 
resistance (IR) and obesity, as well as, the early-onset 
AGA has been reported in first degree of male and female 
relatives of women with PCOS. Moreover, scientific 
evidence reported that men with the early-onset AGA 
and higher body mass index (BMI) have higher risk of 
developing hyperinsulinemia (11-13). Finally, in contrast 
with the expectations, the association among higher BMI 
values, insulin resistance, and higher blood pressure is 
still controversial (17). However, a study investigating 
the risk of developing cardiovascular disease (CVDs) 
among men with the early-onset AGA showed a 
higher incidence of metabolic syndrome and carotid 
atherosclerotic plaques, suggesting the importance of 
the routinely use of color Doppler ultrasound to scan 
the plaques in these patients (18). Considering all these 
elements, patients with the early-onset AGA should be 
screened for metabolic parameters in order to eventually 
adopt pharmacological and nutritional therapeutics 
strategies to reduce the risk of developing DM II and 
CVDs (2, 18, 19).

Clinical signs
According to the genetic hypotheses on the development 

of male equivalent PCOS as a result of the heredity of 
susceptibility genes in women, Duskovà and colleagues 
described the syndrome in men for the first time (4). They 
characterized the clinical characteristic of male equivalent 
PCOS manifested by the early-onset AGA and identified 
several featured elements, such as hypertrichosis, IR, 
biochemical, and hormonal abnormalities (4, 20, 21) (Table 
2). However other authors had previously hypothesized its 
existence (20-22); for example, Lunde et al. (5) reported 
the occurrence of the early-onset androgenetic alopecia 
characterized by the hair recession of the frontotemporal 
region before 35 years of age. This condition is defined 
by a grade of alopecia higher than III according to the 
Hamilton–Norwood scale (23, 24) in male members of 
families in which a considerable number of women had 
PCOS (5). AGA is determined by a progressive reduction 
in size of the hair follicles until the vellus transformation 
of the terminal hair. This event is the consequence of the 
alteration in hair cycle dynamics, in particular the telogen 
phase, increasing with a subsequent decrease in the anagen 
phase duration. Considering that the duration of anagen 
is responsible for the hair length, the new anagen hair 
becomes shorter, eventually leading to baldness (5, 24). 
As discussed in the previous section, the suspicion that 
the early-onset AGA may represent a clinical marker of 
IR founded on the results of a case-control study reporting 
an increased prevalence of hyperinsulinemia and insulin-
resistance-associated disorders و such as dyslipidaemia, 
hypertension و and obesity, in men with the-early onset of 
alopecia (<35), compared with age-matched controls (8). 
Moreover, several studies revealed that the condition of 
IR is also associated with acne in young males and post-
adolescent men (25, 26).

Additionally, a study by Del Prete et al. (25) found 
a significant increase in plasma insulin levels, higher 
BMI, and waist circumference in young men with acne 
compared to healthy control subjects. Although the 
investigation of the androgenic profiles in males with acne 
was normal, this finding let us suppose an independent 
role of IR in the pathogenesis of the acne in the absence 
of hyperandrogenism. This mechanism may explain the 
presence of acne in men affected by the early-onset AGA 
either in the presence or absence of hyperandrogenism. 
With regard to the metabolic abnormalities in men with 
the early-onset AGA, it seems there is high prevalence of 
metabolic syndrome reflecting the phenotypical pattern of 
PCOS women (6, 27). According to this result, a meta-
analysis reported an increased risk of metabolic syndrome 
development about 2.3 folds in AGA patients compared 
to healthy controls (28). However, other studies did not 
confirm this relation that is strongly well documented 
in the case of female pattern alopecia (29, 30). What is 
certainly known is the association of the early-onset AGA 
with hyperglycemia/ DM II and low levels of SHBG (31) 
(Table 2).

Table 2: Clinical elements of Early onset AGA

Studies Hormonal and metabolic alterations in 
men with early onset AGA

Carey et al.(20), 
Legro et al.(21), 
Dusková et al.(4)

Hypertrichosis, insulin resistance biochemi-
cal, and hormonal abnormalities hyperglyce-
mia/T2DM, and IR

Arias-Santiago et 
al.(31), Arias-San-
tiago et al.(18)

Increased risk of CVD due to the metabolic 
abnormalities increased risk of atheromatosis

Arias-Santiago et 
al.(31)

Higher levels of aldosterone contributing 
to the development of hypertension and in-
creased prevalence of hypertension, lipid-
lowering medication use, and obesity.

Symptoms and Signs of the early-onset AGA considering the results of the most 
significant literature studies. IR; Insuline resistence, T2DM; Type II diabetes mellitus, 
CVDs; Cardiovascular disease .

Discussion
Considering the evidence mentioned above, male 

equivalent PCOS may be considered a well-defined entity 
involving specific hormonal and metabolic patterns, as 
well as, the signs and symptoms. Although the syndrome 
was taken into account by more than ten years (21), it has 
been changeling to recognize its typical elements in order 
to the fact that the androgens-related alopecia have been 
considered normal in the male phenotype. Moreover, it 
is not common that the male category recurs to medical 
consultation for signs involved in the virilization process 
(12). In this case, symptoms of PCOS, such as acne, 
defluvium, and hypertricosis/hirsutism do not affect 
men as much as women. This may be explained by the 
fact that in women these symptoms are accompanied by 
the irregular cycles which, in most of the cases catch 
the women attention, letting them decide to consult a 
gynecologist (32). According to the lines above, this 
syndrome has to be considered a possible pathology in 
the case of men with PCOS-positive family history and 
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hyper-androgenism signs accompanied by the metabolic 
alterations and hormonal PCOS pattern. 

Although the association of the early-onset AGA and 
acne with male equivalent PCOS is well documented, 
less clear data are available for hypertricosis that 
has to be investigated in detail. On the other hand, in 
opposed to what we expect, hypertestosteronemia does 
not represent one of the characteristic element of male 
equivalent PCOS. According to this, scientific literature 
reported testosterone values lower than the normal range 
and higher FAI in men with the early-onset AGA (8). 
This should be explained by the conversion of cortical 
androgens, such as DHEAS, which is increased in 
these subjects, and converted into other compounds 
and stronger androgens responsible for syndrome 
sings. Moreover, the difference in testosterone values 
between men and women affected by the two syndromes 
is due to the different action mediated by insulin on 
Theca and Leydig cells, stimulating and inhibiting the 
steroidogenesis, respectively (33, 34). 

What is certain is that men with clinical aspect of 
the early-onset AGA are at risk of developing CVDs, 
metabolic syndrome and carotid atherosclerotic 
plaques (18). Similarly, first degree relatives of women 
with PCOS report an increased prevalence of insulin 
resistance, obesity, and early-onset AGA. Moreover, 
although the association with male equivalent PCOS 
and hyperinsulinemia is still controversial, several 
studies demonstrated that men with the early-onset AGA 
and higher BMI had higher risk of developing insulin 
resistance (11-13). 

In contrast to the expectations, the presented paper 
highlights that high BMI, obesity, and pathologic-
related symptoms, such as hypertension and high 
cholesterol levels, do not seem to be typical elements 
of male equivalent PCOS. In particular, the literature 
shows only one study conducted on men with the early-
onset AGA, reporting a positive correlation between the 
levels of diastolic blood pressure and insulin resistance, 
excluding the BMI parameter. Accordingly, it has been 
identified a correlation among the levels of diastolic 
blood pressure, total cholesterol, insuline resistance, 
and fasting insulinresistance index (FIRI). All these 
parameters were higher in patients with the early-onset 
AGA than in controls (35). In addition, a case control-
study conducted on 80 men with the early-onset AGA 
reported higher values of diastolic blood pressure and a 
frequent family history of AGA in non-obese cases than 
BMI-matched counterparts (36). According to this, we 
may affirm that high BMI and obesity cannot be defined 
as typical elements of male equivalent PCOS but when 
presented, they may contribute to the development of 
the hormonal, metabolic, and clinical scenario. Finally, 
an important mention may be reserved to the fertility 
potential of men affected by AGA; the literature shows 
that men with moderate to severe AGA have poorer 
semen quality than patients affected by moderate to mild 

AGA (36). In this context, it would be interesting to 
evaluate the potential fertility of men affected by male 
equivalent PCOS according to typical metabolic and 
hormonal alterations mentioned earlier.

Conclusion

Male equivalent PCOS may be defined as a disorder that 
occurs in male members of a family with a PCOS history, 
characterized by the clinical signs of androgenism, 
complete hair loss, and the same hormonal pattern seen 
in PCOS, except for testosterone levels that seems to be 
in the subnormal range. The metabolic pattern should be 
represented by hyperinsulinemia and insulin resistance 
with a side role for overweight and obesity in the case 
of occurrence. However, these patients have high risk 
of developing CVDs, metabolic syndrome, and carotid 
atherosclerotic plaques. According to this, the early 
diagnosis of the disease would be necessary to permit 
the patients to adopt healthy lifestyle preventing the risk 
of metabolic and cardiovascular events.
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Introduction 
Cryopreservation of human semen is considered one of 

the most vital and essential strategies for the preservation 
and maintenance of spermatozoa, and it is broadly applied 
in malignancies or other therapies which could damage to 
the functionality of testicles (1). During the cryopreser-
vation process, the viability, motility and the integrity of 
chromatin might be adversely influenced, usually accom-
panied by the elevation of oxidative stress and excessive 
production of reactive oxygen species (ROS) (2). In the 
presence of increased ROS production, free radical oxy-
gen molecules can target and attack to bis-allylic methyl-
ene groups of phospholipid-bound polyunsaturated fatty 
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acids which are present in the plasma membrane of sper-
matozoa, leading to lipid peroxidation (3). The impact of 
lipid peroxidation on the sperm function include irrevers-
ible loss of motility, discharge of intracellular enzymes, 
sperm DNA damage, impairment of oocyte penetration 
and sperm-oocyte fusion, and apoptosis of spermatozoa 
in frozen media (4). 

Many efforts have been made to minimize the rate 
of cryodamage in frozen spermatozoa during the cryo-
preservation process. For instance, the addition of anti-
oxidant agents or cryoprotectants to the extender is one 
of the promising tools for the increase of sperm qual-
ity during the freeze-thaw process (5-7). Various types 
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of antioxidants, such as vitamin C or E (8), genistein 
(5), and resveratrol (9) have been employed for cryo-
preservation. However, the yield of the cryopreservation 
procedure for human spermatozoa is not yet satisfac-
tory, and new strategies are still warranted to improve 
the fidelity of cryopreservation. Calligonum comosum 
(C. comosum) is a medicinal plant abundantly found in 
the Egyptian desert, containing numerous polyphenol 
antioxidant agents. The beneficial roles of C. comosum 
may stem from its antioxidant activity, which has been 
extensively assessed in vitro (10). Some studies have 
demonstrated some biological properties of C. comosum 
extract on rodent models, such as the anti-inflammatory 
and anti-gastric ulcer activities (11).

Additionally, C. comosum showed the anticancer po-
tential in mice inoculated with Ehrlich ascites carcino-
ma cells (12). It has been implicated that low-intensity 
pulsed ultrasound (LIPUS) at the incident power den-
sity from 0.5 to 3000 mW/cm2 have been used for bone 
healing (13). LIPUS can promote the growth of human 
skin fibroblasts, thereby the activation of the integrin re-
ceptors, RhoA(Ras homolog gene family, member A)/
ROCK, and Src-ERK signaling pathways (14, 15). The 
biological action of LIPUS occurs when the mechanical 
wave is converted into a biochemical signal within the 
cell as the mechanoreceptors and integrin are thought to 
be involved in this process. A number of studies have 
highlighted the formation of focal adhesions on the sur-
face of the cells treated with LIPUS, which is mediated 
by the activation of integrin-associated signaling path-
ways (16, 17). Focal adhesions are large multi-protein 
complexes that could serve as a transmembrane bridge 
between the extracellular matrix (ECM) and the actin 
cytoskeleton. They could be identified in specific sites 
within the cell where clustered integrin receptors can 
interact with the ECM components on the outside and 
with the actin cytoskeleton on the inside of the cells. 
One of the main components of focal adhesion proteins 
involved in the transduction of the LIPUS signal from a 
mechanical force to a chemical messenger is focal adhe-
sion kinase (FAK), which is phosphorylated when the 
cells are exposed to LIPUS (17, 18).

Hence, regarding the above statements, it would be 
plausible that LIPUS can enhance the penetration of herb 
extraction into the sperm via an increase in motility of 
spermatozoa. Therefore, the primary goal of the present 
study was to determine the impact of C. comosum extract 
alone, LIPUS signal, and the combination of both on the 
count, viability, total motility, progressive motility, DNA 
fragmentation, and morphology of spermatozoa during 
the freeze-thawing process.

Materials and Methods

Study design
In this experimental study, we evaluated the effects 

of Calligonum extract and LIPUS at a frequency of 1 
MHZ (in pulsed and continues wave modes) on the cryo-

preservation of human spermatozoa. After the prepara-
tion of semen samples, each sample was liquated into 
5 parts included; washed spermatozoa (control group), 
frozen-thawed spermatozoa, frozen-thawed spermato-
zoa treated with Calligonum extract at a concentration 
of 10 μg/ml (CGM group), frozen-thawed spermatozoa 
exposed to the US radiation (LIPUS-exposed group) at 
a duty cycle of 40% (pulsed mode, at a frequency of 1 
MHz, at the incident power density of 200 mW/cm2 for 
200 seconds), and frozen-thawed spermatozoa treated 
with the combination of Calligonum extract and the US 
radiation with continues mode (CGM+LIPUS group). 
The present research was approved by Ethical Commit-
tee of Tarbiat Modares University (No. 52/6757 dated 
30.11.92).

Herb extraction
The identification of the herb

The plant (Calligonum comosum L.) was collected by 
Dr. Hosein Batooli from the desert located at the prox-
imity of Kashan, Iran, (33.9850°N, 51.4100°E). The 
taxonomic identity of the collected plant was confirmed 
by Dr. Abdoalrasool Haghir Ebrahim Abadi, Faculty 
of Science, Kashan University, Iran. Freshly collected 
plant materials were air-dried in the shade at room tem-
perature. The aerial parts (stem, flowers, and leaves) of 
this herb were used for further investigations.

The extraction protocol
Two kilograms of the fresh aerial parts of the plant 

(equal to 50% of the weight of a wildly-growing 
plant) were air-dried in the shade at room temperature, 
grounded, and exhaustively extracted by cold macera-
tion with aqueous methanol (70%). The extract was 
evaporated under reduced pressure at 40°C to yield 80 
g residue. The residue was suspended in distilled water 
and successfully fractionated with n-hexane, CH2Cl2, 
EtOAc, and n-BuOH (Thermo Fisher, USA) saturated 
with H2O. Each extract was evaporated under reduced 
pressure to yield 3, 7, 12 and 22 g residues, respec-
tively.

The antioxidant activity
The activity of free radical-scavenging of the methanol-

ic extract of C. comosum was determined concerning the 
potential to neutralize the free radical-producing [2,2-di-
phenyl-1-picrylhydrazyl (DPPH)] according to a method, 
as described previously (19, 20). Concisely, the level of 
DPPH was calculated by the measurement of the absorb-
ance at the wavelength of 517 nm prior to and after the 
addition of a specific amount of the herb extract. After-
ward, the inhibitory percentage of radical formation was 
estimated using the following equation: % inhibition=  
(A control – A sample)/A control ×100, where A control is considered 
the absorbance of DPPH alone and A sample is regarded as 
the absorbance of DPPH in combination with the C. co-
mosum extract.

Ekrami et al.
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Semen sample collection
In this experimental study, semen samples were ob-

tained from twenty-five fertile men with the average age 
of 34 (range, 25-50 years) who referred to the in vitro 
fertilization (IVF) center of Gandhi Hospital according 
to the World Health Organization (WHO) criteria. The 
process of semen collection was carried out by mastur-
bation into a sterile, wide-mouthed, calibrated glass con-
tainer after five days of sexual abstinence. The collected 
specimens were allowed to liquefy at 37°C for 30 min-
utes prior to the semen analysis. The entire samples were 
collected from individuals who referred for medical pro-
cedures during assisted reproductive technology (ART). 
We used the remaining samples obtained from patients, 
with their permission, for research purposes.

Sperm preparation by the swim-up method
A fraction of motile spermatozoa was selected to be 

analyzed by the swim-up method. For this purpose, 1 ml 
of each semen sample (kept at 37°C and 5% CO2) was 
added to 3 ml of human tubal fluid (HTF, Genocell Co., 
Iran) supplemented with 10% human albumin serum 
(HAS, Biotest, Germany) and centrifuged at 2000 ×g for 
3 minutes. Afterward, 0.5 ml of HTF supplemented with 
10% HAS was gently added on the resultant pellets. The 
samples were then incubated at 37°C, 5% CO2, and in-
clined at a 45° angle to incubator for 45 minutes. Conse-
quently, 0.5 ml of the uppermost medium was recovered, 
and the swim-up method was performed (21).

Sperm freezing and thawing
Each processed semen sample was cryopreserved accord-

ing to the standard protocol for sperm freezing. According 
to Li et al. (7) and Ibrahim et al. (22), semen samples were 
gently mixed with an equal volume of modified cryopro-
tective medium (Global Media, USA) supplemented with 
10 μg/ml of Calligonum extract. The samples were kept at 
4ºC for 30 minutes and then frozen by placing the straws 
horizontally at 10 cm above the surface of liquid nitrogen 
(nitrogen vapor) at -80ºC for 20 minutes. Finally, all frozen 
straws were stored in liquid nitrogen until use. 

At the thawing stage, the cryo-straws were removed 
from liquid nitrogen and immediately immersed in a wa-
ter bath at 37ºC for at least 1-2 minutes. The thawed 
straws containing semen samples were flicked and in-
verted to mix the contents before sampling thoroughly 
and then washed with a culture medium HTF supple-
mented with 10% HAS (The samples were then treated 
with Calligonum extract (10 μg/ml)). At the end step, 
semen samples were centrifuged at 2000 ×g for 3 min-
utes to remove any trace of cryoprotectant in the freez-
ing medium. The samples were analyzed for motility, 
viability, morphology,  and DNA fragmentation (9, 23).

Preparation of ultrasound device
The US device (Physiomed, Germany) was set up at 

the frequency of 1 MHz, incident power density of 200 

mW/cm2, 200-second time period, and a 45-minute pe-
riod as the duration of the experiment. These fine-tuned 
parameters were chosen based on our previous study 
published in this regard (24). The US stimulation was 
carried ou in which the transducer was put at the focal 
distance (3.5 cm) of a cell culture plate incubated in 5% 
CO2 at 32˚C. It was transmitted through the bottom of 
the well via coupling gel between the transducer and the 
tube. The device was transmitted through the bottom of 
the well via coupling the gel between the transducer and 
cell culture plate. Notably, no temperature change more 
than 1ºC was recorded during the US stimulation.

Sperm stimulation using low-intensity pulsed ultra-
sound

Sperms maintained in the HTF medium supplemented 
with 10% HAS (Gibco, Germany). The samples were 
exposed to low-intensity pulsed ultrasound (LIPUS) (1 
MHz, 200 mW/cm2 and 40% DC) alone or in combina-
tion with C. comosum coined as experimental groups. 
The control group was also cultured in the HTF medium 
supplemented with 10% HAS. After the US stimulation, 
spermatozoa were incubated for 45 minutes in 5% CO2 
at 32˚C ,similar to other experimental groups. To inves-
tigate the sperm parameters, the mean number of whole 
cells per volume, viability, morphology, and motility 
were examined after the incubation process.

Semen samples analysis
The sperm count, motility, morphology, viability, and 

DNA fragmentation were evaluated according to the 
guidelines introduced by the WHO (25). The sperm 
motility analysis was conducted using light microscopy 
(at ×400 magnification), combined with a computer-as-
sisted semen analysis system (CASA, Video Test Sperm 
1.2, Russia). A Makler chamber was used for the scoring 
of the sperm motility at room temperature. A minimum 
of 100 spermatozoa from at least five different fields was 
analyzed from each aliquot. Sperm morphology was as-
sessed by the Diff-Quik staining method according to 
WHO guidelines by light microscopy (Labomed, USA). 
The sperm viability was determined by Eosin B (5% in 
saline) (Merck, Germany) staining technique at one-
step. In this procedure, viable or dead spermatozoa are 
recognized by white (unstained) and pink (or red) color-
ation in the head region of the sperm cells, respectively.

Sperm DNA fragmentation
The Halotech DNA G2 kit (Spain) was used to study 

the DNA fragmentation in frozen-thawed spermato-
zoa. Based on the sperm chromatin dispersion test 
(SCD), the intact frozen-thawed spermatozoa were 
diluted in a culture medium HTF supplemented with 
10% HAS to achieve sperm concentration of 15-20 
million per milliliter. In this method, 50 μl of the se-
men sample was added to 100μl of dissolved agarose 
(0.7%) (Sigma, US). Afterward, 25 μl of the cell sus-
pension was transferred to slides, pre-coated with 
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0.65% agarose and covered with a coverslip without 
any air bubbles, and then incubated at 4ºC for 5 min-
utes. After the removal of coverslips, the slides were 
horizontally immersed in a tray with freshly prepared 
acid denaturation solution (0.08 N HCl) for 7 min-
utes at 22°C in a dark place to create restricted sin-
gle-stranded DNA from DNA breaks. The slides were 
then immersed in lysis Solution I [0.4 M Tris (Sigma, 
USA), 0.4 M 2-Mercaptophenol (Sigma, USA), 1% 
sodium dodecyl sulfate (SDS, Sigma, USA), and 50 
mM Ethylenediaminetetraacetic acid (EDTA, Sigma, 
USA), pH=7.5 for 20 minutes and lysis Solution II 
(0.4 M Tris, 2 M NaCl, and 1% SDS, pH=7.5) for 5 
minutes to remove nuclear proteins. Slides were then 
rinsed with distilled water for 5 minutes, followed by 
dehydration through an ascending gradient of ethanol 
(70, 90, and 100%) for 2 minutes. The slides were 
then placed at room temperature to be air-dried.

For Diff-Quik staining, the slides were incubated in eosin 
solution for 6 min; then, transferred into Azur B solution, for 
another 6 minutes. The nucleoid of spermatozoa with frag-
mented DNA did not develop a dispersion halo, or the halo 
was minimal. From each slide, a minimum of 500 sperma-
tozoa was scored under an oil-immersion objective (×100 
magnification) by light microscopy (Labomed, USA). The 
sperm cells showing no halo, small halo, medium halo, 
large halo, or fragmentation were separately scored. Sper-
matozoa indicating no halo/fragmentation were considered 
to have damaged chromatin, and the results were expressed 
as a percentage of sperm cells with DNA damage.

Intracellular reactive oxygen species level measurement
Spermatozoa were rinsed with phosphate-buffered sa-

line (PBS, Atocel, Austria) and incubated with 20 μM 2, 
7- dichlorofluorescein diacetate (DCFH-DA, Life Tech-
nologies, USA), diluted in serum-free medium at 37°C for 
45 minutes. The intracellular ROS level was immediately 
analyzed with flow cytometry at an excitation wavelength 
of 488 nm and an emission wavelength of 530 nm (26).

Statistical analysis
The analysis of the values obtained in this study was per-

formed by the SPSS version 19 (SPSS Inc., IBM company, 
USA), while the level of significance was set at P<0.001. 
The difference between the values of each group was ana-
lyzed by one-way analysis of variance (one-way ANOVA), 
followed by Tukey’s test. The data were expressed as the 
means ± standard deviation (means ± SD).

Results

The activity of radical scavenging of DPPH
The C. comosum extract showed free radical-scaveng-

ing activity in a dose-dependent manner when examined 
by the DPPH assay. The inhibitory concentration (IC50) 
value (the concentration of a given substance causing 
50% inhibition of the DPPH) of the herb extract was 

29.2 μg/ml when compared with ascorbic acid (positive 
control).

Effect of Calligonum extract and/or LIPUS on sperm 
parameters
Motility assessment

The demographic characteristics of patients are demon-
strated in Table 1. 

Table 1: The demography of semen samples

Characteristics Average SD

Age (Y) 34 3.041
Total motility (%) 80.7795 1.69
Grade A (%) 33.1496 1.74
Grade B (%) 30.7443 1.56
Grade C (%) 16.8856 1.39
Grade D (%) 19.4599 1.58
Grade A+B (%) 64.0651 2.08
Viability (%) 87 1.27
Normal morphology (%) 28.6397 4.26
SDF (%) 10.63 2.15
ROS (%) 11.0804 2.16

Grade A; Linear progressive motility, Grade B; Progressive motility, Grade C; Non-pro-
gressive motility, Grade D; Immotile, SDF; Sperm DNA fragmentation, ROS; Reactive oxy-
gen species, and SD; Standard Diviation.

All of the sperm parameters, including viability, motili-
ty, and morphology in all experimental groups, are shown 
in Table 2. Accordingly, the percentage of total motility of 
spermatozoa in the fresh group was 89.37 ± 3.74, while 
this value was 81.30 ± 5.72 in the frozen-thawed group. 
After the addition of 10 μg/ml of Calligonum extract in the 
freezing medium increased the total motility; yet, such an 
increase was not statistically significant when compared 
with the control group (P≥0.05). LIPUS (in pulsed and 
continues mode waves) alone decreased the motility of 
spermatozoa, compared with the control group (P≤0.038), 
but the combination of Calligonum extract and LIPUS in-
creased the motility to (81.90 ± 3.93) and (81.65 ± 5.18) 
respectively when used in pulsed mode and continuous 
modes waves. Also, there was an improvement in progres-
sive motility of spermatozoa treated with the combination 
of Calligonum extract and LIPUS, compared with the fro-
zen-thawed group; however, the difference between two 
groups was not statistically significant (P≥0.05).

Viability assessment
As shown in Table 2, the viability of spermatozoa in 

all groups undergone the freeze-thawing process was 
significantly reduced as compared with the fresh group 
(P≤0.026). Such a reduction was more pronounced in the 
LIPUS-exposed and CGM-treated groups, compared with 
other groups. There was no significant difference between 
the CGM+LIPUS and control groups (frozen-thawed 
spermatozoa) (frozen-thawed spermatozoa, P≥0.05).
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Morphology assessment
According to Table 2, the normal morphology score was 

30.11 ± 3.16 in the fresh group, while the normal mor-
phology score was 26.58 ± 3.54 i\n the control group. The 
statistical analysis revealed that there was no significant 
difference in the score of normal morphology among all 
treated groups, namely, the CGM-treated, LIPUS-ex-
posed, and CGM+LIPUS groups.

Effect of Calligonum extract and/or LIPUS (pulsed or 
continuous mode waves) on DNA fragmentation

Table 3 shows the rate of DNA fragmentation in all ex-
perimental groups. The percentage of spermatozoa under-
gone DNA fragmentation was considerably higher in all 
groups than the fresh group. The rate of DNA fragmenta-
tion was significantly (P≤0.042) elevated in the frozen-
thawed (46.5 ± 9.26) and LIPUS-exposed groups (51 ± 
11.85) in comparison with the control group.

Effect of Calligonum extract and/or LIPUS on reac-
tive oxygen species level

According to Table 3, the level of ROS in the control 
group receiving no treatment was 12.46 ± 7.06, while the 
level of ROS was decreased to 9.18 ± 2.57 in the CGM 
group. The statistical analysis demonstrated that the dif-
ference in the amount of ROS was not significant in all 
experimental groups as compared with the control group 
(P≥0.05).

Discussion

Cryopreservation of human semen provides a valuable 
therapeutic opportunity for the management of patients 
who are at risk of infertility (27). However, during cryo-
preservation, spermatozoa experience physical and chem-
ical stress that could result in detrimental changes in lipid 
composition of the cell membrane, leading to the exces-
sive amount of ROS production, as well as a decrease in 
sperm motility and viability (28, 29). Notably, the osmot-
ic stress and the alterations in the temperature may cause 
mechanical stress to the cell membrane of spermatozoa. 
Therefore, the changes mentioned above could reduce the 
fertilization capability of human spermatozoa after the 
cryopreservation process (30).

It has been implicated that antioxidant therapy can in-
crease the quality of cryopreserved spermatozoa when 
employed both in vitro and in vivo (31). Numerous an-
tioxidant agents have been indicated to have beneficial 
roles in the protection against cellular damages caused by 
cryopreservation-induced ROS, affecting sperm motility 
and viability. Hence, the application of antioxidant com-
pounds to neutralize the deleterious impacts of oxidative 
damage would be of asset to improve the sperm param-
eters (32). Therefore, in this study, we examined the ef-
fects of Calligonum extraction, as an antioxidant agent, to 
annul the harmful effects of free radical molecules gener-
ated during the freeze-thawing process. We also applied 
LIPUS (in continuous and pulsed mode waves) to induce  

Table 2: Comparison of sperm parameters (± SD) between the experimental groups after frozen-thawed and treatment with 10 μg/ml Calligonum (CGM)
extract and LIPUS (pulsed mode and continues wave)

Groups

Sperm 
parameters

Control Frozen -
thawed

Frozen
thawed+CGM
extract

Frozenthawed+
continues
wave of ultrasound

Frozenthawed+
continues
wave of
trasound+CGM
extract

Frozenthawed+
pulsed
mode of
ultrasound

Frozenthawed+
pulsed
mode of 
ultrasound +CGM
extract

Viability (%) 94.17c ± 5.97  87.52 ± 4.75 90.11 ± 6.12 82.76b ± 5.68 86.70 ± 7.12 81.82b ± 2.87 87.94 ± 4.25
Total motility
(%)

89.37 ± 3.74 81.30 ± 3.74 85.42 ± 4.28 76.76ab ± 5.29 81.65 ± 5.18 75.86ab ± 3.47 81.90 ± 3.93

Progressive
motility (%)

38.80 ± 2.57 34.81a ± 3.28 37.81 ± 4.13 33.04ab ± 2.98 37.24 ± 5.11 32.60ab ± 3.58 36.18a ± 4.78

Normal
morphology (%)

30.11 ± 3.16 26.58 ± 3.54 28.41 ± 4.27 27.58 ± 3.95 30.82 ± 2.75 28.35 ± 4.82 30.05 ± 3.66

a; Significant difference with control group in the same row (P≤0.05), b; Significant difference with freeze and thawed group + CGM extract, in the same row P≤0.026, and c; Significant 
difference with other groups in the same row (P≤0.047).

Table 3: Assessment of fragmented DNA and free radicals percentage in all experimental groups

Groups Control Frozen
- thawed

Frozen
- thawed +
CGM extract

Frozen
- thawed +
continues wave of
ultrasound

Frozen
- thawed +
continues wave of
ultrasound+CGM
extract

Frozen
- thawed +
pulsed mode 
of
ultrasound

Frozen
- thawed +
pulsed mode of
ultrasound+CGM
extract

Fragmented 
DNA
(%) ± SD

24.5 ± 7.23 46.5a ± 9.26 37 ± 4.29 38 ± 5.37 34 ± 5.17 51a ± 11.85 42.5a ± 7.39

Free
radicals(ROS)
(%) ± SD

- 12.46 ± 7.06 9.18 ± 2.57 12.52 ± 8.14 7.77 ± 2.06  14.75 ± 4.67 10.05 ± 1.68

CGM; Calligonum extract, ROS; Reactive oxygen species, and a; significant difference with control group in the same row (P≤0.042). 
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physical stimulation to spermatozoa for possible inciting 
the motility and viability of sperm cells after cryopreser-
vation.

Our data revealed Calligonum extract at a concentration 
of 10 μg/ml slightly increased the sperm motility and via-
bility, whereas it decreased DNA fragmentation and ROS 
level in human spermatozoa. The combination therapy us-
ing LIPUS and Calligonum extract could enhance sperm 
parameters when compared with the LIPUS-exposed 
group. Our findings were consistent with the previous 
studies performed in this area. For instance, Martinez-
Soto et al. (29) evaluated the effects of extender supple-
mented with genistein on frozen-thawed human sperma-
tozoa. They found that genistein, known as isoflavone 
compound, had antioxidant properties on cryopreserved 
spermatozoa. Their results also showed that the ROS pro-
duction was decreased and the sperm motility was slightly 
improved in response to treatment with genistein. In an-
other study, Banihani et al. (33) found that L-carnitine had 
positive effects on the improvement of sperm motility and 
viability during cryopreservation but had no effect on the 
reduction of DNA oxidation. Regarding our results, the 
addition of Calligonum extract to the freezing medium led 
to a significant increase in progressive motility.

On the other hand, LIPUS at the frequency of 1 MHZ 
and incident power density of 200 mW/cm2, in both 
pulsed and continuous mode waves, had adverse impacts 
on the sperm parameters. In the LIPUS-exposed group, 
the viability, as well as total and progressive motility was 
decreased while the number of none-motile spermatozoa 
was increased as compared with the fresh group. The US 
radiation alone increased intracellular ROS level and dis-
rupted the balance of pro-oxidant and antioxidant con-
tents in human spermatozoa, led to the elevated rate of 
DNA fragmentation. Also, our data demonstrated that LI-
PUS did not alter the morphology of frozen spermatozoa; 
however, the combinatory treatment of spermatozoa with 
Calligonum extract and LIPUS was capable of enhancing 
the sperm parameters during cryopreservation.

Previous studies have highlighted that LIPUS, as me-
chanical energy, could have therapeutic effects on bone 
and wound healing (34, 35). Also, it has been reported 
that it could expedite the process of tissue repair by the 
stimulation of the proliferation of fibroblasts and osteo-
blasts (17, 36). Furthermore, Xu et al. (37) have shown 
that LIPUS can stimulate the viability of freeze-thawed 
spermatozoa and it can increase the proliferation and dif-
ferentiation of hematopoietic stem cells, obtained from 
fresh and cryopreserved peripheral blood leukapheresis 
product. However, inconsistent with other studies, our 
findings failed to show the beneficial effects of this thera-
peutic approach on the sperm parameters.

In the present study, the adverse effects of LIPUS on the 
sperm parameters may be due to the changes in the fre-
quency of waves as a result of the sperm motility, leading 
to the reduction in the effectiveness of LIPUS penetra-
tion. Since the distribution of the US field is not homog-

enous, and it is susceptible to the reflection and attenua-
tion once the field passes through the boundary separating 
two different media (38), the potency of US waves might 
be mitigated. So further examinations on applying other 
techniques for irradiating ultra sound on motile sperms is 
needed.

Conclusion

Our results showed that Calligonum extract, at a concen-
tration of 10 μg/ml, slightly enhanced the cellular param-
eters of cryopreserved spermatozoa diminished the rate of 
DNA fragmentation, and decreased the intracellular ROS 
level. Contrary to our expectation, LIPUS, in both pulsed 
and continuous mode waves, had the adverse effects on 
the sperm parameters which may stem from alterations 
in the temperature of the medium as a result of LIPUS 
treatment. It should be noted that the sperm motility might 
influence the frequency of the US waves, lowering the 
effectiveness of LIPUS treatment. This phenomenon can 
weaken the impact of LIPUS on the sperm parameters 
during cryopreservation. 
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Abstract 
Background: Aspartame is one of the most commonly consumed artificial sweeteners that is widely used in food-
stuffs. There are many debatable reports about aspartame toxicity in different tissues; however, on the subject of its 
effects on the reproductive system, few literatures are available. The present study was carried out for evaluating ef-
fects of aspartame on the reproductive system in male mice.

Materials and Methods: In this experimental study, a total of 36 adult male mice were randomly divided into four 
groups of nine animals each. Three groups received aspartame at doses of 40, 80 and 160 mg/kg (gavage) for 90 days; 
also, a control group was considered. Twenty-four hours after the last treatment, animals were sacrificed. Then, body 
and testis weights, sperm parameters, serum testosterone concentration, total antioxidant capacity, and malondialde-
hyde (MDA) levels, antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase 
(GSH-Px)] activities in blood, histomorphometrical indices and histochemical changes in testis were evaluated; also, 
mRNA and immunohistochemical expression of Hsp70-2 was measured in testis tissue.

Results: The results revealed remarkable differences in sperm parameters, testosterone and oxidative stress biomarkers 
levels, and histomorphometrical indices, between the control and treatment groups. Also, in 80 and 160 mg/kg asparta-
metreated groups, expression of Hsp70-2 was decreased. Besides, in the aspartame receiving groups, some histochemical 
changes in testicular tissue were observed.

Conclusion: The findings of the present study elucidated that long-term consumption of aspartame resulted in repro-
ductive damages in male mice through induction of oxidative stress.
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Introduction

Recently, food consumers are increasingly concerned 
about the quality and safety of many foodstuffs produced 
by industrialized countries; in particular, the usage of 
artificial sweeteners, flavorings, dyes, preservatives and 
food supplements has raised concerns. Many non-nutrient 
sweeteners have been used in foods and beverages to help 
people enjoy a sweet taste without raising body calories. 
One of these sweeteners is aspartame (1). Aspartame 
(Laspartyl-L-phenylalanine methyl ester) is a synthetic 
nonnutritional sweetener that was firstly discovered in 
1965 and approved in 1981 for use in the United States 
(2). This sweetener is a dipeptide derived from the combi-
nation of two non-aromatic amino acids namely, aspartic 
acids and phenylalanine. Sweetening power of aspartame 
is 160 to 180 times more than that of sucrose, it has the 
same number of calories as sugar, and it does not smell 
and lacks metallic taste (3).

After oral intake, aspartame is hydrolyzed in the gastro-
intestinal tract by esterases and peptidases into amino acids 
(aspartic acid and phenylalanine) and methanol. Also, it is 
possible that aspartame is absorbed by the mucosal cells of 
the intestines and metabolized before hydrolysis (3). 

Methanol is not metabolized in the enterocytes; it im-
mediately enters the portal circulation and is then oxi-
dized in the liver into formaldehyde (4). Metabolism of 
methanol into formaldehyde and formic acid is associated 
with formation of superoxide anion and hydrogen perox-
ide (5). Development of oxidative stress through metha-
nol oxidation results in structural and functional impair-
ments of proteins responsible for regulating and maintain-
ing the lower temperature of the testes (7). In fact, the 
testicular temperature must be 2-4°C lower than the rest 
of the body for maintaining optimal sperm quality. Even a 
slight increase in temperature could lead to rapid disrupts 
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in spermatogenesis due to inducing protein denaturation 
(8). Hsp70 proteins besides increasing the RNA-binding 
protein stability in haploid cells, are able to take part in 
recovering DNA and RNA damages through improve-
ment of DNA integrity. During early meiosis and/or mi-
tosis, Hsp70-2, which is considered the main expressed 
chaperone, has capability to induce folding/refolding in 
proteins during different phases of cell cycles. Also, there 
is evidence about more than 20 chaperone families, which 
are influenced by some biochemical stressors, including 
oxidative and nitrosative stresses, and become well up 
regulated (8). 

Considering the fact that the majority of these chaper-
one families are cell stress responders or heat shock pro-
teins (HSPs), chaperones have important roles in raising 
the cellular resistance against environmental stressors, 
although the HSPs are known to be involved in regulat-
ing spermatogenesis (8, 9). Researchers have reported 
that long-term consumption of aspartame up-regulates 
the expression of Hsp70 in the brain, heart, liver and 
immune organs (6, 10-12). Beside having cytoprotec-
tive effects, Hsp70 has a role in regulating spermato-
genesis (8, 9). It was indicated that long-term consump-
tion of aspartame leads to reproductive toxicity in male 
rats (13). In the present study, we investigated Hsp70-2 
expression following long-term consumption of aspar-
tame in male mice. Also, in order to confirm induction of 
oxidative stress and reproductive toxicity by aspartame, 
levels of oxidative stress biomarkers were measured in 
blood. Moreover, concentration of testosterone in serum 
was measured, and histochemical and histopathological 
evaluations in testis tissue were performed in order to 
confirm reproductive toxicity of aspartame. In the litera-
ture, there is no study done in the male genital system 
that investigated Hsp70, or performed histomorphom-
eterical assessment in this context, which implies the 
novelty of the present experiment. 

Materials and Methods

Chemicals
Aspartame was purchased from Sigma-Aldrich (St 

Louis, MO, USA, CAS No. 22839-47-0). Acridine orange 
was purchased from sigma chemical Co. (St. Louis, MO, 
USA). All other chemicals used were commercial prod-
ucts of analytical grade. The rabbit anti-mouse primary 
antibodies for Hsp70-2 (Cat NO. SKU: 407), were ob-
tained from Biocare (Biocare, California, USA).

Animals
All experimental protocols were conducted on the ba-

sis of the proofed principles for laboratory animal care 
(7506025.6.24), approved by the Ethical Committee of 
the University of Tehran. For this study, a total number of 
36 NMRI mature male mice (8-10 weeks of age), weigh-
ing 25-35 g were used. The animals were provided from 
the Laboratory Animal Sciences Center, Pasteur Institute 

of Iran, Karaj, Iran. Before initiation of the treatment pe-
riod, the mice were maintained for two weeks in order to 
acclimatize. The mice were housed in special cages under 
well-ventilated conditions at normal temperature (22 ± 
5°C) with 12:12-hour light-dark cycles and fed standard 
pellet diet (Tehran pellet, Iran). 

Chemical administration and grouping
In this experimental study, The European Food Safety 

Authority has confirmed acceptable daily intake (ADI) 
for 40 mg/kg bodyweight/day of aspartame. This ADI 
was approved by the food and drug administration (FDA) 
for the European countries (EFSA Journal 2013). After 
labeling the mice, they were randomly divided into four 
groups of nine mice. The treatment groups received as-
partame for 90 days by gavage as follows: 

1. The first group (control): The animals of this group 
received normal saline at the dosage of 0.5 ml.

2. The second group was called low dose aspartame and 
it received 40 mg/kg bodyweight/day of aspartame.

3. The third group was called medium dose aspartame 
and it received 80 mg/kg bodyweight/day of aspartame.

4. The forth group was called high dose aspartame and 
it received 160 mg/kg bodyweight/day of aspartame.

Thereafter, the animals were kept under standard condi-
tions and monitored for 90 days. On the basis of the fact 
that the duration of the chronic dose of aspartame is nine-
ty days to have probable pathogenicity, this period was 
chosen for this experiment. The dosages and duration of 
the treatment in the present study were chosen on the ba-
sis of earlier studies (13, 14) (Fig.S1, See Supplementary 
Online Information at www.ijfs.ir). 

Serum and tissue samples preparation
Following the 90-day period, all animals were anesthe-

tized using a mixture of ketamine and xylazine cocktail (0.10 
ml xylazine and 1 ml ketamine and 8.90 ml distilled water), 
with the dose of 0.1 ml/10 g BW (15). In order to obtain 
serum, 15 minutes after anesthesia induction, the blood sam-
ples were centrifuged at 3000 g for 10 minutes at room tem-
perature (RT) and stored at -70°C for further analyses. The 
testicular specimens were removed and rinsed with chilled 
normal saline. One of the testes from each individual mouse 
was snap frozen in liquid nitrogen and then kept in -70°C 
until further biochemical analyses and the other testes were 
fixed in Bouin’s solution for histological examinations.

Histomorphometrical and histochemical assay
The testes were quickly dissected out, cleared of adhered 

connective tissue and weighed on a digital scale (with a 
minimum accuracy of 0.001 g). For Histomorphometrical 
study, Dino-Lite digital lens and Dino Capture 2 Software 
were used. Furthermore, histometrical structures of the 
testes, including testicular capsule thickness, germinal 
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epithelium height and diameter of seminiferous tubules, 
as well as the number of Sertoli and Leydig cells were 
evaluated. In order to classify spermatogenesis, Johnsen’s 
criteria were used. This classification is based on graded 
scoring between 1-10 for each tubule cross-section, ac-
cording to presence or absence of main cell types organ-
ized in the order of maturity:10, complete spermatogen-
esis exists and tubules are normal in arrangement; 9, there 
are many spermatozoa with disorganization in germinal 
epithelium; 8, only a few spermatozoa are observed; 7, 
lacking spermatozoa while many spermatids exist; 6, only 
a few spermatids are present; 5, absence of spermatozoa 
and spermatids but existence of many spermatocytes; 4, 
only a few spermatocytes exist; 3, only spermatogonia are 
observed; 2, presence of only Sertoli cells and the absence 
of germ cells, and 1, no germ cells or Sertoli cells are pre-
sent. Tubule cross-sections with scores of 9 and 10 were 
considered mature tubules (15).

Paraffin blocks were sectioned at 5-6 μm and stained 
with Hematoxylin and Eosin (H&E), Periodic acid-Schiff 
(PAS) and Masson's trichrome. Masson’s trichrome stain-
ing was used to show the amount of collagen fibers and fi-
brosis in testicular tissue. In order to analyze carbohydrate 
ratio in testicular germinal epithelium, PAS was conduct-
ed on specimens. Also, for the purpose of histochemical 
evaluations, frozen sectioning method was carried out. 
The samples were embedded using optimal cutting tem-
perature compound (OCT gel) and sections of testicular 
tissues were prepared at 15-20 μm levels at -40°C using 
cryostat (SLEE, Germany). Also, the Sudan black B (SB) 
staining was performed to evaluate the rate of lipid foci 
supplement in treatment and control animals and iden-
tify the Leydig cells cytoplasmic bio-steroid supplement. 
The alkaline phosphatase staining (ALP) was conducted 
to demonstrate the ratio of this enzyme as a biomarker 
for inflammation. The photomicrographs were taken by a 
SONY on-board camera (Zeiss, Cyber-Shot, Japan).

Sperm preparation and DNA damage assessment
Epididymides were carefully refined from their surrounding 

tissues under 10X magnification provided by a Stereo Zoom 
Microscope (TL2, Olympus Co., Tokyo). The caudate part of 
the epididymis was trimmed and minced in 5 ml TCM199 
medium for 30 minutes, with 5% CO2, at 36.5°C in a CO2-
equipped incubator (LEEC Co., England). After centrifuga-
tion, the sperm pellet was re-suspended in 0.5 ml of TCM199 
medium. A small aliquot (20 μl) of sperm suspension was 
glass-smeared. The slides were air-dried and then fixed over-
night in Carnoy’s solution (methanol/acetic acid, 3:1). Next, 
they were stained for 5 minutes with a freshly-prepared acri-
dine orange stain (AO). After washing and drying, the slides 
were examined using a fluorescent microscope (Leitz, Ger-
many; excitation of 450-490 nm). On each slide, an average 
of 200 sperms were evaluated and two types of staining pat-
terns were identified including yellow (single-stranded DNA) 
sperms and green (double-stranded DNA) (16).

The percentage of spermatozoa with single-stranded 

DNA was calculated from the ratio of spermatozoa with 
red, orange, or yellow fluorescence, to the total spermato-
zoa counted per sample.

Sperm count, motility and viability
Sperm count was assessed by a standard hemocytom-

eter method (15). The motility of the sperm was evaluated 
according to the WHO (WHO, 2010) standard method for 
manual examination of sperm motility (17). Accordingly, 
the sperm samples were diluted 1:8 in TCM199 before 
the assessment. A 20-μl sample of the sperm was placed 
on a sperm test area and evaluated under 1,000X magni-
fications. Only the motile sperms with forward progres-
sion were counted within 10 boxes and recorded. Finally, 
motility was calculated based on the following equation: 
Motility (%) = [motile sperm/(motile+non-motile sperm)]×100.

The Eosin-nigrosin staining method was performed 
to assess the sperm viability. For this purpose, 50 μl of 
sperm was mixed with 20 μl of eosin in a sterile test tube. 
After 5 seconds, 50 μl of nigrosin was added and mixed 
thoroughly. Then, the mixture of the stained sperm was 
smeared on the slide and examined under a light micro-
scope (1,000X magnification, Olympus, Germany). The 
colorless sperms were considered live and the yellow to 
pink stained sperms were marked as dead. The sperm 
count was performed according to the standard hemocy-
tometric method previously described by Pant and Srivas-
tava (16). The sperm viability and motility are reported in 
percentage and compared between groups.

Assessment of serum levels of testosterone
Following 90 days, blood samples were obtained di-

rectly from the heart under light anesthesia (induced us-
ing diethyl ether). After 15 minutes, the samples were 
centrifuged at 3000×g for 10 minutes at RT to obtain 
serum. Serum concentration of testosterone was meas-
ured by enzyme-linked immunosorbent assay (ELISA) 
as described by the manufacturer (Demeditec Diagnos-
tics GmbH, Germany). In brief, 100 μl of serum sample 
and control (from the kit) were dispensed into the ELI-
SA wells, and 100 μl of Enzyme conjugate was added 
into the wells and thereafter, incubated 60 minutes at RT. 
Next, the content of the wells was discarded and rinsed 4 
times with diluted Wash Solution (300 μl per well), and 
200 μl of Substrate Solution was added to each ELISA 
well. The samples were thereafter incubated in the dark 
for 30 minutes. Finally, 50 μl of Stop Solution was add-
ed to each well and the absorbance of each sample was 
determined at 450 nm.

Assessment of oxidative stress biomarkers
Some important detectable oxidative stress biomarkers, 

including total antioxidant capacity (TAC), and activities of 
antioxidant enzymes catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GSH-Px), and malondial-
dehyde (MDA) and nitric oxide (NO) content were meas-
ured in the blood samples as described previously (15, 18).

Anbara et al.



Int J Fertil Steril, Vol 14, No 2, July-September 2020                 94

Determination of GSH-Px activity was performed by 
GSH-Px detection kit (Ransel, RanDox Co, UK) based 
on manufacturer’s instructions. One unit of GSH-Px was 
defined as μM of oxidized NADPH per minute mg-1 of 
protein. A decrease in absorbance was recorded by spec-
trophotometry against blank, at 340 nm.

The SOD activity was evaluated at 505 nm using a stand-
ard curve. The SOD activity was determined by the SOD 
detection kit (RanSod, RanDox Co, UK) based on the man-
ufacturer’s instructions. Serum NO level was measured ac-
cording to the Griess reaction (17) and expressed as μM/l. 
CAT activity, on the basis of a previously described meth-
od, was evaluated. Here, the blood samples were homog-
enized in Triton X-100 1% (Merck, Germany) and then di-
luted using phosphate buffer (pH=7.0). For initiation of the 
reaction, hydrogen peroxide was added to the mixture and 
the level of enzyme activity on the basis of the competency 
of the CAT in decompensation of hydrogen peroxide, was 
determined. This was gained through scanning the decrease 
in absorbance at 240 nm against a blank containing phos-
phate buffer instead of the substrate. The value of log A1/
A2 of a measured interval was used for unit definition due 
to the initial reaction of the enzyme, where the value of 
A1 refers to the absorbance at 240, at time 0 seconds and 
A2 is the absorbance at 240, at second 15. These enzyme 
activities were expressed as U g-1 Hb in blood. Then the 
measurement of the protein level in supernatant took place 
using the colorimetric method of Lowry with bovine serum 
albumin (BSA) as standard (15).

The MDA level as an indicator of lipid peroxidation 
in serum was determined according to the procedure de-
scribed by Buege and Aust. Here, 100 μl of serum speci-
mens using a glass homogenizer was homogenized in 0.15 
M/l KCl at a ratio of 1 to 9 ml. One volume of homogen-
ate was blended thoroughly with two volumes of a stock 
solution of 15% w/v trichloroacetic acid, 0.375% w/v 
thiobarbituric acid, and 0.25 M/l hydrochloric acid. After 
heating and cooling cycles, the solution was clarified by 
centrifugation at 1000 ×g for 10 minutes. The absorbance 
of the clear solution was read at 535 nm and  MDA con-
tent was figured out using 1.56 ×105 M-1 cm-1 as molar 
absorbance coefficient. MDA levels are presented as mM 
per ml protein (15).

Evaluation of TAC was carried out on the basis of the man-
ual of the kit (TAS test kit, Randox Laboratories Ltd, GB).

Immunohistochemical analysis for Hsp70-2
Immunohistochemical staining was done in order to ana-

lyze Hsp70-2 positive cells distribution. For this, before 
beginning the staining process, 5-μm tissue sections were 
heated at 60°C for approximately 25 minutes in a hot-air 
oven (Venticell, MMM, Einrichtungen, Germany). After de-
paraffinization in two changes of xylene, the sections were 
rehydrated using an alcohol gradient (96, 90, 80, 70, and 
50%). The antigen retrieval process was performed in 10 
mM sodium citrate buffer (pH=7.2). Immunohistochemical 
staining was conducted according to the manufacturer’s pro-

tocol (Biocare, USA). In brief, endogenous peroxidase was 
blocked in a peroxidase blocking solution (0.03% hydrogen 
peroxide containing sodium azide) for 5 minutes. Washing 
the sections was done with phosphate-buffered saline (PBS, 
DNAbiotech, Iran, pH=7) and subsequently incubation was 
performed with Hsp70-2 (1:600) biotinylated primary anti-
bodies (Biocare, USA) at 4°C in humidified chamber over-
night. After rinsing with PBS, the sections were incubated 
with streptavidin–HRP (streptavidin conjugated to horserad-
ish PBS containing an anti-microbial agent) for 20 minutes. 
Followed by rinsing in washing buffer and adding a 3,3' 
Diaminobenzidine (DAB) chromogen, they were incubated 
for 10 minutes and counter stained with hematoxylin for 10 
seconds. Then, the sections were dipped in ammonia (0.037 
Ml), rinsed with distilled water, and cover slipped. Positive 
immunohistochemical staining could be observed as brown 
stains under a light microscope (8).

RNA isolation, cDNA synthesis and reverse transcrip-
tion-polymerase chain reaction

For RNA extraction, the collected testicles and those previ-
ously stored at -70°C, were used; RNA extraction was per-
formed on the basis of the standard TRIzol method (8). For 
this, 20-30 mg of testicular tissue from an individual animal of 
each group was homogenized in 1 ml of TRIZOL. Then, in or-
der to avoid genomic DNA contamination, the colorless aque-
ous phase was collected carefully. The quantitative assessment 
of RNA was performed using a nanodrop spectrophotometer 
(260 nm and A260/280=1.8-2.0), followed by storage of the 
samples at -70°C. For reverse transcriptionpolymerase chain 
reaction (RT-PCR), the cDNA was synthesized in a 20-μl re-
action mixture containing 1 μl of oligo (dT) primer, 1 μl of 
RNAse inhibitor, 4 μl of 5X reaction buffer, 1 μg of RNA, 1 μl 
of M-MuLV reverse transcriptase and 2 μl of a 10 mM dNTP 
mix, on the basis of the manufacturer’s protocol (Fermentas, 
GmbH, Germany). The cycling protocol for 20 μl reaction mix 
was 5 minutes at 65°C, followed by 60 minutes at 42°C, and 
5 minutes at 70°C to finalize the reaction. For evaluating the 
PCR reaction, a total volume of 27 μl containing primers pair's 
sequences (each 1 μl), 13 μl of PCR master mix and cDNA 
as a template (1.5 μl) and 10.5 μl of nuclease free water, were 
used. The following PCR conditions were considered; general 
denaturation at 95°C for 3 minutes for 1 cycle, followed by 35 
cycles of 95°C for 20 seconds; annealing temperature (62°C 
for Hsp70-2, and 58°C for GAPDH) for 60 which participate 
in antioxidant defense system (6). Hsp70 functions as a cell 
supportive factor against many stresses that induce the pro-
duction of reactive oxygen species(ROS), which in turn affect 
cellular molecules including DNA, proteins and lipids. Also, 
Hsp70 protein is known to be seconds; elongation: 72°C for 1 
minute and 72°C for 5 minutes. Final PCR products were ana-
lyzed on 1.5% agarose gel electrophoresis and densitometric 
analysis of the bands were done by using PCR Gel analyzing 
software (ATP, Iran). The control was set at 100% and experi-
mental samples were compared to the control. Specific prim-
ers were designed and manufactured by Sinaclon (Sinaclon 
Co., Iran). The primers pair's sequences and product size for 
primers used in RT-PCR are presented in Table 1.

Effect of Aspartame on Mice Testes



Int J Fertil Steril, Vol 14, No 2, July-September 202095

Table 1: Nucleotide sequences and product size of primers used in reverse 
transcription-polymerase chain reaction

Product 
size (bp)

Primer sequence (5'-3')Target 
gene

340F: CAGCGAGGCTGACAAGAAGAA
R: GGAGATGACCTCCTGGCACT

Hsp70

320F: TGAAGCAGGCATCTGAGGG
R: CGAAGGTGGAAGAGTGGGAG

GAPDH

Statistical analysis
The data was analyzed using SPSS program version 

19.0 (SPSS Inc, Chicago, IL, USA). All results are pre-
sented as mean ± SD. Differences between quantitative 
histological and biochemical data were analyzed by one-
way ANOVA, followed by Tukey test, using Graph Pad 
Prism, 4.00. The P<0.05 were considered statistically sig-
nificant.

Results
Histomorphometrical parameters

The results of histomorphometric studies showed that 
the thickness of testicular capsule in the high-dose group 
of aspartame, had a significant increase compared to the 
control group, whereas, the number of Sertoli and Ley-
dig cells showed a significant decrease (P<0.05) in this 
group. Also, in medium- and high-dose aspartame-treated 
groups, a significant decrease (P<0.05) was observed in 
the diameter of the seminiferous tubules, the height of the 
germinal epithelium and the Johnsen’s score (Table 2).

Histological and histochemical findings
Our histological observations revealed that aspartame, 

in a dose-dependent manner, could increase disarrange-

ment and produce severe edema in connective tissue. An 
increase in germinal epithelium dissociation (GED) and 
tubular depletion in medium- and high-dose aspartame-
treated groups, was observed. Especially in the high-
dose group, aspartame could induce drastic morphologic 
changes in the testes. There were some atrophied seminif-
erous tubules indicating severe reduction in the number of 
germ cells and intensive immune cells infiltration, edema-
tous fluid accumulation and intertubular space widening 
in interstitial connective tissue. Moreover, Sertoli cells 
lost their junction with germ cells and looked amorphous 
with irregular and smaller nuclei (Fig.1).

Also, concerning the histochemical features observed fol-
lowing Masson’s trichrome staining, it was found that the 
groups do not differ in the density of collagen fibers. Histo-
chemical analyses of the PAS-stained specimens elucidated 
that the cells in three first layers of spermatogenesis cell se-
ries, Sertoli and Leydig cells faintly reacted with PAS in me-
dium- and high-dose aspartame-treated groups and the car-
bohydrate ratio was severely decreased in their cytoplasm. 
In Sudan black B staining, in seminiferous tubules, brown to 
black particles which contain lipid were clearly seen inside 
the cytoplasm of the cells close to the lumina of seminiferous 
tubules and Leydig cells. No cytoplasmic lipids in Leydig 
cells and spermatogenesis series cells in the control group, 
were observed. Animals in the aspartame receiving groups 
showed high lipid-stained sites in the cytoplasm of the Ley-
dig cells and spermatogenesis series cells. In testicular tissue 
section, alkaline phosphates staining indicated the highest 
rate of small brown particles in the cytoplasm of Leydig cells 
and spermatogenesis cells in the high-dose group, compared 
to the other groups. In addition, it should be noted that the 
level of alkaline phosphatase reaction in the groups treated 
with aspartame was dose-dependently increased (Fig.1).

Table 2: Comparison of sperm parameters (± SD) between the experimental groups after frozen-thawed and treatment with 10 μg/ml Calligonum (CGM)
extract and LIPUS (pulsed mode and continues wave)

Parameters Control Low dose Medium dose High dose
TBW (g) 36.12 ± 2.82a 36.31 ± 3.06a 36.38 ± 3.67a 37.31 ± 3.01a

TW (g) 0.12 ± 0.011a 0.12 ± 0.009a 0.12 ± 0.008a 0.10 ± 0.010b

BWA (g) 4.62 ± 0.67a 5.24 ± 1.56ab 5.58 ± 2.53ab 6.97 ± 1.15b

Testosterone (ng/ml) 6.88 ± 0.32a 6.44 ± 0.30a 6.22 ± 0.53a 5.10 ± 0.57b

STsD (μm) 194.38 ± 4.33a 187.48 ± 5.56a 173.32 ± 5.78b 161.96 ± 5.45c

GEH (μm) 58.97 ± 3.48a 57.36 ± 2.36a 50.02 ± 1.79b 43.69 ± 3.28c

TCT (μm) 13.47 ± 1.27a 14.07 ± 2.09a 16.41 ± 1.93a 20.70 ± 2.58b

LCs (No/mm2) 37.35 ± 2.79a 36.82 ± 2.11a 33.57 ± 2.30a 28.72 ± 2.97b

SCs (No/one tubule) 22.76 ± 1.37a 22.79 ± 1.64a 20.72 ± 1.83a 16.68 ± 1.55b

Johnsen’s score 9.42 ± 0.26a 9.35 ± 0.30a 8.64 ± 0.39b 7.52 ± 0.47c

Sperm count (×106) 34.66 ± 1.65a 31.55 ± 1.42b 27.44 ± 1.81c 19.22 ± 1.48b

Sperm motility (%) 85.06 ± 2.32a 81.95 ± 3.32a 74.34 ± 1.25b 62.40 ± 2.98c

Sperm viability (%) 89.22 ± 1.56a 86.66 ± 2.73a 79.33 ± 1.80b 72.55 ± 2.12c

DNA damage sperms (%) 5.11 ± 1.36a 7.55 ± 1.94a 11.22 ± 2.16b 19.33 ± 2.12c

Abnormal sperms (%) 10.33 ± 0.86a 11.66 ± 1.22a 15.44 ± 1.87b 19.88 ± 1.69c

All data are presented as mean ± SD. Low dose; 40 mg/kg aspartame-treated, Medium dose; 80 mg/kg aspartame-treated, High dose; 160 mg/kg aspartame-treated. TBW; Total body 
weight, TW; Testicular weight, BWA; Body weight alternations, STsD; Seminiferous tubules diameter, GEH; Germinal epithelium height, TCT; Testicular capsule thickness, LCs; Leydig 
cells, and SCs; Sertoli cells. Different superscripts in the same row show significant differences between groups (P<0.05).
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Fig.1: Cross sections from testes: Hematoxylin & Eosin staining; intact spermatogenesis is seen in the control group. Cross sections from medium- and 
high-dose groups present reduced epithelial height as well as germinal epithelium dissociation (GED), edema (E) and oedematous fluid accumulation 
(EF) of interstitial connective tissue, immune cells infiltration (IMN.I), atrophic and depletion seminiferous tubules (TD), giant cell (GC), detachment of 
Sertoli cell (SC) and spermatogenesis. Masson’s trichrome staining; there was no difference in the amount of collagen fibers between the control group 
and the aspartame-treated groups. Periodic acid-Schiff staining; Control group with the Leydig cells (arrows), Sertoli cells (head arrows) and the first three 
cell layers (lines) with normal Periodic acid-Schiff (PAS) reaction. Low-dose group with light germinal cell dissociation and moderated PAS reaction are 
present in seminiferous tubules. Medium- and high-dose groups with negative PAS reaction in Leydig cells (arrows), Sertoli cells (head arrows) and the 
first three cell layers (lines) with faint PAS-stained cytoplasm. Sudan black B staining; Frozen sections from testes. Control group with spermatogenesis 
series cell lineage with negative Sudan black B-stained cytoplasms (arrows) and Leydig cells area (head arrows) are appeared with dense reaction sites. 
Comparing aspartame-treated groups with the control group indicates that in low-dose group, spermatogenesis series cells are presented with faint lipid 
stained cytoplasms (arrows) and Leydig cells area (head arrows) stained densely, while the medium- and high-dose groups are manifested with darkly 
stained spermatogenesis series cells (arrows) and Leydig cells area (head arrows). Alkaline phosphates staining; Frozen sections from testes. All germinal 
epithelium cells (head arrows) and Leydig cells area (arrows) in the control group are presented with the negative alkaline phosphatase (ALP) reaction. 
Comparing the aspartame-received groups reveals that there are numbers of cells in the germinal epithelium (head arrows) and Leydig cells (arrows) with 
ALP-stained cytoplasms (scale bar: 60 μm).
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Sperm characteristics
Observations showed that aspartame in a dose-de-

pendent manner, significantly (P<0.05) reduced the 
sperm count. Survival rate and sperm motility in me-
dium- and high-doses aspartame-treated groups were 
significantly decreased (P<0.05) compared to the con-
trol group. Also, the average percentage of abnormal 
sperms as well as the percentage of sperms with dam-
aged DNA, in medium- and high-dose aspartame-treat-
ed groups was significantly increased (P<0.05, Fig.2, 
Table 2).

Fig.2: Photomicrographs of mice epididymal spermatozoa. A. Eosin-ni-
grosin staining, B. Aniline‐blue staining, and C. Acridine‐orange stain-
ing, (1,000X).
DS; Dead sperms, LS; Live sperms, MN; Mature nucleus, IN; Immature nu-
cleus, SSD; Single-strand DNA, and DSD; Double‐strand DNA.

Effect of aspartame on oxidative stress parameters
Aspartame effects on various parameters of oxida-

tive stress biomarkers in serum and blood samples are 
shown in Figure 3. As can be seen, aspartame admin-

istration resulted in a significant increase (P<0.05) 
in MDA levels in the high-dose group as well as NO 
in medium- and high-dose aspartame-treated groups 
compared to the control group. Also, our observations 
showed that aspartame could induce a significant de-
crease (P<0.05) in TAC and CAT activity in the high-
dose group and consequently led to a significant de-
crease (P<0.05) in the level of GSH-Px and SOD in 
both medium- and high-dose aspartame-treated groups 
compared to the control group. 

Fig.3: Effect of aspartame on antioxidant status. A. Serum total antioxi-
dant capacity (TAC), B. Serum malondialdehyde (MDA) level, C. Serum 
nitric oxide (NO) level, D. blood glutathione peroxidase (GSH-Px) activ-
ity, E. Blood superoxide dismutase (SOD) activity, and F. Blood catalase 
(CAT) activity in different groups. All data are presented as mean ± SD. 
The different superscripts are representative of significant differences 
(P<0.05) between groups. Low dose; 40 mg/kg aspartame-treated, Me-
dium dose; 80 mg/kg aspartame-treated, and High dose; 160 mg/kg 
aspartame-treated.

Aspartame diminished Hsp70-2 expression
The mRNA and protein levels of Hsp70-2 were ana-

lyzed. In order to clarify Hsp70-2 expression in differ-
ent cellular layers of germinal epithelium, immunohis-
tochemical analyses were done. Our finding revealed 
that, biosynthesis of Hsp70-2 increased in low-dose 
aspartame-treated group (especially at spermatocytes 
and spermatids cell lineages) versus the control group. 
However, it was significantly decreased in medium- and 
high-dose aspartame-treated groups. The immunohisto-
chemical results were confirmed by the semiquantitative 
RT-PCR analysis. A significant (P<0.05) increase in the 
mRNA level of Hsp70-2 was observed in the animals 
treated with low-dose aspartame. However, the mRNA 
levels of Hsp70-2 decreased in medium- and high-dose 
aspartame-treated groups (Fig.4).
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Discussion

Aspartame which is extensively used in food and me-
dicinal products as a low-calorie sweetener, is mostly 
consumed by people trying to lose weights, patients with 
diabetes, and athletes (13). In recent decades, increased 
human infertility caused by toxic materials has raised 
concerns in human societies. In the same way, food ad-
ditives and nutrition are important and influential factors 
in the entry of these toxic substances into the body and 
affect the reproductive capacity of the male sex (19). Ef-
fects of aspartame on the male reproductive parameters 
might be a consequence of the metabolites derived from 
aspartame hydrolysis during digestive and absorptive 
processes in the body. Studies showed that aspartame 
toxicity induced following oral intake is mainly related 
to the digestive metabolites and intestinal absorption of 
this substance which occurs during the metabolism of 
aspartame in the gastrointestinal tract by esterases and 
peptidases. Methanol is not metabolized in enterocytes 
and is rapidly introduced into the portal system of the 
liver and oxidized to formaldehyde by the alcohol-de-
hydrogenase enzyme; formaldehyde causes toxicity in 
most cells and tissues of the body (20). It was reported 
that aspartame and its metabolites potentially disturb 
a wide range of body processes, including amino acid 
metabolism, and affect the structure and metabolism 
of proteins, structural integration of nucleic acids and 
endocrine equilibria (20, 21). Many reports declared 
that the most destructive toxic effects of aspartame are 
probably related to methanol oxidation following aspar-
tame metabolism. It was obviously indicated that receiv-
ing aspartame and subsequently the increased levels of 

methanol, formaldehyde and formic acid could damage 
the mitochondrial membrane through formation of su-
peroxide anion and hydrogen peroxide, leading to higher 
levels of ROS and oxidative stress (13).

It was determined that aspartame has an effect on 
weight loss in humans and it can reduce weight and con-
trol obesity (22, 23). It was declared that weight loss oc-
curs because aspartame reduces the brain's neuropeptide 
Y and reduction of this neuropeptide, which plays a vital 
role in metabolism, could reduce body weight (24). In 
this study, aspartame increased body weight in the high-
dose aspartame group, which does not match with the 
results of the mentioned research (22, 23). In some other 
studies, it was reported that aspartame inhibits an intesti-
nal enzyme called intestinal alkaline phosphatase (IAP) 
which can prevent obesity, type 2 diabetes and metabolic 
syndrome. The results of these experiments showed that 
the mice that took aspartame-containing water compared 
to the mice without aspartame, became overweight (25).

Evidence indicates that oxidative stress can cause 
sperm abnormalities through various mechanisms such 
as inducing lipid peroxidation in sperm plasma mem-
brane, sperm motility disorder, sperm abnormal mor-
phology and fracture in sperm DNA (16). Also, litera-
ture shows that sperm DNA damage caused by oxidative 
stress increases apoptosis in immature sex cells leading 
to a decreases in the concentration of sperm (26). In 
this regard, our study showed that the use of aspartame 
increases sperm DNA damage by the mechanisms in-
volved in oxidative stress induced by medium- and high-
dose aspartame. Previously, it was shown that using as-

Fig.4: Effect of aspartame on Hsp70-2 protein expression in different groups. A. Immunohistochemical staining for Hsp70-2; see arrows indicating posi-
tive reaction for Hsp70-2 in two cell lines of genital cells in the control group, which is elevated in all cellular layers of low-dose group and significantly 
decreased in medium- and high-dose groups, respectively. B. See cell count results for Hsp70-2 (+) cells/1 mm2 of tissue in different groups. C. The mRNA 
levels of Hsp70-2 and GAPDH were evaluated by using semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR). The density of Hsp70-2 
mRNA levels in testicular tissue was measured by densitometry and normalized to GAPDH mRNA expression level. Data are presented as mean ± SD. The 
different superscripts are representative of significant differences (P<0.05) between groups.
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partame could cause an increase in the morphologically 
abnormal sperms that it is consistent with the results we 
obtained following treatment with medium- and high-
dose aspartame, but does not match with the effects of 
low-dose aspartame (27). Earlier studies showed that as-
partame reduced sperm count, viability and motility in 
rats, which are in accordance with the findings of this 
study related to decreases in sperm viability and motil-
ity following administration of medium- and high-dose 
aspartame (13, 27).

The mechanism of action of aspartame may also be 
mediated via its effect on Leydig cells, which leads to 
a decrease in testosterone levels. With degradation and 
atrophy of Leydig cells under the influence of formalde-
hyde produced from aspartame, the levels of synthesis 
and secretion of testosterone decrease (28), which per-
fectly matched with the findings of this study that pre-
sented a significant decrease in serum testosterone level 
in the high-dose group of aspartame.

Besides, in order to achieve insight into the delicate 
in vivo oxidants/antioxidants balance, measurement of 
TAC could be proper. High polyunsaturated acid ratio 
in testes and sperm causes the male reproductive sys-
tem to be susceptible to oxidative stress. The collabora-
tion of antioxidant enzymes, SOD, CAT and GSH-Px, 
in cleansing ROS causes a protection of tissues and 
cells from oxidants’ harmful effects. So, even minor 
changes in normal contents of the mentioned enzymes 
could result in susceptibility of biomolecules to oxida-
tive damages and so disturbances in the defense shield 
of the body (15). In this study, aspartame could reduce 
the levels of CAT, SOD and TAC in high-dose group 
which is supported by earlier reports (1, 11). In the de-
fense against oxidative damages, GSH-Px has an impor-
tant role by using glutathione as the reducing substrate 
and through catalyzing the reduction in a variety of hy-
droperoxides (15). We observed that administration of 
aspartame to mice for 90 days could dose-dependently 
reduce GSH-Px activity which is compatible with some 
earlier reports showing the ability of aspartame in reduc-
tion of GSH-Px through possessing oxidizing power (1, 
11). Receiving aspartame and then increased levels of 
methanol and creation of formaldehyde could induce the 
formation of superoxide anion and hydrogen peroxide 
which can cause damage to the mitochondrial membrane 
and by inducing lipid peroxidation, could induce dam-
age to the cell membranes (13). Increased levels of NO 
and MDA in the mice receiving aspartame were shown 
in some earlier reports (1, 11, 13), which are consistent 
with the results of medium- and high-dose aspartame but 
not the low dose, in this study.

Under different stress conditions, Hsp70-2 plays an 
important role in homeostasis although under physi-
ological conditions, it is usually involved in assem-
bling intracytoplasmic proteins. Also, biosynthesis of 
Hsp70-2 protein could be directly changed depending 
on the free radicals generation ratio in testicular tissue 

and depending on androgen withdrawal, it might be al-
tered indirectly. In our study, immunohistochemical and 
semi-quantitative RT-PCR assessment indicated that in 
low-dose aspartame-exposed animals, the expression of 
Hsp70-2 increased against the control group. However, 
medium- and high-dose aspartame-treated animals re-
vealed significantly reduced expression of Hsp70-2 both 
at immunohistochemical and mRNA levels. To better 
understand the molecular changes at Hsp70-2 level, one 
should note that Hsp70-2 protein is a stress responder, 
and based on the intensity of the stress, it exerts home-
ostatic role. Therefore, in case of increasing stressors, 
based on its protein nature, Hsp70-2 can be peroxidated. 
Taking together, minding the increased Hsp70-2 expres-
sion in low-dose group, we can suggest that it exerted 
a homoeostatic characteristic, and based on its reduc-
tion in medium- and high-dose aspartame-administered 
groups, it can be concluded that due to increasing impact 
of stressors, pre-existing and newly synthetized Hsp70-2 
proteins were peroxidated and the immunohistochemi-
cal technique failed to detect the protein. Concerning 
mRNA content, it is well-established that free radicals 
degenerate the DNA and mRNA backbones. There-
fore, it is possible to suggest that due to the increasing 
amount of stressors, the DNA and mRNA contents of 
the cell were attacked and through this mechanism, the 
RT-PCR analysis showed diminished Hsp70-2 mRNA 
(29). Based on the obtained results, it could be deduced 
that with low-dose aspartame-induced NOS/ROS stress 
and androgen depletion or lower stress, in order to con-
trol the stress-induced derangements in testicular tissue, 
the over expression of Hsp70-2 happened. Nevertheless, 
the mechanisms of aspartame action at higher doses, 
were different. In fact, Hsp70-2 and different stimulant 
agents, such as NO, free radicals and superoxide affect 
the cellular protein structures adversely (30). Also, it 
could be concluded that significant reductions in total 
RNA and protein levels besides decreasing biosynthe-
sis and mRNA levels of Hsp70-2, could prove that in 
the animals receiving high-dose aspartame, its alone-
induced damage in association with ROS/NOS-induced 
impairments could result in such damages to Hsp70-2 
at the protein and RNA levels. In a study, it was shown 
that lacking Hsp70-2 in spermatocytes, caused interrup-
tion in their meiosis and they were deleted by apoptosis 
subsequently (29). So, it might be suggested that severe 
damages which were observed at spermatocyte cell 
levels (marked with diminished Johnsen’s criteria), in-
duced by the aspartame were induced through affecting 
the expression and/or biosynthesis of Hsp70-2. Besides, 
expression of Hsp70-2 and its function are altered dur-
ing late stages of spermiogenesis process and it could 
be associated with spermatid-specific-DNA-packing 
proteins. In fact, synthesis of protamines 1 and 2 and 
DNA-packing transition proteins 1 and 2, often depends 
on Hsp70-2 chaperones expression (29, 31). They could 
provide cytoprotection against a great number of stress-
ors and stress hormones, including corticosterone and 
protect cells from stress or harmful conditions (32). 
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While Hsps are considered regulators of apoptosis, be-
cause of this fact that the oxygen radical induced syn-
thesis of stress proteins could result in oxidative stress 
tolerance, it seems that Hsp plays a role in protecting 
of the oxyradical-induced changes (33). Based on the 
obtained results, it might be concluded that the reduc-
tion induced by aspartame during spermatogenesis could 
be due to induction of apoptosis in spermatogenic germ 
cells. These results confirm apoptotic effects of aspar-
tame, which were reported in earlier studies (7, 12, 29).

In several studies, assessment of histomorphometric 
parameters of testicular tissue is considered an appropri-
ate approach for evaluating the extent of damage to this 
organ (15, 16). Aspartame and its metabolites such as 
formaldehyde, appear to change the histomorphometric 
parameters of testicular tissue through inducing oxida-
tive stresses (13, 34). In this study, aspartame caused a 
decrease in histomorphometric parameters of testicular 
tissue in medium- and high-dose aspartame. In this re-
gard, and in confirmation of the findings of this study, 
recent investigations also showed that aspartame and 
formaldehyde could induce a reduction in the Johnsen’s 
criteria, the diameter of the seminiferous tubules, the 
height of germinal epithelium and the number of Leydig 
and Sertoli cells (15, 35, 36).

The alkaline phosphatase enzyme plays an important 
role in cellular processes. Cell membrane damage results 
in the release of this enzyme in the cell and ultimately, in 
the serum. Thus, alkaline phosphatase enzyme measure-
ment is used as an indicator for testicular tissue changes 
(37). Consistent with some earlier reports, in this study, 
dose dependent aspartame intake could increase the 
amount of alkaline phosphatase enzyme in testis tissue 
sections. Under healthy conditions, spermatogenesis se-
ries cells on the basal lamina of seminiferous tubules, 
possess carbohydrate sources, while the cells near the 
luminal space of the seminiferous tubules use lipids for 
their metabolism. In cases where the metabolic cycle is 
impaired, subsequently, cell metabolism also changes. 
In these circumstances, the cells use other food sources 
in the environment for metabolism. The results of this 
study showed that in testicular tissue of the mice receiv-
ing aspartame, PAS reaction (carbohydrate particles) de-
creases in Leydig cells and spermatogenesis series cells. 
These results indicate an imbalance in the metabolism 
of testicular tissue cells under the influence of aspar-
tame which is consistent with other investigations in this 
field. In Sudan black B staining, in the present study, 
plenty of dense and dark granules were observed in the 
cytoplasm of Leydig cells, Sertoli cells and spermato-
genesis series cells especially in medium- and high-dose 
aspartame groups. Presence of dark brown granules in 
the cytoplasm of Leydig and Sertoli cell adjacent to 
the basement membrane of the atrophied seminiferous 
tubules, were more obvious in Sudan black B stain-
ing which is compatible with some other studies (37, 
38). Collagen fibers are studied by Masson's trichrome 
staining in various tissues; this study also showed that 

in the control group, testicular capsule had the lowest 
density of collagen fibers and the lamina propria in the 
vicinity of seminiferous tubules, showed some bundles 
of collagen fibers as a blue layer. The amount of these 
collagen strands in lamina properia of seminiferous tu-
bules did not show any obvious changes in aspartame-
received groups, compared to the control group. Nev-
ertheless, earlier studies indicated that formaldehyde 
increased the amount of collagen fibers in rats testicular 
tissue (34, 39). The effects of aspartame consumption 
result in excessive free radicals (ROS/RNS) production 
through different ways. The sperm abnormalities oc-
curring due to induction of oxidative stress could affect 
different features of the involved cells. Consumption of 
aspartame affects the mitochondrial membrane integrity 
and leads to oxidative stress. Also, aspartame could in-
duce some cellular disorders such as a reduction in their 
distribution as well as decrease in Hsp70-2 expression, 
damage to the cellular protein, severe damage to DNA 
and homeostasis contents including chaperones that in 
turn leads to severe oxidative stress. Aspartame, affects 
the Leydig cells, which induces a considerable decrease 
in testosterone level, and consequent dysfunction of Ser-
toli cells through impairing their physiological activities 
leading to oxidative stress, by increasing cellular apop-
tosis. Finally, all of the mentioned pathways will result 
in; increasing damage to sperm DNA, reducing sperm 
motility and viability and also impairing chromatin con-
densation (Fig.S2, See Supplementary Online Informa-
tion at www.ijfs.ir).

Conclusion

The findings of this study suggest that aspartame 
due to increased production of free radicals, induction 
of oxidative stresses and weakening the antioxidant 
defense system, could induce some disorders related to 
histomorphometric and serum parameters, increasing 
oxidative and nitrosative stress and down-regulating 
chaperone Hsp70-2 expression/biosynthesis, sperm 
quality and histochemical changes in medium- and 
highdose groups of mice. However, the results of the low-
dose aspartame did not significantly differ from the control 
group's results and did not show any damages observed 
in the two other groups. Nonetheless, confirmation of 
the toxicity of aspartame in male reproductive system 
requires more extensive experimental studies, as well as 
clinical trials.
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Abstract 
Background: The present study has been designed with the aim of evaluating A-kinase anchoring proteins 3 (AKAP3)
and Procollagen-Lysine, 2-Oxoglutarate 5-Dioxygenase 3 (PLOD3) gene mutations and prediction of 3D protein
structure for ligand binding activity in the cases of non-obstructive azoospermic male.

Materials and Methods: Clinically diagnosed cases of non-obstructive azoospermia (n=111) with age matched con-
trols (n=42) were included in the present case-control study for genetics analysis and confirmation of diagnosis. The 
sample size was calculated using Epi info software version 6 with 90 power and 95% confidence interval. Genomic 
DNA was isolated from blood (2.0 ml) and a selected case was used for whole exome sequencing (WES) using Il-
lumina Hiseq for identification of the genes. Bioinformatic tools were used for decode the amino acid sequence from 
biological database (www.ncbi.nlm.nih.gov/protein). 3D protein structure of AKAP3 and PLOD3 genes was predicted 
using I-TASSER server and binding energy was calculated by Ramachandran plot.

Results: Present study revealed the mutation of AKAP3 gene, showing frameshift mutation at rs67512580 (ACT → -CT) 
and loss of adenine in homozygous condition, where, leucine changed into serine. Similarly, PLOD3 gene shows missense 
mutation in heterozygous condition due to loss of guanine in the sequence AGG→A-G and it is responsible for the change 
in post-translational event of amino acid where arginine change into lysine. 3D structure shows 8 and 4 pockets binding 
site in AKAP3 and PLOD3 gene encoded proteins with MTX respectively, but only one site bound to the receptor with less 
binding energy representing efficient model of protein structure.

Conclusion: These genetic variations are responsible for alteration of translational events of amino acid sequences, 
leading to protein synthesis change following alteration in the predicted 3D structure and functions during spermiogen-
esis, which might be a causative “risk” factor for male infertility.
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Introduction

Globally, infertility is a serious problem in the world, 
which affects more than 15% of the couples amounting 
to 48.5 million people. The genetic landscape of male 
infertility is extremely heterogeneous due to molecular 
interactions that exist between primary spermatocytes, 
spermatids and finally sperm. More than 2000 genes work 
together in synchronous way to form single mature and 
healthy sperm under highly complex procedure -spermat-
ogenesis. Amongst more than 15% of infertile popula-
tions, males alone contribute to 20-30% cases of infertil-
ity. It has been suggested by various studies that genetic 
mutations are responsible for dysregulation of spermato-
genesis leading to male infertility (1-3). The highest fre-
quency (25%) was observed in the nonobstructive azoo-
spermic category. Simultaneously, the other anomalies 

were also evaluated on the basis of semen analysis in the 
cases of oligozoospermia (4). The cellular morphogenetic 
events undergo drastic changes including chromatin con-
densation, acrosome formation and maturation of sperm 
tail (5). Whole exome sequencing (WES) is one of the 
most sensitive and powerful technique to generate muta-
tional spectra of unidentified gene(s) and their regulation 
in disease condition such as infertility. DNA sequencing 
analysis help identify nucleotide changes such as inser-
tion, deletion or frameshift/non-frameshift mutation that 
alters post-translational event resulting in modifications 
in proteins structure and function. They might interfere 
in the process of spermatogenesis relevant role in male 
infertility. Identifying such changes might help determine 
the causative factors involved in unexplained infertility. 
Our candidate genes namely A-kinase anchoring pro-
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teins 3 (AKAP3) and Procollagen-Lysine, 2-Oxoglutarate 
5-Dioxygenase 3 (PLOD3) were collected from the af-
fected “gene pool” of infertile cases after whole genome 
sequencing and predicted 3D model protein structure for 
ligand binding receptor site.

In human, investigations showed several isoforms of 
AKAP gene family express in testicular tissue, among them 
sperm-specific AKAP3 were found to localize in the sperm 
tail and regulate sperm motility. The main functions of 
AKAPs are to modulate protein kinase A (PKA) signalling, 
during germ cell proliferation and further development of 
the gamete. In vitro studies suggested that AKAP3 interacts 
with other isoforms of AKAPs and plays an important role 
during assembly of fibrous sheath and spermatid morpho-
genesis (6). However, the roles of AKAP3 gene expression 
to modulate PKA functions are still confusing due to the 
lack of define structure during spermiogenesis. In vitro 
studies on protein interaction indicated that AKAP3 gene 
has been associated with numerous signalling proteins, like 
PDE4A, Ga13 and Ropporin, which participate in the regu-
lation of sperm motility (7, 8).

Similarly, PLOD3 gene plays an important role in sper-
matogenesis and mutation in this gene has been associ-
ated with connective tissue disorder and congenital mal-
formations (6). PLOD3 gene encodes Lysyl hydroxylase 
3 (LH3), as an enzyme with multiple functions that leads 
to hydroxylation of lysyl residues and O-glycosylation of 
hydroxylysyl. Such reactions leads to production of mono-
saccharide or disaccharide derivatives that play role in post 
translational modifications involved in collagen biosyn-
thesis. Previous studies have suggested the significance of 
PLOD3 gene in biosynthesis of glycosylated type IV and 
VI collagens required for normal formation of basement 
membranes, however, the functional role of this enzyme is 
not clear yet (7). In testis, Sertoli cells and germ cells are 
in close contact with the basement membrane which is a 
modified form of extracellular matrix (ECM). These cells 
are relaxed on the basement membrane of the seminifer-
ous tubule for hormonal supports at different stages of the 
seminiferous epithelial cycle. However, the role of ECM is 
poorly understood in regulating spermatogenesis (9).

There is lack of information in the literatures, regarding 
the AKAP3 and PLOD3 genes, their structural and func-
tional interaction on the proliferating germ cells during 
translational events and how to play a significant role in 
reproductive dysfunction. However, WES data analysis 
confirms the mutation types in male infertility. Therefore, 
this study is quite important to understand the molecular 
pathogenesis of pre- and post-translational events dur-
ing spermiogenesis, in addition to help predict 3D model 
structure of protein after bioinformatics tools like mo-
lecular docking to methotrexate with respect to controls. 
Hence, the present study explores knowledge of function-
al genomics in reproductive medicine.

Materials and Methods

The present study has been performed in clinically di-

agnosed patients (n=111) of non-obstructive azoospermia 
(NOA) classified after semen analysis, according to WHO 
guidelines (2010) with respect to the age matched con-
trols (n=42) (3). Inclusion criteria for present study is that 
none of them had any history of childhood disease, radia-
tion exposure or prescription of continuation of drug and 
the median age of patients was 35.4 years old (age group 
range 21-45 years). The sample size was calculated using 
Epi info software version 6 with 90 power and 95% confi-
dence interval (CI), with alpha error 0.05%; beta 0.02 tak-
ing into account the normal population have prevalence of 
gene mutation in male infertile cases that varies from 1.0 
to 3.5%. This study was further extended in the case of 
NOA to identify further “novel” mutations. The genetics 
analyses were carried out in the Department of Patholo-
gy/Lab Medicine, All India Institute of Medical Sciences, 
Patna. Blood samples (2.0 ml) were collected from the 
proband after written informed consent, and the study was 
approved by the Institutional Ethical Committee (IEC) 
(code: dean/2008-09/384). The bioinformatics tool were 
used for the prediction of 3D protein helical structure and 
their functional binding site to the ligand (drug) with cal-
culated energy using docking (server) system.

Identification of AKAP3 and PLOD3 genes from whole 
exome sequencing

Genomic DNA was isolated from the clinically diag-
nosed cases of male infertility for characterization of 
Y-chromosome microdeletion using STS markers (3). 
A selected case was used for further characterization of 
small insertions/deletions (In/Dels) and single nucleo-
tide variants (SNVs) using WES by Illumina Hiseq 2000 
(Illumina, USA). These variants were further character-
ized using filters covering position of the gene variants 
excluded non-coding and repetitive regions (10). The in-
formation of AKAP3 and PLOD3 genes and translational 
events were further verified on the basis of availability 
of sequence database (https://www.ncbi.nlm.nih.gov/pro-
tein). Hence, prediction of 3D structure of AKAP3 gene 
becomes quite relevant as it is not available in the struc-
tural database (https://www.rcsb.org/). Similarly, PLOD3 
protein 3D structure was further predicted on the basis 
of sequencing data for remodelling of chromatin during 
spermiogenesis into ligand binding sites to explore the 
pathogenesis of infertility.

Homology modelling of 3D structure
I-TASSER (Iterative Threading ASSEmbly Refinement) 

is used to evaluate the structure and function of protein, 
after prediction in scientific research based on state of the-
art of algorithms (11). First structural template is iden-
tified by using local meta threading server (LOMETS) 
from the construction of full-length atomic models and 
iterative template-based fragment assembly from protein 
data bank (PDB). I-TASSER have five models for predic-
tion of large clusters of protein structure. For prediction 
of protein structure, in each model C-score is calculated 
(-1.19) on the basis of significance of alignment and con-
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vergence parameters. Higher value of C-score range (-5 to 
2) signify the best structure of protein. Structural similar-
ity is calculated by template modelling score (TM; 0.57 
± 0.15) between query and template protein using root 
mean square deviation (RMSD; 11.4 ± 4.5Å0) between 
amino acid residues and protein length following the cor-
relation observed between these qualities to improve the 
predicted 3D model (12,13).

Identification of the binding site of 3D model structure
The ligand binding sites are active site of enzyme dur-

ing assembly of protein structure and become relevant 
to explore the functional interaction to other molecule. 
During structural analysis, the strategy was initiated with 
identification of the target molecule to ligand binding 
sites (pocket) including donors and acceptors of potential 
hydrogen bond that are hydrophobic in nature. In protein 
structure, there are well accepted target bind sites to li-
gand which are highly specific in different disease con-
ditions. Prediction of 3D protein structure is developed 
from the sensitive template library (http://raptorx.uchi-
cago.edu/ bindingsite/) and arranged the target sequence 
based on neural networking (https://playmolecule.org/
deepsite/) (14-16).

Selection of methotrexate as ligand binding molecule
Activity of methotrexate (MTX), as an antagonist of 

folate that inhibits tetrahydrofolate dehydrogenase en-
zyme, is essential for DNA synthesis (https://www. drug-
bank.ca/drugs/DB00563). Selection of MTX has been de-
veloped not only due to the commonly used as an antineo-
plastic agent for the management of malignancy, but also 
used as an immunosuppressive drug. MTX is highly toxic 
in nature and entered into the S-phase of cell-cycle af-
fecting rapidly dividing cells, which leads to inhibit DNA 
replication followed by cell-death (17). The present study 
becomes relevant as it proposes an approach to reduce the 
cellular toxicity by structural remodelling of ligand bind-
ing sites during gene-protein or drug-protein interaction 
in rapid dividing cells e.g. germ cells. 

Molecular docking of AKAP3 and PLOD3 protein
The iGEMDOCK v2.1 software (BioXGEM Lab, Tai-

wan) was used for evaluation of protein structural and 
functional activities, based on algorithm and scoring ef-
ficiency between standalone. iGEMDOCK v2.1 is an in-
tegrated software used for structural analysis and phar-
macological interaction with the corresponding ligand 
molecules. Findings of the software showed interaction 
of the biological active compounds involved in biologi-
cal mechanisms. This software has embedded statistical 
application for calculation of minimum energy to binding 
sites. It automatically generates pharmacological interac-
tion and calculates the preference between hydrogen at-
oms and ligand binding site with the help of compound 
library. Furthermore, RasMol (visualization tool for pro-
tein-ligand interactions) displays interactions with con-

served residues of amino acid and the functional groups 
of compound. Thus, iGEMDOCK provides an interactive 
boundary for visualizing the active compound by com-
bining the pharmacological interactions in the energy-
based scoring function (18). The visualization properties 
(analyses) inside the helical structure of protein to the li-
gand binding sites (enlarge view) are concluded by using 
UCSF Chimera technique (19).

Statistical Analysis
Chi square (x2) test (two-tailed) was applied to find out 

significant differences (P values) between the infertile 
cases and controls.

Results
In our recent study, we identified that deletion fre-

quency of AZFa region is 1.0%, while AZFb and AZFc 
regions respectively showed 6% and 19% in non-obstet-
ric azoospermic cases. We further extended our study to 
identify novel gene mutations followed by bioinformatics 
analysis in the cases of NOA. In the present study our 
candidate genes, AKAP3 and PLOD3 were selected after 
sequencing analysis and these mutations further charac-
terized translational event after using bioinformatics tools 
in the case of infertility. Figures 1 A and B show loca-
tion of AKAP3 gene mapped on chromosome 12p13.3 
(variant table NC_000012.12) with the loss of adenine 
resulting in modifications of translation process of amino 
acid (i.e. leucine change into serine) due to “frameshift 
mutation” at rs67512580 (ACT → -CT) in homozygous 
condition. Similarly, PLOD3 gene locus is on chromo-
some 11p13.4 (variant table GCF_000001405.39) show-
ing “missense mutation” at rs536496296 in heterozygous 
condition, where the nucleotide ‘G’ is missed in sequence 
AGG→A-G. This results in changes in translational event 
of spermiogenesis (i.e. amino acid arginine is changed 
into lysine). PLOD3 gene mapped on chromosome 11, 
showing “missense mutation”, where, guanine is changed 
into adenine (G → A), followed by changes in the amino 
acid arginine into lysine. 

Due to the lack of normal structure for AKAP3 protein 
in the structural data bank, iTASSER server was used for 
protein homology modelling using 6BFIA.pdb as a tem-
plate. Similarly, PLOD3 normal protein structure predic-
tion was based on 3E0J.pdb template as shown in supple-
mentary Figures  1A and B. The predicted 3D modelled of 
targeted protein showed different binding sites to α-chain 
and β-sheets (magenta). This also reveals eight and four 
pocket binding pocket (golden) as predicted in Figures 2 
A and B for both of the AKAP3 and PLOD3 proteins, 
respectively. Table 1 shows molecular docking between 
normal and mutated protein with MTX as shown to the 
active binding sites with their residues through VDW and 
H-bonding, with one active site (represented in bold let-
ter) which gives significant binding site to the receptor 
and inhibits unbalanced functions of the protein molecule. 
The gene coded 3D modelled protein structure and their 
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binding energy with favoured regions lies in phi (Φ) and 
psi (Ψ), which further confirms active stability of residue 
after construction of Ramachandran plot, as shown in Fig-
ures 3.A and B for AKAP3 and PLOD3 proteins, respec-
tively. Molecular docking was done using iGEMDOCK 
to study the protein drug interaction. Interestingly, free 
binding energy in the mutated protein structure of AKAP3 
and PLOD3 with MTX was between 0 to -10 Kcal/mol, 
showing significant binding energy whereas the normal 
protein structures of AKAP3 and PLOD3 showed low 
free binding energy of -85.33 Kcal/mol and -132.5 Kcal/
mol respectively. This indicates weak binding efficiency 

between normal protein structures and MTX, as depicted 
in Table 1. Furthermore, findings of iGEMDOCK re-
vealed less binding energy (-10.03 and -8.40), VDW (Van 
der Waals forces) (-21.89 and -23.07), H-bond (-12.82 
and -23.07), and Z-Score (4.07 and 3.10) were required to 
bind both mutated protein and ligand molecule. Although, 
less binding energy represent good potential to develop 
3D structure based on drug designing and reduced muta-
genic properties of AKAP3 and PLOD3 gene coded pro-
tein. Figures 4.A and B showed binding sites of MTX into 
the target protein and interaction with altered amino acid 
residues.

Table 1: Comparison of sperm parameters (± SD) between the experimental groups after frozen-thawed and treatment with 10 μg/ml Calligonum (CGM)
extract and LIPUS (pulsed mode and continues wave)

Docking
Compound

Binding Sites (BS) Binding Site
(Residues & Position)

Residues Binding
Energy (kj/mol-1)

-19.63vdm H-bond Z-Score

AKAP3 Normal Protein 
Structure with MTX Binding

BS M286 T287
A289 K324
Y288 D290

-85.33* -65.61 -19.72 1.645

AKAP3 Mutated Protein 
Structure with MTX Binding

BS 1 K429 L430
E442 E443
T444 C445
E451 D521
S522 W523
A524 S760
N761 N763
L764 T765
D766 T767
G794

-10.03* -21.89 -12.82 4.07

BS 2 D697 D698
S704 R705
D698 D702
A703 S704
P792

+8.13 -18.22 -6.82 6.09

BS 3 E123 S150
H342 S343
T345

+12.35 -10.48 -16.70 3.15

BS 4 S343 M349
T350

+17.65 -17.33 -14.81 8.19

BS 5 E671 +28.12 -30.75 -11.07 2.27

BS 6 T444 C445
A446

+81.35 -09.34 -9.56 7.48

BS 7 Y435 E614
P615 K616

+72.58 -32.59 -19.32 5.67

BS 8 F246 N250
S280 V281
I285 L378
Y382

+48.42 -45.63 -36.63 9.43

PLOD3 Normal Protein 
Structure with MTX Binding

BS T50 T305
P307 P379
D380 T381
T390 D391
F393

-132.5* -92.8 -39.76 1.650

PLOD3 Mutated Protein 
Structure with MTX Binding

BS 1 K38 S97
I98 H99
Y101

-8.40* -23.07 -18.15 3.10

BS 2 V34 N35
K38 Q39
Y42

-01.46 -11.25 -15.09 2.15

BS 3 V77 +20.38 -17.49 -12.27 4.01
BS 4 V34 N35

A134
+67.42 -19.63 -15.32 1.15

*; Standard molecular docking binding energy ranges from 0.0 to - 10.0 in mutated protein showing significant interaction with drug (MTX). MTX; Methotrexate , and VDW; Van der 
waals forces.
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Fig. 1: Gene mapping-chromosomal location. Cytogenetic location and mutational site of the A. AKAP3 and B. PLOD3 genes mapped on chromosomes 
12p13.32 and 11q13.4, respectively (https://www.ncbi.nlm.nih.gov/genome/tools/gdp).

Fig. 2: 3-D protein structure of AKAP3 and PLOD3 genes. Illustration of the modelled 3D structure and available target protein of different binding sites 
with α-chain and β-sheets (magenta), binding pocket (golden) and surface structure visualization (grey) of A. AKAP3 and B. PLOD3 protein structure bind-
ing sites are represented by arrow (→).
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Fig. 3: Ramachandran plot. Homology modelled structure between A. AKAP3 and B. PLOD3 gene coded proteins, supported by Ramachandran plot.

Fig. 4: MTX binding with AKAP3 and PLOD3 protein structures. Structure showing the binding site with MTX molecule superimposed on target protein. 
Structure models of A. AKAP3 and B. PLOD3 are showed in enlarged view as visualized by UCSF chimera.
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Discussion

The present study explores acquaintance between 
changes of nucleotides (frameshift and non-frameshift 
mutation) in AKAP3 and PLOD3 gene and their tran-
scriptional events (amino acids) in the cases of infertil-
ity. Human spermatogenesis is highly sensitive process 
that involves complex interactions between genetic and 
environmental factors. Such pathways regulate prolif-
eration and differentiation of germ cells (spermatocytes, 
spermatids, sperm) and Sertoli cells inside the seminif-
erous tubules of testes. WES is one of the most pow-
erful and sensitive techniques utilized for identification 
of new mutations in genome. Bioinformatics tools play 
a significant role in structural designing and modelling 
of drugprotein interactions based on pharmacogenom-
ics and personalized medicine. Earlier study, based on 
WES and bioinformatics analysis gives new insight into 
discovery of gene(s) and disease(s). Additionally, role 
of single nucleotide polymorphism (SNP) mutations, 
such as In/Del, were identified using the ensemble da-
tabase (https://www.ensembl.org/Multi/Search/ Results 
q=snp;site=ensembl_all) during germ cell differentia-
tion and proliferation in spermatogenesis (10). 

With the help of bioinformatics tools, we are able to 
trace our finding in various biological databases across 
the countries. However, there is lack of AKAP3 protein 
3D structure availability in structural database (Protein 
Data Bank) (https://www.rcsb.org). Here, we used vir-
tual protein modelling iTASSER server based on the 
principle of X-ray crystallography and Nuclear Magnet-
ic Resonance. Hence modelling 3D structure of the mu-
tated AKAP3 gene coded protein with the help iTASSER 
online server and predicted the model. There are several 
available computational procedures for determination 
of protein structure in homologous modelling, but using 
this model we could perform the most accurate structural 
and functional predictions based on the algorithms (11). 
It firstly identified structural templates from the PDB 
and compared template-target based modelling (TTBM) 
with powered detection and alignment accuracy. With no 
doubt, another TTBM has become an extremely useful 
approach for the prediction of protein complex struc-
ture based on BLAST alignment methods. Prediction 
of 3D protein structure based on AKAP3 and PLOD3 
gene sequences provide knowledge of structural and 
functional activities of the encoded protein compared to 
the normal protein. Ligand binding with specific active 
sites has been predicted with MTX, which is known to 
interfere with spermatogenesis. AKAP3 gene plays sig-
nificant role in sperm motility after stimulating effect of 
bicarbonate, which activates soluble adenylyl cyclase 
followed by triggering signalling cascade of tyrosine 
phosphorylation. AKAP3 activates PI3K/Akt pathway, 
and leucine influences sperm motility. But in the present 
study, leucine change into serine might be one of the 
causative factors for infertility by interfering motility of 
sperm during process of fertilization (21). Another rel-
evant PLOD3 gene associated to infertility is a member 

of family of lysyl hydroxylase that catalyses hydroxyla-
tion of proline and lysine at the time of collagen synthe-
sis. Collagen, as a major component of the ECM, plays 
an essential role in embryo implantation (22). Similarly, 
PLOD3 gene mutation might interfere with translation-
al event due to the change of arginine into lysine and 
failing catalysis of hydroxylation event during collagen 
synthesis, resulting in alteration of sperm function. Pre-
viously it was reported that oral supplement of arginine 
enhanced sperm count and motility in the majority of 
oligospermia cases and prevented infertility (23).

Interestingly, the bioinformatics tools using molecu-
lar docking studies help explore the structural (integrity) 
and functional prediction of protein structure to ligand 
binding sites affecting sperm morphology during sper-
miogenesis. However, it is not clear how the gene(s) in-
teract with protein and protein interact with the ligand 
(drug), like methotrexate which known to function dur-
ing germ cell proliferation and modify defined 3D struc-
ture followed by loss of function. Drugs bind to protein 
and specific binding target sites where they are firstly 
absorbed, secondly transported and finally distributed to 
their respective sites, if not mutated. Using iGEMDOCK 
v2.1, ligand binding site was predicted and based on the 
minimum energy to bind with MTX, the best model was 
chosen as shown in Table 1. Thus, present findings jus-
tify relevance of normal and mutated protein interac-
tions with MTX during prediction of 3D model structure 
(AKAP3 gene) developed and reported for the first time 
in the field of reproductive medicine (Fig. S1 A and B) 
(See Supplementary Online Information at www.ijfs.ir). 
However, our efforts are evolved to predict 3D struc-
ture and their affinities based on the binding energy to 
ligand after penetrance of mutated gene into the genome. 
This increases genetic susceptibility risk of the disease 
either in homozygous or heterozygous condition. WES 
is a highly sensitive and most reliable technique to iden-
tify new gene mutations in clinical samples. However, 
further validations are required to incorporate in large 
sample size, in order to make the study more significant.

Conclusion

The findings of present study are quite interesting, as 
predicted structural and functional activities based on 
genomic alterations and germ cells proliferation during 
spermiogenesis. Such type of study widens the scope of 
developing new derivatives based on pharmacogenomics 
and personalized medicine for the management of infertility.
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Abstract 
Background: Embryo vitrification is a key instrument in assisted reproductive technologies (ARTs). However, there 
is increasing concern that vitrification adversely affects embryo development. This study intends to assess the effect 
of vitrification on developmental competence, in addition to expressions of long non-coding RNA (lncRNA) gene trap 
locus 2 (Gtl2) and its reciprocal imprinted gene delta-like homolog 1 (Dlk1), in mouse blastocysts.

Materials and Methods: In this experimental study, we have designed three experimental groups: control (fresh blas-
tocysts collected from superovulated mice), in vitro fertilization (IVF; blastocysts derived from IVF) and vitrification 
(IVF derived blastocysts subjected to vitrification/warming at the 2-cell stage). Quantitative reverse transcription pol-
ymerase chain reaction (qRT-PCR) was performed to assess the expression levels of Gtl2 and Dlk1 in the blastocysts.

Results: The results showed that vitrification group had significantly lower blastocyst and hatching rates compared to 
the IVF group (P<0.037) and (P<0.041), respectively. Gtl2 was down-regulated and Dlk1 was up-regulated following 
the IVF and vitrification (P<0.05).

Conclusion: These results suggested that IVF and vitrification disturbed genomic imprinting and lncRNA gene expres-
sions, which might affect the health of IVF children.
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Introduction

Embryo cryopreservation, an important component of as-
sisted reproductive technologies (ARTs), has considerably 
improved the clinical results of this technology (1). Vitrifica-
tion and slow freezing are two routine methods for embryo 
cryopreservation. Vitrification is routinely used in ART clin-
ics because of its higher survival rate post-warming, in addi-
tion to its simple and inexpensive technique in comparison 
with slow freezing. However, it is still not known whether 
vitrification affects the health of adults who were conceived 
by ART, with respect to the cytotoxicity of high concentra-
tions of cryoprotectants used for vitrification and stresses 
from high cooling and warming rates (2).

Long non-coding RNAs (lncRNAs) are transcripts with 
more than 200 up to several thousand nucleotides. Although 
most of these molecules do not have protein coding capacity, 
some of them code small peptides of less than 100 amino-
acids (3). It is anticipated that thousands of lncRNAs exist in 
the mammalian transcriptome and, until now, nearly 15000 
human lncRNAs have been characterized (4, 5). 

lncRNAs have important regulatory roles in many cel-
lular processes such as gene expression, imprinting, cyto-
plasmic scaffolds and intracellular trafficking. They affect 
cell function during development and differentiation (4, 
6). In addition, correlated with the expression of pluripo-
tency markers, lncRNAs play role in the embryonic stem 
cell regulatory (5). lncRNAs are involved in the numer-
ous pathological conditions, including oncogenesis (4). 
On the other hand, a regulatory epigenetic mechanism 
(genomic imprinting) causes asymmetric parental allele 
expressions in a series of mammalian genes (7, 8). In im-
printing genes, one of the parental alleles is expressed 
whereas another allele is methylated and silenced. Dis-
ruption in genomic imprinting results in pathological con-
ditions such as Beckwith-Wiedemann Syndrome (BWS) 
and Angelman Syndrome (AS) (8). Gene trap locus 2 
(Gtl2; approved symbol: Meg3) and delta-like homolog 1 
(Dlk1) are reciprocally imprinted gene located on mouse 
distal chromosome 12. Gtl2 is a chromatin-interacting 
lncRNA expressed from the maternal allele, whereas Dlk1 
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is a paternally expressed gene. The Dlk1/Gtl2 imprinting 
locus has an momentous role in embryonic development 
and growth (9). Previous researches have established that 
epigenetic disruption of this imprinted locus is related to 
facial dysmorphisms, skeletal abnormalities and muscu-
lar hypertrophy. Additionally, loss of imprinting in DLK1/
GTL2 has been reported in pheochromocytoma, neuro-
blastoma and Wilms’ tumour (10-12). 

A review of the literature showed no data that pertained 
to an association between embryo vitrification and lncRNA 
expressions. Thus, considering the importance of Dlk1 and 
Gtl2 in embryo development, we sought to investigate their 
expressions in vitro fertilization (IVF) pre-implanted em-
bryos, embryos subjected to vitrification and warming, and 
fresh blastocysts. Here, we made use of a mouse embryo 
model because of the ethical issues that pertain to research 
on human embryos. 

Materials and Methods

This experimental study, approved by and Ethical 
Committee of Shahid Beheshti University of Medi-
cal Sciences (Tehran, Iran, Ethical permission number: 
IR.SBMU. RETECH.REC.1396.997). All animal exper-
iments were conducted in compliance with the guide-
lines established by this university for the keeping and 
manipulate of laboratory animals.

Materials
All chemicals and reagents were obtained from Sig-

ma Chemical Company (St. Louis, USA) unless other-
wise noted.

Animals
We obtained 6-8 weeks old female and 10-weeks old 

male NMRI mice from Royan Institute (Tehran, Iran) 
to use in this study. The mice were accommodated un-
der the controlled conditions of 12 hours light: 12 hours 
dark photoperiod at room temperature (22 ± 2°C) and 50 
± 10% humidity with ad libitum use of food and water. 
The animals were killed by cervical dislocation. 

Experimental design 
Female mice were superovulated by intraperitoneal (IP) 

injection of 10 IU pregnant mare serum gonadotropin 
(PMSG; Pregnecol®, Australia), followed 48 hours later 
by 10 IU human chorionic gonadotropin (hCG; Pregnyl). 
The experiment was carried out on three treatment groups: 
control, IVF, and vitrification as shown in Figure 1. 

In the control group, after hCG injection, female mice 
were mated with male mice. Successful mating was 
verified by the detection of a vaginal plug, the next day 
morning. Fresh blastocysts were collected from the mice 
uteri by flushing the uterine horns with FHM flushing 
media 94 hours posthCG, according to the previous 
study (13). The blastocysts were used for RNA extrac-
tion and reverse transcription.

Fig.1: Experimental design and IVF; In vitro fertilization, Dlk1; Delta-like 
homolog 1, and Gtl2; Gene trap locus 2.

In the IVF and vitrification groups, we collected the cumu-
lus oocyte complexes containing metaphase II (MII) oocytes 
from the oviduct ampullae 14-16 hours after hCG injection. 
The oocytes were released into FHM medium and then trans-
ferred to 50 μl droplets of human tubal fluid medium (HTF) 
supplemented with 4 mg/ml bovine serum albumin (BSA). 

In vitro fertilization
IVF was performed as formerly explained (14). Sperms were 

collected from the male mice. The cauda epididymides and vas 
deferens were isolated and placed in a petri dish containing pre-
viously equilibrated HTF medium (37°C, 5% CO2 in air). The 
sperms were passively released into the culture by using point-
ed forceps and a razor blade. The suspended sperms were incu-
bated at 37°C for 45 minutes to allow capacitation. Capacitat-
ed motile spermatozoa were added to 50 μl IVF drops to reach  
1 × 106 sperm/ml concentrations. Subsequently, they were in-
cubated in a humidified atmosphere of 5% CO2 in air at 37°C 
under mineral oil for 5-6 hours. Next, the in vitro-derived 
zygotes were washed in FHM medium and cultured in po-
tassium simplex optimized medium (KSOM) supplemented 
with 4% BSA under the same conditions to allow for further 
development. After 24 hours, we divided the 2-cell embryos 
into two groups. In the IVF group, the embryos were main-
tained in KSOM for 72 hours until the blastocyst stage. In the 
vitrification group, the 2-cell embryos were vitrified/warmed 
and then cultured under the same conditions as the IVF group, 
for 72 hours, to reach the blastocyst stage. Finally, the rates of 
development at the 4-cell, 8-cell, morula and blastocyst stages 
were assessed in both groups. The blastocysts were used for 
RNA extraction and reverse transcription. 

Vitrification and warming 
In the vitrification group, the 2-cell embryos were vitri-

fied by the cryotop method with Kitazato Vitrification Kit 
(Kitazato Biopharmaceuticals, Japan), as previously de-
scribed (15). Briefly, embryos were equilibrated in equili-
bration solution (ES) with 7.5% (v/v) ethylene glycol (EG) 
and 7.5% (v/v) dimethyl sulfoxide (DMSO). After 3 min-
utes, the embryos were exposed to the vitrification solution 
(VS) containing 15% (v/v) EG, 15% (v/v) DMSO and 0.5 
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mol/l sucrose for less than 1 minute. Next, 3-5 embryos 
with minimal VS were loaded onto the inner surface of 
the cryotop and immediately submerged in liquid nitrogen 
(LN2), followed by capping and storing in LN2 for up to 
2 weeks. Vitrification processes were carried out at room 
temperature. For warming, the embryos were exposed to 
decrease concentrations of sucrose on a 37°C hot plate, as 
follows: 0.5 M sucrose for 1 minute, 0.25 M sucrose for 3 
minute and 0.125 M sucrose for 5 minute. Finally, the em-
bryos were placed for 3 minute in a 0 M washing solution 
and they were assessed for survival by observing the in-
tactness of zona pellucida and blastomeres. The surviving 
2-cell embryos were cultured in KSOM medium in an in-
cubator at 37°C and 6% CO2 to allow further development 
to the blastocyst stage. All media used for warming were 
incubated at 37°C for 30 minutes before warming.

RNA extraction and complementary DNA synthesis
RNA extraction, complementary DNA (cDNA) syn-

thesis, and quantitative reverse-transcription PCR (qRT-
PCR) analysis were carried out according to the previous 
study protocols (16). Briefly, two blastocysts in each rep-
licate of each experiment were pipetted into microtubes 
containing 1.5 μl lysis buffer. We added 5 μl nuclease-
free water and 2 μl random hexamer to each sample and 
then placed the samples in a BioRad thermocycler for 5 
minutes at 75°C. Immediately afterwards, the microtubes 
that contained the reaction product were placed on ice, 
followed by the addition of 5x RT buffer, 200 u RT en-
zyme, 10 mM dNTP, and 10 U RNase inhibitor to each 
reaction for cDNA synthesis. Reverse transcription (RT) 
reaction was performed in the thermocycler with the fol-
lowing amplification program: 25°C for 10 minutes, 37°C 
for 15 minutes, 42°C for 45 minutes and 72°C for 10 min-
utes. The samples were left at 4°C overnight. PCR mix-
ture, consisted of 5 μl Master Mix (Taq DNA Polymerase 
Mix Red-MgCl; Amplicon, Denmark), 3 μl nuclease-free 
water, 1 μl cDNA, and 1 μl specific primer (Table 1) was 
added to each PCR microtube to amplify cDNA product. 
The endogenous control (β2m) and the investigated genes 
were amplified according to the following PCR cycle: 
94°C for 3 minues (denaturation), 94°C for 30 seconds 
(denaturation), 60°Cfor 45 seconds (annealing) and 72°C 
for 45 seconds (extension), followed by 40 cycles. A final 
elongation step was carried out at 72°C for 10 minutes. 
The amplification products were loaded and run alongside 
a DNA ladder on a 2% agarose gel in TAE and, after 25 
minutes, they were observed under short-wave UV.

Quantitative reverse transcription PCR (qRT-PCR)
analysis

qRT-PCR was executed to evaluate the amount of Dlk1 
and Gtl2 expressions by using a Rotor Gene Q instrument 
(Qiagen, USA). Table 1 lists the primer sequences applied 
for qRT-PCR. qRT-PCR reaction were conducted in a total 
volume of 13 μl reaction containing 1 μM of each primer 
for the indicated genes and 1 μM of the synthesized cDNA 
based on the manual for the DNA Master SYBR Green 1 
mix (Roche Applied Sciences, Germany). Cycling program 
for the RT-PCR was as follows: 2 minutes at 95°C, and 40 
cycles of 5 seconds at 95°C, 30 seconds at 60°C, 10 sec-
onds at 72°C. Melting curve examination for all amplifica-
tion reactions confirmed the particular amplification peaks 
and lack of primer-dimer formation. β2m was the endog-
enous internal house-keeping gene for RT-PCR data nor-
malization. We used the Relative Expression Software Tool 
(REST, version 2009) for qRTPCR data analysis. 

Statistical analysis
Statistical analyses were performed by applying the 

Statistical Package for the Social Science software, ver-
sion 16 (SPSS, USA). Cleavage and developmental ratio 
to blastocysts stage between IVF and vitrification groups 
were compared by the non-parametric Mann- Whitney 
test. The relative gene expression levels of Gtl2 and Dlk1 
were analyzed by REST software (Qiagen). P<0.05 was 
regarded as statistically significant.

Results

Embryo development
We assessed the effect of vitrification on developmental 

competence of preimplantation embryos. The 2-cell em-
bryos obtained from IVF in three runs were divided into 
two groups. Totally, for the IVF group, there were 170 cul-
tured 2-cell embryos. In the vitrification group, 166 embry-
os (2-cell) were vitrified/ thawed. The vitrification group 
had a survival rate of 96.72% ± 2.93, after vitrification and 
warming. We compared the percentage rates of the 4-cell, 
8-cell and morula stages between the IVF and vitrifica-
tion groups. There was no significant difference between 
these two groups, in terms of cleavage rate. The blastocyst 
(64.04% ± 10.16) and hatching (48.51% ± 10.92) rates in 
the vitrification group were significantly lower than the 
blastocyst (82.63% ± 2.56; P<0.037) and hatching (69.22% 
± 5.20; P<0.041) rates in the IVF group (Table 2). 

Table 1: Details of primers applied for RT-PCR and qRT-PCR

Genes Nucleotide sequences (5′–3′) Tempreture (°C) GC% Self-complementarity Accession number
Gtl2 F: CTGAAGAAAAGAAGACTGAGGAC

R: CGATTTACAGTTGGAGGGTC
56.83
55.86

43.48
50.00

3.00
3.00

NR_003633.3

Dlk1 F: CTGCGAAATAGACGTTCGG
R: GTACTGGCCTTTCTCCAGG

56.56
57.14

52.63
57.89

4.00
4.00

XM_006515457.3

β2m F: AGACTGATACATACGCCTGC
R: ATCACATGTCTCGATCCCAG

57.20
56.80

50.00
50.00

3.00
6.00

M_009735.3

RT-PCR; Reverse transcriptio polymerase chain reaction, and qRT-PCR; Quantitative reverse transcription polymerase chain reaction. GC; Guanine - Cytosine Percent. 
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Dlk1 and Gtl2 expression levels 
qRT-PCR was implemented to appraise the expression 

levels of the lncRNA Gtl2 and Dlk1 gene in blastocysts. 
Gtl2 expression was down-regulated in the IVF and vitri-
fication groups compared to the control group. Gtl2 was 
less expressed in the vitrification group compared to the 
IVF group (P<0.05, Fig. 2A). Dlk1 was up-regulated in 
the IVF and vitrification groups compared to the control 
group (P<0.05). There was no difference between the 
IVF and vitrification groups, in terms of Dlk1 expression 
(P<0.05, Fig.2B).

Fig.2: Relative expression levels of mouse of gene trap locus 2 (Gtl2) and 
delta-like homolog 1 (Dlk1) in the blastocysts of the experimental groups. 
A. The expression levels of Gtl2 and B. Dlk1, *; P<0.05.

Discussion

Vitrification is an encouraging technology to cryopre-
serve gametes and embryos in ART clinics. The main 
challenge faced by researchers is to evaluate the con-
sequences of this process on healthy and affectedadults 
conceived by IVF and optimization of this important 

technology (2, 17, 18). In this study, we assessed the in-
fluence of vitrification using cryotops on developmen-
tal competence and expression levels of the lncRNA 
Gtl2 and Dlk1 gene in pre-implanted mouse embryos.

We assessed the embryonic developmental potential 
after vitrification by comparing cleavage, blastocysts 
and hatching rates of the non-vitrified embryos (IVF 
group) compared to the vitrified embryos (vitrification 
group). The results showed that vitrification/warming 
at the 2-cell stage significantly decreased blastocysts 
and hatching rates in mouse preimplantation embryos. 
This finding provided evidence of the adverse effects 
of vitrification on development of preimplantation 
embryos. This result supported earlier observations 
where vitrification negatively impacted development 
of preimplantation mouse embryos (2, 19, 20). Vitri-
fication generates increased levels of reactive oxygen 
species (ROS). ROS leads to interrupted cell function 
and division. Thus, to some extent, high ROS levels 
are in charge of lower developmental competence 
in embryos subjected to vitrification (20, 21). Most 
likely, antioxidant enzymes such as SOD and catalase, 
which are responsible for cell defense against ROS in 
normal conditions, are destroyed during vitrification 
(20). Additionally, it has been shown that vitrification 
leads to zona hardening of preimplantation embryo. 
Thus, zona hardening could be the explanation of the 
decrease in hatching rate subsequent to vitrification. 
Difficulty in hatching process could have negative ef-
fect on implantation potential of embryo (22).

Recent evidence suggests that ART, including super-
ovulation, IVF and vitrification cause a disturbance in 
genetic and epigenetic mechanisms in the pre-implant-
ed embryo affecting health of the children conceived 
by ART (2, 17, 18). However, previous studies have 
not addressed lncRNA changes in embryos derived 
from ART. lncRNA Gtl2 and its reciprocal imprinted 
gene, Dlk1, are important for normal development of 
embryo tissues such as the brain and bones, in addi-
tion to the postnatalregulation of neural system and 
metabolism (23). Gtl2 has also a major anti-tumor ac-
tivity mediated through p53- dependent and p53-inde-
pendent pathway in humans (4). Through RNA–DNA 
triplex structures, Gtl2 takes part in  the regulation of 
TGF-b signaling pathway genes (24). Dlk1 codes a 
transmembrane protein and it is fundamental to nor-
mal cellular differentiation. It plays a major role in 

Table 2: Development of 2-cell mouse embryos in vitro fertilization and vitrification groups

Group 2-cell embryos
(n)

Survival rate 4-cell rate 8-cell rate Morula rate Blastocysts rate Hatched rate

IVF 177 100%
(170/170)

95.36% ± 1.17
(162/170)

92.19% ± 2.83
(157/170)

88.04% ± 2.59
(150/170)

82.63% ± 
2.56*(141/170)

69.22% ± 5.20**

(117/170)
Vitrification 166 96.72% ± 2.93

(160/166)
92.32% ± 2.64
(148/160)

84.49% ± 6.92
(135/160)

76.6% ± 7.58
(123/160)

64.04% ± 10.16*

(102/160)
48.51% ± 10.92**

(77/160)
Data are presented as mean ± SD or n (%). *Significant difference (P<0.037), **Significant differences (P<0.041)
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carcinogenesis. Therefore, the central thesis of this pa-
per is whether IVF and embryo vitrification interfere 
with the expression of lncRNA Gtl2 and its reciprocal 
imprinted gene, Dlk1, in mouse blastocysts. In the ma-
ternal allele, the intergenic differentially methylated 
region (IG-DMR) of Dlk1/Gtl2 is unmethylated and 
there is expression of Gtl2. However, in the paternal 
allele, the IG-DMR of Dlk1/Gtl2 is methylated, and 
Dlk1 is expressed (9). In this study, we observed de-
creased Gtl2 expression and increased Dlk1 following 
IVF and vitrification. Disruption in the imprinting of 
other imprinted genes following IVF and vitrification 
have been shown in the previous papers (25, 26).A 
possible explanation for our result might be decline 
in level of DNA methylation. Prior studies noted that 
IVF and vitrification decreased DNA methylation in 
blastocysts (2, 13, 26). Decreased DNA methylation 
might be attributed to disturbances in DNA methyl-
transferases (Dnmts) expressions following IVF and 
vitrification, as the previous study revealed that IVF 
and vitrification result in increased relative expres-
sion levels of miR-29a and miR-29b and consequently 
decrease in Dnmt3a and Dnmt3b relative expression 
levels, as the target genes of miR-29a and miR-29b and 
responsible for de novo DNA methylation (13).

Conclusion

In conclusion, vitrification at the 2-cell stage adversely 
affected preimplantation mouse embryo development. In 
addition, IVF and vitrification interrupted the expressions 
of lncRNA Gtl2 and its reciprocal imprinted gene, Dlk1, 
in mouse blastocysts. This study was the first to assess ex-
pression of lncRNAs following ART manipulation. Due 
to the importance of lncRNAs in embryo development, 
more research would be needed to evaluate lncRNA ex-
pressions in embryos conceived by ART.
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Abstract 
Background: Several studies have shown that leukemia inhibitory factor (LIF) is one of the most important cytokines 
participating in the process of embryo implantation and pregnancy, while, the role of this factor on vascular endothe-
lial factor-A (VEGF-A), as one of the most important angiogenic factor, has not been fully investigated yet. The aim 
of this study was to evaluate the effect of LIF on gene expression of VEGF in the choriocarcinoma cells (JEG-3).

Materials and Methods: In this experimental study, JEG-3 choriocarcinoma cells were treated with different concen-
trations of LIF (1, 10, and 50 ng) for 6, 12, 24, 48 and 72 hours. Expression of VEGF was analyzed by real-time PCR. 
Delta CTs were subjected to one-way analysis of variance (ANOVA) and a post hoc Tukey’s test by SPSS version 25.0 
software for data analyzing.

Results: In the stimulated cells, different concentrations of LIF caused significant decrease of VEGF gene expres-
sion (P<0.05) at 12, 24 and 48 hours. In contrast, it was increased after 72 hours (P<0.001). Analysis of data after 6 
hours also showed that level of VEGF gene expression was significantly decreased by increasing LIF concentration 
(P<0.001).

Conclusion: Expression level of VEGF gene was decreased in trophoblast cells (except after 72 hours) under the 
effect of different concentrations of LIF in a time-dependent manner. So, this study showed that further studies are 
needed to determine the effect of LIF on other angiogenic factors in trophoblast cells.

Keywords: Leukemia Inhibitory Factor, Trophoblast, Vascular Endothelial Growth Factor-A

Citation: Jahanbin Kh, Ghafourian M, Rashno M. Effect of different concentrations of leukemia inhibitory factor on gene expression of vascular endothelial 
growth factor-A in trophoblast tumor cell line. Int J Fertil Steril. 2020; 14(2): 116-121. doi: 10.22074/ijfs.2020.6058.
This open-access article has been published under the terms of the Creative Commons Attribution Non-Commercial 3.0 (CC BY-NC 3.0).

 

Received: 1/August/2019, Accepted: 11/December/2019
* Corresponding Address: P.O.Box: 6135715794, Department of Immunology,
School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ah-
vaz, Iran
Email: ghafourianbm@gmail.com

Royan Institute
International Journal of Fertility and Sterility
Vol 14, No 2, July-September 2020, Pages: 116-121

Introduction 

Leukemia inhibitory factor (LIF) is a glycoprotein cy-
tokine with a molecular weight of 38-67 kDa. That is a 
member of the interleukin 6 family. LIF receptor is a het-
erodimer composed of two chains, gp130 and leukemia 
inhibitory factor receptor-β (LIFR-β) expressing on the 
surface of trophoblast cells (1, 2). LIF induce tyrosine 
phosphorylation in signal transducers and transcription 
factors of several trophoblast cell types, like choriocarci-
noma cell line (JEG-3) (3, 4). Phosphorylation and signal 
transduction lead to migration, invasion, stimulation or 
suppression of various categories of genes in trophoblast 
cells (5, 6). Janus kinase 1 (JAK-1) and Signal transducer 
and activator of transcription 3 (STAT-3), play important 
roles in the signal transduction factors and activation of 
transcription in the LIF signaling (7, 8). VEGF is a ho-
modimer glycoprotein which can stimulate angiogenesis 
and vasculogenesis by two types of its receptors like Fms-

like tyrosine kinase 1 (Flt1) and kinase insert domain 
receptor (KDR) (9, 10). VEGF has many roles in early 
pregnancy, such as oocyte maturation and development, 
trophoblast proliferation, placenta angiogenesis, embryo 
implantation, maternal blood vessel growth and develop-
ment of the embryonic blood vessels (11). Formation of 
the placenta in uterus depends on differentiation of ex-
travillous cytotrophoblast (EVT) for invasion to the uter-
ine stroma and forming endovascular trophoblast (12, 13). 
Incorrect differentiation of EVT cells leads to disruption 
of spiral artery remodeling, and this impairment in spiral 
artery remodeling can lead to preeclampsia and defective 
development of the fetus (13). Trophoblast invasion is a 
localized and temporary process. That is the main factor 
in the regulation of implantation and supply of oxygen 
to the fetus. By VEGF gene inactivation, invasion and 
migration of trophoblast cells are reduced (14). VEGF-A 
is one of the main factors of EVT differentiation to the 
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endovascular trophoblast (15). Anti-angiogenic factors 
that reduce the amount of VEGF-A is one of the factors 
inhibiting formation of spiral arteries, which eventually 
associated with the creation of preeclampsia (16). VEGF-
A is one of the factors encoded by VEGF gene. Studies 
have shown that among all growth factors encoded by 
this gene, VEGF-A is the most potent type in stimulating 
angiogenesis (17). During formation of placenta, EVTs, 
involving in vascular reconstruction, acquire the features 
associated with epithelial cells, following the production 
of VEGF and its receptor expression on the surface (12, 
18). These cells migrate to decidua, followed by replace-
ment of the endothelial cells in the spiral arteries to form 
spiral arteries (19). In this study, a choriocarcinoma cell 
line JEG-3 (derived from fetal trophoblast tumor) was 
used as EVTs (20). This cell line has many biological and 
biochemical features of EVTs (Cells lining the blood ves-
sels of villus in the placenta) (21). This cell line is able to 
produce progesterone, hCG, steroids and other hormones 
in the placenta (22). In this study we aimed to evaluate 
VEGF gene expression levels in trophoblast tumor cell 
line (JEG-3) at different times, while these cells were 
treated by different concentrations of LIF.

Materials and Methods

This experimental study approved by Ethics Committee  
of Ahvaz Jundishapur University of Medical Sciences, 
Ahvaz, Iran (Ethics code: IR.AJUMS.REC.1395.577).

Cell culture and treatment
JEG-3 choriocarcinoma cells were purchased from the 

Pasteur Institute of Iran (Tehran, Iran). These cells were 
maintained in Dulbecco’s modified Eagle’s medium-F12 
(DMEM-F12; GIBCO, Ireland) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS; GIBCO, Ire-
land) along with penicillin (BioIdea, Iran;100 units/ml) 
and streptomycin (BioIdea; 100μg/ml). All JEG-3 cul-
tures were commenced at 106 cells/175-cm2 flask and 
maintained under standardized conditions (37˚C, 5% CO2, 
humidified atmosphere). The cells were trypsinized twice 
a week when confluence was estimated at over 75%. For 
all assays, JEG-3 cells were adjusted to 105 cells/ml. The 
cells (105cell/ml) were seeded in six-well plates, follow-
ing the resuspension in complete growth media. Before 
adding the stimuli, the cells were starved for 2 hours in 
medium without FBS. The cells were cultured per well 
in the presence and absence of different concentrations (1 
ng/ml, 10 ng/ml, 50 ng/ml) (23, 24) of human LIF (Sig-
ma-Aldrich, Germany), while non-stimulated cells were 

included as controls. Treated and non-treated cells were 
incubated for 3, 6, 12, 24, 48 and 72 hours at 37°C with 
5% CO2. The cell culture supernatants were then collected 
by aspiration and centrifugation at 1000 g for 5 minutes 
and they were stored at -70°C until cytokine analysis. 
JEG-3 cells were harvested and kept at -70°C until total 
ribonucleic acid (RNA) extraction.

Ribonucleic acid (RNA) isolation and real-time poly-
merase chain reaction (PCR) analysis

RNA was isolated using TRI Reagent (SinaClonCo., 
Iran). According to the manufacturer’s protocol, and the 
purity of extracted RNA was determined by the A260/
A280 ratio (A260/A280 ratio was 1.8). 50-100 ng RNA 
was reverse transcribed using cDNA synthesis kit (Sina-
ClonCo.) and relative changes in VEGF mRNA level 
was quantified by real-time reverse transcription PCR 
(RT-PCR). Expression level of VEGF was determined 
by quantitative RT-PCR (qRT-PCR) using SYBR Green 
® Premix Ex Taq (Takara, Japan) dye detection method 
on ABI StepOne PCR instrument (Applied Biosystems, 
USA), compared to GAPDH as an internal control. Initial 
denaturation at 95C for 10 minutes, 40 cycles of anneal-
ing at 95C for 15 seconds and extension at 68C for 60 
seconds. Rest 2009 and Excel software were used for the 
analysis of gene expression ratio. Gene-specific primers 
for VEGF and GAPDH are summarized in Table1. The 
fold change for target genes normalized by internal con-
trol was determined by the formula 2-ΔΔCt. All reactions 
were run in duplicate.

Statistical analysis
All of the experiments were repeated in triplicates and 

data were demonstrated as means ± standard error (SE). 
Statistical software SPSS 25.0 and Graphpad Prism 8.0.1 
were used for data analysis. Delta CTs were subjected to 
one-way ANOVA and a post hoc Tukey’s test, while the 
non-parametric Kruskal-Wallis test was used to compare 
the results of different experimental days. P values lower 
than 0.05 were considered statistically significant.

Results

Effects of different concentrations of LIF on VEGF 
gene expression level This study evaluated the effects 
of different concentrations of LIF on VEGF gene ex-
pression in different time periods, compared to untreat-
ed cells. The results are described (Fig.1, 2) in more 
details. 

Table 1: Gene specific primers used for RT-PCR

Primer (accession) Sequence (5'-3') Tm Amplicon size

VEGF (NM_001287044.1) F: AGGAGGAGGGCAGAATCATCA
R: CTCGATTGGATGGCAGTAGCT

60 76 bp

GAPDH (NM_002046.5) F: TGGGCTACACTGAGCACCAG
R: CAGCGTCAAAGGTGGAGGAG

60 72 bp
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Fig.1: VEGF gene expression level at different time points, under treatment with different concentrations of LIF. The effect of different concentrations of 
LIF (1, 10 and 50 ng) on VEGF gene expression after A. 6 hours; B. 12 hours; C. 24 hours; D. 48 hours; and E. 72 hours. Cells that did not treated by LIF were 
considered at any time as control, and the VEGF gene expression was measured in treated cells relative to these untreated cells. *; P<0.05, **; P≤0.01, and 
***; P≤0.001

Effect of LIF on VEGF Gene Expression
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Fig.2: Comparing total VEGF gene expression at different time (6, 12, 24, 
48 and 72 hours) under the treatment of different concentrations of LIF.
*; P<0.05, **; P≤0.01, ***; P≤0.001) , and h; Hours.

Six hours treatment
An analysis of 6 hours data showed that by increasing 

LIF concentration, level of VEGF gene expression was 
decreased. In this time point, there is a significant differ-
ence (P<0.001) between the rate of VEGF gene expres-
sion in comparison with each other at different concentra-
tions and control (Fig.1A).

Twelve hours treatment
After 12 hours, there was a significant reduction in the 

VEGF gene expression in all three concentrations of LIF 
treatment than control (P<0.001). The lowest VEGF gene 
expression level was observed at 1 ng concentration of 
LIF. The results of 10 ng concentration of LIF were al-
most similar to the 1 ng (the difference between 1 and 10 
ng was not significant). At 50 ng concentration of LIF, 
VEGF expression level was higher than the both concen-
trations of 1 and 10 ng (P<0.05, Fig.1B).

Twenty-four hours treatment
Twenty-four hours after cells treatment with different 

concentrations of LIF, the results showed lowest expres-
sion of the VEGF gene at the concentration of 10 ng 
(P<0.001). Using 10 ng (P<0.001) and 50 ng (P<0.01) 
concentrations, there was a significant decrease in gene 
expression compared to control, but at 1 ng concentration, 
there was no significant decrease in the gene expression 
(P=0.324). Comparing gene expression between differ-
ent concentrations of LIF showed a significant difference 
between the concentration of 1 ng and 10 ng (P=0.004, 
Fig.1C).

Forty-eight hours treatment
After 48 hours, like 12 and 24 hours, VEGF gene ex-

pression was decreased by treating with different concen-
trations of LIF, compared to control (P<0.001), and the 
lowest gene expression was observed at 1 ng in compari-
son with 10 ng (P<0.01) and 50 ng (P<0.05). VEGF gene 
expression was more in 10 ng than the other two concen-
trations (1 and 50 ng) of LIF (P<0.01; Fig. 1D).

Seventy-two hours treatment
After 72 hours, effect of LIF on the VEGF gene expres-

sion was reversed, and contrary to the previous times, in 
all three concentrations of LIF, we observed a dramatic 
increased expression of the VEGF gene, in comparison 
with control (P<0.001; Fig.2). The maximum VEGF gene 
expression was observed at 10 ng of LIF concentration, 
which had significant difference in comparison with 1 
ng concentration of LIF (P<0.05). But, the difference be-
tween 50 ng and 10 ng LIF concentrations was not signifi-
cant (Fig.1E).

VEGF gene expression at different time points
As shown in Figure 3, VEGF gene expression was dra-

matically decreased (P<0.001) at 12, 24, and 48 hours af-
ter cell treatment with LIF, in comparison with 6 hours 
treatment. In contrast to decrease in the VEGF gene ex-
pression at 12, 24 and 48 hours, we determined a signifi-
cant increase (P<0.001) in VEGF gene expression at 72 
hours compared to other time points.

Fig.3: Changes in VEGF gene expression at different time points of induct-
ing LIF to the cells. *; P<0.05, **; P≤0.01, ***; P≤0.001. 

Discussion

Pregnancy is a complex process that depends on many 
factors. Studies have shown that cytokines, growth fac-
tors and several transcription factors play important roles 
in embryo implantation. For example, production of LIF 
by endometrial cells is essential for the beginning of im-
plantation (25, 26). Data obtained from mice and humans 
have shown that among the all molecules expressed in 
uterus, LIF plays the most important role in embryo im-
plantation (27). Formation of new blood vessels is called 
angiogenesis and it accompanies with migration, growth 
and differentiation of endothelial cells (28). Angiogen-
esis usually occurs during the menstrual cycle or estrus 
to convert the ovulation follicles to corpus luteum which 
leads to the synthesis of progesterone and restructure of 
the endometrium. This culminates in maintenance of em-
bryo implantation (29). Angiogenesis and vasculogenesis 
are essential processes for increasing blood flow to the fe-
tus and, consequently, supplying the nutrients and oxygen 
needed by fetus (13, 30, 31). Several growth factors con-
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trol angiogenesis and vasculogenesis during pregnancy. 
Among these factors, VEGF plays a critical role in the 
development of the placenta and formation of vesJahan-
bin sels. Carmeliet et al. (32) showed that deactivation 
of onlyone VEGF allele leads to fetal death through an-
giogenesis disruption. Shalaby et al. (33) by disrupting 
Vascular endothelial growth factor receptor 1 (VEGFR1), 
Fong et al.(34) by disrupting VEGFR2 and Tsoi et al. 
(35) by disruption of neuropilin-1 and -2 (all of them are 
VEGF receptors) determined similar results to Carmeliet 
et al. (32). Adequate blood supply to the placenta is highly 
dependent on regulated invasion and trophoblast vascular 
remodeling in uterus (36, 37). Extravillous trophoblast 
(EVT) is a subset of trophoblasts that play the most im-
portant role in invasion (the same mechanism as cancer-
ous cells for invasion) to the mother's uterus and vascular 
remodeling. This eventually acquires the phenotype of 
endothelial cells and improves artery formation (37). Pre-
vious studies have shown that EVTs have receptors for 
VEGF at their surface and message through these recep-
tors which stimulate invasion, switch phenotype to endo-
vascular cells and tube formation in EVT cells (37, 38). 
Defects in EVT invasion and angiogenesis have been ob-
served in disorders, such as preeclampsia and intrauterine 
growth restriction (IUGR) (37). Due to the vital role of 
vascular formation by trophoblast cells (especially EVTs) 
in pregnancy and implantation, in this study, we decided 
to investigate the effect of LIF on one of the most impor-
tant angiogenic factors, VEGF, in EVTs. For this purpose, 
we had to select an appropriate cell line with similar fea-
tures to EVT cells. According to the previous studies (20, 
39), JEG-3 cell line was selected. The results of this study 
showed that LIF could have a dual effect on VEGF gene 
expression with respect to time. So that at 12, 24, and 48 
hours, VEGF gene expression was decreased, while it was 
increased at 6 and 72 hours (the increase of VEGF gene 
expression at 6 hours depended on the concentration of 
LIF showing a significant decrease at 50 ng concentration 
of LIF in contrast to 1 and 10 ng). 

Considering the mentioned roles for VEGF during preg-
nancy and relevant disorders, as well as the important role 
of LIF during pregnancy, we decided to investigate the 
effect of LIF on the level of VEGF gene expression in 
trophoblast cells. Regarding to the results, it was found 
that the expression of the VEGF gene in trophoblast tu-
mor cells treated by LIF was reduced in concentration- 
and time-dependent manners. Although expression of the 
VEGF gene was significantly increased after 72 hours, a 
study has previously shown that half-life of the LIF at-
tachment to its receptor is slightly more than 24 hours 
(40). It can be concluded that after 72 hours, interactions 
between LIFs and their receptors are broken-down and 
the LIF signaling from their receptors are ended in troph-
oblast cells. As the results of this study showed. different 
concentrations of LIF can reduce the rate of VEGF gene 
expression depending on the time. So given the fact that 
VEGF gene expression level was decreased in LIF-treat-
ed cells, assessment of the production and secretion of 

VEGF protein in treated trophoblast cells is vital. Further 
investigations have to be performed on the other angio-
genic factors to clarify the role of LIF on angiogenesis 
procedure in trophoblast cells.

Conclusion

In conclusion, recent studies have shown that both LIF 
and VEGF are essential for maintaining and initiating the 
pregnancy process. It has also been found that angiogen-
esis process is a critical procedure in embryonic troph-
oblast cells for a normal pregnancy. VEGF-A is one of 
the most important angiogenic factors. Therefore, in this 
study we investigated the effect of LIF on VEGF gene 
expression in JEG-3 cell line as extravillous trophoblast 
cells. According to the results of this study, LIF causes a 
significant decrease in gene expression level of VEGF-A 
in JEG-3 cells. Further studies are needed to determine 
the action mechanism of LIF in angiogenesis of tropho-
blast cells.
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Phosphodiesterase 8B Polymorphism rs4704397 Is Associated
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Abstract 
Background: Subclinical hypothyroidism (SCH) remains largely unnoticed as a major cause of infertility due to 
asymptomatic. Polymorphisms of phosphodiesterase 8B gene (PDE8B) have been linked with various diseases, 
including female infertility. Hence, we aimed to study prevalence of SCH, in infertile females, explore associa-
tion of PDE8B rs4704397 A/G and rs6885099 G/A polymorphisms with infertility in females suffering from 
SCH and genotype-phenotype correlation of the polymorphisms with thyroid stimulating hormone (TSH) levels 
in Gujarat population.

Materials and Methods: In this retrospective study, TSH level was estimated from plasma of 230 infertile and 
100 control females by enzyme-linked fluorescence immunoassay (ELFA) to find out the prevalence of SCH. 
Further, based on TSH levels, thyroid function test (TFT) was performed in controls and infertile females with 
subclinical hypothyroidism (IF-SCH). PDE8B rs4704397 and rs6885099 polymorphisms were genotyped by 
PCR-RFLP and ARMS-PCR, respectively in 74 controls and 60 IF-SCH females.

Results: We observed i. significantly high prevalence of SCH (32%) in the infertile females, ii. significant-
ly lower frequency of ‘G’ allele (P=0.006), while the frequency of ‘A’ allele (P<0.0001) was higher in IF-
SCH females, compared to the controls, for rs4704397 A/G SNP, iii. no significant difference in the genotype 
(P=0.214; OR=2.51; CI=0.74–8.42) and the allele frequency (P=0.129; OR=1.51; CI=0.92-2.47) of rs6885099 
G/A SNP, iv) low linkage disequilibrium for the polymorphisms, v. significantly higher frequency of ‘AA’ hap-
lotype (P=0.0001; OR=3.84; CI=1.86-8.01),while the ‘GG’ haplotype (P=0.0023; OR=0.33; CI=0.16-0.69) was 
significantly lower in IF-SCH females and vi. no significant difference in the TSH level of IF-SCH females with 
respect to the genotypes.

Conclusion: The present study reports an association of PDE8B rs4704397 polymorphism with infertility in 
SCH females. The study categorically shows a higher prevalence of SCH in infertile females of Gujarat and 
advocates the importance of screening for SCH in infertility management.
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Introduction 
Apart from its multiple functions, thyroid hormones 

play crucial role in reproduction. Hence, altered thy-
roid hormone levels can greatly affect reproductive 
function (1). Thyroid diseases in women with repro-
ductive age are very common due to the complex inter-
play of various hormones (2). Abnormal thyroid func-
tions of hyper or hypothyroidisms are symptomatic and 
they may have an adverse effect on the reproductive 
health contributing to infertility (3-4). However, sub-
clinical hypothyroidism (SCH) is silent and hence it 
is often undiagnosed. It is a common thyroid disorder 

often found to coexist with various other morbidities. 
It is an asymptomatic condition where the patient has 
a normal serum free T4 (fT4/thyroxin) levels, but high 
thyroid stimulating hormone/thyrotropin (TSH) levels 
(5). TSH is considered as a sensitive indicator of the 
thyroid status and SCH. Normal TSH levels in serum 
are finely regulated in humans. Nevertheless, serum 
thyroid parameters show substantial inter- individual 
variability (6), in which genetic variations are proved 
as the major factors in several populations. It has been 
shown that altered TSH levels are related to genetic 
factors in up to 65% of the cases (7-9).
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Different cohort studies reported phosphodies-
terase 8B (PDE8B) as a genetic modulator of TSH 
levels. PDE8B gene encodes a cyclic adenosine 
monophosphate (cAMP) specifi c phosphodiesterase 
(PDE) enzyme (10). PDE8B affects cAMP levels in 
the thyroid gland resulting in changes in the levels of 
thyroid hormones, which in turn affects the release of 
TSH from the pituitary gland. PDE8B is mainly ex-
pressed in thyroid and brain (11, 12). Several single 
nucleotide polymorphisms (SNPs) for PDE8B have 
been demonstrated to associate with increased levels 
of serum TSH. More than 360,000 SNPs were tested 
for their associations with serum TSH levels with an 
additive model. The obtained results revealed three 
SNPs (i.e. rs4704397, rs6885099 and rs2046045) 
with genome-wide significance (P<10-10). These 
three SNPs were reported to be in strong linkage dis-
equilibrium. Of the three SNPs, rs4704397 showed 
strongest association and it could explain 2.3% of 
the variations in TSH levels (13). PDE8B rs4704397 
polymorphism has been found to associate with my-
ocardial infarction, height (14), pregnancy (15, 16), 
recurrent miscarriage (17) and obesity in children 
(18), apart from thyroid function. Another PDE8B 
polymorphism, rs6885099 has also been shown to 
increase TSH levels, but to a lesser extent, in differ-
ent populations (13). The relevance of human repro-
duction to PDE has been well-documented (19-22). 
While the underlying mechanism regulating oocyte 
maturation is not clearly known yet, the second mes-
senger cyclic adenosine monophosphate (cAMP) 
role in oocyte maturation is well known (23) and 
thus research investigating the role of rs4704397 in 
the oocyte maturation might give an insight to pri-
mary infertility caused by hypothyroidism.

Numerous studies have reported the importance of 
screening for SCH, and the worldwide prevalence of 
SCH in infertile-females has been reported to be as high 
as 26.7% in various populations (24-27). In India, prev-
alence of SCH is high and reported to be 25% (28-33). 
However, there is no study on the status of SCH per se or 
its prevalence amongst infertile females in western part 
of India. Furthermore, there is no report on the role of 
PDE8B polymorphisms in female infertility. We there-
fore, aimed to estimate the prevalence of SCH in infertile 
females and explore association of PDE8B rs4704397 
and rs6885099 polymorphisms in infertile females of Gu-
jarat population.

Materials and Methods

Study subjects
The present retrospective study is a matched, case-

control study. Two hundered and therty infertile females 
were recruited from Dr. Mahesh Pandya’s Ghanshyam 
Clinic (a fertility management center; Vadodara, India) 
along with 100 control females recruited from various 
health check-up camps. Random sampling method was 

followed for selection of the groups. The study proto-
col was explained and informed consent was obtained 
from all participants of the study. Seventy four out of 
230 infertile females were found to have (IF) for the 
TSH level with the inclusion criteria of primary infer-
tility diagnosis and duration of more than one year of 
unprotected intercourse without pregnancy, while 76 
out of 100 controls were found to be euthyroid (with 
normal thyroid hormone levels). Exclusion criteria 
were male factor infertility, any tubal anomaly congen-
ital or urogenital tract anomaly and history of thyroid 
disease/medication/surgery.

For this study, IF-SCH females/case group are de-
fined as the infertile females who have subclinical hy-
pothyroidism with no other clinical difficulty. In addi-
tion, they should not be under any type of medication, 
including thyroid disorder. Whereas, the control group 
includes fertile, perous, healthy euthyroid females with 
no medical history for thyroid or any other disorder. 
Control group does not include any subclinical hypo-
thyroid female.

Sample size for the present study was calculated using 
G-Power software with Alpha 0.05 and effect size of 0.9. 
The effect size was calculated based on the observed gen-
otype frequencies (34).

Thyroid function test
Five ml blood samples was collected by venous 

puncture from fasting individuals and serum was sep-
arated for thyroid function test (TFT). Estimation of 
serum TSH, free T3 (fT3) and fT4 were carried out by 
enzyme-linked fluorescence immunoassay (ELFA) on 
mini VIDAS® immuno-analyzer (BioMérieux India 
Pvt. Ltd., India). Females having TSH values between 
3.5 and 10 μIU/ml with normal fT4, along with an 
opinion from gynecologist and endocrinologist were 
considered as IF-SCH females. Fertile females having 
TSH values within the normal/euthyroid range (i.e. 
0.35-3.5 μIU/ml) and fT4 levels within the normal 
range were included as controls in the present study. 
The reference range for serum thyroid hormones (fT3 
and fT4) and TSH levels for different conditions are 
shown in Table S 1(See Supplementary Online In-
formation at www.celljournal.org). The confounding 
variables such as age, body mass index (BMI), smok-
ing and hemoglobin (Hb) levels showed no signifi-
cant difference between control and IF-SCH females 
(Table S2, See Supplementary Online Information at 
www.celljournal.org).

Genotyping PDE8B rs4704397 and rs6885099 poly-
morphisms

DNA was extracted from peripheral blood mononuclear 
cells (PBMCs) using ‘IAamp DNA Blood Kit (QIAGEN 
Inc., USA) as per manufacturer’s instructions. PDE8B 
rs4704397 A/G genotyping was done by polymerase 
chain reaction-restriction fragment length polymorphism 
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(PCR-RFLP) while PDE8B rs6885099 (G/A) genotyp-
ing was done by amplification refractory mutation system 
(ARMS)-PCR. Amplification was performed using Mas-
tercycler  Gradient PCR (Eppendorf, Germany) accord-
ing to the following protocol: initial denaturation at 94°C 
for 10 minutes, followed by 30 cycles of denaturation at 
94°Cfor 45 seconds, annealing at 60°C for 45 seconds and 
72°C for 1 minute. The amplified products were analyzed 
by electrophoresis in a 2.0% agarose gel stained with eth-
idium bromide. The respective primers and restriction en-
zyme (RE) used for genotyping are shown in Table S3. 
15 μl of the amplified products was digested for 16 hours 
at 37°C, using 1 U restriction enzyme. For PCR-RFLP 
based genotyping, the digested products (300 bp and 219 
bp) with 100 bp DNA ladder (Bioron, Germany) were 
loaded in 3.5% agarose gels stained with ethidium bro-
mide and visualized under UV transilluminator. Further-
more, genotyping of PDE8B rs6885099 G/A was done by 
Amplification refractory mutation system (ARMS-PCR) 
in 60 IF-SCH females and 76 control females. Human 
growth hormone (HGH) was used, as a reaction control 
in the ARMS-PCR (35). Amplification was performed us-
ing Mastercycler Gradient PCR according to the follow-
ing protocol: initial denaturation at 94°C for 10 minutes, 
followed by 35 cycles of 94°C for 30 seconds, primer de-
pendent annealing for 30 seconds and 60°C for 1 minute. 
The amplified products were analyzed by electrophoresis 
in a 3.5% agarose gel stained with ethidium bromide us-
ing 100 bp DNA ladder.

Statistical analysis
Hardy-Weinberg equilibrium (HWE) test was evaluated 

for the polymorphisms using chi-square test equating the 
observed and expected genotype frequencies. The geno-
type and allele risk associations were calculated by chis-
quare test using Prism 5 software (GraphPad Software 
Inc, USA; 2007). For genetic analysis, Bonferroni's cor-
rection was applied and statistical significance was con-
sidered at P-value less than 0.025. The linkage disequilib-
rium (LD) and haplotype analysis were carried out using 
http://analysis.bio-x.cn/myAnalysis.php (36). Levels of 
TSH and thyroid hormones were analyzed by non-para-
metric unpaired t-test and one-way ANOVA using Prism 
5 software (GraphPad Software Inc.; 2007). 

In-silico analysis
Web-based in-silico prediction tool HaploReg v4.1 

(https://www.pubs.broadinstitute.org/mammals/haploreg/ 
haploreg.php) was employed to predict the effect of non-
coding rs4704397 polymorphism. Tissue specific effect 
of rs4704397 was assessed by an eQTL database-GTeX 
portal (https://www.gtexportal.org).

Ethical consideration
It was ensured that the study design complies with the 

ethical standards of the Institutional Ethical Committee 
for Human Research (IECHR), Faculty of Science, The 
Maharaja Sayajirao University of Baroda,Vadodara, Gu-

jarat, India (FS/IECHR/BC/PR/1) and with the 1964 Hel 
inki declaration.

Results

Estimation of thyroid stimulating hormone, free T3 
and free T4 levels

Analysis of TSH, fT3 and fT4 levels in the studied sub-
jects revealed that among 230 females with primary in-
fertility, 58% (n=133) were euthyroid, 32% (n=74) were 
SCH, 6% (n=14) were overt hypothyroid and the rest 4% 
(n=9) females were hyperthyroidism (Fig.1 A, Table S3) 
(See Supplementary Online Information at www. cell-
journal.org). IF-SCH females had significantly higher 
(P<0.0001; Fig.1B) TSH levels (mean ± SEM: 5.34 ± 
0.21 μIU/ml) compared to the control females (mean ± 
SEM: 1.91 ± 0.08 μIU/ml) and they had no significant 
difference in fT3 levels (P=0.1159, mean ± SEM: 3.036 
± 0.0462pg/ml; Fig.1C) compared to the controls (mean 
± SEM: 2.935 ± 0.0436). There was no significant differ-
ence between fT4 levels (P=0.0741, mean ± SEM: 1.22 ± 
0.0249) in IF-SCH females compared to controls (mean ± 
SEM: 1.195±0.0318 ng/dl). 

PDE8B rs4704397 SNP in infertile females with sub-
clinical hypothyroidism females

Genotyping PDE8B rs4704397 polymorphism was 
carried out in 60 IF-SCH females and 76 healthy fertile 
females (Fig.2A). Other variables such as age (P=0.419), 
BMI (P=0.309), smokers (0%) and Hb (P=0.117) lev-
els were not significantly different between the subjects 
of each genotypes (Table S4). The observed genotype 
frequencies of PDE8B rs4704397 SNP in IF-SCH fe-
males were slightly deviated from HWE (P=0.049; Ta-
ble 1), whereas the control population was under HWE 
(P=0.062; Table 1). Ancestral allele ‘A' and genotype 
‘AA’ were considered as the reference allele and geno-
type respectively. The frequency of AG and GG geno-
types were significantly lower in IF-SCH females, com-
pared to controls (P=<0.0001 and P=0.006 respectively; 
Table 1). The frequency of ‘G’ allele was also signifi-
cantly lower in IFSCH females, compared to the control 
females (23% vs. 47%, P<0.0001, OR=0.34). Hence, 
“G” allele was identified to have a protective effect and 
‘A’ allele was identified as the risk allele for SCH and 
infertility in females. 

PDE8B rs6885099 SNP in infertile females with  
subclinical hypothyroidism

Genotyping of PDE8B rs6885099 polymorphism was 
carried out in 60 IF-SCH and 76 control females (Fig.2B). 
The observed genotype frequencies of PDE8B rs6885099 
polymorphism among the control and IF-SCH females 
were in accordance with HWE (P=0.248 and P=0.134 
respectively; Table 2). Distribution of genotype as well 
as allele frequencies revealed no significant difference 
among the IF-SCH and control females (Table 2).



Int J Fertil Steril, Vol 14, No 2, July-September 2020125

Mansuri et al.

Table 1: Distribution of genotype and allele frequencies for PDE8B rs4704397 A/G polymorphism

Genotype or allele IF-SCH females
(Freq. %)

Control females
(Freq. %)

P value Odds Ratio 95% CI P value HWE

Genotype n= 60 n=76
AA 38 (63%) 17 (22%) R 1 0.07-0.35 0.062 (C)
AG 16 (27%) 46 (61%) <0.0001a 0.16 0.07-0.63
GG 06 (10%) 13 (17%) 0.006a 0.21 0.049 (P)
Allele
A 92 (77%) 80 (53%) R 1 -
G 28 (23%) 72 (47%) <0.0001b 0.34 0.19-0.57

n; number of IF-SCH females/control females, R; reference group, Freq.; Frequency, CI; Confidence interval, P; IF-SCH females, C; Control females, a IF-SCH female vs. control females 
(genotype) using chi-squared test with 2×2 contingency table, and b IF-SCH females vs. control females (allele) using chi-squared test with 2×2 contingency table, and IF-SCH; Infertile 
females with subclinical hypothyroidism.

Table 2: Distribution of genotypes and alleles for PDE8B rs6885099 G/A polymorphism

Genotype or allele IF-SCH females
(Freq. %)

Control females
(Freq. %)

P value Odds Ratio 95% CI P value HWE

Genotype n= 60 n=76
GG 17 (28%) 32 (42%) R 1 - -
GA 35(58%) 38 (50%) 0.1914a 1.73 0.82-3.65 0.248 (C)
AA 08 (13%) 06 (8%) 0.2145a 2.51 0.74-8.42
Allele 0.134 (P)
A 69 (58%) 102 (67%) R 1 -
G 51 (42%) 50 (33%) 0.1292b 1.51 0.92-2.47

F-SCH; Infertile females with subclinical hypothyroidism; n; number of IF-SCH females/Control females, R; reference group, Freq.; Frequency, CI; Confidence interval, P; IF-SCH females 
and C; Control females, a IF-SCH female vs. control females (genotype) using chi-squared test with 2×2 contingency table, and b IF-SCH females vs. control females (allele) using 
chisquared test with 2×2 contingency table.

Fig.1: Estimation of TSH and thyroid hormone levels. A. Prevalence of thyroid dysfunction among the infertile females. B. TSH level in controls and IF-SCH 
females. C. fT3 levels in the controls and IF-SCH females. D. fT4 levels in controls and IF-SCH females. TSH; Thyroid stimulating hormone, IF-SCH; Infertile 
females with subclinical hypothyroidism, fT3; Free T3, fT4; and Free T4.
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Fig.2: Representative gel images for PDE8B rs4704397 and rs6885099 
genotyping. A. PCR-RFLP analysis of PDE8B rs4704397 SNP on 3.5% 
agarose gel. Lane 1 shows 100 bp ladder, lane 2 shows homozygous 
(AA) genotype, lanes 3, 4 and 7 show heterozygous (AG) genotypes, 
lanes 5, 6, 8 and 9 show heterozygous (GG) genotypes. B. ARMS-PCR 
analysis of PDE8B rs6885099 SNP on 3.5% agarose gel. Lanes 1 and 2 
show homozygous (GA); lane 4, 5, 6 and 7 show homozygous (GG) gen-
otypes and lane 3 shows 100 bp ladder, lanes 8 and 9 show heterozy-
gous (GA) genotypes. PCR-RFLP; Polymerase chain reaction-restriction 
fragment length polymorphism.

Linkage disequilibrium and haplotype analysis
Linkage disequilibrium (LD) analysis revealed that 

two investigated PDE8B polymorphisms (i.e. rs4704397 
and rs6885099) were in low LD association (D’=0.060, 
r2=0.003). Haplotype analysis revealed that the frequen-
cy of ‘AA’ haplotype was significantly higher in the pa-
tients and risk of IF-SCH females was increased by 3.84 
fold (P=0.0001, OR=3.84; CI=1.86-8.01; Table 3). The 

frequency of ‘GG’ haplotype was significantly lower in 
IF-SCH females, compared to the controls suggesting 
its protective effect (P=0.0023, OR=0.33; CI=0.16-0.69;  
Table 3).

Genotype-phenotype correlation analysis
TSH levels in IF-SCH females were analyzed with re-

spect to the genotypes of PDE8B rs4704397 A/G and 
rs6885099 G/A. No significant difference in TSH levels 
was observed with respect to genotypes of the both SNPs 
(Fig.3). 

Fig. 3: Correlation of PDE8B rs4704397 and rs6885099 with TSH levels in 
IF-SCH females. No significant difference of TSH levels was observed with 
respect to PDE8B polymorphisms A. rs4704397 and B. rs6885099. TSH; 
Thyroid stimulating hormone, IF-SCH; Infertile females with subclinical 
hypothyroidism

In-silico analysis
Analysis of functional consequences of PDE8B 

rs4704397 by HaploReg v4.1 predicted that PDE8B 
rs4704397 could alter heat shock factor-type (HSF) 
motif and enhancer state by H3K27 acetylation 
(H3K27ac) in inferior temporal lobe of brain (https://
www.pubs.broadinstitute.org/mammals/haploreg/detail_
v4.1.php?query=&id=rs4704397).eQTL database GTEx 
portal showed significantly elevated PDE8B transcripts 
in thyroid tissue of individuals carrying ‘A’ allele, com-
pared to ‘G’ allele (https://www.gtexportal.org/home/snp/
rs4704397).

Table 3: Distribution of haplotype frequencies for PDE8B rs4704397 and rs6885099 polymorphisms

Haplotype
[rs4704397(A/G):
rs6885099 (G/A)]

IF-SCH Female
Freq. (%)

Control females
Freq. (%)

P value for association P value (Global) Odds Ratio [95% CI]

AG 48 (46%) 49 (21%) 0.4434

7.5 × 10-5

1.230 [0.72-2.09]
AA 31 (30%) 12 (10%) 0.0001 3.84 [1.86-8.01]
GG 12 (12%) 34 (28%) 0.0023 0.33 [0.160-0.69]
GA 13 (12%) 25 (21) 0.0876 0.53 [0.25-11.10]

Freq.; Frequency, CI; Confidence interval (Frequency <0.03 in both control and case has been dropped and it was ignored in the analysis), and IF-SCH; Infertile females with subclinical 
hypothyroidism 
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Discussion

The present study shows a high prevalence rate of 
SCH in infertile females (32%) in comparison with 
the healthy controls (Table S1) and the association of 
rs4704397 SNP with infertility in IF-SCH females of 
Gujarat region. In developing countries, one among 
four couples suffers from infertility and in these cou-
ples, hypothyroidism is one of the key perpetrators. 
In a study performed by Verma et al. (28), out of 394 
infertile women, 23.9% were hypothyroid (TSH>4.2 
μIU/ml). An intervention to rectify the hypothyroid-
ism resulted in 76.6% of the conceived infertile wom-
en. Primary health caregivers most often pick up overt 
hypothyroidism easily; however, SCH with its subtle 
symptoms most often goes unnoticed. The prevalence 
of SCH amongst infertile females is common, but there 
is a scarcity on available data. However, there are a 
few studies reporting the prevalence of hypothyroid-
ism, ranging from 15-25% in Indian population (28-
33). As SCH is largely asymptomatic, it goes undiag-
nosed, resulting in infertility. It is essential to include 
evaluation of thyroid related hormones as a standard 
practice along with other tests to ascertain the causes 
of infertility.

SCH occurs due to multiple factors. Some of them 
include congenital agenesis, defect in synthesis due to 
iodine deficiency or anti-thyroid drugs, autoimmune 
diseases, post-surgery, hypopituitarism, TSH defi-
ciency, environmental pollutants, mutations and SNPs 
(37). Of these factors, the present study focuses on the 
SNPs. To evaluate possible correlation between the 
polymorphisms associated with increased TSH levels 
and infertility, two SNPs (rs4704397 and rs6885099) 
of the PDE8B were studied in healthy controls and 
IF-SCH females. Higher frequency of the “A” allele 
for PDE8B rs4704397 polymorphism in SCH related 
infertile patients which revealed “A” as a risk allele 
for infertility in IF-SCH females. However, PDE8B 
rs6885099 was not associated with infertility. Ear-
lier, PDE8B rs4704397 was also found to associate 
with recurrent miscarriage (17). PDE8B is found in 
the thyroid but not pituitary. In addition, given the 
importance of cAMP activity in TSH signaling, it is 
suggested that the PDE8B rs4704397 polymorphism 
could reduce cAMP levels in the thyroid resulting in a 
decreased response of thyroid gland to TSH stimula-
tion, which leads to an increase of TSH set point for 
the same free T3 and T4 levels (18). Polymorphism in 
PDE8B, rs4704397 results in an increase in PDE8B 
enzyme expression. We propose that this could result 
in a faster degradation of cAMP, which decreases the 
synthesis and release of T3 and T4. In such a scenario, 
the negative inhibition of Thyrotropin-releasing hor-
mone (TRH) will not take place and this will result 
in increased levels of TRH and hence TSH. As a con-
sequence, T3 and T4 levels become normal. The in-
creased level of TSH results in development of SCH. 
PDE8B rs4704397 polymorphism might induce phos-

phodiesterase activity in PDE8B, thereby reducing 
the ability of thyroid gland to generate free T4 when 
stimulated by TSH. This results in SCH, which can be 
the cause of infertility in IF-SCH patients. Arnaud et 
al. in a GWAS study reported that PDE8B rs4704397 
could affect plasma TSH levels. Each copy of the mi-
nor allele “A” may lead to a mean increase of 0.13 
mU/l TSH levels (13). However, we did not observe 
significant correlation of the PDE8B rs4704397 SNP 
with circulating TSH levels. This might be due to 
the limited sample size in the present study. PDE8B 
rs4704397 SNP was also found to be associated with 
various conditions like cardiovascular, body height, 
pregnancy, recurrent miscarriage, obesity in children, 
etc. (14-18). Though the exact underlying mechanism 
of PDE8B rs4704397 SNP affecting TSH levels is not 
clear, in-silico tools predicted that this variation might 
lead to enhancement ofPDE8B expression by influ-
encing epigenetic level. The role of PDE8B in human 
placenta and ovaries is still to be understood, while 
human reproduction relevance to PDE has been pro-
posed (19-22). The underlying mechanism of regulat-
ing oocyte maturation is not clearly documented yet, 
but the second messenger cAMP role in oocyte matu-
ration is well known (23). Thus, investigating the role 
of rs4704397 in the oocyte maturation could be an in-
teresting area of research as far as female infertility is 
concerned.

On the other hand, medications given to alter the 
levels of reproductive hormones have serious re-
percussions on the health of females with long-term 
implications (38). Treatment of infertility is usually 
done by direct targeting the reproductive system, in-
stead of looking for the involvement of other factors, 
such as genetic polymorphisms, as a cause of infer-
tility. This genetic approach could be used to iden-
tify IF-SCH patients and treat infertility with greater 
success and fewer side-effects without disturbing the 
reproductive system. Since, small sample size was 
a limiting factor for the present study, we suggest 
investigating larger number of infertile females in 
different populations. This might provide a signifi-
cant insight into understanding the role of PDE8B in 
infertility. 

Conclusion

The present study establishes an association of PDE8B 
rs4704397 with infertility in IF-SCH females and reiter-
ates the importance of screening SCH, as a diagnostic tool 
in infertility management. 
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Abstract 
Background: Cross-border reproductive care (CBRC) refers to the movement of patients to foreign countries 
for fertility treatment. Limited evidence indicates that this phenomenon is associated with a risk of psychologi-
cal distress, but few studies on the psychological impact of CBRC are currently available. The aim of this study 
was to compare the anxiety and depression levels of a group of cross-border patients with a local Spanish patient 
group, both of which underwent in vitro fertilization (IVF) treatment. We also sought to explore the clinical, 
sociodemographic and personality profiles of the CBRC group and local women.

Materials and Methods: This present cross-sectional study was conducted on 161 infertile females (71 CBRC 
patients and 90 local women) who were undergoing IVF treatment. The following questionnaires were used to 
collect data: Spielberger State Anxiety Inventory (STAI-S), the Beck Depression Inventory-II (BDI-II) and the 
Zuckerman-Kuhlman Personality Questionnaire (ZKPQ). Sociodemographic, clinical, reproductive and CBRC 
variables were also recorded.

Results: CBRC patients, specifically CBRC oocyte recipients, showed higher levels of anxiety compared to lo-
cal women. However, no significant differences in depression scores were found between both groups. Finally, 
when analysing personality, the Activity scale scores of the ZKPQ were found to be higher in CBRC oocyte 
recipients, which indicated a greater tendency for general activity and higher energy levels.

Conclusion: CBRC oocyte recipient women may have greater vulnerability to anxiety than local women prior 
to infertility treatment. Screening and psychological support protocols for anxiety in this population should be 
considered.
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Introduction 
Infertility is defined as the failure to establish a clinical 

pregnancy after 12 months of regular, unprotected sexual 
intercourse. The prevalence of infertility is between 17% 
and 28% in industrialized countries (1). Cross-border 
reproductive care (CBRC), also known as reproductive 
tourism, refers to a phenomenon in which infertile pa-
tients travel to other countries to obtain specific assisted 
reproduction treatments (ART), mainly intrauterine in-
semination, in vitro fertilization (IVF) and oocyte dona-
tion (2). Several clinical, social and legal issues can make 
the treatment more difficult in the patients’ country of ori-
gin, which leads patients to seek CBRC. In most cases, 
the treatment is forbidden by law in the country of origin 

for the following reasons: it is considered an unsafe tech-
nique (e.g., oocyte freezing); ethical considerations (e.g., 
gamete donation, preimplantation genetic diagnosis), or 
patient characteristics (e.g., postmenopausal or homosex-
ual women). Likewise, excessively long waiting lists in 
one’s home country, lack of expertise (e.g., preimplanta-
tion genetic diagnosis) and high financial costs also block 
access to reproductive treatments (3). Consequently, there 
has been a progressive increase in migration to obtain 
ART. With regards to Europe, countries in which CBRC 
is most prevalent are France, Italy and Germany, 79% of 
those applicants are treated in Spain mostly due to the 
absence of legal restrictions in gamete donation. In 2016, 
the Spanish Fertility Society (SEF) Registry documented 
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12 939 ART cycles. The majority of these patients were 
from Italy and France. A total of 86% of cases had gam-
ete donation, which was mostly from an oocyte source 
(53.3%) (4). 

Infertility can have a negative impact on quality of life (5-
7), and the IVF treatment process is associated with stress 
(8), depression, anxiety and psychosomatic symptoms that 
interfere with fertility treatment (9). In terms of personal-
ity traits, some studies have found that 'sensation seeking' 
profiles are less prevalent in infertile women, who tend to 
engage in more experiential avoidance and self-judgment 
coping mechanisms (10). Evidence suggests that neuroti-
cism, the relatively stable tendency to respond with nega-
tive emotions (hostility, sadness, anxiety, etc.) to threat, 
frustration, or loss (11) is related to the presence and main-
tenance of anxiety and depressive symptoms/disorders 
(12). It remains unclear, however, if the same holds true in 
infertile women and in women who seek CBRC.

In women who seek CBRC, it appears that multiple 
elements combine to increase vulnerability to psycho-
pathological conditions. According to data from the SEF 
Registry, more than half of CBRC women in Spain seek 
oocyte donation. This, in turn, entails resorting to what 
may be considered as illegal fertility techniques in their 
respective countries (13). In addition, these women are 
usually older; have a longer duration of infertility; experi-
ence an increased conception failure rate; and have more 
difficulties in attaining healthy and normal births (14). In 
addition, further stress results from living in and adapting 
to unfamiliar environments, seeking justification for their 
work absence, the economic expense of treatment (15), 
and the travel costs involved. 

Numerous studies carried out from a medical-legal 
perspective mainly considered the ethical aspects of this 
practice (16,17). However, only some studies have high-
lighted the fact that the adaptation to a different medical 
care context together with the associated psychological/
economic discomfort caused by displacement can inter-
fere with the quality of life of these patients. Therefore, 
studies relating CBRC to psychopathological conse-
quences are needed.

In order to improve treatment interventions for patients 
who receive CBRC, a better understanding of the mecha-
nisms underpinning its associated psychiatric symptomatol-
ogy is required. To our knowledge, no empirical study has 
yet explored the association between CBRC and psychopa-
thology in women. As such, we aimed to determine if there 
were differences in emotional states and personality profiles 
of women who receive CBRC in comparison to local wom-
en. Our study aims were twofold: a) to compare anxiety and 
depression levels between the CBRC patient group and the 
local patient group and b) to explore the sociodemographic, 
clinical and personality profiles of both groups. We hypoth-
esized that CBRC patients: 1. would show higher anxiety 
and depression levels derived from factors associated with 
displacement and 2. would show a distinct personality pro-
file in comparison with local women.

Materials and Methods

Sample
The present cross-sectional study was conducted at a 

hospital in Barcelona, Spain between October, 2015 and 
March, 2016. A total of 163 women were recruited through 
the Department of Reproductive Medicine in a hospital 
of Barcelona (Spain) at the beginning of IVF treatment 
with either their own or donated oocytes through conveni-
ence sampling, so that the samples were selected based 
on availability. The local group comprised 90 local Span-
ish women who underwent IVF treatment. Initially, the 
CBRC group was comprised of 73 women from other 
countries who sought IVF treatment in Spain; however, 
only two women were not Italian. In order to homogenize 
the sample, these two non-Italian women were excluded.

Inclusion criteria for both groups were: infertile female 
aged between 18 and 50 years, need for IVF treatment 
with or without oocyte donation, completed primary 
school as the minimum level of education, agreed to par-
ticipate in the study, and signed the informed consent. The 
local group included women from Spain, while the CBRC 
group only included women from other countries initially, 
and finally just Italy, who travelled to Spain for IVF treat-
ment.

Exclusion criteria in the local group was: an insufficient 
level of Spanish needed to complete the self-administered 
questionnaires and, in the CBRC group, an insufficient 
level of Italian needed to complete the self-administered 
questionnaires.

Procedure
Comprehensive clinical and psychological evaluations 

were carried out the week prior to the transfer along with 
the collection of additional reproductive, clinical and de-
mographic data. The week prior to the transfer was con-
sidered a homogeneous moment for all patients and was 
not influenced by ongoing treatment variables, nor did it 
interfere with the CBRC group's return to Italy. Two staff 
biologists from the Reproductive Medicine Department in 
our hospital explained the basis of the study to the partici-
pants and, if they agreed to participate, they were required 
to sign the informed consent forms. At the gynaecology 
offices, staff asked the patients to complete four study 
questionnaires - the Spielberger State Anxiety Inventory 
(STAI-S), Beck Depression Inventory-II (BDI-II), Zuck-
erman-Kuhlman Personality Questionnaire (ZKPQ), and 
a socio-demographic, clinical and reproductive question-
naire.

Instruments
Spielberger State Anxiety Inventory 

This 20-item questionnaire was used to assess the cur-
rent mood of the respondent. All items were rated on a 
4-point scale, from “Almost Never” 1. to “Almost Al-
ways” 2. which resulted in total scores from 20 to 80, with 
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higher scores indicative of greater levels of anxiety. Inter-
nal consistency coefficients for the original scale ranged 
from 0.86 to 0.95, whilst test-retest reliability coefficients 
ranged from 0.65 to 0.75 over a two month interval. The 
STAI-S, a widely used sub-scale, was the only variable 
from this questionnaire used in the present study. Two dif-
ferent validated translations were used for each sample 
population, Spanish (18) and Italian.

Beck Depression Inventory-II
The beck depression inventory-II (BDI-II) is an instru-

ment for rating the severity of depressive symptoms. The 
BDI-II contains 21 items with four statements rated on 
a 0-3 scale from “Almost Never” to “Almost Always”, 
and a total score from 0 to 63. This instrument categorizes 
depression using a low 14-19, moderate 20-28, or severe 
29-63 stratum. Internal consistency for the original BDI 
scale ranges from 0.73 to 0.92 with a mean of 0.86 (19). 
Two different validated translations were used for each 
sample population of the study: Spanish and Italian (20).

Zuckerman-Kuhlman Personality Questionnaire
This 99-item questionnaire has a true/false format and 

assesses personality traits according to five personality fac-
tors: Neuroticism-Anxiety (19 items), Activity (17 items), 
Sociability (17 items), Impulsive Sensation Seeking (19 
items), and Aggression-Hostility (17 items). Additionally, 
it has an Honesty scale (10 items) in order to ensure the re-
liability of the results. The original version features favour-
able psychometric properties of a high internal consistency 
(Cronbach’s alpha range: 0.77 to 0.91), in addition to sat-
isfactory convergent, discriminant, and consensual validity 
(21). Two different validated translations were used for the 
study: Spanish (22) and Italian (23).

Socio-demographic, clinical and reproductive vari-
ables interview

Additional clinical, demographic and reproductive vari-
ables were measured via a self-administered structured 
questionnaire created socio-demographic, clinical and re-
productive variables interview (ad hoc) for this study. We 
included clinical and demographic variables of age, com-
munity origin, partner gender, education level, occupation 
and psychiatric history. In addition, the questionnaire ex-
plored cross-border issues such as: causes of movement; 
companions; perceived psychological discomfort; rel-
evant difficulties in cross-border infertility treatment; and 
an evaluation of help received from language facilitation 
institutions during the process. Reproductive history was 
also taken into account, e.g., quantifying the number of 
living children; duration of infertility, previous failure(s) 
with assisted reproduction technology cycles (intrauterine 
insemination, IVF, oocyte donation); and previous mis-
carriages.

Ethics
The study was carried out in accordance with the latest 

version of the Declaration of Helsinki. Signed informed 
consent was obtained from all participants, and approval 
was granted from the Hospital Institutional Review Board.

Statistical analysis
All statistical analysis was performed using IBM SPSS 

Statistics for Windows, version 20.0 (IBM Corp., Ar-
monk, NY, USA). Comparison between categorical vari-
ables was carried out using the chi-square tests (χ2) and 
the t-test. All tests were bilateral with a significance level 
set to α=0.05.

Results

Descriptive for the sample
Table 1 shows participants’ descriptives at intake (base-

line values) and a comparison between the CBRC and lo-
cal patients. Both groups had similar sociodemographic 
characteristics and no observed significant differences. 
No statistical differences were found in personal psychi-
atric history between the groups except for a higher than 
average incidence of previous IVF with the patients’ own 
oocytes in the CBRC group.

Cross-border reproductive care issues
In the present study the women were accompanied by 

either their partners (89%), their partners and family/
friends (9.6%), or by only family/friends (1.4%). Fre-
quency distribution of the main causes for CBRC are 
represented in Figure 1, which shows that the primary 
reason for foreign fertility treatment was the difficulty to 
access the desired treatment technique (66.2%). Gener-
ally, CBRC respondents felt supported by the internation-
al department (87.7%). The most positive aspects listed 
were linguistic-communication support (49.3%) and per-
sonalized monitoring (22%). Job-related problems and 
financial costs were the main relevant difficulties within 
the CBRC group (Fig.2). A total of 32.9% of CBRC re-
spondents reported significant psychological discomfort, 
and most reported significant and relevant difficulties in 
cross-border infertility treatment (55.9%).

Fig.1: Mean reasons for patients choosing CBRC (Cross-border reproduc-
tive care).
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Fig.2: Main relevant difficulties related to CBRC (Cross-border reproduc-
tive care) referred by patients care) referred by patients

Anxiety and depression levels of cross-border repro-
ductive care women and local women

Table 2 shows the results obtained from analysis of 

variance (ANOVA) for comparing clinical scores be-
tween CBRC patients and local women, controlled 
for the IVF technique. CBRC women reported higher 
STAI-S scores, but this difference was only relevant 
(P<0.001) and statistically significant in receptor wom-
an (IVF with donated oocytes). No differences in de-
pression scores were found between CBRC women and 
local women. 

Personality profiles in cross-border reproductive 
care women and local women

Personality results are shown in Table 3 in a compari-
son of clinical scores between CBRC patients and lo-
cal women, controlling for the IVF technique. In both 
groups, means in all subscales were within normal levels 
(+ 1 SD with regards to the general population) (21). 
No significant differences were found between groups, 
except for the Activity subscale with higher scores in 
the CBRC receptor group (IVF with donated oocytes; 
P=0.002). 

Table 1: Sample description

Sociodemographic and clinical variables CBRC group (n=71) Local group (n=90) P value
Age (Y) 39.9 ± 5.08 38.8 ± 5.04 0.201
Origin

Spain 0 (0) 90 (100)
Italy 71 (100) 0 (0)

Education level
Primary 9 (12.7) 11 (12.2) 0.835
Secondary 29 (40.8) 33 (36.7)
University 33 (46.5) 46 (51.1)

Civil status
Single 0 (0.00) 1 (1.10) 0.373
Married-partner 71 (100) 89 (98.9)

Partners’ gender
male 71 (100) 97 (96.7) 0.299

Employment status
Employed 65 (91.5) 78 (86.7) 0.052

Duration of infertility (months) 48.8 ± 32.4 46.1 ± 39.6 0.657
Previous infertility treatments: IUI 2.07 ± 2.47 1.77 ± 1.89 0.392
Previous infertility treatments: IVFO 2.21 ± 2.75 1.03 ± 1.30 0.001*

Previous infertility treatments: IVFD 0.21 ± 0.71 0.32 ± 0.85 0.378
Recurrent pregnancy loss 26 (36.6) 24 (26.7) 0.143
Current treatment

IVFO 36 (50.7) 54 (60.0) 0.238
IVFD 35 (49.3) 36 (40.0)

Personal psychiatric history 7 (9.9) 19 (21.1)

Data are presented as mean ± SD or n (%) (n=161). SD; standard deviation, CBRC; Cross-border reproductive care, IUI; Intrauterine insemination, IVFO; In vitro fertilization with own
oocytes, IVFD; In vitro fertilization with donated oocytes, and *; significant at P<0.05. 
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Discussion
This study analysed whether there were psychopatho-

logical differences between CBRC women and local 
women undergoing IVF. We explored CBRC issues and 
the clinical, sociodemographic and personality profiles of 
both groups.

In a similar way to another Spanish study (24), the 
majority of women in the CBRC group were from Italy 
where Spain's CBRC treatment approach is particularly 
well-perceived (13). The main cause of cross-border 
travel in the CBRC group was the illegality/difficulty of 
access to the practice in their home country, which ex-
plained why all of the participants originated from Italy, 
a country with some of the most highly restrictive laws in 
Europe in terms of medically assisted procreation (25).

Both clinical groups showed a similar profile with re-
spect to sociodemographic and clinical features. The only 
difference was that the CBRC group had previously un-
dergone more ART, specifically more IVF with their own 
oocytes. This was in line with the causes of CBRC de-
scribed by these patients in our study, most of whom had 
had experienced failed treatments and came to Spain to 
receive infertility treatment that was illegal in Italy.

Regarding psychopathology, our study finds higher 
anxiety-state levels in CBRC oocyte recipient patients 
in comparison with the local group. These findings sug-
gest that anxiety is simultaneously associated with the 

migratory process and the type of ART used. These find-
ings cannot be compared with other results as there have 
been no similar previous investigations. In terms of de-
pression, no significant differences were found between 
the groups, which was in line with other research where 
women who underwent CBRC IVF in Spain had low lev-
els of depression (24). Therefore, the present data has 
supported the position that the migratory process, when 
an oocyte donation is needed, exacerbates anxiety symp-
tomatology. Previous studies described high and moder-
ate levels of anxiety in women requiring donor oocytes, 
assessed immediately prior to the IVF (26). Before treat-
ment, many oocyte recipients expressed concern about 
the lack of a genetic tie to a child born after the donor 
procedure and doubts about whether or not to disclose the 
donation (27). These fears could increase anxiety levels; 
thus, a psychological consultation prior to treatment with 
gamete donation is recommended (28). In addition, Ital-
ian women who undergo treatment with oocyte donation 
endure a technique that was illegal in Italy until 2013 (13, 
29). Currently, despite being legal, oocyte donation pre-
sents with greater difficulties in terms of access compared 
to other countries, which potentially increases patients’ 
anxiety levels. All of the above factors add to the anxi-
ety generated by infertility itself and support the observa-
tion that anxiety-related symptoms of infertile women are 
more prominent than those of fertile females (30). Fur-
thermore, repeated fertility treatments and the accumula-
tion of unsuccessful IVF treatments generate a sensation 

Table 2: Comparison of STAI-S and BDI-II scores between the CBRC and local groups according to in vitro fertilization technique

Clinical assessment CBRC group n Local grou n P value MD (95% CI)
STAI-S IVFO 22.6 ± 9.70 36 20.8 ± 10.1 54 0.383 1.85 (-2.35; 6.06)
STAI-S IVFD 27.4 ± 6.85 35 18.8 ± 10.5 36 <0.000* 8.62 (4.42; 12.82)
BDI-II IVFO 8.06 ± 6.30 36 9.81 ± 7.15 54 0.234 -1.76 (-4.67; 1.16)
BDI-II IVFD 4.26 ± 4.04 35 5.36 ± 6.46 36 0.392 -1.10 (-3.66; 1.45)

Data are presented as mean ± SD or n (%); STAI-S; Spielberger State Anxiety Inventory, BDI-II; Beck Depression Inventory-II, IVFO; In vitro fertilization with own oocytes, IVFD; In vitro 
fertilization with donated oocytes, CBRC; Cross-border reproductive care, SD; Standard deviation, MD; Mean difference, CI; Mean difference confidence interval, *; significant at P<0.05. 

Table 3: ZKPQ score comparison between the CBRC and local groups according to IVF technique

ZKPQ personality factors CBRC group n Local group n P value MD (95% CI)
Neuroticism-Anxiety IVFO -0.44 ± 1.13 36 -0.33 ± 0.91 53 0.619 -0.109 (-0.54; 0.32)
Neuroticism-Anxiety IVFD 0.06 ± 0.74 35 0.04 ± 0.92 36 0.059 -0.435 (-0.88; 0.02)
Activity IVFO 0.16 ± 0.92 36 0.07 ± 1.10 53 0.702 0.086 (-0.36; 0.53)
Activity IVFD 0.45 ± 0.90 35 -0,21 ± 0.95 36 0.002* 0.711 (0.27; 1.15)
Impulsive Sensation Seeking IVFO -0.27 ± 0.7 36 -0.66 ± 0.78 53 0.069 0.385 (0.06; 0.70)
Impulsive Sensation Seeking IVFD -0.16 ± 0.84 35 -0.27 ± 1.11 36 0.624 0.115 (-0.35; 0.58)
Aggression-Hostility IVFO -0.22 ± 0.74 36 -0.08 ± 1.02 53 0.452 -0.14 (-0.51; 0.23)
Aggression-Hostility IVFD -0.08 ± 0.96 35 -0.01 ± 1.07 36 0.755 -0.076 (-0.56; 0.40)
Infrequency IVFO 0.63 ± 1.06 36 0.54 ± 1.22 53 0.725 0.08 (-0.41; 0.58)
Infrequency IVFD 1.26 ± 1.23 35 0.67 ± 1.60 36 0.086 0.592 (-0.08; 1.26)

Data are presented as mean ± SD or n (%); ZKPQ; Zuckerman-Kuhlman Personality Questionnaire, IVFO; In vitro fertilization with own oocytes, IVFD; In vitro fertilization with donated 
oocytes, SD; Standard deviation, CBRC; Cross-border reproductive care, *; Significant at P<0.05. 
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of vulnerability-based anxiety (31). The CBRC women 
in our study had more previous infertility treatments with 
their own oocytes. The psychological burden of conceiv-
ing through the donation of oocytes is added to the pro-
cess of undergoing the treatment outside their country 
of origin. CBRC poses new challenges and difficulties 
for patients, such as having to live away from home and 
to adapt to an unknown country with possible language 
barriers and little social support (32). In fact, a third of 
the women in the CBRC group endorsed significant psy-
chological significant discomfort, and more than half re-
ported significant and relevant difficulties in cross-border 
infertility treatment. As reported in other studies (33), the 
majority of psychological discomfort in our CBRC sam-
ple arose from economical costs, with absence from the 
participant's workplace listed as the second most relevant 
difficulty.

In light of these results, assisted reproduction centres 
that assist CBRC patients should be prepared to identify 
patients’ anxiety levels prior to treatment, especially with 
oocyte donation and, if necessary, facilitate patient ac-
cess to psychological support. Previous CBRC research 
in Spain (24) showed that couples with a history of oocyte 
donation treatments were more likely to perceive psycho-
social support as useful and to desire it. Psychosocial 
interventions for couples under treatment for infertility, 
particularly cognitive behaviour therapy, has proven to be 
effective, both in reducing psychological distress and in 
improving clinical pregnancy rates. 

On the other hand, no significantly different personality 
profiles were obtained between both groups, other than the 
Activity characteristic. This means that the CBRC group, 
specifically when an oocyte donation was required, was 
characterized by a greater tendency for general activity, 
an inability to relax and do nothing when the opportu-
nity arises, a preference for hard and challenging work, 
a busy life, and a high energy level (34). CBRC patients 
who need oocyte donations tend to face more difficulties 
accessing reproductive treatment, thus making this per-
sonality tendency coherent in this subgroup of CBRC 
women given that CBRC recipient women must develop a 
proactive attitude towards infertility. These women must 
overcome the barriers and regulations of their countries to 
be able to carry out the reproduction treatment necessary 
for them to become mothers.

Finally, regarding CBRC issues and in accordance with 
previous studies (35), the main cause of reproductive tour-
ism in our sample was the legal prohibition in the country 
of origin. This finding stresses the importance of taking 
a rapidly changing legal environment into consideration 
and to promote the adequate regulation of ART (36).

The present study is not without its limitations. First, all 
data were collected only from women who sought ART 
treatment. Future studies should aim to assess their part-
ners in in order to obtain a more comprehensive view of 
CBRC effects (24). Second, the CBRC patients were from 
Italy, which limited the external validity of our analysis 

and comparisons with other countries of origin. The exist-
ence of country-based differences in the mental health of 
couples who undergo CBRC has been reported in previ-
ous studies (24), which suggests that this kind of analysis 
could be of interest. Third, the evaluation was carried out 
only through questionnaires, without a complementary 
clinical interview. Fourth, the cross-sectional perspec-
tive of this study did not permit the detection of differ-
ences between both groups after clinical intervention. It 
would be of interest to determine if a relationship existed 
between anxiety levels prior to fertility treatment and 
during pregnancy or postpartum. Finally, despite having 
been identified in infertile women (10), we did not assess 
coping strategies, cognitive style, quality of life or other 
psychopathologies of interest, such as somatic disorders.

Conclusion

This study provides further information about the exist-
ence of increased anxiety in CBRC women, specifically 
those who receive oocyte donations. The findings sug-
gest that screening systems and psychological support for 
anxiety in this population should be considered in order to 
improve the quality of care in CBRC.
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Abstract 
Background: This study intends to present the role of rescue in vitro maturation (IVM) in polycystic ovarian syn-
drome (PCOS) patients undergoing in vitro fertilization (IVF) treatment who have inappropriate responses to ovarian 
stimulation.

Materials and Methods: This was a retrospective case series study of five PCOS patients undergoing IVF treatment 
considered for cycle cancellation due to increased risk of ovarian hyperstimulation syndrome (OHSS) as group A or 
poor response to ovarian stimulation as group B. Patients in group A had high oestradiol levels and recruitment of high 
numbers of small/intermediate sized follicles that did not meet the criteria for human chorionic gonadotropin (hCG) 
triggering. Patients in group B responded inadequately to hormonal stimulation despite high gonadotropin dosage. 
Treatment was changed to rescue IVM cycles after the patients provided consent.

Results: In group A, three IVF patients deemed to have high chances of developing OHSS as evidenced by high 
oestradiol levels were converted to IVM. A total of the 58/68 oocytes retrieved were mature or matured in vitro. There 
were 26 cleaving embryos obtained. Two patients had live births and one patient suffered a miscarriage. In group B, 
rescue IVM was implemented in two patients due to poor ovarian response (POR). A total of 22/26 oocytes retrieved 
were mature or matured in vitro. There were 13 cleaving embryos obtained. One patient had a live birth, whilst the 
other suffered a miscarriage.

Conclusion: Rescue IVM could be a viable option in PCOS patients undergoing IVF treatment who are unable to
safely meet the criteria for hCG triggering due to overresponse to ovarian stimulation or ovarian resistance to high 
doses of stimulation. Conversion to IVM can still result in reasonable oocyte retrieval and lead to clinical pregnancy 
and live births without the risks of OHSS.
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Introduction 
Ovarian superovulation with gonadotropin stimula-

tion is still the mainstay of in vitro fertilization (IVF) (1). 
The aim of ovarian stimulation is to induce multifollicu-
lar recruitment with as much synchronized cytoplasmic 
and nuclear maturation as possible, and to safely obtain a 
higher number of mature eggs at the time of egg collection 
(2). Side effects of ovarian stimulation can include breast 
tenderness, abdominal bloating, nausea and vomiting (3). 
More importantly, it can lead to ovarian hyperstimulation 
syndrome (OHSS), particularly in women with polycystic 
ovarian syndrome (PCOS) (4, 5).

PCOS is probably the most frequently encountered 
endocrinopathy in women of reproductive age (6). It is 
characterized by irregular menses, hyperandrogenism, 
and polycystic ovaries (PCO) on ultrasound findings. The 
prevalence of PCOS may be as high as 15-20% (7). It is 
believed that harvesting more eggs would compensate for 
subfertility in these patients. However, ovarian responses 
to the same stimulation protocols may vary considerably 
among different PCOS patients and even among different 
cycles in the same patient (8).

In some cycles, patients may be overstimulated, resulting 
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in a very high number of growing follicles and increased 
levels of oestradiol. This group of patients is at higher risk 
of developing OHSS (9-11). In addition, a large cohort of 
antral and preantral follicles are recruited in these overstim-
ulated cycles, which are asynchronous and heterogeneous 
in their growth and development (1).  Consequently, imma-
ture and mature eggs are retrieved in these cycles. In some 
cases, this may prove to be a complex conundrum that 
needs much consideration, particularly when the patient is 
at high risk of OHSS, as demonstrated by high hormone 
levels, and there is an insufficient number of large-sized 
follicles. In these cases, cancellation could be the only op-
tion. Coasting may not be effective or plausible, as oestra-
diol production may increase further (12).

On the other end of the spectrum, management of PCOS 
women with poor ovarian response (POR) can be an equal-
ly frustrating challenge. Despite the high number of small 
follicles per ovary (2-3 times that of normal) (13), there 
is poor follicular growth and development in response to 
gonadotropin stimulation. This adversely affects mature 
oocyte retrieval and, more importantly, pregnancy suc-
cess. Like patients at high risk of developing OHSS, these 
women also face the prospect of cycle cancellation.

We report a cohort of overstimulated IVF patients, as 
indicated by their rapidly increasing oestradiol levels and 
the large number of follicles, and a cohort of poor re-
sponders to ovarian stimulation who converted to rescue 
in vitro maturation (IVM) treatment. The aim of this study 
is to examine the rate of immature oocyte recovery and 
their potential for IVM from cancelled IVF cycles due to 
an abnormal response to gonadotropin stimulation.

Materials and Methods

Eligible patients

Unplanned IVM rescue cycles were undertaken for five 
PCOS patients who had abnormal responses to gonado-
tropin stimulation as part of their IVF treatment between 
2007 and 2010 at the Oxford Fertility Clinic.

PCOS was defined according to the modified Rotterdam 
criteria (14) . Women who were considered to have overre-
sponded had either high levels of oestradiol and/ or a high 
number of growing follicles (>20 at an early stage). Con-
versely, women who were considered as resistant to gon-
adotropin stimulation either responded poorly biochemically 
with low oestradiol levels or had poor follicular growth as 
evidenced by scans. Women aged over 40 and who had more 
than three previous failed IVF cycles were excluded from the 
study. In accordance with Oxford University Ethics Commit-
tee, the study was not registered and Ethical approval was 
not required as data were anonymised, not identifiable by re-
searchers and were collected before the study was formulated. 

In vitro fertilization and in vitro maturation
Our standard protocol for IVF and IVM treatments were 

described previously (15).

Statistical analysis
This was a case series study produced as part of an IVM 

programme at Oxford Fertility Unit, UK. Statistical anal-
ysis was carried out by a biostatistician at Oxford Univer-
sity. Statistical analyses were done using Microsoft Excel 
(Microsoft Office 365). Table was produced using Micro-
soft Excel (Microsoft Office 365). Graphs were produced 
using GraphPad Prism 8.0.0 on Mac OSX (Apple Inc. 
USA). The case series was reported using the case report 
(CASE) guidelines checklist (16).

Results

We present five cases of PCOS patients (see criteria 
above) aged between 31 and 39 years who each under-
went an unplanned rescue IVM cycle due to an abnormal 
ovarian response to gonadotropin stimulation at Oxford 
Fertility Clinic between 2007 and 2010. They agreed to 
undergo immature oocyte maturation retrieval with subse-
quent IVM of oocytes to rescue their IVF treatment. Prior 
to the treatment, they all had normal ovarian reserves ac-
cording to their early follicular phase follicle stimulating 
hormone (FSH) and antral follicle counts (AFC). The 
main results examined were biochemical pregnancy [beta 
human chorionic gonadotropin (βhCG) positive], clinical 
pregnancy rate (defined as heart activity at 8 weeks on an 
ultrasonography scan) and live birth rate.

Three patients (group A) were offered the option of 
converting to IVM rather than cancelling their IVF cycles 
as they were deemed to be at risk of developing severe 
OHSS. Average oestradiol on the day of cancellation was 
11 078 ± 5141.9 pmol/L (Table 1). Nevertheless, none of 
these patients actually developed OHSS. Oocyte retrieval 
rate per aspirated follicle was 35%. A total of 68 oocytes 
were retrieved between the three patients in each group, 
and 58 of the 68 oocytes reached metaphase I (MI) or 
metaphase II (MII, Fig.1). Twenty-six cleaving embryos 
were obtained in group A (Table 1).

Fig.1: Numbers of oocyte retrieved and matured. Bar chart shows the 
numbers of oocytes retrieved and matured for each patient. Patients 1-3 
represent group A and patients 4-5 represent group B.
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In group B, two patients were offered the option of 
rescue IVM cycle because they had POR to gonado-
tropin stimulation. Average oestradiol level of the day 
of cycle cancelation was 2141.5 ± 482.9 pmol/L (Ta-
ble 1). Despite their disappointing response to ovar-
ian stimulation, 13 oocytes were retrieved from each 
patient. In fact, oocytes could be obtained in 33% of 
all follicles identified and aspirated. Eleven oocytes 
were mature or matured in vitro for each patient (Ta-
ble 1). A total of 13 cleaving embryos were obtained 
in this group.

In both groups, all patients had two fresh cleavage em-
bryos transferred on day 3 of development and all (100%) 
had positive pregnancy tests two weeks later. Three of 
the five patients (60%) gave birth to healthy singletons at 
term (38 and 40 weeks) or near term (35 weeks). Unfortu-
nately, one patient in group A had a late second trimester 
miscarriage and one patient in group B had an early first 
trimester miscarriage (Table 1). Moreover, three patients 
had the opportunity to store their embryos. Two patients 
returned for a total of three frozen embryo replacement 
cycles, but they were all unsuccessful.

Discussion

Our case series study shows that rescue IVM could be a 
viable option in PCOS patients undergoing IVF treatment 
but failing to safely meet the criteria for hCG triggering 
because of either ovarian overresponse or underresponse 
to hormonal stimulation.

In our study, we did not use the conventional definition 
of POR as defined by the European Society of Reproduc-
tion and Embryology (ESHRE) (17). Instead, POR in our 
study referred specifically to PCOS patients with normal 
ovarian reserve and high AFC, yet showed poor hormonal 
and follicular response despite controlled ovarian hyper-
stimulation (COH). POR patients have reduced oocyte 
production, cycle cancellation and, most importantly, a 

reduced probability of pregnancy. It is unclear why wom-
en with PCOS can have such contrasting responses to 
gonadotropin stimulation, although it has been suggested 
that certain PCOS phenotypes may be correlated with ad-
verse assisted reproductive outcomes (8). There is no test 
that can reliably predict outcome of ovarian stimulation 
in women with PCOS. However, anti-Müllerian hormone 
(AMH) on day 3 of the IVF stimulation cycle may posi-
tively predict ovarian response to gonadotropin stimula-
tion. Oestradiol levels on the day of hCG administration 
and oocyte retrieval rate positively correlate with increas-
ing AMH levels during IVF cycles in PCOS patients (18). 
As there is no way to reliably predict poor responders to 
gonadotropin stimulation, we cannot immediately iden-
tify these women for IVM. However, rescue IVM after 
failed IVF may provide these women with a chance of 
pregnancy within the same cycle of treatment.

There have been efforts to identify an algorithm based 
on the woman’s age and markers of ovarian reserve to 
optimise the FSH starting dose in assisted reproductive 
techniques (ARTs). A recent study suggested that the ap-
plication of a nomogram could lead to a more tailored 
approach, increasing the cost-effectiveness of infertility 
treatment. In general, the starting dose of FSH as calculat-
ed by the nomogram was lower than the actual prescribed 
dose, which might reduce the risk of OHSS. However, the 
authors also suggested the inadequacy of the nomogram 
in PCOS patients, especially in those with high AMH lev-
els (19). Further studies are required to assess the util-
ity and generalisability of such nomograms. The risk 
of  OHSS may also be reduced by the administration of 
adjuvant medication. Administration of D-chiro-inositol 
(DCI) in PCOS patients resulted in a higher ovulation rate 
compared to placebo (20, 21). Myo-inositol and DCI may 
improve many of the metabolic and hormonal dysregula-
tions characteristic of PCOS (22), and myo-inositol seems 
to be able to increase oocyte quality, decrease the days of 
FSH stimulation before hCG administration and, hence, 
the risk for OHSS (23, 24). 

Table 1: ZKPQ score comparison between the CBRC and local groups according to IVF technique

Pt
no. 

Age BMI E2 on
day of
cancellation

Oocytes
retrieved

Oocytes
reaching 
MI
or MII
(% of total)

No.
ooc ytes
injected

Fertilization
rate

No.
cleaving
embryos

Embryos
transferred

Pregnancy
test

Cycle
outcome

1 32 23 6065 22 22 (100) 22 17 (77) 12 2 + Live birth

2 31 21 16340 34 28 (82) 28 15 (54) 12 2 + Miscarriage
21 weeks

3 34 23 10830 12 8 (67) 8 4 (50) 4 2 + Live birth

4 32 23 1800 13 11 (85) 11 6 (55) 5 2 + Live birth

5 39 24 2483 13 11 (85) 11 8 (73) 8 2 + Biochemical
pregnancy

Table showing baseline characteristics of each patient, oestradiol levels on the day of cancellation of IVF treatment, as well as parameters on oocytes and embryos obtained in each 
case. Patients 1-3 represent group A. Patients 3-4 represent group B. Pt; Patient, no; Number, MI; Metaphase I, MII; Metaphase II, BMI; Body mass index, and IVF; In vitro fertilization. 
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OHSS is an iatrogenic, systemic condition secondary 
to gonadotropin stimulation that occurs either during 
the luteal phase or during pregnancy. The most common 
form happens a few days after the induction of follicular 
rupture via injection of hCG when follicular growth has 
been medically induced (25). Fundamentally, in OHSS, 
an increase in vascular permeability results in third-space 
fluid loss, leading to intravascular volume depletion and 
haemoconcentration (9). Thromboembolism is a poten-
tially serious consequence of OHSS, and can sometimes 
be fatal despite treatment (26). Additionally, OHSS been 
reported to be linked to hepatic and renal dysfunction (27, 
28), but the link between COH and renal/ liver dysfunc-
tion are still debated. A study by Romito et al. (29) ex-
amined 426 patients undergoing IVF treatment and found 
that COH did not significantly alter renal and hepatic 
functions. In contrast, Giugliano et al. (30) reported a case 
of hepatic failure after four cycles of COH in a patient 
that developed severe haemolysis, elevated liver enzymes 
and low platelets (HELLP) syndrome. Various preventa-
tive strategies of OHSS during IVF have been suggested, 
such as coasting (31), co-treatment with cabergoline (32) 
or metformin (33), cryopreservation of embryos (34), or 
the administration of gonadotropin releasing hormone ag-
onists (GnRH-agonist) instead of hCG in women treated 
in antagonist protocols (35). However, the only absolute 
way of preventing OHSS is to avoid ovarian stimulation, 
as in IVM. Given the evidence between COH and renal/
liver dysfunction is still debated, avoiding ovarian stimu-
lation by using IVM may have the added advantage of 
preventing such complications, especially when many 
women have already gone through multiple cycles of IVF 
and may be at higher inherent risk for developing renal/
hepatic dysfunction. 

Despite the advances in ARTs, one of the main chal-
lenges is the management of patients who have POR. To 
this end, luteal phase ovarian stimulation and dehydroe-
piandrosterone (DHEA) supplementation have shown 
promising results in improving outcomes in PORs. Pre-
liminary results from a single centre pilot study by Lin et 
al. have demonstrated that luteal phase ovarian stimula-
tion significantly improved oocyte retrieval and quality 
when compared to follicular phase ovarian stimulation in 
patients undergoing IVF (36). In a similar finding, Chern 
et al. (37), in their retrospective study, reported a potential 
benefit of DHEA supplementation pre-IVF cycle in PORs 
by showing improved oocyte retrieval rate, quality of em-
bryos and live birth rate compared to the control group. 

The success rate with IVM is associated with the num-
ber of immature oocytes obtained, which is predicted by 
the AFC. Women with PCOs have higher AFCs (13) and, 
therefore, have a comparatively increased rate of suc-
cess than those with normal ovaries. Women with PCO 
are at significantly higher risk of developing OHSS (4, 
5). In our previous study, we have reported that IVM is 
a simpler, safer, although less successful alternative, for 
women with PCO or PCOS (15). Balancing the higher 
success rate of IVF in PCO/PCOS women with the risk 

of potentially developing OHSS can be a complex dilem-
ma. With the possibility of initial IVF treatment, and then 
rescue IVM if they are at significant risk of developing 
OHSS, we may be able to make a compromise between 
success rate and safety that neither IVF nor IVM alone 
can achieve in PCOS patients. One of the strengths of our 
study is the corroboration of previous findings, not only 
from our own group but that of others. The concept of res-
cue IVM began approximately two decades ago. Coskun 
et al. (38) have demonstrated that immature oocytes can 
be recovered from cancelled human gonadotropin cycles 
and these oocytes can be matured in vitro. Later, in a re-
lated publication, Jaroudi et al. (39) reported on 18 pa-
tients who underwent IVF but were then deemed to be 
at significant risk of developing OHSS. These women 
had cycle cancellation and underwent immature oocyte 
retrieval with subsequent IVM. On average, 8.1 immature 
oocytes were retrieved from each patient and 44 embryos 
were transferred in 17 cycles. There were two live births; 
however, one baby was delivered preterm and died short-
ly after. The study suggested that oocytes matured in vitro 
from incomplete IVF cycles could be fertilised by intracy-
toplasmic sperm injection (ICSI) and the those embryos 
could result in pregnancies. However, at the time, the low 
success rate could not justify recommendation of more 
widespread use without further research. In our study, the 
average number of oocytes retrieved per patient in both 
groups was higher than reported by Jaroudi et al. (39).

There are a number of potential explanations for this. 
First, the study by Jaroudi et al. (39) included not only 
PCOS patients, but also those with other types of infer-
tility, such as anovulatory and unexplained cases. It is 
known that PCOS patients have higher numbers of fol-
licles from which immature oocytes may be retrieved. It is 
also plausible that the improvements in both the IVF and 
IVM protocols have contributed to the higher numbers of 
immature oocytes picked up in our study. The live birth 
rate (60% overall) in our study was also higher. Again, 
improvements in techniques and protocols may have con-
tributed to results; however, we are aware that our cohort 
is very small. In our study, the maturation rate (reaching 
MII) in group B (27%) was lower than that in group A 
(58%), which was comparable with our previous study 
(65%) (40). Whilst this seems to be a significant differ-
ence, it is noteworthy that the cohort size in our previous 
study was 94, which is considerably larger than that of 
our current study. It is possible that there a genuine dif-
ference exists in the ability of oocytes to mature between 
poor responders and overresponders, which may share the 
same aetiology as ovarian resistance to hormonal stimu-
lation. The fertilization rate for both groups is similar to 
that reported in our previous study, which is promising as 
it suggests that oocytes in rescue IVM are not adversely 
affected by their previous exposure to gonadotropin sti 
mulation, regardless of the ovarian response. 

The main limitation of our study is the sample size the 
high clinical pregnancy rate and live birth rate requires 
caution. Whilst a biostatistician carried out the data analy-
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sis, we did not calculate the sample size required before 
the start of the study. This was due to logistical reasons 
of finding cases of cancelled IVF with subsequent agree-
ment of undergoing IVM. Arguably this affects the gen-
eralisability of our study and the ability to draw definitive 
conclusions based on the findings of this mini case series. 
However, our aim is to highlight the possibility of IVM 
success in a proportion of PCOS patients who fail IVF 
treatment in a field that has the scope for further study 
and research. 

IVM has an inherent advantage over conventional 
IVF by utilising the natural menstrual cycle, and by-
passing the need for ovarian stimulation and pituitary 
suppression, albeit at the cost for reduced chances of 
success. Conventionally, IVM has been considered 
an alternative to IVF in women at risk of OHSS or in 
those who may have a POR to gonadotropin stimula-
tion. Here, we present IVM as a potential add-on treat-
ment, which is not considered as an alternative to IVF, 
but rather alongside it as a rescue strategy. The advan-
tage is that potentially recoverable immature oocytes 
in cancelled cycles are not wasted and the emotional 
stress associated with facing a potentially cancelled cy-
cle is reduced. Additionally, it may help prevent these 
patients from undergoing another costly, lengthy stim-
ulation protocol.

Conclusion

We conclude that rescue IVM could be a viable option 
in PCOS patients undergoing IVF treatments who fail to 
safely meet the criteria for hCG triggering, either due to 
overresponse to ovarian stimulation or ovarian resistance 
to high doses of stimulation. Conversion to IVM can still 
result in reasonable oocyte retrieval and lead to clinical 
pregnancy and live births without the risks of OHSS. Fur-
ther research is needed to determine the aetiology of POR 
and OHSS, and identify markers that will allow us to reli-
ably predict which patients for whom IVF is less appro-
priate than IVM. Larger studies are needed to determine 
whether rescue IVM is a widely applicable strategy for 
women who respond inappropriately to ovarian stimula-
tion and its success rate. 
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Abstract 
Background: Polycystic ovary syndrome (PCOS) is an endocrine disorder diagnosed by anovulation hyperandro-
genism. Hyperandrogenism increases apoptosis, which will eventually disturb follicular growth in PCOS patients. 
Since mitochondria regulate apoptosis, they might be affected by high incidence of follicular atresia. This may cause 
infertility. Since vitamin D3 has been shown to improve the PCOS symptoms, the aim of study was to investigate the 
effects vitamin D3 on mtDNA copy number, mitochondrial biogenesis, and membrane integrity of granulosa cells in 
a PCOS-induced mouse model.

Materials and Methods: In this experimental study, the PCOS mouse model was induced by dehydroepiandrosterone 
(DHEA). Granulosa cells after identification by follicle-stimulating hormone receptor (FSHR) were cultured in three 
groups: 1. granulosa cells treated with vitamin D3 (100 nM for 24 hours), 2. granulosa cells without any treatments, 
3. Non-PCOS granulosa cells (control group). Mitochondrial biogenesis gene (TFAM) expression was compared 
between different groups using real-time PCR. mtDNA copy number was also investigated by qPCR. The mitochon-
drial structure was evaluated by transmission electron microscopy (TEM). Hormonal levels were measured by an 
enzymelinked immunosorbent assay (ELISA) kit.

Results: The numbers of pre-antral and antral follicles increased in PCOS group in comparison with the non-PCOS 
group. Mitochondrial biogenesis genes were downregulated in granulosa cells of PCOS mice when compared to the 
non-PCOS granulosa cells. However, treatment with vitamin D3 increased mtDNA expression levels of these genes 
compared to PCOS granulosa cells with no treatments. Most of the mitochondria in the PCOS group were spherical 
with almost no cristae. Our results showed that in the PCOS group treated with vitamin D3, the mtDNA copy number 
increased significantly in comparison to PCOS granulosa cells with no treatments.

Conclusion: According to this study, we can conclude, vitamin D3 improves mitochondrial biogenesis and membrane 
integrity, mtDNA copy number in granulosa cells of PCOS mice which might improve follicular development and 
subsequently oocyte quality.
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Introduction 
Polycystic ovary syndrome (PCOS) is a common en-

docrine disorder in women (1). Menstrual dysfunction, 
anovulation, hyperandrogenism, hirsutism, and polycys-
tic ovaries are considered as the symptoms of PCOS (2). 
Hyperandrogenism stimulates follicular atresia in granu-
losa cells via apoptosis. As a result, apoptosis and oxida-
tive stress can interfere with follicular growth in women 
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suffering from PCOS (3). Therefore, disruption of folli-
cular growth in patients suffering from PCOS is related 
to granulosa cells apoptosis and oxidative stress caused 
by high production of reactive oxygen species (ROS). 
Since mitochondria can regulate apoptosis and ROS pro-
duction, these organelles may be affected by high rates 
of follicular atresia in the PCOS patients (4). Changes in 
the mitochondrial function might cause insulin resistance, 
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oxidative stress, hyperandrogenism, and glucose intoler-
ance, leading to the appearance of PCOS symptoms (5-7). 
The disturbance of mitochondrial function in granulosa 
cells may cause some disorders in oocyte function, matu-
ration, and fertilization. This may also affect the fertility 
of PCOS patients by reducing the oocyte quality. There-
fore, the proper functionality of mitochondria is of im-
portance in this regard (5). Mitochondria play a key role 
in the determination of numerous factors involved in the 
reproduction, such as oocyte quality, follicular growth, 
development, and granulosa cell proliferation (6). Mito-
chondria also mediate various cellular processes, includ-
ing apoptosis, ROS production, calcium signaling, adeno-
sine triphosphate (ATP) synthesis, pyrimidine synthesis, 
and Fe-S protein synthesis (3, 8). Furthermore, mitochon-
dria, as the main organelle for cellular ROS production, 
can also impair mitochondrial DNA (mtDNA), which may 
subsequently be the cause of different diseases. Being 
more susceptible to oxidative damage and attaining high 
rates of mutations are more common in the mitochondrial 
genome than nuclear DNA due to the adjacency to the 
electron transport chain (ETC), lack of sheltering histones 
and inefficient DNA repair capabilities (9). mtDNA of 
mammals is nearly 16 kb in size, encrypting 13 proteins of 
the oxidative phosphorylation (OXPHOS) complexes, 22 
ribosomal RNAs (rRNA), and transfer RNAs (tRNA) that 
are required for mitochondrial mRNA translation. mtD-
NA, like nuclear DNA, can influence mitochondrial gene 
expression, biogenesis, and function through epigenetic 
modifications (10). It is of note to mention that mitochon-
drial biogenesis can also influence mtDNA and nuclear-
encoded protein synthesis, the congregation of the double 
genetic origin derived proteins, mtDNA replication as well 
as cell growth and proliferation (11). Mitochondrial bio-
genesis is hard to understand and needs several processes, 
such as synthesis of mtDNA and nuclear genes (12). The 
main gene in mitochondrial biogenesis that is critical for 
mtDNA transcription and maintenance is mitochondrial 
transcription factor A (TFAM). Mitochondrial biogenesis 
is also regulated by nuclear genes such as NRF2, which 
controls the other factors in mitochondria (11).

Since oocyte quality is a crucial factor for conception in 
PCOS patients and that depends on mitochondrial func-
tion and structure, prescription of an appropriate medica-
tion may improve fertility rate as a consequence of im-
proved oocyte quality (13). Different treatments have been 
trialed, and vitamin D3 is one of which to have shown 
signs of improvement in PCOS patients (6). Vitamin D3 
has been used before to alleviate signs of insulin resist-
ance, hyperandrogenism, and oxidative stress in PCOS 
patients and other metabolic disorders (14). Vitamin D3 
also has an important role in calcium homeostasis, cel-
lular proliferation, and differentiation(15). Recently it has 
been demonstrated that the low level of vitamin D can 
result in excessive androgen secretion, insulin resistance, 
and follicular growth interruption in the patients suffer-
ing from PCOS. These occur through the decline of sex 
hormone-binding globulin (SHBG) levels, insulin recep-

tors, and calcium dysregulation (8). The serum concentra-
tion of 25-hydroxyvitamin D in women with PCOS is less 
than 20 ng/ml, which can exacerbate PCOS symptoms 
(16). Therefore, in this study, we aimed to investigate the 
effects of vitamin D3 on the mitochondrial biogenesis, 
membrane integrity, and mtDNA copy numbers in the 
granulosa cells isolated from PCOS-induced mice.

Materials and Methods

PCOS animal model and assessment of morphology
This is an experimental study that the effect of vitamin 

D3 on mitochondrial biogenesis in a PCOS mouse model 
was investigated. Androgen excess and other symptoms 
of PCOS were induced by the injection of DHEA (Sigma, 
Austria), 6 mg/100 g body weight. DHEA was dissolved 
in 95% ethanol (0.01 mL) and mixed with sesame oil (0.09 
mL). Subsequently, it was injected subcutaneously into 
female BALB/C mice (25 days old) for 20 consecutive 
days before reaching puberty (PCOS group, n=20). As a 
vehicle control, 0.1 mL of sesame oil (Sigma, Austria) and 
0.01 mL of 95% ethanol (Sigma, Austria) were injected 
into another group of the same mouse strain for 20 con-
secutive days (n=20). A Control group of the same mouse 
strain without any treatment was also considered (n=20). 
The mice were kept at room temperature (25 ± 1°C, RT), 
with enough food and water, and under diurnal modula-
tion by daily light. All the animal trials were performed 
in agreement with the Institutional Animal Care Com-
mittee of Iran University of Medical Sciences and Health 
Services for animal welfare. (ethics code: IR.IUMS.REC 
1396.29969). The weight changes in mice were measured 
every day. Vaginal smears were also taken every day over 
the 20-day course of treatment. The mice were sacrificed 
by cervical dislocation. For histological assessments, the 
ovaries were subsequently fixed with 10% formalin (Mer-
ck, Germany). Next, 5-μm sections were made with a mi-
crotome, and the sections were immersed in xylene and 
ethanol with different grades for deparaffinization and 
rehydration, respectively (Merck, Germany). The ovaries 
were then stained with hematoxylin and eosin (DAKO, 
USA). For morphology assessment, the ovaries assessed 
by a Nikon microscope (Nikon, Japan), and photographs 
were taken.

Sex hormones assessments
For the analysis of sex hormones, cardiac blood  

samples were collected using needles. Blood serum 
was subsequently separated using a centrifuge machine 
at (300 rpm, 4°C, 10 minutes) and follicle-stimulating  
hormone (FSH), luteinizing hormone (LH), 17β-estradiol 
(E2) and progesterone levels were measured by an 
ELISA kit (Abcam, Cambridge, UK) according to the  
manufacturer's guidelines.

Isolation and culture of granulosa cells
The ovaries of 45-day BALB/C mice (DHEA-reated 
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and the vehicle group) were removed after the mice were 
sacrificed via cervical dislocation. For aspiration of the 
follicles, 25-gauge needles were used, and the follicles 
were aspirated in a solution made of phosphate buffer sa-
line (PBS) and 1.0% bovine serum albumin (BSA) (In-
vitrogen, USA). 70-μm cell strainers (BD Falcon, MA, 
USA) were used to isolate granulosa cells from the other 
cells and tissues. Subsequently, granulosa cells were sep-
arated from the oocytes with a 40-μm cell strainer (BD 
Falcon, MA, USA). Blood cell contamination was re-
moved by RBC lysis buffer after centrifugation at 1000 
rpm (4°C, 10 minutes). Then, the pellet was mixed with 
phenol red-free DMEM/F12 medium containing 10% fe-
tal bovine serum (Sigma, Austria). The medium was cen-
trifuged at 1000 rpm (4°C, 10 minutes). Next, the pellet 
was removed and transferred to cell culture dishes con-
taining DMEM-F12, 10% FBS (Sigma, Austria), 100 mg/
mL streptomycin (Sigma, Austria), 100 IU/mL penicillin 
(Sigma, Austria), 2 mM glutamine (Sigma, Austria), 1 
mM sodium pyruvate (Sigma, Austria). The culture dish-
es were then incubated at 37°C, with 5% CO2 and 95% 
humidity.

Identification of isolated GCs
To identify granulosa cells, an antibody against FSHR, 

a specific marker of granulosa cells, was used. Affinity-
purified rabbit anti-follicle stimulating hormone recep-
tor (FSHR) polyclonal antibody was purchased from 
antibodies-online (ABIN1872743). First, the cells were 
spread on a slide using a cytospin centrifugation device, 
and the slides were then immersed in a cold normal buff-
ered formalin (NBF) solution to be fixed. Subsequently, 
the cells were washed with PBS and blocked using PBS-
Triton/BSA. Afterward, the primary FSHR antibody was 
added to granulosa cells overnight. The following morn-
ing the cells were washed three times with PBS and were 
subsequently treated with the secondary FSHR antibody 
for 30 minutes. DNA was counterstained with 4′,6-diami-
dino-2-phenylindole (DAPI). Preparations were washed 
in PBS before mounting on glass slides. Slides were 
viewed on an epifluorescence microscope and captured 
with a digital camera. 

Experiment design
The treatment groups for granulosa cells were as fol-

lows:
1. PCOS granulosa cells treated with vitamin D3 (100 

nM) for 24 hours (17, 18)
2. PCOS granulosa cells without any treatments 
3. Non-PCOS granulosa cells (control group) 

Reverse transcription- polymerase chain reaction and 
quantitative reverse transcription- polymerase chain 
reaction 

The Trizol reagent (Sigma, Austria) was used to extract 
the total RNA of granulosa cells in all groups. Then, chlo-

roform was added to the mixture of granulosa cells and the 
Trizol reagent. Afterward, the mixture was centrifugated 
at 1000 rpm (4 C, 10 minutes). The upper phase contain-
ing the total RNA was collected. Next, the total RNA was 
washed with 75% ethanol, allowed to air dry, and then re-
constituted in diethylpyrocarbonate (DEPC) water. Using 
a cDNA synthesis kit (Thermo Scientific, USA), the total 
RNA was reverse-transcribed according to the manufac-
turer’s guideline. In summary, a mixture of the random 
hexamer, first-strand buffer (all from Fermentas), DNase-
(Fermentas Inc, MD, USA) treated RNA, RiboLockTM 
RNase inhibitor, dNTP Mix, Dithiothreitol (0.1M) and 
SuperScriptTM II Reverse Transcriptase was made for 
reverse transcription of each sample. The thermocycler 
(company) was set at 25°C for 10 minutes, 43°C for 40 
minutes, and 75°C for 15 minutes. Quantitative PCR was 
performed using 1 μl of cDNA in a reaction consisting of 
ROXTM Reference Dye, SYBR Premix EX TaqTM (Ta-
kara, Japan), and 1 μl of the desired primer. The β-actin 
gene was utilized as a housekeeping gene. The reactions 
were amplified with StepOne™ Real- Time PCR System 
(Applied Biosystems, MA, USA) as following: denatura-
tion at 95 °C for 10 seconds, 35 cycles of amplification 
(95°C for 5 seconds and 60°C for 30 seconds), separation 
stage at 95°C for 15 seconds, 60°C for 1 minutes, and 
95°C for 15 seconds. Using oligo 7.60 software to design 
primers. The TFAM forward primer was CCG AGC TCC 
TCC TCC TTT GC and the TFAM reverse primer was 
CCT ACA ACG CAG CGA CCG AG.

Mitochondrial DNA quantification
For the measurement of the mtDNA copy number, quan-

titative polymerase-chain-reaction (qRT-PCR) was used. 
Forward primer and reverse primer were used to analyze 
mtDNA. SYBR Green I Master Mix (10 μl) (Sigma, Aus-
tria), which contains 10 pmol of reverse primer and 10 
pmol of forward primer was mixed with DNA (10 ng). 
The qPCR set-up consisted of 4 segments: 50°C for 2 
minutes, 95°C for 10 seconds followed by 40 cycles of 
denaturation at 95°C for 5 seconds, annealing at 59°C 
for 35 seconds, and extension at 72°C for 1 minutes. For 
each qPCR reaction, the copy number of the mtDNA and 
the threshold cycle number (Ct) of the β-actin gene were 
measured. The runs were replicated at least two times, and 
the normalization was performed against the housekeep-
ing gene, β-actin. For the quantification of the mtDNA 
copy number, the double delta Ct analysis was applied.

Electron microscopy of mitochondria
Isolated granulosa cells were fixed using 2.5% glutar-

aldehyde in PBS and then treated with 1.0% osmium te-
troxide in the same buffer for the post-fixation procedure. 
For performing the dehydration process, ethanol and pro-
pylene oxide were used. Then inserted in epoxy resin, and 
sectioned. Using ethanolic uranyl acetate to contrast the 
sections and lead citrate and observed under a transmis-
sion electron microscope (Zeiss LEO 906 (TEM), 100 kV, 
Germany).
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Statistical analysis
The data in this experiment are expressed as the means 

and standard error of the mean (19) for three independ-
ent biological replicates. Statistical significance between 
different groups was evaluated and analyzed by on-way 
analysis of variance (ANOVA), followed by Tukey’s post 
hoc test. The level of statistical significance was set at 
P<0.05. The SPSS software (version 21.0) was utilized 
for the data analysis.

Results

Hormonal levels and cycle alteration in mice
In the PCOS group induced by DHEA, the serum level 

of estradiol and LH were higher when compared to con-
trol and vehicle groups, respectively (Table 1). The lower 
amount of FSH serum was detected in the PCOS group 
versus the control group and vehicle group due to estra-
diol negative feedback. The ratio of LH/FSH was signifi-
cantly increased in the PCOS group in comparison to the 
vehicle group (Table 1). The estrous cycle was irregular in 
the PCOS group and ultimately stopped, whereas, in the 
control and vehicle group, normal cycles (nearly 5-7 days) 
continued as normal. Using mice in the control and vehicle 
groups that were just in the estrous cycle to exclude the 
influence of the estrous cycles on other measurements.

Table 1: Hormonal levels

Hormone Control Vehicle DHEA
Estradiol (pg/mL) 132 ± 9.10 142 ± 8.52 3786 ± 13.1**

FSH (IU/L) 6. 59 ± 0.82 6.84 ± 0.29 4.11 ± 0.64
LH (IU/L) 5.60 ± 0.11 6.13 ± 0.38 18.58 ± 0.82*

LH/FSH (IU/L) 0.84 ± 0.13 0.89 ± 1.31 4.52 ± 1.28**

Progesterone (pg/mL) 3.647 ± 0.69 3.268 ± 0.54 2.369 ± 0.19 
Data are presented as mean ± SD. *; P<0.05, **; P<0.005, FSH; Follicle-stimulating 
hormone, LH; Luteinizing hormone, DHEA; dehydroepiandrosterone.

Histological analysis for characterization of PCOS 
ovaries

Upon H&E staining, the specimen was analyzed under 

the light microscope. Normal follicles were detected at 
various developmental stages in the vehicle group. Cor-
pus luteum was also observed in the control group, which 
was an indicator of normal ovulation (Fig.1A). Due to the 
seizure of the estrus cycle, no corpus luteum was detected 
in the PCOS group (Fig.1B).

Fig. 1: Histological assessment of ovaries. A. Follicles of normal ovaries 
represented follicles at different stages, and corpus luteum (CL) and B. 
Ovaries of the polycystic ovary syndrome (PCOS) model induced by de-
hydroepiandrosterone (DHEA) revealed antral and pre-antral follicles and 
some cysts (FC) were observed in H&E staining. No corpus luteum was 
observed in the PCOS ovary .Scale bar: 50 μm. 

Mitochondrial biogenesis gene expression
To assure that the cells being experimented on granu-

losa cells, a granulosa cell antibody was used against 
FSHR. Photograph analysis showed that the target cells 
were stained with this antibody, indicating that they were 
granulosa cells (Fig.2). Thus, for the treatment of granu-
losa cells, vitamin D3 (100 nM) was used for 24 hours. 
Subsequently, RNA was extracted, and Reverse transcrip-
tion- polymerase chain reaction (RT-PCR) performed to 
measure the expression of mitochondrial biogenesis gene 
(TFAM) in different groups. Vitamin D3 increased the ex-
pression of TFAM in the PCOS group (Fig.3) by 5-fold 
compared to the PCOS group without any vitamin D3 
treatment. This indicates that vitamin D3 might stimulate 
mitochondrial biogenesis in PCOS-induced granulosa 
cells.

Fig. 2: Follicle‐stimulating hormone receptor (FSHR) (specific markers of granulosa cells) was investigated. The FSHR expression in isolated granulosa cells 
(green) was observed. Nuclei (blue) were stained by 4′,6-diamidino-2-phenylindole (DAPI). Scale bar: 100 μm.
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Fig. 3: The expression of TFAM (mitochondrial biogenesis gene) in cultured 
granulosa cells of DHEA‐induced PCOS BALB/C mice was compared between 
three groups. Granulosa cells were pre‐incubated in the serumfree medium in 
the presence or absence of vitamin D3. The expression of the mitochondrial 
biogenesis gene was upregulated in the vitamin D3 group. It is also revealed 
that the gene expression was declined in PCOS granulosa cells in comparison 
with non-PCOS healthy granulosa cells (control group), ***; P<0.05, DHEA; De-
hydroepiandrosterone, and PCOS; Polycystic ovary syndrome.

Mitochondrial DNA
For the analysis of the mtDNA, qPCR was performed. 

Our results revealed that in the PCOS group treated with 
vitamin D3, the mtDNA copy number increased sig-
nificantly in comparison to the non-treated PCOS group 
(Fig.4). Data analysis by the quartile distribution of mtDNA 
copy number in the non-treated PCOS group showed an 
association between mtDNA copy number and PCOS risk. 

Fig. 4: The mitochondrial DNA copy number (mtDNA) in cultured granu-
losa cells of DHEA‐induced PCOS BALB/C mice was compared between 
three groups. Granulosa cells were pre‐incubated in the serum‐free me-
dium in the presence or absence of vitamin D3. The mitochondrial DNA 
copy number was significantly increased in the vitamin D3 group in com-
parison with the non-treated PCOS group (**; P<0.05). It is also revealed 
that the mitochondrial DNA copy number was declined in the non-treated 
PCOS granulosa cells in comparison with the non-PCOS healthy granulosa 
cells (control group). DHEA; Dehydroepiandrosterone, PCOS; Polycystic 
ovary syndrome.

Transmission electron microscopy of mitochondria 
structure

For the evaluation of the alterations of the mitochon-
dria structure, transmission electron microscopy was 
employed. Most of the mitochondria in the PCOS group 
without any treatment were spherical, with almost no cris-
tae; however, in the PCOS group treated with vitamin D3 
as well as in the non- PCOS group (control group) in-
tact inner and outer membrane and a clear intermembrane 
space was observed (Fig.5).

A

B

Fig. 5: Mitochondria membrane structure (TEM). A. PCOS group without 
any treatments were spherical with almost no cristae (arrow: abnor-
mal mitochondria). B. PCOS group treated with vitamin D3 and also in 
the non-PCOS group (control group) include undamaged mitochondria  
(arrow: normal mitochondria).

Discussion

The present study demonstrated that vitamin D3 af-
fected mtDNA copy number, mitochondrial structure, and 
mitochondrial biogenesis in granulosa cells of a PCOS-
induced mouse model in comparison with healthy normal 
ovaries. PCOS is regularly described by oligomenorrhea, 
chronic anovulation, hyperandrogenism, and hyperinsu-
linemia (20). Androgenic hormones, such as DHEA, tes-
tosterone, and androstenedione, cause some problems in 
the patients suffering from PCOS (2). According to pre-
vious studies, in the PCOS ovaries, the atretic follicles 
increased that caused by hyperandrogenism, which is 
critical in the pathogenesis of PCOS. High levels of an-
drogen in women that suffer from PCOS might intensify 
follicular atresia and follicular development disruption 
that might cause subfertility (4). According to our previ-
ous study (17), to mimic the hyperandrogenism condition, 
for induction of the PCOS model and also confirmation of 
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the abnormal hormonal level and ovarian morphological 
features in PCOS mice, DHEA was injected into the 25-
day old female mice intraperitoneally. Androgen excess, 
insulin resistance, and disturbed follicular development 
are some symptoms of this disorder that might interfere 
with female fertility (21-23). The levels of LH, estradiol, 
along with the ratio of LH to FSH were increased in the 
PCOS-induced mice compared to the vehicle group. The 
level of FSH was comparatively decreased in the PCOS 
group caused by the estradiol level feedback.

Disrupted ovulation and oocyte quality induced by hy-
perandrogenism can be improved by different treatments 
such as metformin and spironolactone (7). Besides hor-
monal treatments, various supplements such as vitamin 
D3 have been shown to improve the PCOS symptoms 
(24). Moreover, several lines of evidence demonstrate 
the positive role of vitamin D3 in some disorders, such as 
premature ovarian failure (POF), endometriosis, PCOS, 
and male infertility (17, 25). It has been demonstrated that 
vitamin D3 might stimulate follicular development in pa-
tients with PCOS; however, it could not alleviate disrupt-
ed lipid and glucose metabolism (26-28). A large body of 
studies has shown that vitamin D3 has constructive ef-
fects on alleviating the symptoms of ovulation disorders 
and insulin resistance in women suffering from PCOS 
disorder (17, 29). Hormonal fluctuations in PCOS women 
can be improved by vitamin D3; however, the duration of 
treatment can influence the degree of symptom alleviation 
(14, 26). Underlying mechanisms as to how vitamin D3 
exerts its effects are yet to be elucidated.

For the assessment of the effect of vitamin D3 on mito-
chondrial biogenesis, isolated granulosa cells from PCOS 
ovaries were treated with vitamin D3. Mitochondrial mem-
brane integrity and alteration in mtDNA copy numbers were 
also evaluated. It has been demonstrated that mitochondria, 
as the powerhouse of the cell, are of importance for opti-
mum oocyte quality and fertilization. Poor oocyte quality 
and subsequent embryonic development could be attribut-
ed to mitochondrial dysfunction (10, 15). We hypothesized 
that vitamin D3 may improve mtDNA copy number, mito-
chondrial membrane integrity, and biogenesis.

In the present study, we demonstrated that mitochondri-
al biogenesis could be upregulated after 24 hours of treat-
ment with vitamin D3. The findings showed that vitamin 
D3, as a supplementation, improves the main mitochon-
drial biogenesis marker (TFAM) in the granulosa cells of 
PCOS ovaries. According to some evidence, TFAM plays 
an important role in mitochondrial biogenesis (12, 30-33). 
It is revealed that total antioxidant capacity (TAC) raise 
by vitamin D3 and also vitamin D3 may alleviate the hor-
monal disturbances in women with PCOS (34, 35). Since 
our results showed that vitamin D3 has an improvement 
effect on ovulation problems and follicular disruption, we 
could understand that vitamin D3 might have an impor-
tant role in declining the atretic follicles and alleviating 
the development of follicles via upregulating the mito-
chondrial biogenesis main gene and mitochondrial mem-

brane integrity.
In this study, for the first time, we have shown the vita-

min D3 effect on mtDNA copy number and mitochondrial 
membrane integrity in a mouse model of PCOS granulosa 
cells. Our results revealed that most of the mitochondria 
in the PCOS group were spherical with almost no cristae. 
In line with our study, Longfei et al. revealed a distorted 
mitochondrial structure and diminished membrane integ-
rity in the PCOS group (10). Oocytes of the PCOS mouse 
model, induced with DHEA, have demonstrated disrupted 
mitochondrial biogenesis, decreased mtDNA copy num-
ber, and distorted mitochondrial ultrastructure that is in 
agreement with our findings in this study (10, 36). Ding 
et al. also observed that mitochondrial dysfunction, due 
to mtDNA mutation, has a role in the manifestation of 
PCOS symptoms that is in line with our results (37). Re-
duced mtDNA copy number is associated with poor oo-
cyte quality and subsequent compromised embryo devel-
opment and implantation (10) (15). Our findings showed 
decreased mtDNA copy number in the PCOS group (non-
treated), which is increased upon treatment with vitamin 
D3.

In line with this finding, researchers showed reduced 
mtDNA copy number in the PCOS patients (37, 38). 
Also, in agreement with our findings, a case-control study 
showed reduced mtDNA copy number in Korean women 
suffering from PCOS (9, 10, 39). Bhanoori et al. (9) also 
demonstrated that mtDNA copy number severely de-
creased in PCOS patients.

Conclusion
According to our results, mtDNA copy number, the 

biogenesis might be affected by vitamin D3 in PCOS 
granulosa cells. We nominate that mitochondrial bio-
genesis genes expression might be increased by vitamin 
D3. Therefore, vitamin D3 can have a significant role in 
the alleviation of mitochondria and follicular damages in 
PCOS ovaries. However, extensive studies are needed to 
determine the optimal dose and duration of treatment with 
vitamin D3 in PCOS women.
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Abstract 
Azoospermia is one of the challenging disorders affecting couples who are afflicted with infertility. Human testis-
derived cells (hTCs) are suitable candidates for the initiation of in-vitro spermatogenesis for these types of patients. 
The current study aimed to assess the proliferation of hTCs through the cell culture on the three-dimensional (3D) po-
rous scaffolds. Cells harvested from the testicular sperm extraction (TESE) samples of the azoospermic patients were 
cultured on the 3D porous scaffolds containing human serum albumin (HSA)/tri calcium phosphate nanoparticles 
(TCP NPs) for two weeks. The proliferation/viability of the cells was assessed using the MTT assay, along with H&E 
histological staining method. The MTT assay showed that hTCs could stay alive on this scaffold with 50 and 66.66% 
viability after 7 and 14 days, respectively. Such viability was not significantly different when compared with cells 
grown on monolayer flask culture (P>0.05). Therefore, 3D HSA/TCP NPs scaffolds could be used for the reconstitu-
tion of the artificial human somatic testicular niche for future applications in regenerative medicine for male infertility.
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Introduction 
Spermatogenesis is a vital developmental phenomenon 

in which the production of haploid male gametes from 
diploid spermatogonia occurs in mammalian testes. It 
starts from spermatogonial stem cells (SSCs) in the semi-
niferous tubules with gradual differentiation toward sper-
matocytes, spermatids, and spermatozoa (1).

Azoospermia is defined as the lack of spermatozoa 
in semen, and it is one of the challenging disorders in 
male infertility. Approximately 1 per 200 men in any 
population is diagnosed as azoospermic. Although treat-
ments, such as percutaneous epididymal sperm aspira-
tion (PESA) and testicular sperm extraction (TESE) 
followed by intracytoplasmic spermatozoa injection 
(ICSI), are available for azoospermic patients, there is 
still need to improve the therapeutic approaches. As of 
2004, several studies have shown that embryonic stem 
cells may restore the spermatogenesis and functional 
sperms in mouse and human, known as in vitro game-
togenesis (IVG) (2-4).
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Moreover, in parallel, several groups have demonstrat-
ed the pluripotency of germ-line stem cells (GSCs) fol-
lowing SSCs culture in rodents, though, there is a debate 
about pluripotency of GSCs in primates and humans (5).

Beside mitotic and meiotic divisions of SSCs for the 
production of mature spermatozoa, there are different sig-
nificant factors that play roles in this process. These ele-
ments include somatic cells (such as Leydig cells, myoid 
cells, and Sertoli cells), extracellular matrix (ECM) com-
ponents (including laminin, collagen type IV and collagen 
type I), as well as growth factors and hormones [includ-
ing bFGF, glial cell-derived nerve factor, glial cellderived 
nerve factor (GDNF), and testosterone] that are capable 
of forming a complex microenvironment where spermat-
ogenesis occurs (6).

By means of scaffolds, cells, and growth factors, tissue 
engineering has provided enormous hope and interest in  
academia, industry, and the public to cure various disor-
ders (7). A recent review article by Del Vento et al. (8) 
indicates that tissue engineering might be helpful for the 
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transplantation of germ cells by improving the cellular 
environment using scaffolds to enhance graft outcomes 
for prepubertal boys exposed to gonadotoxic treatments. 
Following our previous animal studies performed on 
mice (9, 10), the aim of this study was to evaluate the vi-
ability and proliferation of the cells derived from human 
TESE samples, which were cultivated on a novel three-
dimensional (3D) nano-scaffold containing human se-
rum albumin (HSA)/tri calcium phosphate nanoparticles 
(TCP NPs), as examined by MTT and H&E histological 
staining assays. Advantages of using HSA include its 
low price, availability as a sterile solution, and numer-
ous binding sites for bioactive molecules. This artificial 
niche could be a step forward to fertility restoration for 
male infertility.

TESE samples were taken after obtaining written in-
formed consent from two non-obstructive azoospermic 
patients (with the ages of 27 and 36 years) who had rare 
immotile spermatozoa in testicular biopsies with com-
plete spermatogenic arrest, unremarkable spermatogo-
nia, normal Leydig cells, and normal serum hormones. 
The Ethics Committee of Shahid Sadoughi University of 
Medical Sciences in Yazd, Iran (IR.SSU.REC.1394.226). 
The chemicals used in this study were all purchased from 
Sigma-Aldrich (Poole, UK). Culture media and supple-
ments were procured from Invitrogen (UK) unless oth-
erwise stated. As described previously (9), in brief, 36 g 
of calcium nitrate [Ca (NO3)2] and 12 g of diammonium 
phosphate [(NH3)2 HPO4] were dissolved in 525 mL and 
375 mL of distilled water (DW), respectively. Then, 25 
mL of calcium nitrate was added to 25 mL of the diam-
monium phosphate solution, adjusted to pH=13, and kept 
for 6 hours at room temperature. After mild shaking, the 
synthesized product was washed with DW and allowed 
to dry. All dried TCP NPs were ball-milled for 1 hour. 
Then, 12.5 mg of TCP NPs were separately added to 4 
mL of 500 mg/mL HSA (available as sterile injectable vi-
als) and mixed for 1 minute. The resulting HSA/TCP NPs 
mixture was kept at 100°C water for 30 minutes. After the 
construction of solid matter, HSA/TCP NPs scaffold was 
frozen at -20C, followed by the incubation at 37C water 
for 30 minutes.

As explained previously (5), fresh TESE samples were 
placed in 2 mL of the Dulbecco’s Modified Eagle Medium 
(DMEM, Gibco, UK) supplemented with 5% fetal bovine 
serum (FBS, Gibco, UK) and transferred to the laboratory 
within 15 minutes. The TESE biopsies were rinsed in a 
Petri dish using a 19-gauge needle. TESE specimens were 
enzyme-dissociated overnight by the incubation in 0.1% 
collagenase type I in DMEM/10% FBS at 37ºC, with 5% 
CO2. Cells were subsequently recovered by aspiration and 
washed by centrifugation at 200 g for 3 minutes. The su-
pernatant was discarded, and the pellet was recovered for 
culturing human testis-derived cells (hTCs). The obtained 
hTCs were incubated in flasks containing DMEM/10% 
FBS. Trypsin/EDTA (Gibco, UK) enzymatic method was 
used to passage hTCs. All cell culture experiments were 
performed at least in triplicate.

To sterilize the scaffolds, UV-irradiation was used for 1 
hour. Following the expansion of hTCs by five passages 
using trypsin/EDTA, hTCs were detached from the flasks, 
counted, and plated on the scaffolds at a concentration of 
5000 cells per well in 96-well plate culture dishes and in-
cubated at 34°C with 5% CO2.

After 7 and 14 days, the cell-coated scaffolds were fixed 
by 4% paraformaldehyde (Sigma-Aldrich Chemie GmbH, 
Germany). The H&E staining method was carried out to 
detect arrays of hTCs within the porous scaffold.

Three cell-coated scaffolds were checked for cell pro-
liferation/viability by the MTT [3-(4, 5-dimethyl-2-thi-
azolyl) -2, 5-diphenyl -2H- tetrazolium bromide] assay 
on days 7 and 14, and the average of 3 cultures was de-
termined. The optical densities (ODs) at 570 nm with 
background subtraction at 630 nm were evaluated using 
an enzyme-linked immunosorbent assay (ELISA) reader 
(Tajhizat Sanjesh, Iran). The percentage of viability/pro-
liferation was determined by the below formula:

Viability (%)=(OD of the test sample/OD of the control 
sample)×100.

For each of the 3 scaffolds, OD measurement was per-
formed in triplicate. The statistical analysis was analyzed 
by the Statistical Package for the Social Sciences (SPSS) 
software version 22 (IBM, USA). Two-tailed bivariate 
(Pearson) correlations were calculated for the test and 
control samples based on their OD. Data are presented 
as mean ± SD. Differences with P<0.05 were considered 
statistically significant.

The TESE samples stained by H&E are shown in Figure 
1A. hTCs were initially cultured and expanded in flasks as 
monolayer cell culture, and they showed mostly elongated 
shapes (Fig.1B). The 3D porous scaffolds containing HSA/
TCP NPs were successfully established, as described ear-
lier. The size of pores (~10-300 μm) was checked using 
an inverted microscope (Fig.1C). The scaffolds were sec-
tioned and stained (Fig.1D) before the 3D cell cultures.

Following the five passages of culture flasks, hTCs 
were cultured for 14 days on the 3D HSA/TCP NPs scaf-
folds. For the assessment of the homing and viability of 
the cells, cell-seeded scaffolds were sectioned and stained 
after 7 (Fig.1E) and 14 days (Fig.1F). H&E staining re-
vealed the biocompatibility of scaffolds for hTCs; never-
theless, the number of cells within the pores was depend-
ent on the size of pores. Interestingly, there is a similarity 
between histological sections of TESE (Fig.1A) and hTC-
seeded scaffolds (Fig.1E, F); however, the latter exhibits 
disarrangement and possesses fewer cells.

The OD of monolayer cultures did not significantly 
(P>0.05) differ from the 3D cultures for 2 weeks (Fig.2). 
On day 7, the ratio of viable cells in the 3D culture was 
about half of that observed in the monolayer culture (0.1 
± 0.06 vs. 0.2 ± 0.10), which became 66.7% after 14 days 
(0.2 ± 0.08 vs. 0.3 ± 0.10). This implies the nontoxic na-
ture of the 3D scaffold for hTCs.
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Recently, successful IVG was shown in mouse embry-
onic stem cells for the production of sperms (11), oocytes 
(12), and offspring. Some potential was indicated in hu-
man embryonic stem cells but without success in achiev-
ing actual spermatozoa or oocytes (3, 4, 13). On the other 
hand, fertile mouse spermatozoa (14) and eggs (15) were 
produced using GSCs in vitro. In humans, oocytes were 
claimed to be produced from GSCs in women who are 
in the reproductive age (16), but there is still debate re-
garding the origin and pluripotency of GSCs and their 
potential for in vitro spermatogenesis (IVS) (5). One of 
the strategies for IVS in mouse (other than adding exog-
enous growth factors to the culture medium) is the trans-
plantation of GSCs into seminiferous tubules (14). There 
are several challenges regarding human IVS. First of all, 
there are ethical and technical difficulties for the isolation 
of SSCs as well as the generation and expansion of puta-
tive male pluripotent GSCs. Besides, even if it becomes 
feasible to generate putative pluripotent GSCs from hu-
man samples in boys undergoing chemotherapy, ethical 
issues remain for the transplantation of GSCs in recipi-
ent testes. Tissue engineering can help to reconstitute the 
human somatic niche for IVS (8). In the present study, 
has, as an abundant source of proteins in the blood (35-50 
g/L of human serum) was used for designing a homemade 
scaffold. HSA is a soluble globular molecule with an av-
erage half-life of 19 days. Correspondingly, it is extreme-
ly stable in a pH range of 4-9. One of the major benefits of 
scaffolds made from HSA is the lack of immunogenicity. 
Additionally, HSA produces amino acids upon the break-
down, providing nutrition for the cells in culture media. 
Altogether, HSA is available, cheap, biodegradable, bio-

compatible, and ideal candidate compound for scaffold 
construction (17). TCP NPs are biocompatible and bio-
degradable with high absorption capacity. The viability 
of mouse (9) and rat (10) SSCs was shown previously us-
ing HSA-based scaffolds. Our data reveal that 3D HSA/
TCP NPs scaffolds support the survival and proliferation 
of hTCs with 70% viability for two weeks, as compared 
with monolayer culture. This 3D culture system could be 
further studied as an artificial niche for human IVS de-
rived from either GSCs or pluripotent stem cells. 

Fig.2: The MTT assay of hTCs cultured on monolayer versus 3D scaffold 
after 7 and 14 days. hTCs; Human testis-derived cells, OD; Optical density, 
and 3D; Three-dimensional.
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Abstract 
Recurrent hydatidiform mole is defined as episodes of two molar pregnancies in a female. Often, complete moles only 
derive androgenic nuclear genome. We described two cases with repeated molar pregnancies attempted to prevent 
future episodes by performing intracytoplasmic sperm injection (ICSI) and preimplantation genetic diagnosis (PGD) 
to assess genetic disorders. The first patient had previously six complete molar pregnancies and advised to carry out 
ICSI with ovum donation to achieve a normal pregnancy. The second case had previously five molar pregnancies and 
no XY embryos from the ICSI/PGD process. We had to (at the insistence of the patient) transfer XX embryos in this 
patient which resulted in a complete hydatidiform mole (CHM). Hence, available data based on our patients and previ-
ous studies demonstrated that oocyte might play a critical role in the pathophysiology of recurrent hydatidiform mole, 
while it has not been often considered. 
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Introduction 
Complete hydatidiform mole (CHM) is characterized 

by diffuse chorionic villi hyperplasia and generalized hy-
datidiform villous swelling (1). Recurrent hydatidiform 
mole is an extremely rare occurrence. Rate of that is more 
than 23% after two molar pregnancies in the same woman 
(2, 3). Recurrent CHM is related to a higher malignancy 
risk (4). Early abortions in approximately 10-20% after 
one hydatidiform mole show the genetic origin of molar 
pregnancies in some of these patients (1, 5). Furthermore, 
there is 44-66% chance of live births at future pregnan-
cies (6).

Molar pregnancy has a multifactorial etiology related to 
several environmental and genetic factors (7). Complete 
moles usually have their nuclear genome from the pater-
nal (androgenesis). In such cases, chromosomal material 
from the ovum is lost or becomes inactive, whereas the 
mitochondrial DNA has maternal origin (1, 8).

Preliminary investigation for prevention of CHM was 
based on the morphological manifestation of embryos 
during in vitro fertilization (IVF) (9). However, accord-
ing to genetic composition and pathogenesis of molar 
pregnancies, intracytoplasmic sperm injection (ICSI) 
and preimplantation genetic diagnosis (PGD) with fluo-

rescent in situ hybridization (FISH) provide a diploid 46, 
XY complement which is appropriate for prevention of an 
additional event in patients with repeated molar pregnan-
cies (6). Defective oocytes can be a predisposing factor as 
the main cause of abnormal fertilization thus an oocyte or 
embryo donation is considered for achieved normal preg-
nancy (10, 11). 

In the present study, we described two cases of recurrent 
molar pregnancy which were advised to have ICSI/PGD 
to prevent repeated CHM. This led to their molar preg-
nancies. Oocyte donation in the current cases resulted in 
normal pregnancies and live births.       

Case Report
Case 1

A 30-years-old woman presented with six molar preg-
nancies and five suction curettages in the last nine years. 
All pregnancies had complete molar pathology. The pa-
tient underwent subfertility treatment for nine years and 
had conceived by ovarian stimulation with clomiphene in 
all pregnancies, which led to histopathological diagnoses 
of hydatidiform mole. She had regular menstrual cycles 
and a body mass index (BMI) of 29kg/m2. The patient 
had no history of blood transfusions and no addictions. 
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Her blood group was B positive and she had normal thy-
roid hormone profile. Immunological assessments such 
as anti-phospholipid (IgG and IgM) and anti-cardiolipin 
antibodies, anti-ds-DNA, anti-nuclear antibody (ANA), 
lupus anti-coagulant and CHso were performed due to her 
recurrent abortion history. She was negative for any au-
toimmune disorders. Pelvic examination showed remark-
able deformation and scarring in the cervix, resulted from 
tenaculum lesions. Her husband was 37 years old with 
the following semen indices: concentration of 120×106/
ml with normal motility (40%) and normal morphology 
(21%) according to Kruger's criteria evaluation. Both of 
the patient and her partner had normal karyotypes. It was 
not consanguine marriage. 

Genetic counseling recommendations included ICSI/
PGS. The first ovarian stimulation was achieved by the 
use of oral contraceptive pill (OCP) long GnRHa. Com-
bined low-dose (LD) contraceptive pills (Abureyhan 
Pharmaceutical Company, Iran) starting on day 2 of the 
menstrual cycle then buserelin (Suprefact; Hoechst, Den-
mark) was initiated from day 17th of the cycle. After pitui-
tary down-regulation was achieved, Gonal-F was subcu-
taneously injected for nine days at a dose of 150 IU/day 
(Serono, Switzerland). Ovarian response was monitored 
by vaginal ultrasound when two follicles had diameters of 
more than 17 mm and ovulation was induced by admin-
istration of 10000 IU of human chorionic gonadotropin 
(hCG; Pregnyl, Germany). A total of 12 oocytes were re-
trieved 36 hours post-hCG administration. The number of 
metaphase II (MII) oocytes was evaluated and the patient 
underwent insemination procedures. Ten embryos were 
obtained at the cleavage stage. An advanced cleavage 
status of an 8-cell embryo at 72 hours after insemination 
resulted in four embryos with two-pronuclear (PN), three 
embryos with 1.PN, one embryo without PN and 2 em-

bryos with three-PN and good and fair grading. All em-
bryos proceeded to the cleaving stage (day 3 after retriev-
al) and were biopsied for single-cell PGS by FISH. FISH 
probes were specific for chromosomes 13, 18 and 21 to 
determine aneuploidy. Two technologists were evaluated 
and construed the signals of FISH probes. We observed 
micronuclei and extra nucleus in all embryos that were 
not transferred due to the presence of multi-micronuclei 
embryos (Table 1).

After three years and based on the patient's history, the 
couple was advised to have an oocyte donation and ICSI 
procedure. Ovarian stimulation of the donors was performed 
using a standard oral contraceptive pills (OCP) long GnRHa 
stimulation protocol and pituitary-ovarian suppression by 
buserelin. There were 21 out of 26 oocytes at the MII stage.  

ICSI procedure was routinely performed to prevent dis-
permia. We obtained 20 2.PN good grade embryos from 
insemination. Three cleaving excellent embryos were 
transferred 2 days after ICSI procedure without any posi-
tive result. Other frozen embryos were transferred three 
times in three years. The second cycle resulted in preg-
nancy and live birth, by transferring three good embryos. 

One year after delivery of the first live birth, an endo-
metrial adhesion was detected by ultrasonography exami-
nation. A hysteroscopy was subsequently performed. Dur-
ing the second donor cycle, four oocytes were retrieved 
according to the previous donor protocol and three ex-
cellent stage 2.PN embryos were transferred. Pregnancy 
was confirmed by a persistent rise in serum β-hCG levels 
on the 14th day after embryo transfer. Ultrasonography at 
six weeks gestation was remarkable for a singleton preg-
nancy with a positive fetal heart rate. She eventually had 
vaginal delivery of a healthy infant. The recruited patient 
gave her consent to participate.

Table 1: Details of biopsy and spreading of embryos from the second case and the respective results of FISH analysis

Embryo Grade No. Cells 
biopsied

Nucleus Fragmentation PGD 
FISH results

Whole embryo 
FISH results

Embryos status in 
transfer day

B 3/8 3.PN + ?# - 5B
B 1/8 2.PN + [13][18]

[13][18][21×3]
- 8B

B-C 1/10 1.PN + [13×2][18][21×2] - Compact
B 1/10 1.PN + [13][18×2][21] - Compact
C 1/8 2.PN + [13][18×3][21×2] 

[13][21]
- 7C

C 1/6 NO* + [13][18][21] - 5C
C 1/4 2.PN + [13×3][18×3][21×4] - 6C
C 1/6 2.PN + No signal detected - 8BC
C 1/4 1.PN + [13×2][18×2][21×2] - 3C
C-D 1/4 3.PN + [13][18][21]×2

[13][18]
- 4CD

*; No nucleus was observed, # ; Not available, PGD; Genetic diagnosis, FISH; Fluorescent in situ hybridization, PN; Pronucleus, and ?; Unkhnown.
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Case 2
A 24-years-old woman had complaints of consecutive 

CHM verified by histopathology assessment of the evacu-
ated uterine contents. Her medical history included five 
previous molar pregnancies occurred over 8 years follow-
ing spontaneous conceptions that did not continue beyond 
the first trimester. The latest molar pregnancy occurred 
one year before admission. The patient married 12 years 
ago and she had no infertility history. Her BMI was 36 kg/
m2 and the blood group was O positive. She had regular 
menstrual cycles and normal thyroid profile. All infection 
tests were also normal. Hormonal assessment on day 3 of 
the menstrual cycle indicated an FSH level of 7.5 mIU/
ml and LH level of 4.93 mIU/ml. Abdominal ultrasonog-
raphy revealed a 13 mm diameter isoechoic myometrial 
fibroid without any pressure effect on the endometrium.

Semen analysis showed a concentration of 70×106/ml 
according to Kruger criteria, along with 30% motility and 
14% morphology. The patient’s husband was a smoker 
and allergic to plastic supplies due to his employment 
at the plastics production plant. The couple had normal 
karyotypes with no gross abnormalities. They had no con-
sanguine marriage. 

A nutritional counselor advised the patient to lose 
weight. After extensive counseling, the couple underwent 
ICSI-PGS, which resulted in 46, XY embryo transfers 
to prevent sperm chromosome duplication. After confir-
mation of satisfactory down-regulation with subcutane-
ous buserelin, she underwent ovarian stimulation using a 
standard long protocol induced by daily Gonal-F (150 IU; 
Serono, Switzerland) administration. When two dominant 
follicles reached greater than 18mm in diameter, she re-
ceived hCG (Ovitrelle; Serono, Switzerland). There were 
11 mature MII oocytes and one immature oocyte trans-
vaginally retrieved 36 hours after hCG injection. There 
were 2.PN confirmed in 4 embryos and one embryo with 
3.PN observed 18 hours after insemination. The remain-
ing 4 embryos showed no evidence of fertilization (1.PN). 

The embryos developed to the eight-cell stage 72 hours 
after insemination and a single-cell PGS was performed. 
No evidence of blastomere fragmentation or irregularity 
was observed. FISH probes were specific for the 18, X, Y 
chromosomes to determine the ploidy and sex selection. 
In the first FISH round, two XY embryos were detected; 
however, the second analysis showed 45 Y and 23 XX 
embryos. Because the insistence of the patient, two XX 
embryos were transferred, because the 46, XY embryo 
was not acquired (Table 2). 

Two weeks after transfer, the patient had a positive se-
rum β-hCG test. Ultrasonography after 6 weeks revealed 
one gestational sac and regions of low echogenicity that 
became multicystic and hydropic chorionic villi sugges-
tive of a CHM. Despite the use of ICSI/PGS procedure, 
histologic examination after suction evacuation confirmed 
diagnosis of CHM for the sixth time. Two recruited pa-
tients gave their consent to participate. Informed consent 
form was obtained and completed by participant.

Discussion
It appears to be a crucial relationship within CHM, im-

mature ovum and delayed fertilization. Another possibil-
ity is altered integrity of the zona pellucida prone to en-
tering double spermatozoa (12). CHM is predominantly 
46,XX due to androgenic duplication, whereas only rare 
cases present 46,XX or 46,XY conditions as a result of 
dispermia (6, 10). The 46,YY constitution has yet to be 
described, most likely because such embryos will not be 
developed beyond a few cells (13). 

IVF is predisposed to multi-sperm fertilization as a 
mechanism, which most likely causes the formation of 
hydatidiform moles (12). ICSI can prevent polyploidy by 
assurance arrival of a single spermatozoa to oocyte, re-
sulting in more reduced triploidy; however, probability of 
molar pregnancy still remains (14). Avoidance of triploidy 
and ensuring delivery of haploid spermatozoa by ICSI 
might be of the benefits for patients who have a history of 

Table 2: Details of biopsy and spreading of embryos as well as the results of FISH analysis

Embryo Grade No. Cells biopsied Nucleus Fragmentation PGD 
FISH results

Whole embryo 
FISH results

Embryos status 
in transfer day

B 1/8 2.PN - XX[18]×2 Transferred Compact
B 1/4 2.PN - XX[18]×2 Transferred Compact
C 1/8 2.PN - XY[18]

?*
- Compact

C 1/4 2.PN - Y ? - 5C
B 1/8 1.PN + Y[18] - Compact
B 2/8 1.PN + Y[18] - Compact
C 1/6 - - ? - Compact
C 2/8 3.PN + X[18] 

X ? 
- Compact

*; Not available, #; Binucleated cell with a normal-size nucleus and additional smaller nucleus, PGD; Genetic diagnosis, FISH; Fluorescent in situ hybridization (FISH results summarize 
both nuclei), PN; Pronucleus, and ?; Unkhnown. 
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the recurrent trophoblastic disorder (12). However, dur-
ing ICSI cycles, morphological assessment of the embryo 
before transfer cannot prevent CHM (14). An alternative 
genetic approach to prevent recurrent CHM is ICSI/PGD 
via FISH technique that complies with prior knowledge 
of the pathogenesis of hydatidiform mole. ICSI is likely 
to result in diploid and monospermic fertilization, as well 
as PGD for male sex selection embryos that confirm dip-
loidy and the chromosomal contribution of both parents 
during fertilization (6). 

In both cases, the couples were advised by genetic 
counselors to undergo ICSI/PGS. In the first case, no 
embryo was transferred because all embryos had multi-
micronuclei. In the second case, there was no XY embryo 
resulted from the ICSI/PGS process, presenting the re-
stricted problem of this technique. Because the insistence 
of the patient, we had to transfer XX embryos with the 
appearance of normal nuclei, which resulted in a CHM by 
triploidy of origin. Therefore, the ICSI/PGS process was 
not effective in preventing molar pregnancy.

Recent advances have shown androgenesis in at least 
80% of CHM, however, one of the remaining pathophysi-
ologies of cases may be  diploid biparental (15). ICSI/
PGD is an appropriate method for androgenetic avoidance 
and triploid dispermic in origin CHM due to its pathogen-
esis that occurs at the time of fertilization. However, this 
approach does not completely prevent a recurrent diploid 
biparental hydatidiform mole (10).

Biparental diploids have one maternal set of chromo-
somes and one set of the chromosome complement from 
father (8, 10). Although maternal defect is more involved, 
it seems that both of the partners are involved in molar 
pregnancy (10). Considering the biparental origin of 
CHM and the implicated disturbance in oocyte meiosis 
(10, 11), donor oocyte IVF/ICSI might be a therapeutic 
modality to prevent recurrent CHM and achieve a normal 
pregnancy.

In the current study, the first patient was advised to con-
ceive via ICSI with ovum donation. This case had two 
normal pregnancies and a healthy child after a two em-
bryo transfer cycle from donated oocytes. Nevertheless, 
the patient who underwent ICSI/PGS with her oocytes did 
not obtain a normal embryo nucleus, suggesting a critical 
role of the ovum in the pathophysiology of molar preg-
nancy. 

As mentioned above, maternal mitochondrial DNA of 
the entire oocyte genome contributes only to the fertili-
zation in CHM (8). Altered expression of mitochondrial 
genes has been associated with gestational trophoblastic 
disease (GTD) (16). The involvement of multiple somat-
ic mtDNA mutations in GTD have been proposed in the 
pathogenesis of CHM and tumor development (17). 

Pan et al. have described maternally derived mtDNA in 
CHM based on the polymorphic D-loop region. However, 
since mtDNA is highly polymorphic and heteroplasmic, 
limited reports have described the mtDNA-transmission 
pattern in hydatidiform moles (18). Therefore, most likely 

in the current cases, maternal mtDNA was involved in the 
pathophysiological events of CHM. 

One important limitation of our study is the rare oc-
currence of GTD and insufficient achievement cases. 
However, further studies with larger sample size would 
be needed to understand the designation of mtDNA and 
maternal genetics predisposing to GTD. 

Conclusion 
With respect to the established ICSI/PGS strategy for 

prevention of recurrent molar pregnancy, this technique 
has restrictions of sperm duplication, defective oocytes 
and avoidance from XX embryos. It seems that ovum do-
nation is better treatment option to achieve normal preg-
nancy in such cases. Available data based on our patients 
and previous studies indicate that oocytes might have a 
critical role in pathophysiology of recurrent HM, while it 
has not been considered in most of the studies. 
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Nowadays, male infertility is regarded as a global prob-
lem. Male infertility occurs due to abnormal sperm produc-
tion or function that prevent the delivery and/or the quality 
of sperm. Infections, chronic illnesses, lifestyle choices and 
other factors can play a role in male infertility (1, 2).

Most of viral infections indeed, are able to affect both 
the reproductive tract tissue and the semen of humans and 
animals, impairing sperm parameters and DNA integrity 
by different pathogenetic mechanisms that are responsi-
ble for temporary or permanent infertility in males and 
females (1). 

Considering the well-known evidence on relations be-
tween human immunodeficiency virus (HIV), human 
papilloma virus (HPV), cytomegalovirus (CMV), adeno-
viruses, parvovirus, mumps and fertility, the real question 
is “Can the SARS-CoV-2 pandemia possibly influence 
male patency?” Coronaviruses are enveloped, positive 
single-stranded large RNA viruses that infect both ani-
mals and humans (3). 

The first example is the avian infectious bronchitis virus 
(AIBV), a coronavirus known to cause an acute respira-
tory infection in chickens. In addition to that, AIBV caus-
es the formation of epididymal stones in roosters, with 
detrimental effects on sperm production and fertility. The 
presence of such calcium carbonate stones in the efferent 
duct of roosters causes the erosion of the epithelial lining, 
the reduction of testis weight and impairment of sperm 
production lowering the fertility for 35-40%. 

Secondly, porcine reproductive and respiratory syn-
drome virus (PRRSV), a small enveloped RNA virus, 
shows a negative impact on fertility. In fact, the PRRSV 
primarily attacks pulmonary alveoli to further replicate in 
epithelial germ cells (mainly spermatids and spermato-
cytes) inducing apoptosis and increasing the number of 
immature sperm cells. The overall effect is a diminished 
quality of the semen. Moreover, this kind of replication 

permits sexual transmission of the virus that could be eas-
ily identified in ejaculate. 

Thirdly, the blue tongue virus (BTV) - a double strand-
ed RNA virus that affects rams – represent another exam-
ple of viral infection-caused semen impairment. The BTV 
RNA was detected in 75-100% of semen samples obtained 
25-57 days post clinical signs with notable impact on se-
men motility, concentration and vitality. Although very 
little is known regarding the pathogenic mechanisms, the 
increasing number of germ cell at different maturation 
stages and early signs of germinal epithelial regeneration 
suggest a previous severe degeneration and sloughing of 
germ cells. 

Recent evidence reports that SARS coronavirus could 
also lead to a fertility damage, despite the absence of a di-
rect mumps-like orchitis. It was hypothesized that SARS 
coronavirus may utilize the ACE-2 receptor expressed 
on testicular tissue. SARS patients’ testes displayed in-
deed a widespread germ cell destruction with thickened 
basement membrane and leukocyte infiltration, mainly 
macrophages, compatible with findings of previous ani-
mal studies (3). The presence of components of the renin 
angiotensin system (RAS) and specific receptors of an-
giotensin in the female and male reproductive tract sup-
ports the hypothesis that reproductive functions may be 
controlled by RAS (4). Angiotensin converting enzyme 
(ACE) is also involved in the regulation of blood pres-
sure. One of the most active components of RAS system 
is angiotensin II (Ang II) that regulates cardiovascular 
and electrolyte homeostasis. Since Ang II was also found 
in seminal plasma, it might be able to act on mammalian 
spermatozoa where it is implicated in the maintenance of 
sperm function and fertility. Exposure of human sperma-
tozoa to Ang II increases the percentage of motile sper-
matozoa and stimulates sperm linear velocity. Moreover, 
Ang II is involved in capacitation and acrosomal reaction. 
This ligand binds to two different receptors, AT1R and 
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AT2R. These receptors were detected either in the male 
reproductive system and in spermatozoa. AT1R was de-
tected in the tail and along the whole flagellum of sper-
matids and mature spermatozoa of humans and animals 
and found to be involved in capacitation and acrosome 
reaction. AT2R is mainly present in human semen at the 
equatorial/post acrosomal region of the head (5). The 
AT2R is located in the same region of µ-opioid receptor, 
pro-enkephalin, estrogen receptor-α, and γ-aminobutyric 
acid A receptor. Such proteins are all involved in cell 
transduction and sperm motility.  It was suggested that 
AT2R may be involved in the control of sperm motility 
as well (6). Coronaviruses isolated from bats since 2005 
showed a particular propension to cross species barriers, 
infecting the lung cells of mammals utilizing the ACE-
2 receptors and exerting a potential zoonotic-reverse zo-
onotic cycle that allow the virus to maintain viral popula-
tion in multiple hosts (7). The reported different spillover 
episodes, the well-established reproductive problems re-
lated to coronaviruses in mammals and birds and finally 
the evidence regarding the presence of ACE-2 receptors 
in human genital tract does not let us excluding potential 
reproductive issues in humans. Particular attention should 
be given to asymptomatic patients who are often the ma-
jor carriers of the Covid-19 infection (8). It is also neces-
sary to identify all potential clinical presentations and the 
possible, long-term consequences of Covid-19 -infection. 
According to the literature data, a possible reproductive 
system localization and, particularly spermatozoa locali-
zation with possible implications for male fertility, cannot 
be excluded. Further studies are needed to better define 
the physiopathology and clinical implications of respira-
tory virus infections on male fertility.
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