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Editorial
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Endometriosis is a chronic hormone-dependent disease,
characterized by the presence of endometrial-like glands
and stroma outside the uterine cavity. It could occur in
distinct phenotypes: peritoneal superficial lesions, ovar-
ian endometriomas and deep infiltrating endometriosis
(DIE) (1), which includes various locations penetrating
>5 mm under the peritoneal surface. Prevalence of this
disease in women of child-bearing age ranges between 6
and 10% (2), but it may also be diagnosed sometimes in
menopause. Endometriosis may be responsible for pain
symptoms and infertility, which can severely impact the
patient’s quality of life (3). Transvaginal ultrasonography
is the non-invasive gold standard technique for diagnos-
ing DIE and ovarian endometriomas (4). Magnetic reso-
nance imaging (MRI) can be helpful when the gynecolo-
gist is not experienced about ultrasonographic diagnosis
of endometriosis or when the findings of ultrasonography
are ambiguous (5). Anyway, confirmation of endometrio-
sis diagnosis is only achieved by histological analysis of
endometrial stroma and glands.

Medical therapy is usually the first-line option to treat
women affected by endometriosis, aiming to improve pa-
tient’s pain symptoms and to prevent disease recurrence
after surgery. Indeed, progestins and combined oral con-
traceptives (COCs) are usually started in patients with
suspicion of endometriosis without any surgical diagno-
sis (6). Currently, the most appropriate therapy is chosen
taking into account several factors, such as patients’ age,
preference, desire to conceive, intensity and features of
pain. Anyway, a long-term regimen is necessary for pa-
tients affected by this benign chronic disease, in which,
efficacy in improving symptoms has to be balanced with
a good tolerability.

Currently available options are not definitely curative
for endometriosis, even if women have temporary relief
of symptoms. Nevertheless, once the therapy is discon-

tinued, their recurrence happens. Moreover, treatments
employed in the clinical practice, with the exception of
non-steroidal anti-inflammatory drugs (NSAIDs), are
contraceptive, representing a challenge for patients whose
want to become pregnant (7). For these reasons, the re-
search of novel alternative active drugs is mandatory.

In this regard, the increasing knowledge of several mo-
lecular pathways involved in the genesis of this chronic
and progressive disease has pushed forward the investiga-
tion of new interesting targets. It is known that implanta-
tion, growth and progression of endometriosis are caused
by a number of disturbed biological mechanisms includ-
ing invasion capacity, cell proliferation, apoptosis (8), im-
mune function (9-11) as well as angiogenesis (12).

Research is focalized on finding drugs that specifically
target the hormonal and immunological microenviron-
ment of implants, down-regulating endometriotic cells
proliferation, enhancing their apoptosis as well as re-
normalizing their up-regulated mechanisms of invasion
and angiogenesis. Over the last 20 years, a wide variety
of medical options has been tested: in particular, among
experimental hormonal compounds, aromatase inhibitors
and gonadotropin realizing hormone (GnRH)-antagonists
have been the most studied drug classes in late clinical
trials.

Investigation of aromatase inhibitors has greatly been
increased over the last decade, considering that important
role of aromatase enzyme has been demonstrated in the
endometriotic implants. However, majority of data con-
cerning the use of aromatase inhibitors includes a low
number of patients receiving them for a limited period of
time (maximum 6 months). In addition, frequent presence
of drug-related adverse events (such as vasomotor symp-
toms and musculoskeletal pain) represents an important
limitation for their clinical long-term use. Furthermore,
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it has been reported that increasing serum follicle-stimu-
lating hormone (FSH) levels, by these drugs, may cause
development of ovarian cysts (13). Nevertheless, in our
opinion, research of alternative formulation of aromatase
inhibitors is still appealing. For example, a combination
of anastrozole and levonorgestrel in a vaginal ring is un-
der evaluation in a randomized, double-blind phase II trial
(NCT02203331). In particular, we deem that this vaginal
combination may be advantageous for patients with rec-
tovaginal nodules of endometriosis, considering a local
action of this drug in high concentration. Anyway, at the
moment, administration of aromatase inhibitors should be
reserved only in patients not responding to the conven-
tional therapies in the setting of scientific investigations
(14).

Contrary to the form of GnRH-analogs, GnRH-antag-
onists maintain sufficient circulating levels of estrogens,
contributing to avoid vasomotor symptoms as well as loss
of bone mineral density (15). After promising findings in
the multicenter, randomized, double-blinded Elaris En-
dometriosis I-1I studies (16), long-term oral elagolix was
effective in improving dysmenorrhea (overall 46-76%
of patients) and chronic pelvic pain (50-76%) due to en-
dometriosis with a good safety-profile. These promising
data demonstrate that elagolix (in particular at 150 mg,
once daily) might be a potential candidate for the man-
agement of patients with endometriosis-associated pain
who are not responsive to COCs or progestins without
the necessity for add-back therapy (differently from the
GnRH-analogs). Anyway, new ongoing multicenter dou-
ble-blinded phase III studies should confirm these pre-
liminary results on larger populations (NCT03343067,
elagolix alone; NCT03213457, elagolix plus NETA and
estradiol). Moreover, relugolix (TAK-385), as another
GnRH-antagonist (17), is currently under investigation in
an international phase III study in comparison with pla-
cebo (NCT03204318). In general, we think that for this
group of innovative hormonal drugs, randomized trials
should be necessary in order yet also to compare GnRH-
antagonists with COCs or progestins.

Selective hormonal receptor modulators have variable
effects on estrogen and progesterone receptors of differ-
ent tissues, as their pharmacodynamics activity ranges
from pure agonism to a pure antagonism. Anyway, the
use of selective estrogen receptor modulators (SERMs)
and selective progesterone receptor modulators (SPRMs)
is improbable to become a first-line strategy to treat endo-
metriosis due to the unproductive results observed in lab-
oratory and animal studies (18). Firstly, these drugs target
the same receptors and have the same therapeutic mecha-
nisms with the available hormonal compounds, includ-
ing the potential contraceptive effect. More importantly,
a randomized controlled phase II trial that evaluated a
6-months therapy with raloxifene was prematurely inter-
rupted, because the women allocated to the SERM group
showed worsening pain (19). In fact, it has been proposed
that raloxifene, differently from rodents that have an es-
trous cycle, in human may not be able to prevent ovula-
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tion. The subsequent production of ovarian estrogens may
be continued and, in some cases, even increased following
the action on receptors of this drug, causing a worsening
of the symptoms. Regarding SPRMs, the studies on ano-
prisnil have been stopped for the presence of some cases
of endometrial hyperplasia (18). Ulipristal, largely used
for preoperatively treating myomas, has been investigated
by the Pharmacovigilance Risk Assessment Committee of
the European Medicines Agency (EMA) for four recent
cases of serious liver injury, and thus, its future testing for
endometriosis appears improbable.

Currently, new hormonal drugs acting on steroid sul-
fatase and 17p-hydroxysteroid dehydrogenase are under
early pre-clinical investigation (20). Interestingly, a first
dual inhibitor of these two pathways has been developed,
but no in vitro experiment or investigation on animals with
endometriosis has been reported yet (21). Generally, more
information on efficacy and safety in animals is needed
(in particular for 17p-hydroxysteroid dehydrogenase in-
hibitors) before being able to translate these experimental
compounds to women affected by endometriosis. Other
non-hormonal targets have been preliminary tested for
endometriosis. Anyway, few studies on human have been
organized for these compounds.

Angiogenesis is an essential process for establishment
and development of implants of endometriosis. Several
anti-angiogenic agents (anti-angiogenic antibodies or
multi-tyrosine kinases and mTor inhibitors) have been
tested in rodents, showing good efficacy in reducing
growth of endometriotic lesions (22). However, we deem
that the pharmacological activity against angiogenesis in
nodules of DIE, which tends to have a high content of fi-
brosis, remains unclear. Furthermore, due to the important
drug-related adverse events (associated to the interference
with physiologic angiogenesis) their potential translation
into human research should be taken with caution. At the
moment, almost none of them have been investigated in
clinical trials.

A small pilot study reported encouraging findings in
terms of efficacy (70% reduction of endometriotic im-
plants size) and safety by administering quinagolide, a
dopamine agonist, for treatment of hyperprolactinemic
patients with peritoneal endometriosis. It has been re-
ported by the authors that the mechanism of action of this
drug may include an inhibitory effect on the angiogenic
pathway (showed in their study by the down-regulation of
VEGF/VEGFR?2 expression). However, no data regarding
patients’ symptoms have been reported in this trial (23).
Thus, larger, better-designed studies, focalized on clinical
efficacy should be organized to confirm its efficacy for
endometriosis.

Targeting inflammatory-related pathways in endome-
triosis appears rational, as it is widely known that the
overproduction of prostaglandins, cytokines and other
pro-inflammatory mediators characterize endometriotic
tissue. Moreover, the action mechanism of non-selective
NSAIDs, is largely employed and it is effective for the
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treatment of pain associated to endometriosis, including
inhibition of the pro-inflammatory prostaglandins syn-
thesis at both the COX-1 and COX-2 sites. For this rea-
son, tumor necrosis factor-o (TNF-a) inhibitors, such as
etanercept or infliximab commonly administered in clini-
cal practice for treatment of chronic inflammatory dis-
eases, have been investigated for this chronic hormonal
disease (18). Contrary to expectations after promising re-
sults in animal models, no clinical trials have been carried
out in this setting with the exception of infliximab, which
did not demonstrate to be enough active in a small clinical
study on women (24).

Oxidative stress displays an important role in the de-
velopment and progression of endometriotic implants
(25). The efficacy of several antioxidants for improving
endometriosis-associated pain and reducing size of im-
plants has been successfully assessed in animals. In fu-
ture, it would be interesting to investigate other potential
drugs, like statins, metformin and tiazolinediones, which
are not expensive and they are largely available. Moreo-
ver, according to latest evidences, they may exert both
antioxidant and anti-inflammatory proprieties (26). In this
regard, a well-designed in vitro study of human endome-
trial biopsies and 3-D culture in fibrin matrix investigated
the effects of lovastatin on proliferation of stromal cells
and invasion of the fibrin matrix (27). Interestingly, a
concentration-dependent effect of lovostatin was seen on
cell growth and angiogenesis in the experimental groups.
Particularly, in the presence of 5 and 10 uM of statin, an-
giogenesis was abolished, and cell proliferation was in-
hibited. In the presence of 1 uM of lovastatin, angiogen-
esis was reduced, but cell proliferation was not affected.

Anyway, a small clinical trial has only been organized
to test statins in women after conservative surgery in or-
der to prevent recurrence of endometriosis (28). However,
further large studies in vivo are required to draw more
accurate conclusions on this topic.

Lastly, methylation of progesterone receptor gene may
be part of aberrant gene silencing described in endome-
triosis (29). Thus, demethylation agents as well as his-
tone deacetylase inhibitors were proposed as potential
therapeutic options. At the moment, safety profile of these
drugs should be deeply weighed before considering even-
tual clinical application. In particular, among the others,
valproic acid seems to be the most promising option, con-
sidering the interesting results obtained from a series of
patient case with adenomyosis (30). Anyway, no trial on
human has been performed for endometriosis and there-
fore their beneficial effect should still be confirmed.

In conclusion, a high number of new investigational
drugs targeting specific biological mechanisms have re-
cently been proposed for treatment of endometriosis. Al-
though the use of new hormonal treatments, such as Gn-
RH-antagonists, is being deeply tested in the last clinical
studies appearing relatively near to introduce into clini-
cal practice, the majority of other innovative agents and
targets have been tested only in vitro and in the animal

Int J Fertil Steril, Vol 13, No 2, July-September 2019 91

model. Thus, more extensive research is mandatory to as-
sess their efficacy and tolerability. In particular, only a mi-
nority of these drugs seems suitable for future investiga-
tions, considering the cornerstones of the endometriosis
management, as well as possible side-effects and impact
on quality of life.
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Abstract
Background: In some previous studies, it was shown that first trimester screening tests produce equivocal results in in
vitro fertilization (IVF) pregnancies. The purpose of this study was to compare free beta-human chorionic gonadotro-
pin (B-hCG) and pregnancy-associated plasma protein-A (PAPPA) levels between single normal and IVF pregnancies
during 11 to 13 week (+ 6 day) of gestational age.

Materials and Methods: In this observational cohort study, 300 consecutive single IVF pregnancies and 700 single
normal pregnancies were enrolled at about 11-13 week + 6 day gestational age and levels of free B-hCG and PAPPA
were compared between the groups.

Results: The results demonstrated that PAPPA (P=0.026) was significantly lower and B-hCG (P=0.030) was signifi-
cantly higher in IVF pregnancies. The other factors including nuchal translucency (NT) and crown-rump length (CRL)
and demographic characteristics did not significantly differ between the groups (P>0.05).

Conclusion: This study showed that PAPPA levels are lower but free B-hCG levels are higher in single IVF versus
normal pregnancies. This finding could be related to different placentation in intracytoplasmic sperm injection (ICSI)
technique because of alterations in oocyte cytoplasm. Therefore, these markers may need to be adjusted in assisted re-
productive technology (ART) conceptions. Further research should be done to obtain optimal cut-off for these markers
in first trimester screening for detection of Down syndrome in ART pregnancies.

Keywords: Chorionic Gonadotropin, Down Syndrome, In Vitro Fertilization, Pregnancy, Pregnancy-Associated
Plasma Protein-A
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Introduction

During gestation, pregnancy-associated plasma protein-
A (PAPPA) is derivate from the placental trophoblasts and
stromal cells at the placental-endometrial surface (1). The
pregnancy-associated hormones such as human chorionic
gonadotropin (hCG), progesterone and estradiol (E2) are
present at high levels at the maternal-fetal surface during
the remodeling period and thus could regulate trophoblast
invasion (2). High levels of E2 in the placenta may lead
to down regulation of the E2 receptors (3, 4). We hypoth-
esized that a higher E2 levels on hCG injection days could

result in a suboptimal placental-endometrial interface,
and lead to reduced pregnancy-associated hormones con-
centrations.

Second trimester screening in pregnancy such as tri-
ple and quadruple tests are popular examinations used to
evaluate for this hormonal imbalances; these examina-
tions first one measure alpha-fetoprotein (AFP), uncon-
jugated estriol, and B-hCG and then, inhibin-A. In case
of abnormal second screening test results, complementary
tests such as chorionic villus sampling and karyotyping
should be performed (5, 6). Since the results of these tests
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may have negative psychological and emotional effects in
pregnant women, the use of different methods to decrease
false positive results was suggested (7).

In vitro fertilization (IVF) is an important treatment
method for infertility. Some studies reported inaccuracy of
screening tests in pregnancies developed by this method
(8). The purpose of this study was to compare free p-hCG
and PAPPA between single normal and IVF pregnancies
at 12 gestational weeks.

Materials and Methods

In this observational cohort study, 310 consecutive
single IVF pregnancies and 720 single normal pregnan-
cies attending for screenings of the first trimester, to ter-
tiary health care centers, were enrolled at 11-13 week +
6 day gestational age. These women were recruited by
random sampling. The study was approved by the Re-
search Ethics Committee of Shahid Beheshti Universi-
ty of Medical Sciences, Tehran, Iran (013648749312).
All eligible patients who were enrolled, signed an in-
formed consent.

Inclusion criteria were single pregnancy and lack of
complications (abortion, or ectopic or molar pregnancy).
Also, subjects who did not have complete medical re-
cords, were excluded. Free f-hCG and PAPPA levels
measured by kit (the BRAHMS free B-hCG and the PAP-
PA KRIPTOR CAL). This two automatic system based
on immunofluorescence (mIU/mL) and were converted
to multiple of the median (MOM) units, respectively and
then compared between the groups (9). Also, other vari-
ables including maternal and paternal age, body mass
index (BMI), gestational history, crown-rump length
(CRL), and nuchal translucency (NT) on ultrasonogra-
phy, were recorded.

t test was used to compare the results of the two groups.
Chi-squared test was used for the analysis of differences
in proportions among the groups. Data analysis was per-
formed using SPSS software (SPSS, Chicago, Illinois,
USA) version 24.0. P<0.05 was considered statistically
significant.

Results

A total of 1030 women were recruited in the present
study; 30 women were excluded from the study due to
various reasons, including absence of consent, or loss to
follow up (data not shown). The mean age + SD of the
women in the IVF group and normal pregnancy group
was 34.05 + 4.728 and 33.44 + 4.368 years, respectively
(P=0.235).

Demographic characteristics such as BMI and repro-
ductive histories including gravidity and parity and previ-
ous abortion did not vary significantly between the groups
(P>0.05, Table 1). But, other confounders like fetus sex
and maternal behaviors like smoking and alcoholism
were not assessed.

Free B-hCG and PAPPA in IVF Pregnancy

Table 1: Demographic characteristics of enrolled patients

Group IVF pregnancy Normal pregnancy P value
n=300 n=700
Maternal age (Y) 34.05+4.728 33.44 £4.368 0.235
Paternal age (Y) 36.70 +4.739 36.15 +£4.903 0.709
Gravidity (n) 1.23+£0.701 1.42+0.744 0.101
Parity (n) 1.32+£0.478 1.10 £ 0.387 0.116
Living childs (n) ~ 1.05+0.229 1.09 £0.422 0.305
Prior abortions (n) 1.38 £0.976 1.32 £ 0.637 0.818
BMI (Kg/m?) 24.95+3.169 24.54+2.615 0.417

Data is shown as mean % SD. Independent t test was used to compare different variables
between the two groups. IVF; In vitro fertilization and BMI; Body mass index.

There was no significant difference in NT (1.54 + 4.643
mm vs. 1.30 £ 1.004 mm respectively, P=0.235) and
CRL (56.93 mm + 7.552 vs. 57.55 mm =+ 7.142 for IVF
pregnancy and normal pregnant women, respectively,
P=0.417) (Table 2).

Table 2: Laboratory screening and ultrasonography findings in two groups

Group IVF pregnancy  Normal pregnancy P value
n=300 n=700

PAPPA levels 3.75 £ 0.090 4.10+2.251 0.026

(mIU/mL)

B-hCG titrate 44.07+31.366  37.28 +23.787 0.030

(mIU/mL)

PAPPA (MOM) 1.19£0.772 1.63 +£4.375 0.167

B-hCG (MOM) 2.23 £2.367 1.67 £2.097 0.003

NT (mm) 1.54 + 4.643 1.30 + 1.004 0.235°

CRL (mm) 56.93 +£7.552 57.55+7.142 0.417*

Values are given as mean * SD. ?; Independent t test was used to compare different vari-
ables between the two groups, IVF; In vitro fertilization, PAPPA; Pregnancy-associated
plasma protein-A, B-hCG; Beta-human chorionic gonadotropin, NT; Nuchal translucency,
and CRL; Crown-rump length.

Mean PAPPA levels was significantly lower (3.75 =+
0.090 vs. 4.10 = 2.251 mIU/mL for IVF pregnancy and
normal pregnant women, respectively, P=0.026) but
B-hCG levels were significantly higher (44.07 = 31.366
vs. 37.28 + 23.787 mIU/mL for IVF pregnancy and nor-
mal pregnant women, respectively, P=0.030) in IVF preg-
nancies compared to normal pregnancies. After conver-
sion of the data into MOM unit, no significant difference
was found in PAPPA between the two groups (1.19 +
0.772 vs. 1.63 £ 4.375 MOM for IVF pregnancy and nor-
mal pregnant women, respectively, P=0.167), however, a
statistically significant difference was observed between
the two groups in terms of B-hCG (1.54 + 4.643 vs. 1.67
+ 2.097 MOM for IVF pregnancy and normal pregnant
women, respectively, P=0.003) (Table 2).

Discussion

Results of screening tests obtained for IVF pregnan-
cies are equivocal and accurate risk assessment calcula-
tions for better interpretation is crucial. The purpose of
this study was to compare free B-hCG and PAPPA levels
between single normal and IVF pregnancies at about 12
gestational weeks. It was seen that PAPPA levels (as re-
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ported in mIU/mL) was lower but free B-hCG (as report-
ed in both mIU/mL and MOM) was higher in IVF com-
pared to normal pregnancies. In PAPPA levels reported
in MOM, there was no significant difference between the
two groups. The MOM values reported in the present re-
search were adjusted for smoking status, maternal weight
and ethnicity by laboratory software which could explain
the differences in PAPPA results (9). Other factors like
previous reproductive history, did not differ between the
two groups.

This observational cohort study established significant-
ly higher first-trimester -hCG levels in intracytoplasmic
sperm injection (ICSI) pregnancies compared to naturally
conceived women (10). In contrast, free B-hCQG titrate and
NT thickness were similar between ART and normal preg-
nancies. Nevertheless, the majority of IVF/ICSI pregnant
women had an elevated first-trimester combined screen-
ing risk estimation. Combined first-trimester screening
(cFTS) combines the maternal age-related risk with the
levels of maternal serum biomarkers such as free f-hCG,
and PAPP-A, and fetal NT to determine the risk of tri-
somy 21, 18 and 13 (9).

Kagan et al. (8) found that IVF patients had up to 10%
lower levels of PAPPA (MOM). Giorgetti et al. (10) re-
ported that PAPPA levels were lower in IVF cases com-
pared to normal pregnancy group but B-hCG levels were
same between the groups. Also, they found no relation-
ship between PAPPA levels and the etiology of infertil-
ity. However, in our study, significant differences were
observed between the two groups for both PAPPA and
B-hCG levels measured by ELISA (miL/ml). Giorgetti et
al. (10) found that the PAPPA levels following intra uter-
ine insemination (IUI) did not differ from natural concep-
tions, but in our research, the IUI-conceived women were
not included.

Bellver et al. (11) reported lower PAPPA but higher
B-hCG levels in IVF cases but no significant differences
were found between the groups. However, both PAPPA
and B-hCG levels were significantly different between the
two groups in our study. Kosiis et al. (12) reported that
the etiology of infertility affect B-hCG and PAPPA levels
in IVF pregnancies and higher PAPPA level was seen in
polycystic ovary (PCO) cases compared to male-factor
infertile patients. However, infertility causes were not in-
vestigated in our research.

Orlandi et al. (13) reported that PAPPA level was sig-
nificantly higher (up to 21 %) in IVF cases which was
consistent with our data. Nevertheless, they evaluated sin-
gleton and twin pregnancy in a small population which
was different from the population enrolled in the current
study. Engels et al. (14) demonstrated that B-hCG after
correction, was higher in IVF group compared to normal
pregnancy group which was consistent with our results;
however, PAPPA levels were lower in IVF/ICSI groups,
they found that false positive rates were higher in IVF
pregnant women and needed to be adjusted for better in-
terpretation. However, unlike our study, their study was a

Int J Fertil Steril, Vol 13, No 2, July-September 2019 95

retrospective study.

Gjerris et al. (15) reported similar f-hCG, but lower PAP-
PA levels and NT in ART groups compared to control; the
inconsistency between their results and our findings may be
due to the larger difference existed between the two groups
included in their study compared to our study.

Cavoretto et al. (16) in a systemic review in 2017 re-
ported that B-hCG was slightly higher in ICSI groups,
but it did not vary significantly between IVF and normal
pregnancy; however, PAPPA level was significantly low-
er in IVF group in which was consistent with our study.
These authors suggested that such differences could be
due to changes in the placentation of ART conceptions
and recommended to define subgroups of ART conception
to explore this discrepancy and better predict obstetrics
outcomes. Cavoretto et al. (17) in a retrospective case-
control study, found that PAPPA and CRL did not differ
between IVF and normal pregnancy; however, f-hCG and
NT were significantly higher in IVF group. They studied
fresh and freeze single blastocyst transfer and found that
pregnancy outcomes were similar when comparing the
groups. These authors showed that this difference was not
correlated with the pregnancy outcome but it could be due
to changes or delay in embryogenesis or placentation and
may depend on screening test performance. However, we
did not perform blastocyst transfer and did not evaluate
pregnancy outcomes. Our finding is in-line with the study
as reported by Savasi et al. (18). They found that, free
B-hCG levels are considerably greater in IVF/ICSI preg-
nancies. But, they studied another group of patients as oo-
cyte donor IVF/ICSI cycles that could be different from
our research that was done in autologous IVF cycles with
their own eggs. They pointed that such variations could be
due to the ART techniques.

A limitation of our study was lack of information on the
causes of infertility, number and kind of embryos, freeze
or fresh embryo transfer; also, we did not evaluate its cor-
relation with biomarker levels such as PAPPA and free
B-hCG. Moreover, we did not evaluate pregnancy out-
comes in ART patients and controls.

One of the strengths of this cohort research is the large
number of the participants. In addition, to avoid misin-
terpretation, we excluded the patients who received their
ART treatment in another place.

PAPPA is an important indicator of the early growth
and later development of the placenta (19). A prominent
delay in fetal and placental growth leading to numerous
metabolic disorders and greater risk of obstetrical compli-
cations (such as fetal growth restriction and preeclamp-
sia). It is associated with assisted reproduction techniques
and may also cause changes in serum markers levels (20,
21). Since just one corpus luteum is generally observed
in pregnancies after freeze embryo transfer, which could
explain the normal levels of PAPPA in these patients.

Finally, according to the results obtained in this study,
it may be concluded that PAPPA levels are lower and free



B-hCG levels are higher in single IVF compared to nor-
mal pregnancies. However, further studies are required to
attain more definite results and assess other factors affect-
ing first and second screening tests results.

Conclusion

We found lower PAPPA but higher free B-hCG levels
in single IVF compared to normal pregnancies. It could
be related to different placentation in ICSI technique
because of alteration in oocyte cytoplasm. Therefore,
these markers may need to be adjusted in ART concep-
tions. Further research should be done to obtain optimal
cut-off and more definite results for these biomarkers
in first-trimester screening of Down syndrome in ART
pregnancies.
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Abstract
Background: Humans require minute amounts of trace metals to maintain body’s normal growth and physiological
functions; such elements may also play a vital role in pregnancy and pregnancy outcome. The present study was con-
ducted to assess the role of two trace metals, zinc (Zn) and copper (Cu) in women with history of spontaneous abortion
(SAD cases) in comparison to women without such history (controls).

Materials and Methods: In this retrospective study, a total of 277 subjects were enrolled from the Obstetrics and Gyne-
cology Department, Civil Hospital, Ahmedabad, India. Personal demographic information, medical history, reproductive
history especially details of number of SAb, duration of last SAb, number of children, etc. were recorded using pre-
designed and pre-tested proforma. Serum Zn and Cu levels were measured by an atomic absorption spectrophotometer.

Results: The data indicated that the serum level of Cu (P<0.01) and Zn was lower in SAb cases as compared to
controls. Correlation between the number of SAbs and trace metals levels showed a significant negative correlation
between Cu and Cu/Zn and the number of SAbs. Cu/Zn was higher in controls and women having at least one child
as compared cases and women without child, respectively. Pregnant women had higher levels of trace elements as
compared to non-pregnant women at the time of enrollment.

Conclusion: The data revealed that trace metals such as Zn and Cu have a positive role in pregnancy outcome and
optimum levels of Zn and Cu might be able to decline the chances of SAb occurrence in addition to other factors. The
ratio of Cu/Zn has a positive role in reproductive outcomes.
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Introduction

In the advent of industrialization and increasing need for
foodstuffs and other requirements for ever growing popula-
tion, the levels of toxic substances in the environment have
increased considerably. Some heavy metals are toxic to
humans especially to the pregnant women and developing
fetus, even at very low doses, also. However, some trace
metals are necessary for normal growth, development and
various other physiological functions. Trace elements in-
clude more than 60 substances that are generally present
at low concentrations in the environment and mammalian
tissues. They are present in tissues and serum at a very low
concentration (i.e. within picogram or microgram levels),
and their absorption, distribution, storage and excretion are
firmly controlled. At least a dozen of trace elements are
considered essential minerals for human (1). Earlier, it is
reported that trace metals like zinc (Zn), copper (Cu), sele-
nium, chromium, cobalt, iodine, manganese, and molybde-
num are indispensable for human body and these trace ele-
ments accounts for only 0.02 % of the total human weight
and play noteworthy role in physiological functions of the
body (2). Their deficiencies can lead to reduced activities
of associated enzymes and cellular function.

Recently Prashanth et al. (3) reported that trace elements
facilitate various vital biochemical reactions by acting as
cofactors for many enzymes, and stabilizing structures of
enzymes and proteins and they are significant for cell func-
tion at biological, chemical and molecular levels. Some
of the trace elements govern vital biological processes by
binding molecules on the receptor site on cell membrane or
by altering the structure of membrane to avert the entry of
specific molecules into the cell. At optimum concentrations,
they are significant for maintenance of cellular structures,
but at insufficient levels, they may adopt different pathways
and cause diseases. Earlier, Savory and Wills (4) reported
that trace metals play a vital role in biological processes,
either as indispensable components or toxins. Pathak and
Kapil (5) also reported that inadequacies of trace metals
such as Cu, Zn and magnesium were implicated in various
adverse reproductive events such as infertility, congenital
anomalies, pregnancy wastage, pregnancy-induced hyper-
tension, premature rupture of membranes, placental abrup-
tion, still births, low birth weight, etc.

Several reports indicated that optimum concentrations
of trace metals are also essential for favorable pregnancy
and pregnancy outcome. One such pregnancy outcome
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focused here is spontaneous abortion (SAb). SAb, or mis-
carriage, is a clinically acknowledged pregnancy loss be-
fore the 20" week of gestation (6, 7). The World Health
Organization defines SAb as expulsion or withdrawal
of an embryo or fetus weighing 500 g or less. Whereas
recurrent pregnancy loss is generally defined as 3 con-
secutive pregnancy losses prior to 20 weeks from the last
menstrual period (8). Ajayi et al. (9) reported that decline
in vital micronutrients such as Zn, Cu and vitamin E may
be associated with recurrent SAb. Both Zn and Cu are es-
sentials to the body but Cu to Zn ratio is clinically more
important as compared to the concentration of either ele-
ments alone (10). Recently Shen et al. (11) reported that
trace elements are closely linked with fetal growth and
development throughout pregnancy and their shortage
can lead to adverse pregnancy outcomes. Jariwala et al.
(12) found that Zn and selenium levels were lowered in
pregnant mothers supporting the idea of the need of Zn
and selenium supplementation along with iron during
pregnancy. Thus, the present study was conducted to un-
derstand the role of Zn and Cu with respect to SAD.

Materials and Methods

In this retrospective study, a total of 277 subjects (118
control-subjects without history of SAb and bearing at least
one child, and 159 case-subjects with history of SAb) were
enrolled from the Out-Patient Department (OPD), Obstet-
rics and Gynecology, Civil Hospital, Ahmedabad, India.
The control subjects (n=118) included 74 pregnant women
with children enrolled from OPD and 44 non-pregnant with
children enrolled from ward. While SAb cases (n=159) in-
cluded 86 pregnant women with history of SAb enrolled
from OPD and 73 non-pregnant (at the time of enrolment)
recruited from ward with history of SAb/current SAb faced.
An informed consent was obtained from each participant
after explaining the aims and objective of the study as well
as benefit of the study in general to the society. The ethical
approval of the study was attained from the Institutional
Human Ethical Committee of National Institute of Occu-
pational Health (NIOH), Ahmedabad. The personal demo-
graphic information, habits, medical history, reproductive
history especially details of number of SAb, duration of
last SAb, number of children born, etc. were collected and
recorded on pre-designed and pre-tested proforma through
questionnaire interviews.

Blood samples (about 2 ml) were collected from each
subjects and serum was separated using centrifugation
(REMI R-8C, India) at 3000 rpm and kept in different ali-
quots in deep freeze till analysis. The serum levels of Zn
and Cu were measured at 213.9 and 324.8 nm, respectively
using an atomic absorption spectrophotometer (model no:
AAnalyst-800, Perkin Elmer, USA) after preparing proper
dilutions. The data were computerized using Microsoft Ex-
cel and presented as mean + SE. Independent student’s t
test and one-way ANOVA were applied with a significance
level of P<0.05 to analyze the data using SPSS 16 (SPSS
Inc., Chicago, USA). Also, Cu/Zn ratio with respect to dif-
ferent categories/variables was also determined.

Cu and Zn and SAb

Results

The characteristics of both SAb (cases) and control sub-
jects, is depicted in Table 1. The mean age of the SAb
group was more than a year higher than that of the control
group. Most of the cases of both SAb and control groups
were residing in residential area; however, almost about
15-16% of subjects were living in agricultural or indus-
trial areas. Further, about 92 and 88% subjects were liter-
ate in control and SAb groups, respectively and about 22
and ~10 % of SAb and control subjects were employed,
respectively. Further, about 75% of SAb subjects had a
history of one SAb and 20 and 5% of subjects had a his-
tory of two and more than 2 SAb, respectively. Further,
all the control subjects were having children while about
34.6% SAD group subjects did not have children and the
rest of them had children and a history of SAb (Table 1).

Table 1: Characteristics of study population (control and SAb cases)

Characteristic Cases Controls
n=159 n=118
Mean age at the time of SAb/child birth® 24.85+0.32  23.65+0.33
Area of residence
Agricultural area 10 (6.29) 5(4.24)
Industrial area 16 (10.06) 13 (11.02)
Residential area 133 (83.65) 100 (84.75)
Educational status
Illiterate 19 (11.95) 9 (7.63)
Literate 140 (88.05) 109 (92.37)
Employment status
Employed 36 (22.64) 12 (10.17)
Unemployed 123 (77.36) 106 (89.83)
Pregnancy status
Pregnant (at the time of interview and 86 (54.09) 74 (62.71)
sample collection)
Non-pregnant (at the time of interview 73 (45.91) 44 (37.29)
and sample collection)
Number of SAb
One SAb 119 (74.84) -
Two SAb 32 (20.13) -
More than two SAb 8 (5.03) -
Mean gestational age at the time of SAb  10.37£0.32 -
(in weeks)
Pregnancy loss in trimester
First trimester 117 (73.58)
Second trimester 27 (16.98)
PL in 1* or 2" trimester (subjects more 15 (9.43)
than one SAb, one SAb in 1* trimester
and another SAb in 2™ trimester)
Number of children
0 child 55 (34.59) -
1 child 68 (42.77) 63 (53.39)
2 children 23 (14.47) 41 (34.75)
3-4 children 13 (8.18) 14 (11.86)

Data are mean * SE or n (%). SAb; Spontaneous abortion, PL; Pregnancy loss, and *; Calculated
as: age at interview-duration of last SAb (cases)/child birth (control).
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The data revealed that the mean serum levels of Cu and
Zn were higher in control subjects as compared to SAb
subjects. There was a significant difference between case
and control groups with respect to Cu levels. Further, it
was observed that the levels of these trace metals in the
pregnant women were higher than non-pregnant women
at the time of enrollment. Serum Cu level was higher and
serum Zn level was lower in women bearing child in com-
parison to women bearing no child; however, these differ-
ences were statistically non-significant (Table 2). Moreo-
ver, Cu/Zn ratio was higher statistically non-significant in
controls compared to SAb cases.

Table 2: Level of Serum Zn and Cu with respect to reproductive history

Group Serum Cu Serum Zn Cu/Zn
(mg/L) (mg/L)

Case 1.59 +0.05 1.430+0.03 1.28 £0.066

n=159

Control 1.81 £0.06™  1.463+0.05 1.46 £0.091

n=118

P value 0.008 0.594 0.107

Pregnant 1.75+£0.05 1.491£0.03 1.34 +0.067

n=160"

Non-pregnant 1.59 £ 0.06 1.380 +0.04 1.38 +0.091

n=117#

P value 0.103 0.071 0.728

With child 1.714+0.04  1.417+0.03 1.40 £ 0.063

n=222

Without child 1.584+0.09  1.553+0.06 1.17£0.104

n=55

P value 0.231 0.075 0.061

The data are presented as mean * SE. SAb; Spontaneous abortion, Cu; Copper, Zn; Zinc,
** P<0.01 show significant differences between the two groups based on independent
student’s t test, *; Pregnant 160 includes 74 pregnant women having previous child birth
and 86 case women with history of SAb, and #; Non-pregnant 117 includes 44 non-preg-
nant with previous child birth and 73 non-pregnant with present and past history of SAb,
at the time of enrolment.

Besides, the levels of trace metals were analyzed with
respect to lifestyle habits of the study population. The
data revealed that women having vegetarian or mixed
diet had almost similar levels of Cu. While the Zn level
was slightly higher in women who adopted mixed diet
as compared to those who adopted vegetarian diet. Also,
women having habit of tobacco chewing had a lower level
of serum Cu and a slightly higher level of Zn as compared
to women with no such habits. In terms of caffeine con-
sumption, it was observed that the caffeine consumers (in
the form of tea or coffee) had significantly higher level of
serum Cu and lower level of serum Zn compared to those
who were not consuming caffeine (Table 3). Cu/Zn ratio
was significantly higher in caffeine consumers.

Serum levels of Cu and Zn were correlated with the
number of SAbs; it was observed that the serum level
of Cu was significantly negatively correlated (r=-0.175,
P=0.003) with the number of SAbs. As the number of
SADb increased, the level of serum Cu decreased. No
such correlation was observed between serum Zn and
the number of SAbs (Table 4). It was also found that the
number of SAb was significantly negatively correlated
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with Cu/Zn.

Table 3: Serum levels of Zn and Cu and their correlation with lifestyle habits
Variable Serum Cu  Serum Zn Cu/Zn

(mg/L) (mg/L)

Vegetarian diet 1.690£0.05 1.403+£0.03 1.41+0.070
n=170
Mixed diet 1.672+£0.06 1.509+£0.04 1.28+0.088
n=107
P value 0.777 0.091 0.250
Chewing habit 1.591+0.10 1.477+£0.10 1.12+0.15
n=15
No chewing habit 1.693+0.04 1.442+0.03 1.37+0.057
n=262
P value 0.591 0.792 0.145
Caffeine consumption 1.730+0.04 1471+£0.03 1.41+0.060
n=237
No caffeine consumption  1.439+0.08" 1.641+£0.09" 1.06+0.117"
n=40
P value 0.017 0.008 0.010

The data are presented as mean * SE. *; P<0.05, “; P<0.01 show significant differences be-
tween two variables groups based on independent student’s t test, Cu; Copper, and Zn; Zinc.

Table 4: Correlation between trace metals levels and the number of SAb

Variable Cu Zn Cu/Zn
Number of SAb
Pearson correlation -0.175™ -0.006 -0.120°
Sig. (2-tailed) 0.003 0.915 0.046
Cu
Pearson correlation -0.040 0.698"
Sig. (2-tailed) 0.511 0.000
/n
Pearson correlation -0.601™
Sig. (2-tailed) 0.000

“; Correlation is significant at the 0.01 level (2-tailed), *; Correlation is significant at the 0.05
level (2-tailed), SAb; Spontaneous abortion, Cu; Copper, Zn; Zinc, and Sig.; Significance.

The data of trace metals was also analyzed with respect
to the duration of the last SAb. The level of Cu was least
significantly lower in women who had a recent SAb but
highest in controls. No such pattern was observed in Zn
serum level. It was also observed that Cu/Zn ratio was
increasing as the duration of the last SAb decreased. Con-
trols had the highest Cu/Zn ratio (Fig.1).

B Current SAb

Within 1 year

B >1year

16 - 333 @ Control

s34
1.2 :§

$33
0.8 431

659
0.4 $331

0 \$33¢ :
Serum Cu Serum Zn Cu/Zn
(mg/L) (mg/L)

Fig.1: Level and ratios of trace metals (Cu and Zn) with respect to duration
of last SAb faced. ™"; P<0.001 shows significant differences compared to
control based on independent student’s t test, Cu; Copper, Zn; Zinc, and
SAb; Spontaneous abortion.



Discussion

It is well known that both Cu and Zn are indispensable
trace metals that are involved in important physiological
functions of the human body. Their deficiencies lead to
various diseases and disorders. However, excess levels of
these elements can also lead to various pathological con-
ditions. In the present study, both Cu and Zn level were
lower in SAb group as compared to control, but differenc-
es were significant only in terms of Cu level. There are
several reports which indicated that Zn has positive role in
female reproduction as well as pregnancy outcomes (13-
16). Further, Ajayi et al. (9) also found substantial decline
in serum levels of Cu, Zn and vitamin E while a noteworthy
elevation in serum levels of lead, selenium and cadmium
in recurrent spontaneous abortion (RSA) cases compared
to controls. Earlier, Jameson also reported that women
who delivered pre-term (37" week or earlier) or post-term
(43 week or later), exhibited significantly lower serum
levels of Zn during early pregnancy compared to women
delivered a full-term (40" week) pregnancy. Mothers with
normal deliveries with normal infants exhibited signifi-
cantly higher serum Zn but significantly lower serum Cu
during early pregnancy compared to women with abnor-
mal labors and immature infants (17). Later, Kiilholma et
al. (18) reported that maternal serum Zn and calcium were
lower in preterm subjects than in full-term groups and
the cord Cu concentration and ceruloplasmin and their
fetal/maternal ratios were significantly lower in women
with preterm premature rupture of membranes (PPROM)
compared to other groups. This indicates a role for Cu in
PPROM and Zn in initiation of preterm labor, while cal-
cium and iron may not be associated in the causation of
prematurity or PPROM. Very recently, it was also found
that Zn levels were lower in the sera of mothers with pre-
term deliveries with PPROM compared to those without
PPROM; but Cu level did not differ between the groups
either for maternal or umbilical cord serum or placental
tissue (19). The mean serum levels of Cu and Zn were
higher in pregnant women as compared to non-pregnant
women at the time of subjects’ enrollment (cases-history
of SAb and control subjects with children). Higher levels
of Zn in pregnant women might be due to the presence of
73 non-pregnant subjects with a history of SAb out of a
total 107 subjects in this group. Earlier, Izquierdo Alvares
et al. (20) reported that serum Zn and Se levels decreased
as gestation progresses, while serum Cu concentrations
increased, and all the variation occurred mostly in the first
3 or 4 months.

Further, Zare et al. (21) reported that Zn deficiency may
be one of the significant causes of adverse outcomes
for lymphocyte immunotherapy (LIT) in RSA patients.
Hence, compensation for Zn deficiency before LIT can
be a promising approach to improve the immune response
in patients with RSA. Earlier, Buamah et al. (22) found
lower levels of maternal Cu in the abnormal pregnancies
compared to the normal ones and these levels did not dif-
fer with increasing gestational age. Cu deficiency during
pregnancy and post-natal development may have adverse

Cu and Zn and SAb

effects on pregnancy and the developing fetus (23-26).

We found that Cu/Zn ratio was lower in SAb subjects
than controls. Malavolta et al. (27) reported that the con-
centrations of Cu and Zn in serum are strictly regulated.
There are several mechanisms that are responsible to de-
cline serum concentration of Zn and raise serum concen-
tration of Cu under inflammatory conditions. Recently,
Shen et al. (11) observed statistically significant lower
serum levels of Zn and iron in subjects with preterm de-
livery or miscarriage compared to control. Serum Zn lev-
els were significantly lower in subjects with premature
rupture of membrane while serum Cu, Zn, calcium and
iron were significantly lower in subjects with intrauterine
growth restriction.

Conclusion

The present study together with the available informa-
tion on this issue, suggests that Cu and Zn deficiency as
well as Cu/Zn ratio might be associated with occurrence
of SAD. Thus, further studies should be warranted on sup-
plementation of these trace elements in clinical practices
for the well being of pregnancy and pregnancy outcome.
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Comparison of Oocyte Maturation Trigger Using Follicle
Stimulating Hormone Plus Human Chorionic Gonadotropin
versus hCG Alone in Assisted Reproduction Technology Cycles
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Research and Clinical Center for Infertility, Yazd Reproductive Sciences Institute, Shahid Sadoughi University of Medical
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Abstract
Background: The goal of this study was to investigate oocyte maturation, fertilization and pregnancy rates among
infertile women, by concomitant follicle stimulating hormone (FSH) administration at the time of human chorionic
gonadotropin (hCQ) trigger, compared to hCG trigger alone.

Materials and Methods: In this prospective randomized controlled trial, 109 infertile women between the ages of
20 and 40 years, received gonadotropin-releasing hormone (GnRH) antagonist and fresh embryo transfer. Following
the procedure, the subjects were randomly divided into two groups on the oocyte-triggering day. In the experimental
group, final oocyte maturation was achieved by 5000 IU hCG plus 450 IU FSH. In the control group, however, oocyte
triggering was performed by 5000 IU hCG, only. The primary outcome was clinical pregnancy and the secondary out-
comes included oocyte recovery rate, oocyte maturity rate, fertilization proportion rate, fertilization rate, implantation
rate and chemical pregnancy rate.

Results: Fifty-four women were appointed to the group with the FSH bolus injection at the time of hCG trigger and
55 women were assigned to the hCG alone group. Women in the FSH group had a significantly higher metaphase 11
(MII) oocyte (7.17 £ 3.50 vs. 5.87 £ 3.19), 2 pronuclear embryos (2PNs) (5.44 £+ 3.20 vs. 3.74 £+ 2.30) and total em-
bryos (4.57 + 2.82 vs. 3.29 + 2.13) compared to hCG alone group, respectively. Furthermore, fertilization rate (0.75
+0.19 vs. 0.68 £ 0.25), implantation rate (14.2 vs. 8.5%) as well as clinical (27.9 vs. 15.9%) and chemical (32.6 vs.
20.5%) pregnancy rates were higher in the FSH group, but no statistically significant difference was found (P>0.05).

Conclusion: Combination of FSH and hCG for oocyte triggering improves oocyte maturity and fertilization propor-
tion rates without increasing the chance of implantation, chemical and clinical pregnancy rates (Registration number:

IRCT2017082724512N5).
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Introduction

The success rates of assisted reproduction technology
(ART) have extremely improved in the recent years. This
improvement is due to the new developments in labora-
tory techniques along with the enhancement of ovarian
stimulation protocols. Several studies have investigated
the efficacy of different ovarian stimulation protocols.
However, the development of final oocyte maturation has
not been fully evaluated (1).

The natural ovulation cycles in many mammalian
species involve a surge of follicle stimulating hormone
(FSH) together with luteinizing hormone (LH) during
the mid-cycle phase (2). Several studies have suggested a
possible biological role for FSH rising at the time of final
oocyte maturation. FSH motivates LH receptor activation
in luteinizing granulosa cells and stimulates oocyte nu-

clear maturation through meiosis resumption and oocyte
cumulus expansion (3). In a regular in vitro fertilization
(IVF) cycle, human chorionic gonadotropin (hCG) is a
gold standard for triggering final oocyte maturation, mim-
icking the effects of the natural mid-cycle LH surge (4).
However, the risk of ovarian hyperstimulation syndrome
(OHSS) has been increased with hCG treatment for oo-
cyte triggering (5). Moreover, several reports have shown
that induction of final oocyte maturation using gonado-
tropin releasing hormone agonists (GnRHa) is more ad-
vantageous than hCG triggering; as it provides a surge
of gonadotropins similar to the natural mid-cycle occur-
rence, and thus prevention of OHSS (4, 6, 7). In addition,
it is demonstrated that FSH surge before ovulation could
improve oocyte maturation and recovery in ART cycles
(8). Regardless of the currently available animal studies
(2,9, 10), there are limited reports evaluating the role of
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FSH in final oocyte triggering. It has been shown that oo-
cyte triggering using 1500 IU hCG plus 450 IU FSH may
reduce OHSS compared to the routine trigger methods
such as (5000 IU hCG alone), without any positive effects
on the outcomes of IVF and pregnancy (11).

The goal of this study was to compare oocyte matura-
tion as well as fertilization and pregnancy rates among
women receiving high-dose concomitant FSH adminis-
tration at the time of hCG trigger to those with hCG trig-
ger alone. We also aimed to compare OHSS development
between these two groups.

Materials and Methods

This prospective randomized controlled trial was per-
formed at Yazd Reproductive Sciences Institute between
August and November of 2017. The study was approved
by the Ethics Committee of Yazd Reproductive Sciences
Institute, Shahid Sadoughi University of Medical Sci-
ences, Yazd, Iran (IR.SSU.RSI.Rec.1396.7). All couples
signed a written informed consent for participation. The
study was registered in Iranian Registry of Clinical Trials
(IRCT2017082724512N5) and was indicated according
to the CONSORT statement.

Subjects

For this study, 109 infertile women at the ages of 20 to
40 years underwent GnRH antagonist protocol for con-
trolled ovarian hyperstimulation and fresh embryo trans-
fer in the same cycle. Exclusion criteria were severe male
factor infertility, cycle cancellation or changing to intrau-
terine insemination in the subjects, and a cycle containing
preimplantation genetic diagnosis (PGD) and estradiol
level of more than 2500 pg/mL on the day of hCG injec-
tion. Women who did not undergo embryo transfer due to
the freeze-all policy, donor, or surrogate cycle, were also
excluded.

Stimulation protocol and randomization

All patients who participated in this trial were stimulat-
ed using gonadotropins Cinnal-f (CinnaGen, Iran), which
started on day 2 of the menstrual cycle. The initial dose
of gonadotropin was individualized for each patient based
on the age, antral follicle count (AFC), and anti-mulerian
hormone (AMH) level. Gonadotropin dose adjustment
was done based on ovarian response by follicular diame-
ter measurement with transvaginal ultrasound, which was
done every 2 to 3 days from the 7" day of stimulation.
The GnRH antagonist (Cetrorelix, Merck Serono Labora-
tories, Aubonne, Switzerland) was administered when the
mean diameter of dominant follicles reached 13-14 mm.
In all patients, oocyte triggering was performed when at
least three follicles with a diameter of 18 mm or greater
were found in the ultrasound examination. The partici-
pants were randomly divided into two groups on the day
of trigger. Randomization was performed using comput-
er-created random numbers in covered, unlabeled enve-
lope each holding a single number. The patients, nurses,
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and physicians were not blinded to the allocated treatment
groups. In the first group, final oocyte maturation was
done by 5000 IU hCG (Pregnyl, Organon, Netherlands)
plus 450 IU FSH (Cinnal-f Cinnagen, Iran). In the control
group, oocyte triggering was performed by 5000 [U hCG
alone. The dose of 450 IU FSH was chosen as it seems to
be the maximum practical dose with the goal of making a
FSH surge with a natural cycle (1:4-5 FSH:LH ratio) (1).

Transvaginal oocyte retrieval was done 36 hours after
triggering for all subjects. Routine IVF/intracytoplas-
mic sperm injection (ICSI) was performed according to
standard protocols (72.7% ICSI and 27.3% IVF). Oocyte
maturity was assessed after cumulus cell denudation, and
fertilization was evaluated 18 hours after insemination or
sperm injection. The best embryos with at least 7 blasto-
meres (7-9 blastomeres) and a maximum of 20% cyto-
plasmic fragmentation were considered as grade A. Grade
B embryos had 7-9 cells with over 20% fragmentation.
Grade C embryos had 4-6 cells with a maximum of 20%
fragmentation.

Two or three good quality embryos were transferred
48-72 hours after oocyte retrieval, using an embryo
transfer Labotect catheter (Labor-TechnikGottingen
GmbH, Gottingen, Germany) or a Cook (Sydney, Aus-
tralia) catheter.

Outcome parameters

The primary outcome was clinical pregnancy, defined
as the observation of fetal heart activity by transvaginal
ultrasound 2-3 weeks after positive f-hCG test. Second-
ary outcomes included oocyte recovery rate, oocyte ma-
turity rate, fertilization proportion rate, fertilization rate,
implantation rate and chemical pregnancy, which were
defined as follows: oocyte recovery rate was the number
of retrieved oocytes divided by the number of follicles
>10 mm in size counted on the day of trigger; oocyte ma-
turity rate was the number of metaphase II (MII) oocytes
divided by the number of oocytes retrieved; fertilization
proportion was the number of 2 pronuclear (2PNs) divided
by the number of oocytes retrieved; fertilization rate was
the number of 2PNs divided by the total number of MII
oocytes; implantation rate was the number of intrauterine
gestational sacs observed by transvaginal ultrasonogra-
phy divided by the total number of transferred embryos;
and chemical pregnancy rate was positive -hCG test 14
days after embryo transfer. OHSS development was also
considered as a secondary outcome, so women with signs
of OHSS were separated into three categories according
to the signs and symptoms. Mild OHSS was considered
as ovarian enlargement, lower abdominal discomfort,
mild nausea, vomiting, and abdominal distention. Getting
worse of symptoms, ascites, and ovarian enlargement up
to 12 cm were characterized as moderate OHSS. Lastly,
severe OHSS was defined by severe pain, rapid weight
gain, tense ascites, hemodynamic instability, difficulty of
respiration, progressive oliguria, and laboratory abnor-
malities (12).



Statistical analysis

We assumed that at least a total of 100 cases are need-
ed (50 in each group) to achieve a 15% difference in the
clinical pregnancy rate as our primary outcome between
the two groups. A power of 80% and P<0.05 level of sig-
nificance were set for this study. The Statistical Package
for the Social Science version 20 for Windows (SPSS Inc,
Chicago. IL, USA) was applied for data analysis. Differ-
ences between continuous variables without normal dis-
tribution were measured by Mann-Whitney U test. The
Chi-square test was used to compare categorical variables.

Results

Initially one hundred and fifty-two infertile women en-
rolled in the study. Of those, 109 participants met the inclu-
sion criteria on the day of oocyte trigger and were rand-
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omized into two groups. Fifty-four women were appointed
to the group with the FSH bolus injection at the time of
hCG administration and the remaining 55 women were
assigned to the hCG alone administration group. A total
of 43 women who were excluded before randomization
were as follows: 9 cycles were canceled or converted to
intrauterine insemination, 13 women had estradiol levels
more than 2500 pg/mL at the time of triggering, 2 women
were planned to have PGD, 19 couples were diagnosed
with severe male factor infertility, 2 women in the FSH
group forgot to take the ordered medicine, and 1 patient
in the control group withdrew from the treatment prior to
oocyte retrieval due to personal reasons. All other partici-
pants were available throughout the study for follow-up in
both groups (Fig.1). Demographics characteristics of both
groups are listed in Table 1. The demographic features did
not differ significantly between the two groups.

[ Enrollment ]

Assessed for eligibility (n=152)

Ecluded (n=43)

Canceled cycle or converted to TUI (n=9)
E2 >2500 (n=13)

PGD (n=2)

A 4

Randomized (n=109)

Severe male factor (n=19)

.

Clinical pregnancy

FSH+hCG hCG only
Excluded (n=2) (n=54) (n=55)
Excluded (n=1)
Forgot to take study drug 1 ’ Withdrew (n=1)
=2 . ithdrew (n=
@=2) FSH+hCG Allocation hCG only
(n=52) (n=54)
Freeze all (n=8) Freeze all (n=9)
ga}tlizitgg_zgference (n=1) [ Embryo transfer OHSS (n=3)
P FSH+hCG hCG only Seminal infection (n=1)
(n=44) (n=45)
Follow-Up
Chemical Chemical
pregnancy (n=14) pregnancy (n=9)
Lost to follow up (n=0) Lost to follow up (n=0)
Negative BhCG (n=2) —\ Negative BhCG (n=2)

Clinical pregnancy

(n=12) (n=7)
[ Analysis
FSH+hCG hCG only
(n=52) (n=54)

Fig.1: Flowchart of participants’ allocation, treatment, follow-up, and analysis. IUl; Intrauterine insemination, E2; Estrogen, PGD;
Preimplantation genetic diagnosis, OHSS; Ovarian hyperstimulation syndrom, FSH; Follicle stimulating hormone, and hCG; Human

chorionic gonadotropin.
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Table 1: Baseline characteristics of "FSH+hCG" group versus "hCG only" group

Variables FSH+hCG  hCG only P value
n=52 n=54
Age (Y) 29.84+424 3083+4.66 0.258"
Duration of infertility (Y) 6.18+3.69 6.05+4.14  0611"
Type of infertility
Primary 42 (80.8) 36 (66.7) 0.125™
Secondary 10 (19.2) 18 (33.3)
AMH (ng/ml) 3.65+£2.56 4.00+2.06  0.158"
Endometrial thickness (mm)  9.55+1.72  11.30+13.64 0.952"
Cause of infertility 0.706™
Male factor 20 (38.5) 15 (27.8)
PCOS 4(7.7) 7(13)
TF 3(5.8) 3(5.6)
MIX 15(28.8) 15(27.8)
Unexplained 10(19.2) 14 (25.9)

Data are presented as mean + SD and number (%). "FSH+hCG" group versus "hCG only"
group using ‘; Mann-Whitney U test, ”; Chi-squared test, FSH; Follicle stimulating hor-
mone, hCG; Human chorionic gonadotropin, AMH; Anti mullerian hormone, PCOS; Poly-
cystic ovary syndrome, and TF; Tubal infertility.

Furthermore, total gonadotropin dose, serum estradiol
on the day of trigger, number of total follicles on the day
of trigger and number of retrieved oocytes were similar in
both groups. Moreover, number and quality of the trans-
ferred embryos were comparable between the two groups.
Nevertheless, women in the FSH group had a significant-
ly higher MII oocyte, 2PNs and total embryos compared
to the hCG alone group (Table 2).

Table 2: ART cycle characteristics of "FSH+hCG" group versus "hCG only"
groups

Variables FSH+hCG hCG only P value
n=52 n=54

Total gonadotropin dose (IU) 1537 +£422 1567+500 0.831"
Number of days of stimulation 10.08+2.04 9.7+ 1.69 0.641"
Serum estradiol on the day of 1246 +462 1244 +460 0.982"
trigger (pg/ml)
Number of total follicles on 9.71+3.21 10.16+3.73 0.503"
the day of trigger
Number of oocyte retrieved ~ 8.32+£3.88 7.62+3.93 0.322°
Number of MII oocytes 7.17+3.50 5.87+3.19 0.049"
Number of 2PNs 5444320  3.74+£230 0.002
Number of total embryos 457+£282 329+£2.13 0.012
Number of embryos trans- n=44 n=45 0.400"
ferred 1.90+£0.29 1.84+0.52
Quality of embryo transferred n=44 n=45 0.231™

A 13 (29.5) 13 (28.8)

B 26 (59.1) 27 (60)

C 5(11.4) 5(11.1)

Data are presented as mean * SD and number (%). "FSH+hCG" group versus "hCG only"
group using *; Mann-Whitney U test, **; Chi-squared test, ART; Assisted reproductive tech-
nology, FSH; Follicle stimulating hormone, hCG; Human chorionic gonadotropin, Mil; Meta-
phase Il, 2PN; 2 pronuclear, quality of embryos A-C as described in materials and methods.

Eight women in the FSH group and 9 women in the
control group decided to use the freeze-all porcedure for
future embryo transfer. Therefore, fresh embryo transfer
was performed in 44 and 45 cycles in the FSH and control
groups, respectively. For comparing the two treatment
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groups (FSH plus hCG vs. hCG only), we analyzed the re-
productive outcomes such as fertilization rate (0.75 = 0.19
vs. 0.68 £0.25), implantation rate (14.2 vs. 8.5%), as well
as clinical (27.9 vs. 15.9%) and chemical (32.6 vs. 20.5%)
pregnancy rates, which were all higher in the FSH group,
but not at a statistically significant level (P>0.05). Also,
we found that oocyte recovery rate showed no statistically
significant difference between the two groups, however,
there is a general trend towards greater oocyte recovery
rate in the FSH group. In addition, women who received
FSH showed significantly higher oocyte maturity rate and
fertilization proportion than the other group (Table 3).
Proportion of mild and moderate OHSS development was
similar between the two groups (P>0.05). There was no
case of severe OHSS in either group (Table 4).

Table 3: ART outcome of "FSH+hCG" group versus "hCG only" groups

Cariables FSH+hCG  hCG only P value
n=44 n=45
Oocyte recovery rate 0.84+£0.19 0.75+£0.26 0.066"
Oocyte maturity rate 0.87+£0.16 0.77+0.19 0.004"
Fertilization proportion 0.65+£0.20 0.51+£0.22 0.001"
Fertilization rate 0.75+£0.19 0.68+0.25 0.124"
Implantation rate 12/84 (14.2) 7/82(8.5) 0.244™
Chemical pregnancy rate 14 (32.6) 9(20.5) 0.231™
Clinical pregnancy rate 12 (27.9) 7(15.9) 0.203™

Data are presented as mean * SD and number (%). "FSH+hCG" group versus "hCG
only" group using “; Mann-Whitney U test, “; Chi-squared test, ART; Assisted reproduc-
tive technology, FSH; Follicle stimulating hormone, and hCG; Human chorionic gon-
adotropin.

Table 4: OHSS occurrence in "FSH+hCG" group versus "hCG only" groups

OHSS occurrence FSH+hCG hCG only P value
n=52 n=54

No OHSS 45 (86.5) 46 (85.2) 0.968

Mild 5(9.6) 6 (11.1)

Moderate 2(3.8) 2(3.7)

Severe - -

Data are presented as number (%). "FSH+hCG" group versus "hCG only" group using
Chi-squared test. FSH; Follicle stimulating hormone, hCG; Human chorionic gonadotro-
pin, and OHSS; Ovarian hyper stimulation syndrome.

Discussion

Our results showed that co-administration of a bolus
dose of FSH and hCG for oocyte triggering improves the
number of MII oocytes, 2 PNs, embryos, as well as oo-
cyte maturity rate and fertilization proportion, compared
to hCG injection only.

It is well-documented that mid-cycle LH surge is nec-
essary for oocyte maturation, but the possible alternative
is poorly investigated. Animal studies have indicated
that FSH is capable of inducing ovulation. In hypophy-
sectomized rats ovulation was induced using LH-free re-
combinant FSH, and as a result a 100% dose-dependent
ovulation rate was obtained (13). Similarly, another study
found comparable ovulation rates in both FSH-stimulated
and hCG-induced mice (14). Moreover, Zelinski-Wooten
et al. (15) showed that a single bolus of 2500 IU recom-



binant FSH was equivalent to 1000 IU hCG for induction
of mid-cycle FSH surge, meiosis resumption and fertili-
zation in rhesus monkeys. The first human report of FSH
injection at the time of oocyte trigger was a case study,
which administered 1050 IU FSH instead of standard
10000 TU hCG before oocyte retrieval. This case report
indicated that administration of recombinant human FSH
results in production of good quality oocyte with the ma-
turity rate of 90% and consequent high-graded embryos.
Although no pregnancy was achieved after transfer of
fresh or frozen-thawed embryos in this study (2).

Similar to our findings, in another study the authors
triggered oocytes by adding either 450 IU FSH injection
or normal saline as placebo at the time of hCG admin-
istration. The results showed a significant rise of oocyte
recovery rate and fertilization proportion in FSH group
compared to the placebo-treated group. Furthermore, we
found higher fertilization and implantation rates along
with chemical and clinical pregnancies, but the difference
did not reach significance. In the same way, Lamb and
colleagues, reported insignificant increase in implantation
rate, clinical and ongoing pregnancy rates. Although they
did not assess oocyte maturity rate, but their IVF fertili-
zation rate was reported significantly higher in the FSH

group (1).

Mid-cycle FSH surge promotes oocyte cumulus ex-
pansion and oocyte nuclear maturation through constitu-
tion of signaling pathways and bilateral communications
between oocytes and cumulus cells by opening the gap
junctions (16). On the other hand, FSH induces plasmino-
gen activator gene expression (13) as well as elevation of
plasminogen activator (17, 18). In primates, FSH facili-
tates detachment of oocytes from follicular wall and pro-
vokes follicular rupture (19). In rodents, this possibility is
confirmed by an increase in oocyte recovery following a
bolus injection of recombinant FSH (20), which is similar
to that in humans (1, 21). In agreement with aforemen-
tioned studies, we found higher oocyte recovery rate in
the FSH group compared to the control women.

Several studies have shown indirect beneficial effects
of FSH on the occurrence of OHSS. For instance, using
GnRHa for final oocyte maturation minimizes the chance
of OHSS, with comparable results than conventional oo-
cyte triggering (6, 22-24). Nonetheless, an important dis-
advantage of GnRHa triggering is failure to induce LH
surge in downregulated stimulation cycles in patients
with hypothalamic dysfunction. Oocyte triggering by low
dose hCG plus FSH, however, could be beneficial in all
types of stimulation protocols. We also compared OHSS
development in the two study groups and found similar
rates between FSH plus hCG and hCG alone groups. We
know of only one study, in which the authors assessed
the effects of FSH for oocyte triggering in high responder
women. They applied 1500 IU hCG plus 450 IU FSH for
OHSS prevention and found that OHSS associated symp-
toms were significantly lower among women receiving
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FSH and hCG compared to those treated with hCG alone.
Moreover, the authors claimed that this strategy induced
meiosis resumption and cytoplasmic maturation, which
resulted in high quality oocytes with competence to gen-
erate normal embryos leading to live births (11).

Conclusion

Our results showed that adding 450 IU FSH to 5000
IU hCG for oocyte triggering improves oocyte maturity
and fertilization proportion rates. However, it does not in-
crease the chance of successful implantation or chemical
and clinical pregnancy rates. Prominently, further stud-
ies are required to optimize this novel triggering strategy
with regards to concentration, sample size, etc. to provide
significantly higher pregnancy percentages along with re-
duced OHSS rate.
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Abstract
Background: Isthmoceles are described as complications associated with caesarean section (CS). Only symptomatic
isthmoceles should be treated. The main symptoms are abnormal uterine bleeding (AUB) in the absence of any other
causes, pelvic pain and secondary infertility. There are several techniques described for the correction of isthmoceles.
Isthmoplasty can be performed by hysteroscopy, laparoscopy or vaginal surgery. The aim of this study was to assess
the effectiveness of hysteroscopic surgical treatment of isthmoceles in women with associated symptoms such as
pelvic pain and AUB.

Materials and Methods: A prospective case series study was performed; this study included all women with AUB,
pelvic pain and ultrasonographic (US) diagnosis of isthmocele, who had undergone hysteroscopic correction between
June 2014 and December 2017 in our Hospital.

Results: Thirty eight women underwent surgical hysteroscopy for correction of symptomatic isthmoceles. All patients
presented AUB, 42.1% experienced pelvic pain and 28.9% had secondary infertility. US evaluation of isthmoceles
was performed using 2D ultrasound. The residual myometrial thickness (RMT) above the isthmocele was measured in
women who expected future pregnancy; if it was <2.5 mm the patient was not included in the study because the cor-
rection was performed laparoscopically. Follow-up was performed one and two months after the surgery. In all cases,
pelvic pain was resolved one month after the surgery. AUB disappeared within the first month in 87.5% of patients
and in the second month in 96.8% of subjects; however, one patient needed further surgery to alleviate her symptoms.
Secondary infertility was assessed one year after surgical isthmoplasty. Seven women completed the first year of fol-
low up, and three of them (42.8%) reported pregnancy after treatment between six and eight months after the surgery.

Conclusion: Hysteroscopic correction of symptomatic isthmoceles may constitute a safe and effective technique for
patients who present AUB and pelvic pain.

Keywords: Caesarean Section, Hysteroscopy, Infertility, Metrorrhagia, Pelvic Pain
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Introduction

The number of deliveries by caesarean section (CS) has
increased during the last 15 years (1). In 2016, the global
rate of CS in Spain was about 22%, even higher in private
hospitals (2). This rise probably leads to a greater inci-
dence of complications. Uterine scars defects, also known
as isthmoceles, are described as complications associated
with CS. An isthmocele is an anatomical uterine defect,
defined as a reservoir-like pouch in the isthmus of the an-
terior uterine wall, at the site of the CS scar (3-5). This
complication is more frequently observed in women with
retroverted uterus and those with multiple CS (6).

It is thought that the scar defect appears due to tis-
sue healing impairment, probably secondary to reduced
vascular perfusion in this area (6, 7). Although the
mechanisms are unknown, several factors such as dif-
ferences in the thickness between the superior and infe-
rior edges of the hysterotomy (8), the stage of labour at
the moment of the CS (9, 10) or the suturing technique
(8, 11-14) may contribute to the formation of the defect.
Isthmoceles are usually asymptomatic, and may be in-
cidentally diagnosed by ultrasonography; in such cases,
treatment is not required. The niche (anechoic area)
may vary in sizes and symptoms may be related to the
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size of the defect (6, 15, 16). The main symptoms are
abnormal uterine bleeding (AUB) in the absence of any
other causes, pelvic pain and secondary infertility (3,
6, 8,9, 17). The typical pattern of bleeding is postmen-
strual dark spotting.

The presence of an isthmocele may also cause com-
plications during some gynaecological procedures
such as curettages, hysteroscopy, intrauterine device
insertion or in embryo transfers, because of alteration
of uterine anatomy (18). Diagnosis is based on the
symptoms and complementary exams. Transvaginal
ultrasound (TVUS) and hysterosonography measure
not only symptomatic defects but also isthmoceles in
asymptomatic patients (14, 16, 18-20). Hysteroscopy is
also a very effective technique that ensures diagnostic
confirmation by direct visualization of the pouch ena-
bling direct correction of the defect (21).

The aim of this study was to assess the effectiveness
of hysteroscopic surgical treatment in patients with pelvic
pain, AUB and TVUS diagnosis of isthmocele, in the ab-
sence of other causes.

Materials and Methods

This prospective case series study included all
women with AUB, pelvic pain and US diagnosis of
isthmocele, in the absence of other causes, who had
undergone hysteroscopic correction between June 2014
and December 2017 in our hospital. The study was ap-
proved by the Ethical Committee of the Hospital with
code 18.07.1270-GHM.

The diagnosis was based on the symptoms, patients’
background once other possible causes of AUB had
been excluded. As complementary test at office we
used TVUS. TVUS was performed in early prolifera-
tive phase. The isthmocele is identified as an anechoic
triangular-shaped area, with the vertex pointing to the
bladder, in the isthmus of the anterior uterine wall.
Both depth and width of the defect were measured

(Fig.1).

Fig.1: Ultrasound image of an isthmocele. Yellow arrow points towards
the isthmocele.
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Scar defects were classified based on their size ac-
cording to the classification proposed by Gubbini et
al. (4) using the triangle area formula: base x height/2.
Gubbini et al. (5) established 3 grades as follows:
grade I: <15 mm?; grade II: 16-25 mm?; and grade III:
>25 mm? (4, 5). The residual myometrial thickness
(RMT) above the vertex of the isthmocele, was also
measured in patients who expected future pregnancy.
When the RMT was <2.5 mm, the correction of the
defect was performed by laparoscopic technique and
these patients were not included in this case series. All
women were assessed by the anaesthesiology team and
provided with informed consent.

Hysteroscopy was performed under general anaes-
thesia in the operating room, using saline solution as
distending media. All hysteroscopies were done by two
experienced surgeons who followed the same protocol.
Initially, a diagnostic hysteroscopy using 5-mm, 30°
angle lens, rigid hysteroscope (Karl Storz GmbH and
Co, Tuttlingen, Germany), without cervical dilatation,
was done in order to achieve direct view of the scar
defect and to exclude other intrauterine anomalies. Af-
terwards, hysteroscopic niche resection was performed
using a 9-mm bipolar loop resectoscope (Ethicon Gy-
necare Inc., Johnson and Johnson). Small defects were
resected by a 5-mm hysteroscope and a 5-Fr bipolar
electrode. Anterior and posterior fibrotic arch of the
isthmocele were identified. The anterior arch was re-
sected by the bipolar loop resectoscope or the 5-Fr bi-
polar electrode in cases of small defects, until the bot-
tom of the isthmocele reached the level of the cervical
canal. The bottom of the sacculation was coagulated

(Fig.2).

Fig.2: Hysteroscopic isthmoplasty. A. Isthmocele, B. Resection of the an-
terior arch, C. Coagulation of the bottom of the niche, and D. Image after
resection.

Results

Between June 2014 and December 2017, 38 pa-
tients underwent surgical hysteroscopy for correction
of symptomatic isthmoceles. Mean age of the patients
at the intervention was 40 [31-47] years. All women
presented postmenstrual AUB (PAUB). Among them,
16 patients (42%) had pelvic pain and 11 (29%) had
secondary infertility. All women had at least one previ-
ous CS (63.1%), nine women (23.6%) had 2 CS, and
five women (13.1%) had 3 previous CS. Regarding the
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anatomical position of the uterus, 65.7 and 34.3% of
patients presented anteverted and retroverted uterus,
respectively. Isthmoceles were classified according the
US based classification described above. Nine out of
the 38 women (23.6%) presented grade 1 isthmocele,
eight women (21%) presented grade 2 defects and 21
women (55.2%) had grade 3.

In 81% of cases (31 patients) the procedure was
performed using a bipolar loop resectoscope as the
diagnosis had already been established on a previous
diagnostic hysteroscopy. For the rest of the patients
(19%) who had smaller defects, correction of the
isthmocele was carried out using a 5-Fr bipolar elec-
trode. All patients were discharged on the day of the
surgery. No complications or adverse effects were re-
ported after hysteroscopic resection. The criterion for
selecting a specific hysteroscopic resection technique
was the size of the niche. The RMT was also taken
into consideration in patients with secondary infertil-
ity who expected future pregnancy, those women who
presented an RMT <2.5 mm were excluded from hyst-
eroscopic correction and underwent laparoscopic cor-
rection of the isthmocele. Follow-up was performed
1 and 2 months after the surgery. PAUB was the most
frequently reported complaint, which was resolved
within 2 months in almost all women; however, 1
woman needed a second surgery to eliminate the spot-
ting. In 79.5% of patients, PAUB disappeared within
the first month, and after two months of follow-up,
97.4% of women did not present with AUB. Pelvic
pain was resolved in 100% of the patients 1 month
after surgery.

Ultrasonographic (US) follow-up showed that after
the surgery, 100% of grade I and II isthmoceles were
completely resected. On the other hand, in three of the
twenty one grade III isthmoceles, despite the resolution
of the symptoms, small defects could still be observed
on US, two months after the surgery (Table 1).

Table 1: Results of ultrasonographic follow up

Ultrasonographic Before surgery 1 month 2 months
image after surgery after surgery
Grade | 23.6%, n=9 0 0

Grade I1 21%, n=8 0 0

Grade IIT 55.2%,n=21 4 grade I 3 grade |

Secondary infertility was assessed one year after sur-
gical isthmoplasty. Eleven patients showed infertility,
seven completed the first year of follow up, and three
of them reported pregnancy after treatment (42.8%)
between six and eight months after the surgery. One
patient was lost to follow-up, and the remaining three
women have not yet completed one year of follow-up.
Among the patients who reported pregnancy, one pre-
sented a miscarriage after 7 weeks of pregnancy and
in the two other cases, pregnancy evolved without in-
cidents undergoing CS after 38 weeks of pregnancy

(Fig.3).

11 patients
with infertility
1 lost follow up ==
S R
> 1 year follow up <1 year follow up
7 patients 3 patients
3 pregnancies 4 no pregnancy

2 cesarean section 1 miscarriage

Fig.3: Follow up and results in patients with secondary infertility after hys-
teroscopic isthmoplasty.

Discussion

Postmenstrual AUB (PAUB) is the most frequent com-
plaint among patients with symptomatic isthmoceles. In
1995, Morris (3) was the first to describe the caesarean
scar defect. He examined the uterus of women who had
undergone hysterectomy due to AUB symptoms in the
absence of any identifiable cause and did not respond to
hormonal therapy. All women had at least one previous
CS. He found that most of these women presented distor-
tion and widening of the lower uterine segment as well
as inflammatory changes in this site. It was proposed that
menstrual blood accumulates in the isthmocele and de-
lay menstrual bleeding, causing PAUB (18). Not only the
anatomical defect is responsible for the spotting, but also
other mechanisms such as, in situ production of blood (3)
and decreased contractility of the myometrium in this area
(22) were suggested to contribute to blood accumulation.

Surgical hysteroscopy enables correction of the ana-
tomical defect by removing the edges of the niche,
avoiding, in this way, the accumulation of the menstrual
blood. In addition, the cauterization of the pouch of the
isthmocele reduces the in situ production of blood and re-
lease of inflammatory factors, and produces a scar retrac-
tion of the pouch. Several authors, in non-controlled re-
ports, suggested that these hysteroscopic procedures seem
to be effective in improving isthmocele symptoms, even
achieving the resolution of the AUB in the majority of the
patients (3, 5, 14, 23-26). So far, only one controlled study
was conducted to compare the resectoscopic treatment of
symptomatic isthmoceles to the expectant management,
reporting the complete resolution of symptoms in 87%
of the treated patients, with a significant difference com-
pared to untreated women (27). So, as we can see, our
results are consistent with previous studies. In relation
to secondary infertility, it is thought that the isthmocele
produces a toxic environment due to the accumulation of
blood and the release of inflammatory factors, obstructing
the passage of sperms and preventing embryo implanta-
tion (5, 8, 17). Hysteroscopic correction of the isthmocele
may also improve pregnancy outcomes (5, 23, 26).
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Although no complications were reported after hys-
teroscopic isthmoplasty, it is important to consider that
the surgical technique is not exempt from complica-
tions. Besides the general risks of hysteroscopy, in this
case, it should be noted that the myometrium above the
isthmocele is thinned, which implies a greater risk of per-
foration and therefore, vascular, bladder or bowel injury
(28).

To prevent the risk of uterine perforation and bladder
injury, it is recommended to measure the RMT above
the isthmocele. In our series, patients with an RMT <2.5
mm were not included, because in such cases, the cor-
rection was performed laparoscopically, as suggested by
Tanimura et al. (17). At the moment we began our study,
there was controversy over the value of the RMT that was
safe and recommended for the hysteroscopic correction of
the isthmocele. They established the cut-off point of 2.5
mm for RMT, and Marotta et al. (28) and Donnez et al.
(29) proposed the laparoscopic correction of isthmocele
when the RMT above the isthmocele is <3 mm; on the
other hand, Raimondo et al. (24) suggested to avoid hys-
teroscopic correction in patients with an RMT <4 mm.
In 2018, the Global Congress on Hysteroscopy Scientific
Committee (30) published a consensus statement for the
management of symptomatic isthmoceles, establishing
that when myometrial thickness is <3 mm, the laparo-
scopic approach is preferred to reduce the risk of perfo-
ration. This is the limit (cut-off) we are currently using.
Moreover, in patients with secondary infertility, who ex-
pect future pregnancy and undergo isthmoplasty, it seems
especially important to avoid excessive myometrial resec-
tion. In these cases, the goal will be to achieve a preg-
nancy, and extremely thin residual myometrium increases
the risk of uterine rupture (17). Therefore, for patients
who are looking for pregnancy and have a RMT < 3 mm,
laparoscopic correction is the recommended option, since
it also favours the restoration of the myometrial thickness
(17, 28, 29, 31).

Being conscious of the limitations of our study, a case se-
ries study with a limited number of patients, and knowing
that more randomized control trial are needed to demon-
strate the efficacy of the hysteroscopic treatment of symp-
tomatic isthmoceles, it seems that this technique can be
effective to resolve PAUB and pelvic pain in women with
symptomatic isthmoceles. Another limitation of our study
was the assessment of the fertility outcome as one year
follow-up of patients who presented secondary infertility
was difficult and some of them were lost follow-up.

Conclusion

Isthmoceles constitute a frequent cause of AUB and
pelvic pain in patients with CS. Therefore, isthmoceles
should be included in the differential diagnosis of AUB
and pelvic pain in premenopausal women with history of
previous CS. Symptomatic isthmoceles should be treated.
In patients with AUB or pelvic pain who do not expect fu-
ture pregnancy, hysteroscopic correction of the isthmocele
may constitute the first choice of treatment being a mini-

Int J Fertil Steril, Vol 13, No 2, July-September 2019 111

mally invasive technique that improves the symptoms. On
the other hand, in women who expect future pregnancy, it
seems to be important to consider the RMT above the ver-
tex of the isthmocele to select the best surgical technique
for correction of the defect. Hysteroscopic isthmoplasty
also seems to be a safe and effective technique in patients
who present an RMT of >3 mm. Nevertheless, further
studies are needed to determine the surgical technique and
type of treatment which would be better for each patient.
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Abstract
Background: According to the World Health Organization (WHO)'s clinical, epidemiological and demographic defi-
nitions, infertility is an inability to become pregnant within one, two or five years of exposure to pregnancy, respec-
tively. Inconsistent infertility-related definitions and various methodological approaches make it difficult to compare
quantitative data in this regard and consequently, have negatively influenced estimating the prevalence of infertility.
The present study reviewed the results of a large population-based survey on how the clinical, epidemiological and de-
mographic definitions of infertility produce different results in terms of infertility prevalence in Iran and subsequently,
compared the findings in order to find the right time of treatment-seeking by couples.

Materials and Methods: This community-based, cross-sectional study was carried out by Avicenna Research Insti-
tute in the urban and rural parts of Iran between 2010 and 2011. Using cluster sampling, the reproductive history of
17,187 married women aged 20-40 years, was recorded. Totally, 1011 clusters were randomly selected according to
post office codes, proportional to the population of the province. Descriptive and inferential statistical analysis of the
data was carried out by SPSS statistical software.

Results: The prevalence of primary infertility based on the WHO’s clinical, epidemiological and demographic definitions
were 20.2, 12.8 and 9.2%, respectively. In addition, secondary infertility rate was 4.9%.

Conclusion: Infertility estimates over a two-year exposure period made a 50% decrease in infertility rate; however,
increasing exposure period to five years made no significant difference in infertility rate. The findings showed that most
of the couples will get pregnant within two years of unprotected sexual intercourse and thus, need no treatment. Due to
practical difficulties in estimating the prevalence of primary infertility, the reference limit for time to pregnancy, should

be reconsidered and giving more time to younger women to become pregnant, seems reasonable.
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Introduction

According to the World Health Organization (WHO),
about 60 to 80 million couples in the world have diffi-
culties in getting pregnant and suffer from infertility as a
universally common problem. Obesity, increasing rate of
sexually transmitted diseases (STDs) and life style chang-
es increased the prevalence of infertility (1). In the most
recent years, the factor of life style was shown to play
an important role in decrement of fertility and increment
of the use of assisted reproductive techniques (ART) (2).
Since infertility may change demographic patterns and
lead to economic, social and health complications, differ-
ent groups of sociologists, epidemiologists and research-

ers in medical sciences focused on it. In order to under-
stand the magnitude and scope of infertility, it is necessary
to consider the infertility definition, socio-demographic
context and the study population (3).

Inconsistent definitions of infertility and various
methodological approaches make it difficult to com-
pare the quantitative data and have negatively influ-
enced estimating the prevalence of infertility (3, 4). In
demography, infertility refers to women who are sexu-
ally active and do not use any contraceptive methods
but unable to have a live birth. Demographers focus
on the end-point of the fertility process because demo-
graphic analysis of infertility is often based on second-

Received: 21/May/2018, Accepted: 26/January/2019

*Corresponding Address: P.O.Box: 6446-14155, Department of Epidemiology
and Biostatistics, School of Public Health, Tehran University of Medical Sci-
ences, Tehran, Iran

Email: mohamadk@tums.ac.ir

Royan Institute
International Journal of Fertility and Sterility
Vol 13, No 2, July-September 2019, Pages: 113-117

113



ary data such as the Demographic and Health Surveys
(DHS). Although in sociological studies, the most
prominent issue is giving birth to a live baby which is a
key problem for couples who suffer from infertility, it
is clinically important to know whether the woman has
difficulties in conceiving or in carrying a pregnancy to
term. This different attitude relatively explains the di-
versity in infertility-related definitions in research and
practice (5, 6). Other controversial issue is the time of
trying to get pregnant. Based on the clinical definitions,
infertility is failure to achieve a clinical pregnancy af-
ter 12 months or more of regular unprotected sexual
intercourse (7, 8). According to the WHQO’s epidemio-
logical and demographic definitions, infertility is an in-
ability to become pregnant within two or five years of
exposure to pregnancy, respectively (9). It seems that
the exposure time of five years reduces biases and con-
sequently, the fertile population is not classified as in-
fertile (4). Secondary infertility is the inability to bear a
child, either due to the inability to become pregnant or
the inability to carry a pregnancy to a live birth follow-
ing either a previous pregnancy or a previous ability to
carry a baby to term (9, 10).

In order to avoid over- or under-treatment, the right
time of treatment-seeking by couples should be inves-
tigated. Not considering this issue may result in unnec-
essary costs and iatrogenic complication of assisted re-
production such as ovarian hyper-stimulation syndrome
(OHSS), multiple pregnancies in the short-term, and
shortage of required resources in the long-term. The
present study reviewed the results of a large population-
based survey on how the definition of infertility affect
the infertility prevalence in Iran. The present study also
provided the prevalence of primary infertility (in all
provinces) and secondary infertility in Iran.

Materials and Methods

The community-based, cross-sectional study is part
of a population-based cross-sectional survey on the re-
productive history of Iranian women conducted by the
Avicenna Research Institute in 2010 and 2011 in the
urban and rural parts of Iran. The study and its writ-
ten consent form were approved by the Research Eth-
ics Committee of Avicenna Research Institute (No:
29/51/7509). Date of pregnancy, child birth, method of
contraception, contraceptive use, stopping and switch-
ing contraceptive methods, desire to become pregnant,
previous history of abortion or miscarriage, beginning
or stopping infertility treatments and divorce were re-
corded. These data were required for completing the
reproductive history of each woman and providing an
accurate estimate of the infertility prevalence because
measuring continuous exposure to the risk of pregnan-
cy over a period of one year is complicated and de-
tailed information about reproductive history is neces-
sary (11). Before distributing the questionnaire to the
participants, it was piloted in three phases. The study
sample consisted of Iranian married women aged 20

Practical Difficulties in Estimating Prevalence of Infertility

to 40 years old. We only recruited women aged 20-40
years old to reduce recall bias in taking reproductive
history. Overall, the reproductive history of 17,187
women aged 20-40 years was recorded.

We used randomized cluster sampling, in which
1000 clusters were determined based on the propor-
tion of the population in every province. In provinces
such as Ilam, Kohgiluyeh and Boyer-Ahmad and South
Khorasan, the number of clusters reached 12. Finally,
1011 clusters were determined according to the postal
codes and 17 questionnaires were completed in every
cluster. Data collection was carried out by 280 trained
and qualified interviewers. The interviewers selected
households in the field according to postal codes and
regional map and recorded the subjects’ demographic
characteristics as well as their reproductive history.
Written informed consent was obtained from all the
participants in this study.

Statistical analysis

Primary infertility was estimated using a quantitative
method based on the reproductive history of participants.
Primary infertility was defined as inability to have live birth
in women who are sexually active and do not use any con-
traception after 12 months. To assess the primary infertility
rate, the reproductive history of the participants was used
as discussed in more detail in previous papers (11, 12). The
study data was statistically analyzed using SPSS software
(SPSS Inc. Chicago, USA Version 11.5), including descrip-
tive statistics (mean, range, frequency and distribution) and
analytic statistics (Chi-square and t test). It should be noted
that a P<0.05 was considered significant.

Results

The present study included 2216 rural women and
14971 urban women. According to the findings, among
17178 women aged 20 to 40 years old who participated
in the study, a total of 456 participants (16.3% of sub-
jects with primary infertility and 3.3% of total num-
ber of participants) were infertile until the completion
of the interview. Primary infertility rate, based on the
definition of infertility in clinical practice, was 20.2%
(2783 individuals) and secondary infertility rate was
4.9% (36 subjects). Table 1 shows the prevalence of
primary infertility in every province based on the defi-
nition of infertility in clinical practice. The prevalence
of secondary infertility could not be estimated in each
province.

Figure 1 depicts the prevalence of infertility based on
the period length of exposure to unprotected sexual in-
tercourse that varied from 12 months to 5 years. All
seeking-treatment women were considered infertile. We
only considered part of this group who got pregnant in the
first year after marriage or contraceptive discontinuation,
fertile women. With increasing the exposure period to
five years, the prevalence of infertility decreased to 9.2%

(Fig.1).
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Table 1: Prevalence of primary infertility in different provinces of Iran
based on clinical definition

Name of province n (%) Prevalence (%) 2SE
East Azarbayejan 765 21.05 0.21
West Azarbayejan 680 26.24 0.26
Tlam 323 12.04 0.12
Ardebil 1020  33.1 0.33
Isfahan 306 18.05 0.18
Alborz 204 16.81 0.17
Bushehr 221 21.31 0.21
Tehran 3230  18.85 0.19
Cha-harmahal & Bakhtiyari 204 25.17 0.25
South Khorasan 204 36.21 0.3621
Khorasan-e- Razavi 1054 18.96 0.19
North Khorasan 204 18.67 0.19
Khusestan 901 23.89 0.24
Zanjan 238 21.61 0.22
Semnan 204 20.08 0.20
Sistan & Baluchestan 578 11.56 0.12
Fars 884 20.77 0.21
Qazvin 323 17.11 0.17
Qom 340 27.21 0.27
Kordestan 456 14.33 0.14
Kerman 561 18.45 0.18
Kermanshah 425 22.48 0.22
Kohgiluyeh & Boy-erahmad 204 19.77 0.20
Golestan 425 9.52 0.10
Gilan 680 23.81 0.24
Lorestan 408 12.53 0.13
Mazandaran 850 21.23 0.21
Markazi 340 19.05 0.19
Hor-mozgan 340 23.21 0.23
Hamedan 357 23.13 0.23
Yazd 255 21.39 0.21
Total 17187 20.17 0.20

SE; Standard error.

5 Year 4 Year 3 Year 2 Year 1 Year

=== nfertility rate

Fig.1: Prevalence of primary infertility according to exposure period to the
risk of conception.

There was a significant difference in age during the

first conception attempt between the infertile and fertile
groups (P<0.001). The findings related to the distribution
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of fertile and infertile couples according to women’s age
at time of attempt to get pregnant (no contraception af-
ter marriage or contraceptive discontinuation after mar-
riage) are presented in Table 2. It is worth mentioning that
45.0% of the participants were <19 years old on their first
attempt to get pregnant. Only 45% of participants with
primary infertility (1255) received medical treatments.
Among all the study participants (n=1255), the major-
ity (82.6%) were presented first to gynecologists because
of infertility problems. It should be noted that referral to
specialized centers such as hospitals and infertility clin-
ics was lower than that observed for private gynecology
clinic.

Table 2: Age distribution of women at the first time of attempt to get pregnant

Women’s age (Y) Fertile Infertile Total

n (%) n (%) n (%)
<14 526 (4.8) 273 (9.8) 799 (5.7)
15-19 4241 (38.5) 1178 (42.3) 5419 (39.3)
20-24 4411 (40.0) 944 (33.9) 5355 (38.8)
25-29 1559 (14.1) 304 (10.9) 1863 (17.2)
30-34 259 (2.3) 72 (2.6) 331 (2.4)
>35 22(0.2) 12 (0.4) 34 (0.2)
Total 11018 (100) 2783 (100) 13801 (100)

Discussion

Generally, infertility and sub-fertility definition is im-
portant to manage infertility appropriately (13). Health
care providers should be aware of the prevalence of infer-
tility to estimate the likelihood of seeking and undergoing
infertility evaluation and treatments. Therefore, there is
a need to have a consistent definition for infertility to be
used in clinical practice and epidemiological researches
(6). In addition to the importance of data collection and
analysis to estimate infertility prevalence (11), inconsist-
ency among definitions of infertility across research and
clinical practice, can lead to different estimates which
makes it difficult to manage infertility.

Also, it should be noted that the infertility prevalence
rate in Iran is higher than the global level (12), and infer-
tility has become a national public health problem. Hence,
the present study examined the prevalence of infertility
in Iran based on different definitions and compared the
results subsequently. The prevalence of primary infertil-
ity in Iran was 20.2% based on the classic definition used
in the clinical practice. Accordingly, one fifth of Iranian
couples experienced primary infertility. The results of the
present study were similar to other national surveys with
regard to the prevalence of primary infertility (based on
the classic definition) (14-16). Infertility estimates over a
two-year exposure period showed a 50% decrease in in-
fertility rate; however, increasing the period length to five
years made no remarkable difference in infertility rate. In-
fertility estimates over a two-year exposure period in the
present study were similar to those reported by Safarine-
jad (17) in Iran for the same exposure period. Consistent-
ly, Gnoth et al. (13) reported that the duration of unwanted



non-conception is the main factor in spontaneous fertility.

Mascarenhas et al. (4) suggested considering five-year
exposure period for an accurate infertility measurement
because longer exposure periods decrease the possibility
of the recall bias and are less likely to categorize fertile
people as infertile. In another study conducted on infer-
tility, Larsen concluded that the WHO’s epidemiologi-
cal definition which considers an exposure period of 24
months is more applicable in both research and clinical
practice. They divided subjects into infertility and sub-
fertility categories and considered those who get pregnant
after 12 months and before 24 months as sub-fertile in-
dividuals (6). The results of the present study are in line
with the results of the Larsen’s study according to which,
it seems that considering two-year exposure period pro-
duce more accurate results in identifying infertile individ-
uals and is helpful to be used both in clinical practice and
epidemiological research. It can be concluded that clinical
definition of infertility suggested by the WHO may lead
to over-treatment and increase in potentially life-threaten-
ing OHSS and multiple pregnancies. Bushnik et al. (18)
found that considering questions about the “use of birth
control in the previous 12 months”, “the regular sexual
activity in the previous 12 months”, and “trying for preg-
nancy” or “pregnancy intent” in the clinical definition of
infertility, results in a lower rate of infertility prevalence.

Unlike the study done by Mascarenhas et al. (4), ex-
tending the exposure period to five years made no re-
markable difference in infertility rate in the present
study. As a result, five-year exposure period cannot be
considered a good criterion in the clinical practice or
national policy makings. However, delayed fertility in
couples trying to conceive for two years is seriously im-
portant, and needs thorough examination to understand
the causes of infertility.

In addition, women'’s age is also an effective issue during
the first conception attempt and should be considered in
studies estimating the infertility prevalence. There was a
significant difference between fertile and infertile couples
in terms of women’s age in the first conception attempt.
The first conception attempt was defined as not using con-
traception after marriage or contraceptive discontinuation
after marriage. Unlike expectations, the infertile partici-
pants were so young (<19 years old). Over half of the in-
fertile participants were less than 20 years old in their first
pregnancy attempt and the number of participants over
35 years old was very few. Although the sample size was
too small to draw any relevant conclusions on the effect
of higher age on infertility, the effect of women’s age as
reflected by decreased pregnancy chance among women
over 35, cannot be ignored in presenting an appropriate
definition for infertility rate. It was suggested that the age
range of 19 to 30 years is the appropriate age for Iranian
women to conceive and in fact, teenage pregnancy is not
suggested due to its risk for mother and baby (12). Gu-
runath etal. (19) suggested that an appropriate clinical def-
inition should consider both exposure period and the fe-
male age. Moreover, Gnoth et al. (13) recommended that

Practical Difficulties in Estimating Prevalence of Infertility

a basic infertility evaluation following failure to achieve
a pregnancy after 6 cycles, identifies couples with seri-
ous infertility problems and may decrease over- or under-
treatment despite the age factor. According to this study,
couples with good prognosis such as unexplained infertil-
ity may be encouraged to wait longer because there is no
chance for fertility even through treatment, though others
may take advantage of undergoing early ART. Consider-
ing the above-mentioned studies, for women of <35 years
old, it is suggested to perform a basic infertility evaluation
after at least one year and at most two years of unsuc-
cessful conception attempts. For women of <35 with no
definitive cause of infertility, it is suggested to continue
attempting to conceive and seek medical treatments af-
ter two years of trying, whereas for women of >35 years
old, it applies after six months of attempting to conceive.
Since inability to have a child after two years is a serious
issue, it is not reasonable to delay the treatment. Unfor-
tunately, a high percentage of girls in low- and middle-
income countries marry before the age of 18 years old. If
there is a fertility problem in women aged under 18 years,
it will be better to delay fertility treatments.

Based on the present study, current infertility rate (i.e.
3.3%) indicates that about 3 percent of all women of
reproductive age have infertility problems and current
national facilities, including 70 fertility centers, of the
country should support them. Similarly, current infertility
rate was reported 3.3, 6.4 and 4.3% in studies conducted
by Rostami Dovom et al. (14), and Vahidi et al. (15), re-
spectively. Recent studies reported a secondary infertility
rate of about 3 to 8%, which is consistent with the present
study (14, 20).

It was reported that just less than half of participants
with delayed fertility referred to the specialists for infer-
tility treatments. According to Rostami Dovom et al. (21),
about 56% of women with delayed first pregnancy sought
to undergo treatment. Boivin et al. (22) reported that 56%
of couples with infertility problems were seeking treat-
ment and stated that lack of access or limited access to
fertility services is the probable reason for unwillingness
to undergo infertility treatment. However, the researchers
acknowledged that the demand for infertility treatment is
approximately similar in different countries (including
developed and developing countries). It is noteworthy
that seeking infertility treatment is completely different
from giving suitable services. It seems that limited ac-
cess to appropriate fertility services, high cost of related
services and no insurance coverage are among the most
important reasons why infertile couples do not refer for
the treatment. Out of 70 fertility centers in Iran, over 25
ones are in the capital and other provinces suffer a seri-
ous limitation in this regard (23). However, more quanti-
tative and qualitative studies are needed to examine the
treatment-seeking behavior among infertile couples in
Iran due to cultural and social aspect of infertility, espe-
cially considering the stigma associated with infertility in
Iran (24). The limitation of present study was including
only women of 20-40 years old to prevent recall bias; so,
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the results might not be extended to all of the infertile
women’s population.

Conclusion

In the present study, we found that most of the partici-
pants got pregnant with no infertility treatment over a
two-year exposure period and women’s age (<19 years
old) is one of the most important reasons of delayed
pregnancy. Due to practical difficulties in estimating the
prevalence of primary infertility, it seems that the refer-
ence limit for time to pregnancy should be reconsidered
in future studies and giving more time to younger women
seems reasonable. As the resources are limited, follow-
ing this policy can greatly reduce costly diagnostic pro-
cedures and additional treatments. Since infertility is a
serious issue after two years of unsuccessful attempt, it
is not reasonable to delay the diagnostic and therapeutic
approaches. Caution must be taken in applying these find-
ings to the clinical practice and more studies are required
to choose an accurate criterion for both clinical practice
and national policy-making.
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Abstract
Background: Training needs are multidimensional requirements affected by social and cultural background, level of
knowledge and personal and health conditions. This study was conducted to explain the needs for a training software
among Iranian infertile couples.

Materials and Methods: In this qualitative study, we used content analysis to examine the need among ten infertile
participants (four men and six women) and six health care professionals (including two gynecologists, two reproduc-
tive health specialists and two midwives). The present research was carried out from January 2017 to July 2018 at
Rouyesh and Ibn Sina infertility treatment centers in Karaj, Iran. The participants were selected through purposive
sampling with maximum variation. Four focus group discussions with the health care professionals and twelve semi-
structured, in-depth interviews with the infertile participants were held for data collection. Data were analyzed using
conventional content analysis in MAXQDA-10.

Results: Data analysis led to the extraction of a central theme of “a multidimensional training application” and its
"nn

four main categories, including "pre-treatment training", "diagnostic training", "mid- and post-treatment training" and
“continuous psychological training". These main categories also had 20 subcategories.

Conclusion: Based on the results of this study, infertile women and men have multidimensional training needs before
and after treatment and during the process of diagnosis; psychological aspects should also be considered.The inter-
viewed health care professionals helped to explain these training needs. A training software thus needs to be designed

based on the real needs of the infertile community.
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Introduction

Adult training programs are developed based on the
priorities of the learners’ needs (1-3). Meeting the popu-
lation’s diverse and changing health needs is the most
important mission of health education organizations.
If the training programs developed by these organiza-
tions are based on the needs of different target groups
of different social, economic, cultural and psychological
backgrounds within the community, they can effectively
improve the community’s health (4). The infertile popu-
lation is a target group that requires an effective train-
ing program for their condition. Having children is one

of the most basic needs in married people’s lives and
forms the basis of all human life (5-7). Infertility is “a
disease of the reproductive system defined by the failure
to achieve a clinical pregnancy after 12 months or more
of regular unprotected sexual intercourse”. The condi-
tion is divided into primary and secondary types. There
is no pregnancy in primary infertility, while one or more
previous pregnancies existed in those with secondary in-
fertility. Couples with secondary infertility were able to
conceive at least once, but are now unable to conceive
again (4).

The current rate of primary infertility is estimated
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2.8% by the National Health Survey (NHS) and 3.4%
by the National Infertility Survey (NIS). NIS conduct-
ed a survey of 12,000 women aged 19 to 49 years in
all 28 provinces of Iran in 2004-2005. A study in Teh-
ran and also the NIS report estimated the prevalence
of lifetime primary infertility to be 21.9 and 24.9%,
respectively. The minimum prevalence of lifetime pri-
mary infertility was found to be 15.8% for the mar-
riage age of 19-27 years in the study conducted in Teh-
ran. Some studies in Iran reported that an average of
21-22% of women experience primary infertility dur-
ing their marital life (3).

As a significant multidimensional issue, infertility
can affect couples’ physical, emotional, sexual and so-
cial health (5). One of the issues which infertile cou-
ples would face is lack of awareness about multiple
dimensions of dealing with infertility. Some of these di-
mensions include diagnosis and treatment. The lack of
awareness and training causes more confusion and psy-
chological stress for infertile couples and leads to more
complex medical treatments, higher financial costs and
prolongation of treatment process (2, 3).

The first step in educational interventions is under-
standing the training needs of the target population.
The final process of training pertains to the correct im-
plementation of the needs assessment before designing
the training program. Needs assessment is the process
of collecting and purposefully analyzing data for iden-
tifying the needs of individuals, groups, organizations
and communities; before presenting or prioritizing the
obtained information, it is essential to get the patients’
actual needs (i.e. the gap between the status quo and
the desired situation) as assessed by health care profes-
sionals (8).

Using qualitative methods is a way to understand
the needs of infertile couples. Quantitative approaches
fail to process complex multidimensional concepts.
Quantitative research often involves limited variables
and does not reveal the depth of the existing reality.
Therefore, conducting qualitative research would re-
sult in a better understanding of the needs of infertile
women and men (8-10). Content analysis is a qualita-
tive research technique used to make valid replicable
inferences by interpreting and encoding text. Qualita-
tive content analysis is suitable for obtaining valid re-
sults as text data for generating knowledge, new ideas,
facts and guidelines for proper performance (11). This
method is used to interpret and classify textual data by
considering the cultural and environmental aspects af-
fecting the studied phenomenon (12, 13). In Iran, Karaj
is considered the “tiny Iran”, since it is composed of
several demographic groups of different cultures. This
city offers limited resources to infertile couples. It is
therefore beneficial to develop an application based on
patients’ educational/ training needs.

Needs comprise a multidimensional phenomenon (5)
affected by the socio-cultural context in place. Very few
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studies were done on the training needs of the infertile
population in the country, and none them examined the
training needs of infertile couples with respect to de-
velopment of an application. Although some qualitative
studies on infertility explained the needs of infertile cou-
ples, the present study, for the first time, explored their
needs in terms of having access to a software applica-
tion. The main question of the present study is ‘“What
types of training do you expect from an application to
provide? In other words, what should such an applica-
tion include to be able to increase your knowledge and
awareness about your areas of need?’ This study was
thus conducted to discover the training needs of infertile
couples to be considered when designing a software ap-
plication based on the explored real needs of infertile
couples and health care professionals.

Materials and Methods
Participants and data collection

Four focus group discussions (done by six health
care professionals) and 12 semi-structured interviews
(held with ten infertile participants) were completed in
this study on a total of 16 participants. The inclusion
criteria included: i. Being an infertile man or woman
or an infertility healthcare provider, ii. Having Iranian
nationality, iii. Having at least reading and writing na-
tionality, iv. No mental disorders based on the self-
report, and v. The healthcare providers and clinicians
with at least two years of work experience were taken
as the group of health care professionals.

This qualitative study used a content analysis approach
to examine ten infertile participants (four men and six
women) and six health care professionals (two gynecol-
ogists, two reproductive health specialists and two mid-
wives), from January 2017 to July 2018 at Rouyesh and
Ibn Sina infertility treatment centers, Karaj, Iran.

First, based on the health records available at these
two infertility treatment centers, 42 infertile couples
were contacted by text message and invited to attend a
briefing session at a specified time and place. A total of
25 people showed up. Twenty of the attendees volun-
teered to take part in the study. Then, based on the inclu-
sion criteria, ten infertile couples entered the study. Six
health care professionals including two gynecologists,
two reproductive health specialists and two midwives,
with at least two years of work experience in infertil-
ity treatment, were also recruited. The participants were
selected through purposive sampling with maximum
variation. Four focus group discussions were held with
the health care professionals and 12 in-depth semi-struc-
tured interviews were held with the infertile partici-
pants for data collection. It should be noted that two out
of ten infertile couples were interviewed twice due to
their higher knowledge and experience about infertility;
therefore, a total of 12 interviews were ultimately held
with the couples.

This study examined the training need of Iranian infer-



tile couples and health care professionals with respect to
development of a training software or application. The
main questions of the study were "What are the training
needs of infertile women and men regarding their infertil-
ity?" and "What are the training needs of infertile women
and men that should be considered when developing an
application?" The interviews were tape-recorded with par-
ticipants’ permission. The interviewer took field notes im-
mediately after each interview. All interviews were held by
corresponding author (M.Y) after approval of all research
team members. The interviews lasted from 40 to 60 min-
utes, with an average duration of 50 minutes. The average
time for the four focus group discussions was 75 minutes.

The infertile participants were selected through pur-
poseful sampling. One type of purposeful sampling is
variation sampling method. In this study, variation sam-
pling was considered in terms of age, gender, education,
occupation, socioeconomic status, duration of marriage,
duration of infertility and cause of infertility (Table 1).
The health care professionals were selected through the
same method, with variation in terms of gender, education
and work experience (Table 2).

Table 1: Demographic characteristics of the infertile couples

Variable n Variable n
Age (Y) Socioeconomic status
25-30 5 Good 4
31-35 2 Moderate 3
36-40 3 Poor 3
Sex Duration of marriage (Y)
Female 6 1-5 6
Male 4 6-10 2
11-15 2
Education level Time of infertility (Y)
Diploma 4 1-5 7
Bachelor 3 6-10 2
Masters 3 11-15 1
Job Cause of infertility
House keeper 5 Female factor 5
Employee 3 Male factor 2
Informal Job 2 Unexplained 3

Table 2: Characteristics of the health care professionals participated in the
present study

Variable n
Sex
Female 5
Male 1
Education level
Specialty 2
PhD 2
Masters 1
Bachelor 1
Work experience (Y)
1-10 3
11-20 3

The individual interviews and focus group discussions
were held at the time and place of participants’ choosing.
Table 3 lists some of the interview’s questions. Probing
questions were also asked, such as “Can you elaborate on
that/provide an example?”
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Table 3: A sample of interview questions

1. What are your training needs with regard to your infertility? (in-
fertile couples)

2. Based on your experience, what features should a well-designed
educational computer application have to have in order to meet the
needs of infertile people? (infertile participants)

3. How do you suit your training needs regarding infertility? (infer-
tile couples)

4. What are your training needs regarding infertility? (infertile cou-
ples)

5. What questions do you tend to ask infertility health care profes-
sionals to meet your training needs? (infertile couples)

6. What questions are more frequently asked by your patients about
infertility diagnostic-therapeutic steps? (health care professionals)

7. Based on your experience, what kinds of training needs do cou-
ples have regarding infertility? (health care professionals)

Data analysis

Data were analyzed using the method of data analy-
sis provided by Graneheim and Lundman (14); the fol-
lowing steps were taken to analyze the collected data: 1.
Transcribing the interviews verbatim and reading through
several times to get a general sense of the material, ii. Di-
viding the text into meaning units, which are key phrases
in the text, iii. Abstracting the condensed meaning units
and outlining using codes, iv. Grouping codes into sub-
categories and categories based on comparisons made
based on similarities and differences, v. Re-organizing
and merging into sub-themes and overarching themes as
the expression of the latent content of the text participant.

MAXQDA-10.0 was used to facilitate data coding, cate-
gorizing and retrieval. This tool allows to analyze the com-
bination of activated codes in different ways, taking into
account the different groups and positions of coded seg-
ments. It helps to retrieve and arrange codes in a category.

Trustworthiness of the data

To ensure the credibility of the data, feedback was
obtained from the participants (member check) and the
number of interviews with some of the participants was
increased. To increase the transferability of the findings to
other settings and groups, the participants were selected
with maximum variation and various experiences in terms
of the study subject. Also, the confirmability and depend-
ability of the findings were established through peer
check, peer debriefing, review of the transcripts by some
of the participants, researchers’ immersion in the study
subject and prolonged engagement with the data.

Ethical considerations

This project was approved by the Ethics Committee of
Alborz University of Medical Sciences (IR-ABZUMS.
REC.1397.032). All the participants were briefed on the
objectives and methods of the study and they signed in-
formed consents. Before the interviews, the participants
were ensured that they have the right to refuse to partici-
pate in the interviews at any time without any negative
consequences for the services they receive. The authors
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have fully observed the ethics of research, including sub-
mitting informed consent and avoiding plagiarism, mis-
conduct, data fabrication and/or falsification, double pub-
lication and/or submission, redundancy, etc.

Results

Tables 1 and 2 present participants’ characteristics. Af-
ter analyzing the data, the findings were explored in one

theme, entitled "A multidimensional training application".
The theme includes four main categories (Table 4) namely,
"pre-treatment training" (with ten subcategories), "diagnos-
tic training" (two subcategories) "mid- and post-treatment
training" (five subcategories) and "continuous psychologi-
cal training" (three subcategories), and 130 codes (from
originally 658 primary codes). Figure 1 presents the rela-
tionship between the theme and the main categories.

Table 4: The theme, main categories and subcategories

Theme Main category

Subcategory

A multidimensional training application Pre-treatment training

Diagnostic training

Mid- and post-treatment training

The fertility process

The causes of infertility

Assisted fertility techniques

The process of transfer in assisted fertility techniques
Pre-treatment nutrition

The necessity of scientifically-filtered training
Understanding infertility by visiting the web
Access to valid infertility centers
Pre-treatment medications

Ethics

The step-by-step of diagnostic measures

Learning effective measures for improving the quality of sper-
mogram

Mid- and post-treatment medications
Mid- and post-treatment self-care
Mid- and post-treatment complications
Mid- and post-treatment nutrition

Mid- and post-treatment feedback

Continuous psychological training Stress management strategies in diagnostic and treatment pro-

cedures
Mental relaxation

Strategies for improving self-confidence or self-esteem

Mid and

post-treatment
training

Diagnostic
measures
training

An applied
application with
multi-dimensional
training

Psychological
training

Pre-treatment
training

Fig.1: The relationship between the theme and the main categories.
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Pre-treatment training

The first step in maintaining future fertility is aware-
ness about the risk factors of infertility. The majority of
the participants of this study prioritized the design of a
training program that covers infertility issues and trains
couples about their fertility health, although they receive
some sort of training on these subjects in different con-
texts and at various times, they were seeking unlimited
access to more comprehensive written information. Fur-
ther access to this information would make them examine
their fertility health and infertility issues sooner, and help
them begin treatments on time. Participant 3, who was
infertile, made the following comment:

“When we are informed about the natural process of
fertility and the things needed for its success, we start
looking for treatment sooner”.

Considering the causes of infertility, the participants be-
lieved that couples need to know the exact causes of their
infertility to better deal with their particular case of infer-
tility. Participant 4, also infertile, commented:

"I think that the causes of infertility should be fully ex-
plained in a simple and accurate manner, so they can be
ecasily understood; for example, your infertility is caused
by these four reasons and you are lacking in these four
areas. | get a lot of my information on the web, but I like
to get information from a valid source as well".

A training tailored to the cultural context of the society
in question and offered in a simple and easily-compre-
hensible language helps to improve couples’ process of
infertility treatment. According to the participants, aware-
ness about the available methods of treatment can help
to choose the correct infertility treatment and reduce the
errors. Participant 6 stated:

“Before beginning any type of treatment, we gather a lot
of accurate information to be able to choose the correct
route faster. A software application is way better, since it
is always available on your cellphone, offers you precise
information and reduces the probability of error".

The other participants discussed their need for knowl-
edge about the reasons for their treatment failure. Partici-
pant 2, also infertile, said:

"In case of a potential treatment failure, for example,
there should be a brief explanation of the issue to satiate
your curiosity and prepare you for upcoming events."

The need for proper nutrition training was another sig-
nificant component of infertility pre-treatment that was
considered a necessary part of the training software by
the participants. Participant 4, also infertile, said:

“It is better that the software include some sort of diet
that help to improve your treatment outcome and follicle
growth during the treatment period, since our information
is limited".

One of the health care professionals (a gynecologist) said:
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" A poor long-term diet disrupts the body’s physiology. For
the patients who do not have access to a nutritionist, you can
suggest a brief simple diet to follow. For example, the num-
ber of calories needed in the main meals can be stated".

According to the participants, advanced technologies
are a step toward training services with a higher quality,
greater validity and less damage to the environment. Par-
ticipant 8, also infertile, said:

"l always wonder whether these websites are valid or
not. This way, the need for paper is reduced, and it is good
in terms of environmental protection. I think the software
application can provide better training with better qual-
ity".

The participants said that the training application is a
way to enhance their awareness and contributes to their
readiness to move along with their infertility treatment
procedures. Participant 3, who was infertile, said:

"Awareness empowers couples in terms of knowledge
and leads to a better understanding of the issue. A well-
informed and aware person is always successful".

The participants also needed pre-treatment training on
ovum donation concerning family and religious issues.
For example, some couples were worried about the simi-
larity of their future child’s appearance to themselves and
the religious issues concerning the donor family. In this
respect, participant 3 (infertile) stated:

"For example, when they say that they give you another
woman’s ovum, I want to know more about it. How ex-
actly does it work? Is the donor a good person? I do not
know her. Can I get involved in this procedure? What is
the Islam’s point of view on this subject?"

Diagnostic training

Based on the experiences of the participants, a step-by-
step training process can help with diagnoses. Participant
6 (infertile) said about diagnostic training:

"Why does each diagnostic process have to be carried
out? For example, what is a Doppler sonography? How
does it work? How does it help to make a diagnosis? |
assume it would be better if these were explained one by
one and step by step."”

Explaining the prerequisite conditions of diagnostic
measures was also considered necessary for reducing the
frequency of test repeats. One gynecologist stated:

“They mostly ask if it is OK to provide the samples at
home or not. Well, if the samples are left in the open air for
more than 20 minutes or half an hour, or if they are not kept
under appropriate storage conditions, the test results would
be affected. If the patients understand the significance of
speed in these processes, they can cooperate more easily".

Mid- and post-treatment training

Many infertile couples experienced the need for mid-
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and post-treatment training in many aspects. One of these
needs is the timing of the prescribed medications. Partici-
pant 5 (infertile) said:

"I even set the alarm, but I am still worried about not
waking up. Now, it would be great if something like a
medication alarm could remind us of the time I should
take my medicines".

Training on self-care behaviors is crucial for couples
who have various diseases (15, 16). Mid- and post-treat-
ment self-care was another need discussed by the partici-
pants in this study. Participant 4 (infertile) said:

“Couples are often stressed, but if they knew what to
do and how to take care of themselves, it would be bet-
ter. It would be quite useful if your training program, in
a simple language, explains what self-care measures are
necessary to take after infertility treatment".

Continuous psychological training

The experience of infertility imposes considerable
psychological pressure on infertile couples in the socio-
cultural context of the society. Based on participants’ ex-
periences, the need for psychological training is great in
infertile couples. The need for training on how to achieve
mental relaxation, increase self-esteem and cope with
stress was a part of participants’ psychological needs. Par-
ticipant 5 (infertile) said:

"Well, couples tend to emotionally collapse in such
situations. It is more helpful if this app also incorporates
training on how to calm oneself down. This way, better
results can be expected for infertility treatment".

One of the infertile male participants said:

"It would be really good if there was training about how
to repel or reduce negative pressures somewhere in the

app".
Another infertile male participant said:

“My wife has no fertility problems; sometimes, I
blame myself, and wish we had not got married. Nega-
tive thoughts put a lot of pressure on me and it would be
helpful if there were strategies to get me more relaxed.
For example, I try to calm myself down with praying and
saying prayers. I need to learn some other strategies too".

In this regard, a gynecologist at the infertility center
said:

"Many cannot attend the classes in person. Now, if these
items are included in the app, they can have a positive ef-
fect on all patients and keep the negative thoughts away".

Supporting the infertile spouse in the process of dealing
with infertility was another need discussed by the partici-
pants. Participant 7 stated:

"I did not receive emotional and mental support from
my husband’s family; however, my husband himself is al-
ways besides me, gives me positive energy and supports
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me when [ get tired of taking my medications. His behav-
ior is so inspiring for me to keep up with this whole thing
and not get disappointed".

Discussion

Multidimensional training is a fundamental need for
promoting health and improving the quality of life. The
training needs of infertile people are derived from their
cultural, social and religious background (9, 10).

This qualitative study explains the training needs of
Iranian infertile women and men and health care profes-
sionals working in the field, for development of a training
software program. Based on previous studies, infertility
training needs require more efficient and up-to-date meth-
ods. In today’s world, e-learning has addressed many of
these training challenges, such as the challenges of formal
training, which requires a physical location, training fa-
cilities and instructors (17). During the period of infertil-
ity treatment, there is a considerable lack of awareness
about the pre-, mid- and post-treatment measures as well
as the medical and therapeutic measures that should be
taken, which doubles the difficulty of this period. Easy
access to information and training materials through the
internet facilitates reaching a larger number of audiences
in different environments. Providing information about
infertility through software programs, enables couples
to have easier and more extensive access to the informa-
tion (7). Poor knowledge and inadequate awareness about
fertility health reveals the need for further training. The
participants, in the present study, noted the need for more
training about fertility health and the reasons for infer-
tility as parts of the reason for delaying their infertility
treatment. In a study conducted by Kudesia et al. (18),
the need to train women and men was emphasized due
to the inadequate knowledge about fertility health. Dur-
ing their reproductive years, 55.9% of men and women
lack adequate knowledge about fertility. Such knowledge
gap has a direct relationship with the delay of infertil-
ity treatment and the delay in its start. Awareness about
the problem was discussed by 40% of the participants as
the first step in seeking infertility treatment. The partici-
pants emphasized the need for being trained about fertil-
ity health and the reasons for infertility through training
programs. In another study, Swift and Liu (19) reported
a level of knowledge of 49.9% about fertility health in
infertile women in Canada. This research demonstrated
women’s need for more training on fertility health issues.

The participants of the present study needed to be trained
on a variety of diagnostic measures and infertility treat-
ments. They considered using the software application as
a reliable and valid method for getting answers to their
questions. A total of 92.2% of the subjects in the study
done by Hampton and Mazza (20) stated a need for more
infertility training programs to learn the causes of their in-
fertility and various diagnostic and therapeutic measures
they had to undertake in a simple and comprehensible
written form for better dealing with the issue of infertility.



The participants in the present study were also concerned
about collecting information and becoming aware about
fertility or infertility issues as they sometimes received
contradictory or invalid information through invalid re-
sources. They needed scientific information in the form of
a software application. Conceicao et al. (21) conducted a
study and found that infertile men and women suffer from
poor knowledge on their health issues and have contra-
dictory infertility information. The study concluded that
these groups needs more valid information on fertility
and infertility health issues. Valid e-learning training was
therefore used due to its ease of access and scientifically-
filtered information. After this e-learning intervention, the
subjects were reported to have higher knowledge about
fertility health and infertility, and a statistically significant
increase was reported in their knowledge and awareness.

Many questions were posed by the participants about
diagnostic and treatment measures, which increased the
personnel’s workload in infertility treatment centers,
and the software application was noted by them as a bet-
ter way to answer such questions. In the study done by
Hampton et al. (22) in Australia, time limits were report-
ed by the subjects as the greatest barrier to training the
staff and physicians in infertility centers. Inappropriate
training materials were also noted to cause a significant
gap in providing primary care to infertile women. The
participants considered the need for training on fertility
and infertility as one of the main steps in infertility pre-
treatment that reduces their mental stress and anxiety (22-
24). In this regard, Dawdy et al. (23) reported multimedia
information as a method for minimizing the waiting time
for the patients and improving their awareness. They also
reported that using appropriate training tools can improve
treatment outcomes and reduce the costs of hospitaliza-
tion. In other words, in their study, the readiness of the
patients, obtained through multimedia training, reduced
stress and anxiety.

In the present research, the participants stated that a
training software program is an appropriate way for in-
creasing awareness and empowerment. In the study en-
titled "The theoretical framework of women's health in
Iran: The Farmehr model", security in the family, the fam-
ily dimension and composition, accessing and utilizing
material and spiritual resources, and social capital, social
support, social networks, public trust, social norms and
social actions contributed to women’s health and formed
a sense of power/empowerment or powerlessness in them
(25). In another study conducted in Iran, Mohamadirizi
et al. (26) trained health care providers and reported that
pamphlets or training materials alone cannot always meet
the different levels of learners’ expectations. In their
study, using e-learning led to an increase in satisfaction
and improved the level of learners’ knowledge.

The other needs raised by the participants included self-
care and infertility treatment training, which should be
included in the training software application in a simple
comprehensible language. The module contained authen-
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tic and scientific information with a simple and compre-
hensible language to help patients pursue self-care (27).
The results showed that e-learning increases the level of
knowledge and improves self-care and self-efficacy in pa-
tients (28).

Infertility was described by the participants as a reason
for their mental and psychological pressures that exposed
them to contempt in the society and made them ask for
psychological training and its inclusion in the training
software application. In the Iranian culture, men’s concep-
tion of a woman is a significant construct in the image she
has of herself, i.e. her self-concept (29). The childbear-
ing and motherhood role is the centerpiece of the role of
women in traditional societies. With this social perspec-
tive dominating societies, the threat to femininity is more
manifested in infertile women and causes more damage
to women’s identities and leads to their humiliation and
lower self-esteem (9, 29, 30). The participants who ex-
perienced more support and attention from their spouse
were better able to calm down and face their infertility.
In their mixed study, van Empel et al. (31) reported the
lack of emotional support as a considerable weakness in
infertility treatment. They considered the involvement of
the spouse in the other partner’s care a significant source
of positive energy that helps to improve the treatment out-
comes by reducing psychological stress.

In recent years, medical sciences have emphasized the
relationship between infertility and psychological factors
(29). Rahmani Fard et al. (6) argued that by eliminating
or reducing the feelings caused by infertility, mindfulness
exercises can make a significant contribution to the qual-
ity of life of this group of women. They concluded that
training infertile women with mindfulness techniques can
help them to improve the physical and mental health.

Resorting to worship, saying prayers and praying were
measures that had helped the participants to achieve
mental relaxation. Spiritual measures pushed away any
negative thoughts and they emphasized the importance of
including spiritual stress management techniques in the
training software application to be able to go through the
complex and sometimes annoying stages of coping with
infertility. The interconnection between the body and the
mind is irrefutable, such that the body-mind relationship
can associate any natural or psychological change in life
to psychological symptoms and cause adverse health ef-
fects (32). Praying gives the individual spiritual agency,
and alongside material factors, plays an effective role in
controlling, managing and adapting to the complex issues
of life and the treatment of diseases. Prayer is a type of
meditation in which the person joins the Divine through
connectivity to the extreme energy. The belief in a supe-
rior strength pushes away person’s sense of loneliness and
helplessness. Praying also helps the person to find a part-
ner for sadness, talk about their uncomfortable thoughts
and think deeper about the issue. In other words, prayer
acts as a source of inspiration for the person to find power
and ability to continue his efforts. In a qualitative study
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done by Soleimani et al. (32), spiritual care was proposed
as a concept experienced by patients with Parkinson’s
disease. Religious beliefs and practices such as praying
and saying prayers were among the coping strategies that
most Parkinson’s patients used to achieve psychological
peace of mind and stability and resistance against illness.
Spiritual health therefore plays a significant role in mental
health and can facilitate adaptation to health crises and
health-threatening conditions. There is also a relationship
between spiritual health and the symptoms of infertility-
induced depression and stress (33). The results of a study
done by Mehrabi et al. (33) showed that there is a direct
and significant relationship between the score of spiritual
health and the quality of life. To justify this finding, they
stated that couples with chronic illness are likely to suf-
fer from stressful social and psychosocial stresses, such
as existential conflicts related to meaning and purpose,
and suffering from illness often challenges the meaning
and purpose of life too. Adopting religious practices can
thus help to manage thoughts and feelings and improve
the quality of life.

A limitation of this study was its small sample size.
Also, similar to all qualitative studies, its results are not
intended to be generalized, although maximum variation
sampling was used.

Conclusion

Based on the results of this study, infertile women and
men have multidimensional training needs before and af-
ter treatment, and during the process of diagnosis; also,
they need psychological supports. These concepts were
extracted based on the real needs of these couples. The
health care professionals also elaborated on these needs.
Designing a training software based on the real needs of
the infertile community thus seems essential and can part-
ly cover the shortage of training staff employed in infer-
tility centers. Based on the findings of this study and the
themes extracted from them, the researchers found that the
design of this application must incorporate main themes
such as fertility (proper explanation of the inner and outer
genital system), diagnostic measures (proper explanation
of tests such as blood tests, proper sampling time and
requirements of the spermogram), infertility treatment
[proper explanation of intrauterine insemination (IUI),
in vitro fertilization (IVF) intracytoplasmic sperm injec-
tion (ICSI) and their complications] and psychological
and mental health issues experienced by couples using
appropriate skills, such spiritual care and mind control.
The researchers recommend more qualitative studies to
be conducted on the training needs of particular infertile
groups, such as infertile patients with multiple sclerosis,
spinal cord injury or recurrent abortion, to design better
educational content on infertility.
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Abstract
Background: Gelatinases degrade extracellular matrix (ECM) components to allow for physiological remodeling and
contribute to pathological tissue destruction in endometriosis. It is known that the function of gelatinases is resistant to
suppression by progesterone in endometriosis. The ability of progesterone to impact gene expression depends on the
progesterone receptor-A/-B (PR-A/PR-B) ratio. An imbalanced PR-A/PR-B ratio in endometriotic tissue may be the result
of the differential expression of MMP-2 and MMP-9, which could be important in the etiology and pathogenesis of the
disease. Hence, we decided to study the association of PR-A/PR-B ratio and gelatinases expression in endometriosis.

Materials and Methods: In this prospective case-control study, we enrolled 40 women, 20 in the case group who
were diagnosed with stage III/IV endometriosis and 20 normal subjects without endometriosis (controls) who referred
to Royan Institute, Tehran, Iran during 2013-2014. We obtained 60 tissue samples [ectopic (n=20), eutopic (n=20), and
normal endometrium (n=20)]. RNA was extracted from the tissue samples in order to analyze PR-A, PR-B, MMP-2,
and MMP-9 mRNA levels through real-time polymerase chain reaction (PCR).

Results: There was significantly lower expression of the PR-B isoform in ectopic tissues compared to the control
(P=0.002) and eutopic endometrium (P=0.006) tissues. PR-A expression was higher, but not significantly so, in the
same ectopic and eutopic endometrium tissues compared to the control tissues (P=0.643). There was significant over-
expression of MMP-9 in ectopic samples compared to control (P=0.014) and eutopic endometrium (P=0.012) samples.
The PR-A/PR-B ratio was not significantly higher in either eutopic or ectopic samples compared to the control samples
(P=0.305).

Conclusion: Our findings support an altered PR-B expression in endometriosis, which may be associated with MMP-9
overexpression. This finding can be important for disease pathogenesis.
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Introduction

Infertility is a persistent and frustrating problem in
women with endometriosis (1). The frequency of endo-
metriosis in females with complaints of pain, infertility,
or both symptoms is between 35 and 60% (2). It is sug-
gested that endometriosis affects the follicular microenvi-
ronment, oocyte maturity and embryo development (1, 3).
Extensive remodeling in the endometrial layer and its ex-
tracellular matrix (ECM) is one of the reasons for infertil-
ity in endometriosis (1, 4, 5). This remodeling of the ECM
is required for the activation of matrix metalloproteinases
(MMPs) and their inhibitors (6). The decreased potential

for embryo implantation is thought to be one of the critical
reason for infertility in women with this disease (1). High
concentrations of activated macrophages, prostaglandins,
IL-1, TNF, and proteases have been reported in peritoneal
fluid of women with endometriosis. These abnormalities
may adversely impact oocyte function, embryo develop-
ment, and implantation (4).

MMPs or Matrixins are calcium/zinc-dependent en-
doproteinases encoded by 24 distinct genes and ex-
pressed as 26 distinct proteins in humans (7). They are
secreted in a latent form (pro-MMPs) that require pro-
teolytic activation (8). The biological roles of MMPs
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are associated with degradation of the ECM to provide
normal endometrial remodeling that accompanies men-
struation (9), proliferation, angiogenesis, and apoptosis
(7). Endogenous tissue inhibitors of MMPs (TIMPs)
regulate MMPs under physiological conditions such
as tissue repair and menstruation (10-12). Numerous
studies have discussed the role of endogenous proteo-
lytic MMPs in the pathogenesis of endometriosis (13)
and have reported a significantly different pattern of
MMP expression in endometriosis patients compared
to healthy women (14, 15). Over-expressions of MMPs
alter the MMPs/TIMPs ratio that may underlie the
pathogenesis of diseases including tumor invasion,
fibrosis, and endometriosis (8, 16-18). MMPs are in-
volved in all steps of endometriotic tissue migration
such as degradation, invasion, and implantation to the
ECM outside of the uterine cavity (19). Proteolytic
enzymes, like gelatinases (MMP-2 and MMP-9), play
an important role in the initial development of endo-
metriosis through ECM degradation (20). The role of
gelatinases in the development of diseases has been
shown through the participation of MMP-2 and MMP-
9 in tumor invasion and progression (1, 13).

Under normal conditions progesterone prevents en-
dometrial breakdown by inhibiting MMPs (21) via its
nuclear receptors (21, 22). However, in subjects with en-
dometriosis there is a certain degree of resistance to the
action of progesterone (23). In women with this condi-
tion, the eutopic endometrium is purportedly resistant to
the action of progesterone and inhospitable for embryon-
ic implantation (5). The effects of progesterone are con-
trolled by the two progesterone receptor (PR) isoforms,
namely PR-A (94 kDa) and PR-B (114 kDa). These iso-
forms are functionally different. The PR-B isoform is an
activator of progesterone target genes, whereas PR-A is
an inhibitor of the PR-B isoform (23). In addition, they
are members of the superfamily of ligand-activated tran-
scription factors that bind to sequence-specific sites in
the promoters of target genes (22).

On the other hand, progesterone represses MMP-2 tran-
scription in cells from the jar choriocarcinoma cell line
by reducing PR and specificity protein 4 (SP4) through
binding to the MMP-2 promotor (24). Both overexpres-
sion and elevated activity of MMP-9 in endometriosis are
believed to be regulated by nuclear factor kappa-B (NF-
kB) (25). PR can directly interact with one of the subunits
of NF-«xB, RelA (p65) (26), which is necessary for NF-
kB activation. Progesterone efficacy in gene expression
depends on the ratio of PR-A to PR-B (27). An altered
ratio in ectopic tissue might play an important role in the
mechanism that causes progesterone resistance and modi-
fies progesterone activity related to differential regulation
of specific progesterone response genes, such as MMPs,
which promote endometriosis. Greater understanding of
the abnormal genetic mechanisms involved in the etiol-
ogy and pathogenesis of endometriosis should lead to bet-
ter diagnostic methods and targeted treatments that coun-
ter endometriosis and its symptoms.

Imbalanced PR-A/-B Ratio and Gelatinase Expressions

Materials and Methods

We conducted this prospective, case-control study in the
Department of Genetics at Royan Institute, Tehran, Iran.
Approval was achieved from the Institutional Research
Ethics Board. The Ethics Committee of Royan Institute
approved this study (No: EC/93/1047). All members
signed an informed consent form prior to participation.

Subject selection

This study was conducted from 2013 to 2014 at Royan
Institute. We obtained 60 tissue samples (ectopic, eutopic,
and normal endometrium) from 40 women. The case group
comprised 20 patients with stages III and IV endometriosis.
The control group consisted of 20 normal healthy women
without endometriosis. Endometriotic (ectopic) tissues
were collected during laparoscopy from all patients with
ovarian endometriosis. The eutopic samples were obtained
by pipelle sampling of endometrial tissues obtained from
all patients. Endometrial samples from the control women
were also obtained by pipelle sampling. The presence or ab-
sence of endometriosis was confirmed by laparoscopy and
postoperative histology analyses in endometrial tissue sam-
ples from all study participants. Patients with confirmed di-
agnosis of endometriosis were placed in the patient group.
Participants without endometriosis (normal tissue results)
were assigned to the control group. None of the patients
received hormonal treatments for at least 3 months prior
to surgery and all reported regular menstrual cycles. Con-
trol group participants did not have any visible endometrial
hyperplasia or neoplasia, inflammatory or autoimmune dis-
eases, or endometriosis at the time of the clinical examina-
tions. We also confirmed that women in the control group
had given birth to at least one child conceived through
natural conception. The menstrual cycle phase at the time
of surgery and biopsy was either during the proliferative
phase (days 8-14) (80%) or secretory phase (20%) for both
patients and controls.

RNA extraction and ¢cDNA preparation

RNA was extracted from snap-frozen tissue samples
using TRIzol (Invitrogen, USA) according to the manu-
facturer’s instructions. Genomic DNA contamination was
removed by RNase-free DNase [ (#EN0521, Fermen-
tas, Thermo Fisher Scientific, USA) and incubation at
37°C for 30 minutes. DNase I enzyme was inactivated
by EDTA (50 mM, Fermentas, Thermo Fisher Scientific,
USA) and incubation at 65°C for 7 minutes. cDNA sam-
ples were prepared from total RNA for each sample by
one-step reverse transcriptase-polymerase chain reaction
(RT-PCR) and a First-strand cDNA Synthesis Kit (K1632,
Fermentas, Thermo Fisher Scientific, USA). Synthesized
cDNA was stored at -20°C until later use.

Quantitative real-time polymerase chain reaction

mRNA expression analysis was performed using
SYBR® Pre mix Ex Taq II (Applied Biosystems, USA)
on a Lightcycler System, 7500 software version 2.0.1 (Ap-
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plied Biosystems, USA) as recommended by the manufac-
turer. We used Primer 3 (version 4.0; http://primer3.ut.ee/),
Gene Runner (version 3.05; www.generunner.net), and Perl
Primer software (version v1.1.20; perlprimer.sourceforge.
net) to design the specific primers used for amplification of
MMP-2, MMP-9, PR-A, PR-B, and f-actin (internal control
gene). These sequences were analyzed by Nucleotide Blast
and Primer Blast in the NCBI database (http://blast.ncbi.
nlm.nih.gov/). Table 1 lists the primers used in this current
study and their expected product-sizes. Primers were pur-
chased from Pishgam Co., Iran.

Table 1: Sequences of B-actin, MMP-2, MMP-9, PR-A, and PR-B primers

Name  Primer sequence (5°-3) PCR product (bp)
p-actin - F: CAAGATCATTGCTCCTCCTG 90
R: ATCCACATCTGCTGGAAGG
MMP-2 F: GCAACCTGTTTGTGCTGAAG 198
R: GTAGCCAATGATCCTGTATGTG
MMP-9 F: TCCAGTACCGAGAGAAAGCCTA 114

R: GCAGGATGTCATAGGTCACG

PR-4 F: AATGGAAGGGCAGCACAACT 192
R: TGTGGGAGAGCAACAGCATC

PR-B F: AAGGGGAGTCCAGTCGTCAT 165
R: CGAAACTTCAGGCAAGGTGT

MMP; Matrix metalloproteinase, PR, Progesterone receptor, and PCR; Polymerase chain
reaction.

Each reaction contained 10 pl SYBR® Premix Ex Taq
II that consisted of Tag DNA polymerase reaction buffer,
dNTP mix, SYBR Green II, MgCl, and Tag DNA poly-
merase; 5 pmol of either MMP-9, PR-A, or PR-B prim-
ers, or 3 pmol of MMP-2 primer; 25 ng/ul of synthe-
sized cDNA; and water to reach 20 pl. The target gene
levels were compared to that of a housekeeping gene,
p-actin, from the same cDNA. Each real-time quantita-
tive PCR assay was done in duplicate for each sample to
confirm the reproducibility of the results. In this study,
both housekeeping genes GAPDH and f-actin were op-
timized; however, the expression of S-actin appeared to
be more stable in our samples. The amplification pro-
gram contained the following 3 steps. Step 1: a primary
heating for 10 minutes at 95°C to denature the cDNA
and activate the Tag DNA polymerase. Step 2: DNA
amplification for 40 cycles of 15 seconds at 95°C (dena-
turation) and one minute at 60°C (annealing) for S-actin,
MMP-2, MMP-9, PR-A, and PR-B. Step 3: increasing
temperature gradually from 60°C to 95°C for 15 seconds
and one minute at 60°C for melting curve analysis. After
each run, a melting curve analysis was done to confirm

the specificity of the PCR reaction. All samples were
retested with a cycle threshold coefficient of variation
value higher than one degree. To confirm the melting
curve results, we assayed representative samples of the
real-time PCR products on 2% ultra-pure agarose (Inv-
itrogen, USA) gel electrophoresis (Paya Pazhoh Pars,
Iran), and stained them with ethidium bromide (Sigma
Aldrich, USA) prior to visualization on a Molecular Im-
ager® Gel Doc™ XR+ (BioRad, USA).

Statistical analysis

We compared the participants’ clinical information be-
tween groups (endometriosis and control) using the inde-
pendent t test. The expression levels of MMP-2, MMP-9,
PR-A, and PR-B were compared between tissue extracts of
endometriotic or ectopic lesions and eutopic endometrium
samples (patient group) to endometrial samples (control
group) using one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s test to conclude significant differences
between our groups and pair-wise comparisons. In cases
where the data were not distributed normally, we conducted
natural logarithmic (Ln) transformation for MMP-2, MMP-
9, PR-A, PR-B, and PRA/PR-B before analysis. The rela-
tionships between the Ln-transformed expressions of PR-A
and PR-B, as well as the PR-A/PR-B ratio with MMP-2 and
MMP-9 were assessed by Pearson’s correlation. Statistical
analysis was done using SPSS version 16.0 (SPSS Inc.,
Chicago, IL, USA). All statistical tests were two-tailed and
a P<0.05 was considered statistically significant.

Results

Table 2 shows the main clinical characteristics of the 40
participants who provided tissue samples. All 20 women
with endometriosis were infertile. There were no statis-
tically significant differences in the sample distributions
according to the phases of the menstrual cycles, mean
age, or body mass index (BMI) in patients with endome-
triosis compared to the control group.

Expression of MMP-2 and MMP-9 in endometriosis

We assessed the differences between the means of
mRNA levels in patients and controls with one-way ANO-
VA. We observed no significant difference in the expres-
sion levels of MMP-2 among these groups (P>0.05, Table
3, Fig.1A). Our results showed a significant increase in
the expression of MMP-9 in endometriotic tissues com-
pared to eutopic endometrium samples (P=0.012) and the
control group (P=0.014, Table 3, Fig.1B).

Table 2: Clinical characteristics of participants in expression assays

Groups Menstrual cycle phase (%) Disease stage (%) BMI (kg/m?) Age (Y)
Endometriosis Proliferative (80) IV (60) 25.82 +£4.91 30.03 £8.31
n=20 Secretory (20) 111 (40)

Controls Proliferative (80) - 24.35+4.32 29.21 £8.72
n=20 Secretory (20)

P value NS - NS NS

Data are expressed as mean * SEM and values in parentheses are percentages. BMI; Body mass index and NS; Not significant.
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Table 3: mRNA expression levels of MMP-2, MMP-9, PR-A, and PR-B in ovarian endometriosis and endometrial tissues obtained from women with and
without endometriosis

Different object Endometriotic lesions (ectopic) Eutopic endometrium (endometriosis group) Endometrium (control group) P value

MMP-2 0.16 (0.05, 1.45) 0.15 (0.05, 0.87) 0.12 (0.06, 0.29) 0.512
MMP-9 0.02E-1 (0.03E-2, .021)" 0.03E-2 (0.01E-2, 0.06E-2) 0.03E-2 (0.09E-3, 0.07E-2) 0.005
PR-A 27.20 (9.99, 206.33) 76.98 (9.00, 268.03) 67.05 (16.60, 231.78) 0.643
PR-B 0.04E-2 (0.03E-3, .01E-1)™ 0.03E-1 (0.01E-1, 0.07E-1) 0.04E-1 (0.01E-1, 0.09E-1) 0.001
Ln (PR-A/PR-B) 11.79+4.82 10.28 + 4.64 9.81+2.93 0.305

Data are expressed as mean * standard deviation or median (inter-quartile range) when appropriate. ANOVA was performed on the natural-log-transformed values when appropriate.
MMP; Matrix metalloproteinase, PR; Progesterone receptor, *; P<0.05 versus endometriotic lesions compared to the controls, and 2; P<0.05 versus endometriotic lesions compared to
the eutopic endometrium.

Progesterone receptor isoforms PR-A and PR-B

N o generally confirmed that the expression level of PR-B
expression in endometriosis

significantly differed between groups (P<0.001, Ta-
Extracts of endometriotic lesions from women with ~ ble 3). As shown in Figure 1D, we found significantly
endometriosis presented a slight decrease in mRNA  lower expression levels of PR-B in endometriotic tis-

level of PR-A in comparison to the eutopic endome-  sues compared to the controls (P=0.002) and eutopic
trium (Table 3, Fig.1C), while the mRNA levels of ~ endometrium tissues (P=0.006, Table 3). Although cu-
this isoform were slightly higher in eutopic endome-  topic endometrium tissues showed low levels of PR-B

trium samples compared to the control group (Table  expression compared with the control samples, there
3, Fig.1C). However, our data presented no significant ~ were no significant differences observed among these
differences between these groups (P=0.44). The results two groups (P=0.95).
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Fig.1: Expression levels of matrix metalloProteinases (MMPs) and progesterone receptors (PRs).
A. MMP-2, B. MMP-9, C. PR-A, and D. PR-B in ovarian endometrioma (ectopic) and endometrial tissues from women with (eutopic)
and without endometriosis (control). Ln: Logarithmic.
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Fig.2: Association of progesterone receptor (PR)-A and PR-B gene expressions in ovarian endometrioma and endometrium tissues from women with and
without endometriosis. A. Overexpression of PR-A was associated with a low expression levels of the PR-B isoform in the three different groups and B.
There was a higher PR-A/PR-B ratio in endometriutic tissue and eutopic endometrium compared with the control group. Ln; Logarithmic.

Table 4: Correlation between mRNA levels of MMP-2, MMP-9, and PR-A/PR-B ratio in ovarian endometrioma and endometrial tissues from women with

and without endometriosis

Different object LnPR-A/PR-B

Endometriotic lesions Eutopic endometrium Control endometrium
LaMMP-2 r=0.09 r=0.09 r=-0.19

P=0.701 P=0.701 P=0.413
LnMMP-9 r=-0.21 r=-0.62" r=0.14

P=0.365 P=0.003 P=0.542

Pearson test: analysis of correlation between different groups. P values are calculated on logarithmic (Ln)-transformed data. MMP; Matrix metalloproteinase, and PR; Progesterone

receptor, and r; Spearman’s rho test.

Association between expression levels of progesterone
receptor isoforms PR-4 and PR-B in endometriosis

There was a strong negative correlation between PR-A
and PR-B isoforms in endometriotic lesions. When the
PR-A isoform had increased mRNA levels, we found sig-
nificantly lower levels of PR-B isoform expression and vice
versa (r=-0.789, P<0.001, Fig.2A). Similar results were ob-
served in endometrial tissue from women with (r=-0.844,
P<0.001) and without endometriosis (r=-0.579, P=0.008).

PR-A/PR-B ratio and its association with MMP-2 and
MMP-9 expressions in endometriosis

We observed higher PR-A/PR-B ratios in both eutopic
and endometriutic tissues related to the control group, but
this finding was not significant (P>0.05, Table 3, Fig.2B).
We were interested to assess the correlation between the
mRNA levels of MMP-2 and the PR-A/PR-B ratio in each
group. However, our data did not show any significant
correlation between overexpression of MMP-2 and an al-
tered PR-A/PR-B ratio in any of the groups (Table 4). We
found no significant correlation between the expressions
of MMP-2 and PR-A or PR-B (P>0.05, data not shown).

Ourresults indicated that the expression level of MMP-9
only had a significant relationship to the mRNA levels
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of the progesterone receptor ratio (PR-A/PR-B) in eu-
topic endometrial tissue (P=0.003, Table 4). On the oth-
er hand, we found a significant association among the
expression level of MMP-9 and the PR-A isoform in eu-
topic endometrial tissue (P=0.03). There was no signifi-
cant relation between the expression levels of MMP-9
and the PR-B isoform in the study groups (P>0.05, data
not shown).

Discussion

Endometriosis develops as a consequence of ectopic
implantation of retrograded menstrual tissue, although
the mechanisms that underlie this process are unknown
(21). Several studies have underlined a correlation be-
tween MMPs and the invasive behavior of endometriotic
tissues for establishment of endometrial glands and stro-
mal cells at ectopic sites (7). MMPs coordinate general
endometrial remodeling through menstrual cycles, which
mediates ECM turnover (21). Upregulation and activation
of MMPs related to tumor progression have been found
in metastatic activity of tumors dependent on MMP syn-
thesis (28). Hence, the expression of MMP enzymes is
tightly regulated in normal tissues, because the delicate
balance between MMPs and their inhibitors is crucial to
preventing excessive matrix destruction (21).



Follicular fluid surrounds the microenvironment of
maturing oocytes and has an important role in this pro-
cess, affecting fertilization and consequent of embryo
development (1). The opposed effect of endometriosis
on fertilization has been attributed to its impact on the
follicular microenvironment, poor oocyte development,
and poor embryo formation (4). Studies indirectly sug-
gest that MMP-2 and MMP-9 in follicular fluids have a
direct effect on follicular development and rift of the fol-
licular wall (29). A high level of MMP expression by the
endometriotic tissues can be initiated in the pathogenesis
of endometriosis (7). It might be responsible for intrafol-
licular modifications that result in infertility.

Overexpression of different MMPs have been reported
in endometriosis and include MMP-1 (30), MMP-2 (18),
MMP-9 (20), and MMP-7 (31). The degradation of vas-
cular and epithelial basement membrane components and
ECM proteins are mediated by gelatinases (MMP-2 and
MMP-9). Gelatinases have been associated with the ma-
lignant potential of tumors by increasing tumor invasion
and metastasis (32). The role of MMP-2 in endometriosis
is debatable. In the current study, we have detected el-
evated MMP-2 expression in both ectopic and eutopic
tissues of endometriosis patients compared to the nor-
mal control group. However, no significant difference in
MMP-2 expression was observed in our groups. Previous
studies have reported higher levels of MMP-2 expression
and lower mRNA levels for TIMP-2 in eutopic tissues of
endometriosis patients relative to the endometrium from
control groups (33, 34).

This highlights potential changes in MMP activity in
endometriotic tissues and suggested improved proteolysis
activity, which could play an important role in implanta-
tion of this tissue in ectopic sites. In addition, our data
showed significantly higher expression levels of MMP-9
in the ectopic versus the eutopic and control endometrial
tissues. Several researchers have focused on the role of
MMP-9 in tumor invasion and metastasis (35, 36). The in-
volvement of this proteolytic enzyme in vascular growth
and angiogenesis has been previously reported (20). A
higher gelatinase activity was found in endometriotic tis-
sues compared to eutopic endometrium in endometriosis
(37). Previous investigations have demonstrated higher
expression of MMP-9 in ectopic versus the eutopic en-
dometrium (38). In patients with endometriosis, elevated
levels of MMP-9 mRNA in ectopic tissues might play an
essential role in endometrial tissue invasion and its abil-
ity to be implanted in ectopic sites. High levels of MMP-
2 and MMP-9 and low levels of TIMP-1 were related
with low production of mature oocytes and subsequent
decreased quality of embryos in endometriosis patients
who underwent in vitro fertilization (IVF) (1). As a result,
MMP-2 and MMP-9 overexpression have adverse effects
on the function of the follicular microenvironment, as
well as oocyte and embryo quality. These changes might
be the cause of infertility due to endometriosis.

Endometriosis is known as a progesterone resistant dis-
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ease (23). The ability of progesterone to affect gene ex-
pression is reliant on the PR-A/PR-B ratio (27). An altered
PR-A/PR-B ratio modifies progesterone activity due to
differential regulation of specific progesterone response
target genes that may lead to the progression of endome-
triosis. Progesterone reduces the expression of pro-in-
flammatory genes when the PR-A/PR-B ratio favors PR-B
and increases their expression when the ratio tilts towards
the PR-A isoform (39, 40). The present study has shown a
slightly increased level of PR-A expression in eutopic tis-
sues compared to controls. This increased expression was
slightly higher in controls compared to ectopic tissues. On
the other hand, PR-B showed a significantly differential
expression pattern between the groups. The results clearly
showed a decreased expression level for PR-B in endo-
metriotic tissues compared to control and eutopic groups,
which can disrupt the PR-A/PR-B ratio in ectopic sam-
ples. Eutopic tissues also had decreased PR-B expression.
Progesterone resistance might account for the existence
of the inhibitory PR isoform, PR-A, and the lack of the
stimulatory isoform, PR-B, in endometriotic tissues (23).
These results suggested that a decrease in the expression
level of PR-B and overexpression of PR-A4 could alter this
ratio in endometriotic tissues. Following this, the imbal-
anced ratio could alter progesterone activity related to dif-
ferential regulation of specific progesterone target genes
and improve endometriosis. On the other hand, we have
demonstrated an association between overexpression of
PR-A4 with low expression of the PR-B isoform, particu-
larly in ectopic tissue and the endometria of women with
and without endometriosis.

It has been shown that transcriptional regulation of
MMP-2 in the JAr choriocarcinoma cell line is mediated
by progesterone treatment with progesterone inhibiting
the expression of MMP-2. MMP-2 expression is mediated
through the binding of the primary transcription factor SP4
to the MMP-2 proximal promoter. Progesterone inhibits
MMP-2 expression by decreasing PR and SP4 binding to
the MMP-2 promoter (24). Progesterone also suppresses
TGFB1-induced stimulation of MMP-2 through its nucle-
ar hormone receptors in human endometrial stromal cells
(22). Therefore, our data imply that observed alteration in
PR-A/PR-B expression ratio may cause overexpression of
MMP-2 in endometriotic tissues. However, our analysis
did not show any significant correlation between the high
level of MMP-2 expression and imbalance in PR-A/PR-B
ratio expression in endometriotic tissues.

In contrast, we have shown, for the first time, a signifi-
cant association between the expression of MMP-9 and
altered an PR-A/PR-B ratio in endometrium (eutopic)
tissues of women with endometriosis compared to a nor-
mal control group. MMP-9 activity in the human endo-
metrium is controlled by estradiol and progesterone (26).
This hypothesis can be supported by the fact that proges-
terone increases the expression level of inhibitor-xBa, a
repressor of the NF-kB transcription factor, and inhibits
basal and lipopolysaccharide-induced proinflammatory
gene expressions via PR-B, which are inhibited by PR-A
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(27). NF-kB is involved in the regulation of cytokines and
MMP transcription (including MMP-9) in the human en-
dometrium. PRs can directly interact with the RelA (p65)
subunit of NF-kB, which is necessary to activate NF-xB
(26). Thus, an altered PR-A/PR-B ratio may impact the
expression level of MMP-9 through the regulation of NF-
kB activity, which could be important in the pathogen-
esis of endometriosis. However, we have not observed
any significant correlation between this altered ratio and
MMP-9 expression in ectopic tissues in comparison to the
control endometrium samples.

Conclusion

We sought to assess the correlation between the expres-
sion of MMP-2 and MMP-9 and the PR-A/PR-B ratio in
endometriosis. Our data showed a significant negative as-
sociation between expression levels of MMP-9 and an al-
tered PR-A/PR-B ratio in the eutopic endometrium group
compared with the control samples. To our knowledge,
there have been few attempts to report these correlations
between the MMPs and PR isoforms in endometriosis. It
is known that endometriosis affects the follicular micro-
environment, oocytes maturity and consequent embryo
development. This hypothesis may be correlated further
by our observations since overexpression of MMP-9, as a
consequence of an imbalanced PR-A/PR-B ratio in endo-
metriosis, may affect the function of the follicular micro-
environment, as well as oocyte and embryo quality, which
cause infertility in endometriosis.
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Abstract

Background: Hydatidiform mole (HM) is an abnormal human pregnancy with excessive trophoblastic proliferation
and abnormal embryonic development, dividing into two complete HM (CHM) and partial HM (PHM) groups. One
subcategory of the CHMs is recurrent and familial, which is known as biparental HM (BiHMs) or recurrent HM
(RHM). NLRP7, KHDC3L and PADI6 are maternal-effect genes involved in RHMs. NLRP7 is a major gene respon-
sible for RHMs. This study was performed on patients with molar pregnancies and miscarriage. The aim of this study
was to genetic screen for mutations in NLRP7 and KHDC3L genes in an affected woman with previous history of
SRHM and the sibling with history of miscarriage.

Materials and Methods: In this experimental study, DNA was extracted from blood samples. KHDC3L and NLRP7
were polymerase chain reaction (PCR) amplified. The PCR products were purified and Sanger sequenced.

Results: In this study, there is no mutation in KHDC3L gene but a novel mutation was identified in the NACHT do-
main of NLRP7 gene. Patient with five recurrent moles had this mutation in the homozygous state while her sister with
one miscarriage and one normal child showed this mutation in the heterozygous state.

Conclusion: In this study, we identified a new mutation in NLRP7 gene of a patient with recurrent HM. Following egg
donation, this patient has a normal boy. The sister of this patient with heterozygous mutation has a spontaneous abortion
and one normal child that confirm the impact of a defective allele of NLRP7 on reproductive wastage in a recent finding.
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Introduction

Hydatidiform mole (HM) is an abnormal human con-
ception with a defect in fetal development and growth (1).
HM is divided into two categories, complete HM (CHM)
and partial HM (PHM). CHMs are commonly androge-
netic diploid conceptions (2) and PHMs are mostly dis-
permic triploid conceptions (3). Both CHM and PHM
have an extra set of the paternal genome, therefore, pa-
ternal genes are more expressed and consequently show
excessive trophoblastic proliferation (4). In most of the
cases, HM is sporadic, however, in a subgroup of CHM,
it is recurrent and familial condition which is known as
biparental HM (BiHMs) or recurrent HM (RHM) (OMIM
231090). Occurrence of at least two moles in the same
woman is referred to recurrent type and this form is in-
herited in an autosomal recessive fashion. Frequency of

RHMs in the Middle and Far East is reported about 2.5%
up to 9.4% of all HMs, which is twice or more compared
to Western countries (5-9).

So far, three maternal-effect genes, NLRP7, KHDC3L
and recently PADI6, have been identified to be respon-
sible for RHMs (10-12). It is suggested that these three
genes function in setting genomic imprinting process
(13). NLRP7 mutations have been reported in 48-80% of
RHMs cases (14-19), while mutations in KHDC3L was
only reported in 10-14% of these patients with no NLRP7
mutations (10, 20, 21). Homozygote or compound het-
erozygote mutations of these three genes have been ob-
served in most of the affected women (22). There is still
a few fractions of RHM patients with the unidentified
responsible gene. NLRP7 is the principal gene responsi-
ble for RHMs, identified by Murdoch and colleagues in
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2006. NLRP7 as the candidate of maternal-effect gene is
responsible for RHMs and reproductive disorders such as
spontaneous abortions and stillbirths (11).

NLRP7, which encodes a protein with 1037 amino ac-
ids, is a member of the CATERPILLER protein family
with four conserved and functional pyrine, 9-10 leucine-
rich repeats, NACHT-associated domain (NAD) and a
NACHT domain (Fig.1A) (23, 24). About 48% of in-
tronic sequences of NLRP7 gene contain Alu repetitive
elements. It is believed that Alu repeats act as a hot spot
for INDEL mutations (20). To date, 60 pathogenic point
and INDEL mutations have been reported in NLRP7 (20,
25). In this study, a new mutation was identified in NLRP7
gene in a patient with recurrent HM. This patient has a
normal boy using egg donation. Also, the sister of this pa-
tient with heterozygous mutation has a spontaneous abor-
tion and one normal child.

Materials and Methods

In this experimental study, two sisters with molar preg-
nancies and miscarriage referred to the Infertility Center
in Shiraz University of Medical Sciences, Shiraz, Iran. In
the patient, as proband, five moles were reported without
any normal child. Patient’s sister represented one normal
child and one miscarriage. Proband was diagnosed as Bi-
HMs because she has more than two moles and genetic
studies were performed on NLRP7 and KHDC3L genes.
Genomic DNA was isolated from whole blood cells us-
ing DNA Kit (Cinnaclon, Iran). Three exons and intron
boundaries of KHDC3L and 11 exons and intron bound-
aries of NLRP7 were polymerase chain reaction (PCR)
amplified using our previously designed primers and con-
ditions (20, 26). PCR products were purified and Sanger
sequenced (Eurofins, Germany). The Ethics Committee
of Shiraz University of Medical Sciences approved the
study protocol and patients gave written consent to par-
ticipate in the study (code: IR.SUMS.REC.1396.540).

Results

The sequence of NLRP7 and KHDC3L were analysed
by Chromas software (Technelysium Pty Ltd, Australia).
BLAST of sequences was performed for two genes based
on the reference sequences in the NCBI database (NLRP7,
NG _008056.1, and KHDC3L, NG _031942.1). Sequenc-
ing analysis of NLRP?7 in the patient revealed a new three
nucleotides deletion in exon 4 in a homozygous state
(Fig.1B). Sequence analysis of the patient’s sister with
one spontaneous abortion and one normal child showed
a heterozygous deletion status for these three nucleotides
(Fig.1C). Normal sequence is provided in Figure 1D. This
deletion is expected to remove amino acid Threonine in
codon 185 (¢.555 557delCAC, p.Thri85del) . The mu-
tation was evaluated by parameters of Mutation Taster
(www.mutationtaster.org) and it was regarded as disease-
causing alteration. In addition, the mutation was analysed
by PROVEAN parameter (http://provean.jcvi.org). Vari-
ants with a score equal to or below -2.5 are considered

NLRP7 Mutation and RHM

"deleterious," and variants with a score above -2.5 are
considered "neutral." PROVEAN score was estimated
-13.000 for this mutation. This means that the mutation
is deleterious.

In addition, Threonine in codon 185 is conserved in
various species using multiple sequence alignment by
Clustal Omegam (www.ebi.ac.uk/Tools/msa/clustalo/)
(Fig.1E). Histopathology of the molar tissue for the pa-
tient is provided in Figure 2. Excessive proliferation of
trophoblastic tissue has been observed around chorionic
villi, while fetal tissues were clearly absent.

A

ATP-

Domains PYRIN binding NACHT LRRs
motif
LOCACY
(B 590 Y
a a a < s = = s
C = 3 = = e

Human GVGK LAKKCMLDWT
Rhesus monkey GVGK LAKKCMLDWT
Chimpanzee GVGK LAKKCMLDWT
Rhinolophus sinicus GVGK LAKKVMLDWT
Cebus capucinus imitator GVGK LAKKCMLDWK
Propithecus coquereli GVGK LARKVMLDWT
Aotus nancymaae GVGK LAKKCMLDWK
Bos taurus GVGK RAKELMLDWM

Fig.1: Deletion of the highly conserved Threonine amino acid from NACHT
domain. A. NLRP7 protein domains including PYRIN, NACHT, NAD, leucine-
rich repeats and ATP binding motif in the NACHT domain is depicted, B.
Sequence chromatogram show deletion of CAC nucleotides in homozy-
gote state in the patient’s NLRP7 gene, C. Heterozygote deletion of CAC
nucleotides in her sister, D. Normal allele in the wild type individual, and
E. Threonine 185 residue is highly conserved during evolution.

Fig.2: Photomicrograph of molar tissue from the patient. Excessive prolif-
eration of trophoblastic tissue is seen around chorionic villi (CV) by hema-
toxilin/eosin staining histopathology analysis (magnification: left: x 100,
right x 40).
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Discussion

In this study, a new mutation in the homozygous
state has been identified within the NACHT domain of
NLRP7 protein, suggesting the importance of this do-
main in normal function. This study on a patient with
a homozygous mutation in NLRP7, while she has a
healthy boy via ovum donation, add further evidence
that pathology of RHM is restricted to the oocyte and
normal ovum is able to rescue defects of these patients
for normal pregnancies. To date, four cases of ovum
donation in patients with a mild missense mutations in
NLRP7 have been reported (27, 28). Investigations on
healthy reproductive male individual with a homozy-
gous mutation in NLRP7 show that function of this
gene is not necessary for normal sperm, in contrast
to ovum (14, 15). The sister of indicated patient with
heterozygous mutation has a spontaneous abortion and
one normal child, confirming the impact of the defec-
tive allele of NLRP7 on reproductive wastage, reported
in recent finding (25).

Conclusion

We report a new mutation in NLRP7 gene, related to
RHM and spontaneous abortion in homozygous and het-
erozygous states, respectively. Regarding this study and
four previous reports, patients with homozygous muta-
tion in NLRP7 are able to have live birth with egg dona-
tion. In contrast to four previously reported cases with
a mild missense mutations, investigation on this new
patient shows that more deleterious mutations with se-
vere functional effect are also good candidate for egg
donation.
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Abstract
Background: Genetic and morphologic similarities between mouse embryonic stem cells (ESCs) and primordial
germ cells (PGCs) make it difficult to distinguish differentiation of these two cell types in vitro. Using specific GC
markers expressed in low level or even not expressed in ESCs- can help recognize differentiated cells in vitro. We
attempted to differentiate the mouse ESCs into GC-like cells spontaneously in monolayer and EB culture method.

Materials and Methods: In this experimental study, we attempted to differentiate ESCs, Oct4-GFP OG2, into GC-like cells
(GCLCs) spontaneously in two different ways, including: i. Spontaneous differentiation of ESCs in monolayer culture as
(SP) and ii. Spontaneous differentiation of ESCs using embryoid body (EB) culture method as (EB+SP). During culture,
expression level of four GC specific genes (Fkbp6, Mov10l1, Riken and Tex13) and Mvh, Scp3, Stra8, Oct4 were evaluated.

Results: In both groups, Movi0l1 was down-regulated (P=0.3), while 7ex/3 and Riken were up-regulated (P=0.3 and
P=0.04, respectively). Fkbp6 and Stra8 were decreased in EB+SP and they were increased in SP group, while no significant
difference was determined between them (P=0.1, P=0.07). Additionally, in SP group, gene expression of Mvh and Scp3
were up-regulated and they had significant differences compared to EB+SP group (P=0.00 and P=0.01, respectively). Oct4
was down-regulated in the both groups. Flow-cytometry analysis showed that mean number of Mvh-positive cells in the
SP group was significantly greater compared to ESCs, EB+SP and EB7 groups (P=0.00, P=0.01, and P=0.3, respectively).

Conclusion: These findings showed that ESCs were differentiated into GCLCs in both group. But spontaneous dif-
ferentiation of ESCs into GCLCs in SP group (monolayer culture) compared to EB+SP (EB culture methods) has more
ability to express GCs markers.

Keywords: Differentiation, Embryoid Body, Embryonic Stem Cells, Monolayer
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Introduction

Embryonic stem cells (ESCs) can proliferate unlimit-
edly in vitro and they are unique in their ability by grow-
ing as immortal cells, expressing high telomerase (1) and
preserving a normal karyotype during multiple passages
(2). The medium supplemented by myeloid leukemia in-
hibitory factor (LIF) causes the ESCs to remain in an undif-
ferentiating state (3). Spontaneous differentiation of ESCs
can be easily triggered by the withdrawal of LIF from the
medium culture of embryoid body (EB) in vitro (4, 5) and
monolayer cells (6). EBs can be developed by aggregation
of ESCs in suspension or hanging drops. They are rounded
and three-dimensional structures which can generate popu-
lations of cells expressing genes indicative of lineages from
all three germ layers (7). Under certain conditions, ESCs
can also differentiate into different cell types such as neural
progenitors (8), primordial germ cells (PGCs) (9), pancre-

atic linage (5) and blood cells (6). Over the past several
decades, researchers have attained significant results in de-
signing an appropriate in vitro model for the differentiation
of ESCs into GCs (10, 11). It seems that these ESC-derived
PGCs have the ability to enter meiosis as male and female
gametes. However, compared to endogenous GCs, they do
not undergo normal meiosis or become a functional gamete
(12). Defects in natural and complete meiosis are one of the
obstacles in achieving functional gametes.

In mice, over 53 genes are involved in the regulation of
cell cycle (13). In a spontaneous differentiation protocol, ex-
pression of the GC markers was demonstrated (14). With re-
gard to the literature, it can be suggested that continuing ESC
culture in monolayer system for more than 10 days would
lead to an increase in the GC marker expressions (15). In-
duced pluripotent stem cells express male GC genes during
their spontaneous differentiation through EB formation (16).
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Genetic and morphologic similarities between ESCs and
PGCs make it difficult to diagnose these two cell type dif-
ferentiations in vitro. Some specific GC markers, such as
4930432K21Rik, Mov10L1, Fkbp6 and Tex13, are expressed in
reproductive system. Despite the low expression level of these
genes in ESCs, they are highly expressed in PGCs (17). This
will facilitate tracing differentiated cells in vitro. The Moloney
leukemia virus 10-like 1 (Mov10!1) is a GC-specific autosomal
gene in the mouse spermatogonia cells (18). 4930432K21Rik
is a new gene expressed in PGCs and gametes (17). Fkbp6 is
expressed in mouse testis (19). In human, mutations of this
gene have been associated with male infertility (20). In mouse,
Texi3 is also an X-linked gene, expressed in a GC-specific
manner beginning at the spermatogonia stage (21, 22). In the
present study, we attempted to differentiate the mouse ESCs,
Oct4-GFP, into GC-like cells (GCLCs) spontaneously in two
different ways: i. Spontaneous differentiation of ESCs in mon-
olayer culture (SP) group and ii. Spontaneous differentiation
of ESCs in EB culture method as (EB+SP) group. We tried to
evaluate and compare expression level of GC specific genes in
both groups, during culture in vitro.

Materials and Methods
Animals

Eight healthy adult NMRI mice, weighting more than 30
g, were usually housed in a light cycle of 12 hours light (6:00
AM to 6:00 PM) and 12 hours dark. Mice were obtained
from the Animal Research Unit, Babol Medical University,
Babol. Animal care and handling was done based on Animal
Research Unit following the approval of Ethics Committee
(Babol Medical University, Iran MUBABOL.REC.1393.7).

Study design

In this experimental study, samples were classified to
two groups: i. Spontaneous differentiation of ESCs with-
out LIF in its feeder cells (MEF) for 14 days as a mon-
olayer culture (SP) group and ii. Spontaneous differentia-
tion of ESCs using EB method. After 3 days culture for
hanging drop and 4 days in bacterial plate, totally 7 days
known as (EB7), single EB cells were cultured for 7 more
days without LIF, totally 14 days; the latter group was
named as EB culture methods (EB+SP).

Cell culture

The utilized medium for MEF culture was a knock out-
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, UK)
containing 15% fetal bovine serum (FBS, Bio west, USA),
Pen/Str/Glu 100 U/ml , 100 mM non-essential amino acids
and 0.1 mM 2-Mercaptoethanol (all from Gibco, UK). The
applied medium for ESCs culture contain knock out-DMEM,
15% knock out-SR (Gibco, UK), Pen/Str/Glu 100 U/ml, 100
mM non-essential amino acids, 0.1 mM 2-Mercaptoethanol
and 1000 IU/ml LIF (Chemicon, UK). ESCs differentiation
and EB medium was similar to ESC medium, without LIF.

Culture of mouse embryonic fibroblast
ESCs need feeder layer for growth. We cultured E13.5

GC Genes Expression in Spontaneous Differentiation

mice in our study (23). Briefly, two female and one male
mouse were put together in the same cage to mate. The morn-
ing after mating, vaginal plugs were checked and pregnant
mice were identified (24) and scored as EQ.5. After 13 days,
pregnant mice were sacrificed to extract embryos. Embryos
were isolated and washed, and then head and liver were sep-
arated from embryo and crushed using an 18-gauge needle,
followed by culturing in MEF media. After two passages,
MEF cells were ready for inactivation using incubation with
10 pg/ml mitomycin C (Sigma, Germany) for 1.5-2 hours.
We used the cultured cells with passages 2-4, in this work.

Culture and passage of mouse embryonic stem cells

The OG2 (APE-GFP) ESC line (a kind gift from Dr.
Sabour, Max Planck institute, Germany) was used in this
study. Briefly, mouse ESC line was cultured on mitomy-
cin C-treated MEFs with 0.1% gelatin-coated 25-cm?
flasks in ESC medium. Undifferentiated ESCs were cul-
tured at 37°C, 5% CO, and 95% humidity. The medium
was renewed daily. Seven two hours after primary culture,
when the colony size was increased, cultured cells were
trypsinized and expanded at a ratio of 1:3 on fresh feeder
cells. The medium was changed every day.

Embryonic stem cells differentiation in vitro

ESC colonies were dissociated with 0.25% trypsin-EDTA
(Invitrogen, USA) (23). In order to remove MEFs from
ESCs, we used the MEF faster reattachment potential, com-
pared to ESC. After two rounds of reseeding (about 30-40
minutes), EB formation was induced with hanging drop pre-
pared with a cell suspension containing 150-200 ESCs per
25 pl of mouse EB differentiation media for 3 days. EBs
were next collected and transferred into non-attachment 10-
cm? bacterial dish for 4 additional days. EBs on seventh day
were dissociated and digested by treatment with collagenase
IV (0.01%), in order to obtain cell suspensions. The cells
were then filtered and seeded in a gelatinized dish at about
20,000 cells per cm?. EB+SP groups were fed daily with
EB medium for additional 7 days. On the other hand, single
ESCs were seeded in a gelatinized dish at about 20,000 cells
per cm?, for SP group. The cells were fed daily with ESC cell
medium without LIF, for 14 days.

Morphological evaluation

Morphological changes of differentiated cells were as-
sessed by invert microscope (Nikon, Japan) during and
after 14 days differentiation in vitro.

RNA isolation and quantitative reverse-transcription
polymerase chain reaction

Total RNA was isolated from ESCs, MEF cells, spon-
taneous differentiation of GCLCs (SP), 7 day EBs (EB7),
spontaneous differentiation after EB formation (EB+SP) of
GCLCs and somatic tissues of the testis and brain using
RNA Isolation Kit (Roche, Germany). DNase I was used
to eliminate genomic DNA contamination. RNA quality
was determined using a Nano drop 2000¢ (Thermo Scien-
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tific, USA). cDNA was prepared in a total volume of 10 pl
using a cDNA synthesis kit (TaKaRa, Japan) according to
the manufacturer’s protocol. Target gene expressions were
normalized based on the mouse housekeeping gene, Hprt.
Gene transcripts were determined using SYBR Green |
PCR Master Mix (Applied Biosystems, USA) containing
150 nmol of each forward (F) and reverse (R) primers (Ta-
ble 1). Quantitative reverse-transcription polymerase chain
reaction (QRT-PCR) analysis was performed using the ABI
7300 (Applied Biosystems). Relative quantification of
gene expression was calculated using 2*4“‘method. Three
technical replicates were used for each qRT-PCR reaction.
No template control (blank test) was served as a negative
control. In all reactions, mouse testis and brain were re-
spectively used as positive and negative controls.

Table 1: Primer sequences for quantitative reverse-transcription polymerase
chain reaction

Gene Primer sequence (5'—3") Length
(bp)
Oct4 F: TGTTCCCGTCACTGCTCTGG 82

R: TTGCCTTGGCTCACAGCATC

Syep3 F: GCAGTCTAGAATTGTTCAGAGCCAGA 75
R: TCCAAACTCTTTATGAACTGCTCGTG

Vasa F: GGAGAGAGAGCAAGCTCTTGGAGA 74
R: TGGCAGCCACTGAAGTAGCAA

Stra8 F: GACGTGGCAAGTTTCCTGGAC 81
R: TTCTGAGTTGCAGGTGGCAAA

Tex13 F: GCCACAGGAAGACCGAATGAG 156
R: TCTCTGCCTTTTCAGGGGATA

Fkbp6 F: CCCCTCATCCCGCCAAATG 163
R: TGCCAAACTCCCTCTCAGTTG

Mov10l1 F: CGCTGTGACGAGTACAGTG 155
R: CTGACAACCCTTTGCTAGAGTTT

4930432K21Rik  F: AGAGAGTCGGAAGACAGCTCA 144
R: CAGGGGGACCAGCTCTTTG

Hprt F: GTTAAGCAGTACAGCCCCAAA 140

R: AGGGCATATCCAACAACAAACTT

Immunofluorescent staining

ESCs were cultured in two wells chamber slides at the end
of previous culture step. They were fixed in 100% methanol
(chilled at -20°C) at room temperature for 5 minutes. The
cells were then heated in antigen retrieval buffer (100 mM
Tris, 5% (w/v) urea, pH=9.5) at 95°C for 10 minutes, in or-
der to obtaining optimal performance of certain antibodies.
The cells were incubated for 10 minutes in phosphate buffer
saline (PBS, Merk, USA) containing 0.1-0.25% TritonX-100
(ICN) for permeabilization. Subsequently, the cells were in-
cubated with 1% bovine serum albumin (BSA, Bio west,
USA), 22.52 mg/ml glycine in PBST (PBS+0.1% Tween
20) for 30 minutes to block non-specific binding of the anti-
bodies. The cells were then overnight incubated with diluted
Mvh primary antibody (1/100, Abcam13840, UK) in 1%
BSA in PBST, using a humidified chamber at 4°. The cells
were incubated with the secondary antibody (goat anti-rabbit
1gG-PE: sc-3739,1/100, Santacruze, USA) in 1% BSA for 1
hour at room temperature in dark place, followed by incuba-
tion with 0.1-1 pg/ml DAPI (DNA stain, Sigma, USA) for 1
minute. Cover slips were mounted with a drop of mounting
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medium. Finally, the cells were evaluated under an inverted
fluorescence microscope (Canada smart, Canada).

Immunohistological examination

After specimen preparation of testis on the slides, they
were preserved at room temperature. Slides were washed
three times in TPBS (tween PBS) for 5 minutes. It was
each time followed by immersing Triton X-100 (0.2% for
cytoplasmic antigen) for 20 minutes. Blocking was per-
formed using 10% normal serum with 1% BSA in PBST
for 2 hours at room temperature, followed by adding 1%
BSA and Mvh primary antibody (1/100) diluted in PBST
and overnight incubation at 4°C in the dark. Fluoro-
chrome-labeled secondary antibody (goat anti-rabbit [gG-
PE: sc-3739;1/100, Santacruze, USA), diluted in TPBS
containing 1% BSA, was applied to the slide and incubat-
ed for 1 hour at room temperature in dark. The coverslip
was mounted using a compatible mounting medium.

Flow-cytometry analysis

Following differentiation, the cells were fixed before intra-
cellular staining. Fixation was occurred by placing the cells
in 0.01% formaldehyde for 10-15 minutes. One hundred mi-
croliter of detergent-based permeabilizing agent Triton x100
(0.1-1% in PBS) was added and the cells were incubated in
dark at room temperature for 15 minutes. Mvh primary anti-
body (0.1-10 pg/ml) was added and the cells were incubated
for at least 30 minutes at 4°C in dark. The fluorochrome-la-
beled secondary antibody was diluted in 3% BSA/PBS at the
optimal dilution (1:100-1:400) and added to the cells. This
was followed by incubation for at least 20-30 minutes at 4°C
in the dark. The cells were suspended in ice cold PBS, 3%
BSA and 1% sodium azide. Secondary antibody IgG-PE was
detected using the FL1 channel of the FACS Calibur TM
flow-cytometer (BD Biosciences, USA) and the percentage
of positive cells was measured by the FlowJo software.

Statistics

All experiments were independently repeated at least
three times. Data are presented as mean + SD. Sta-
tistical analysis was determined using ANOVA, inde-
pendent t test. All statistical tests were performed us-
ing SPSS (Statistical Package for the Social Sciences,
version 20, SPSS Inc., USA) software. Flow cytom-
etry data were analyzed using FlowJo 7.6 software. A
P<0.05 was considered significant.

Results
Morphological evaluation

Figure 11.A-C shows ESC colonies after 48 hours culture
in vitro. Colonies were dense with distinct and tight borders,
while individual cells were not visible. Colonies did not
touch each other. Figure 1.1.D-F shows EB aggregation with
consistently round-shapes. Morphological evaluation of
these cells during culture in EB+SP group shows that those
small and single EB cells were changed into round-shapes.



Single cells in tissue culture plate attached and formed
an integrated and fabric building tightly stuck to the bot-
tom of dish. This made trypsinization process very hard
(Fig. 11ILA"-C"). We also cultured and differentiated EB
aggregation on day seven, without dissociating to the
single cell (aggregated EB), in tissue culture plate just
to look up and compare. After culture of aggregated EB
for 7 days in ESC differentiation medium, we saw loose

GC Genes Expression in Spontaneous Differentiation

cell-cell adhesions in the colonies and the cells shape
was changed to round-shape as well as single EB cells
(Fig.111.D’, E"). In SP group, ESCs colonies were also
changed to form round-shaped cells. They were slowly
separated from the colony, while clinging tightly to their
feeder layer (Fig.111.F"). Differentiated mESCs on MEFs
showed that colonies were merged and lost border integ-
rity (Fig. 11LG"-1").

Fig.1: Morphological assessment of Oct4-GFP embryonic stems cell (ESC) colonies, at day 7" of embryoid body (EB) culture (EB 7). I: A. Bright-field image of
Oct4-GFP ESC colonies growing on an embryonic fibroblast feeder layer, B. Fluorescent image of Oct4-GFP ESC colonies show Oct4 expression with green
color, C. Merged fluorescent and bright-field images of Oct4-GFP ESCs, D. Bright-field image of EB colonies after 7 days suspension culture in bacterial plate,
E. Fluorescent image of EB aggregates show Oct4 expression in green, and F. Merged fluorescent and bright-field images of EB aggregates (A-C: x10), (D-F:
x4) (scale bar: 100 um). Il. A'. Bright-field image of germ cell like cells (GCLCs) after 7 days, without feeder cells in (EB+SP) group, B'. Fluorescent image of
Oct4-GFP GCLCs show Oct4 expression with green color, C'. Merged fluorescent and bright-field image, D', E'. Bright-field image of differentiated cells after
culture of EB aggregates for 7 days, without feeder cells in ESC differentiation medium, F'. Bright-field image of ESCs colony during differentiation in SP group,
G'. Bright-field image of differentiated cells after 14 days culture of singled ESCs in SP group, H'. Fluorescent image of section G shows Oct4 expression in
green, and I'. Merged fluorescent and bright-field images of section G (A*-C", F'-H’, I: x20), (D": x10 and E": x4) (scale bar: A’-D’, F: 10 um, E", G’-I": 100 um).
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Expression of germ cell-specific genes

The expression levels of four GC-related genes
(Fkbp6, Movi0l1, 4930432K21Rik and Tex13) as well
as Oct4, Mvh, scp3, stra8 and HPRT was determined by
qRT-PCR. These findings were confirmed by determin-
ing their expression in mouse brain (as a negative con-
trol) and testis (as a positive control) somatic tissues. The
expression levels of above GC markers were compared
in the two study groups: i. SP and ii. EB+SP. Gene ex-
pression levels between different groups indicated some
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variations. qRT-PCR showed that in the both groups, ex-
pression of Mov10/1 was down-regulated and there was
no significant difference between them (P=0.3). 7ex/3
was up-regulated in both groups, but there was no sig-
nificant difference between them (P=0.3). Riken was up-
regulated in both groups and this elevation was signifi-
cantly higher in SP group compared to EB+SP (P=0.04).
Fkbp6 was down-regulated in EB+SP and up-regulated
in SP groups with no significant difference between
them (P=0.1, Fig.2).
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Fig.2: Quantitative reverse-transcription polymerase chain reaction (QRT-PCR) in embryonic stems cell (ESC)-derived cells of study groups. I: Gene expres-
sion level of specific germ cell markers (A. Fkbp6, B. Mov10l1, C. 4930432K21Rik, and D. Tex13) in ESC-derived cells of mouse embryonic fibroblast (MEF),
SP, day 7 of embryoid body (EB) culture (EB7), spontaneous differentiation after EB formation (EB+SP), brain as negative control and testis as positive
control compared to ESCs. Il: Gene expression level of A'. Mvh, B'. Scp3, C'. Stra8, and D'. Oct4 in ESC-derived cells of MEF, SP, day 7 of EB culture (EB7),
spontaneous differentiation after EB formation (EB+SP), brain as negative control and testis as positive control compared to ESCs. Values are mean * SD.
*; P<0.05, *; P<0.01, ; P<0.001. The amount of the undifferentiated mESC is normalized to 1.
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Vasa and Scp3 were up-regulated in both groups, while
it was increased with significant difference in SP group,
compared to EB+SP (P=0.00 and P=0.01, respectively).
Additionally Oct4 in both groups and Stra8 in EB+SP
group were decreased, while no significant difference was
observed between them (P=0.1 and P=0.1, respectively).
Oct4 level was down-regulated in all study groups, com-
pared to ESCs (P<0.05, Fig.3A).

Four  GC-specific  genes  (Fkbp6, Movi0ll,
4930432K21Rik, and Tex13) were analyzed in differenti-
ated cells. All GC-specific genes (except MovI0ll) were
expressed at moderate levels in SP group and they had
no or low expression level in EB+SP groups. Fkbp6,
Movl10ll, Tex13 and 4930432K21Rik were expressed at
moderate-to-high levels in adult testis. In addition, Fkbp6,
Movl10l1, 4930432K21Rik and Tex13 exhibited very low
or no expression in brain tissues (Fig.3B).
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Fig.3: Comparison of meiotic marker gene expression levels. A. Graph
shows expression level of Fkbp6, Mov10I/1, 4930432K21Rik, Tex13, Mvh,
Scp3, and Stra8 in SP and embryoid body (EB) EB+SP groups. The amount
of the undifferentiated mouse embryonic stems cell (ESC) mESC is normal-
ized tol and B. Graph shows expression of germ-cell genes during ESCs
differentiation. RNA was isolated from mouse embryonic fibroblast (MEF),
SP, EB7, EB+SP cells, brain and adult testis tissues as well as ESCs, for
Quantitative reverse-transcription polymerase chain reaction (gQRT-PCR).
Values are mean + SD. *; P<0.05 and **"; P<0.001.

It was found that 4930432K21Rik was expressed in higher
level than other genes in SP group. It was approximately
617-fold higher than that of MovI0L1, 3.4- fold higher than
that of 7ex/3 and 2.4-fold higher than that of Fkbp6 in SP
group. However, in EB+SP group, 7ex/3 was expressed in

GC Genes Expression in Spontaneous Differentiation

higher level than other genes. It was approximately 39.2-fold
higher than that of MovIOLI, 6.8- fold higher than that of
4930432K21Rik, and 39.2-fold higher than that of Fkbp6.

Immunostaning

To show the expression of Mvh (Vasa, Ddx4) protein, as
a GC marker, in differentiated cells and testis tissue (posi-
tive control), primary and secondary antibodies staining was
performed. Fluorescent microscope analysis showed posi-
tive red color due to the expression of Mvh protein. The nu-
cleus of defined GCLC round cells were counterstained with
DAPI. We observed these round-shaped cells were red, indi-
cating expression of Vasa protein. This coloration in the cells
of SP group was greater than that of EB+SP group (Fig.4).

A

Fig.4: Cytoplasmic protein expression analysis of Mvh in embryonic
stems cell (ESC)-derived differentiated cells and mouse adult testis,
using immunofluorescent staining. A. Image shows that nuclei were
stained with DAPI (in blue), B. Oct4-GFP expression (in green), C.
Anti-Mvh antibody as a germ cell (GC) marker (in red) (scale bar: 10
pum), D. Image shows section of mouse adult testis in bright-field, E.
Anti-Mvh antibody as a GC marker (in red), and F. When the light of
the microscope is off and the fluorescent light is on (in dark) (scale
bar: 100 um).

Flowcytometry

Since qRT-PCR showed that the expression of GC
markers were enhanced in differentiated cells, we inves-
tigated the protein expression of Mvh by flow-cytometer.
Mean fluorescent intensity (MFI) of the cells showed sig-
nificantly higher Mvh positive cells in the SP group (87.2
+ 2.61) compared to undifferentiated ESC (71 £ 3.02)
and EB+SP (75.74 £+ 3.90) groups (P=0.00 and P=0.01,
respectively). However, compared to EB7 group (82 +
2.61), Mvh increased MFI of the cells was not significant-
ly different (P=0.3, Fig.5).
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Fig.5: Flow-cytometer analysis for the expression level of Mvh in study groups. Expression level in undifferentiated embryonic stems cell (ESC), spon-
taneous differentiation of ESCs in monolayer culture (SP), day 7 of embryoid body (EB) culture (EB7), spontaneous differentiation of ESCs in EB culture

method (EB+SP).

Discussion

In this study, morphological evaluation showed that
stem cell colony formed round-shaped cells, tightly stick-
ing to the bottom of dish, as with Nagai et al. (25) re-
port indicating that PGCs have round-oval shapes with
large size and large nucleus. In this study, GC specific
genes (Fkbp6, Movli0l1, 4930432K21Rik and Texl3)
displayed different levels of gene expression in GCLCs
(both groups), somatic tissues and ESCs. Expression of
specific GC markers, with no or low level in ESCs, can
appropriately facilitate recognition of differentiated cells
in vitro. This study showed that expression of the GC
genes in SP group (monolayer) were more than EB+SP
(EB system). In terms of gene expression patterns, mon-
olayer culture condition was suggested to be superior to
the EB culture system (26). Monolayer culture system
was also suggested as a more appropriate protocol to pro-
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mote female GC (23) and neural differentiations (8). On
the other hand, Talaei-Khozani et al. (27) showed that in
spontaneous differentiation, when no growth factors were
used, the expression of meiosis markers in EB method
were greater than monolayer culture system. The expres-
sion of Movi0ll gene was decreased in SP and EB+SP
groups. There was no significant difference between ex-
pression levels of these two groups. Expression of this
gene was increased in the leptotene and zygotene stages
of meiosis and decreased at the end of meiosis (28). After
21 postnatal days (dpp), this gene transcription frequency
was continuously reduced, coinciding with the emergence
of the first generation of rounded spermatozoa (29).

Results of this study showed that 7ex/3 was expressed
in GCLCs of SP and EB+SP groups. This gene was ex-
pressed in the embryo of 12.5 dpp male mice, as well as
the testicular tissue and sperm cells (17). Tex/3 is an X-



link gene expressed in the early stages of spermatocyte,
during the leptotene and zygotene stages of meiosis (28).
However, it appears to undergo translational suppression
before late meiosis. Our results showed that Fkbp6 was
expressed in GCLCs of SP, but not EB+SP group. Mouse
Fkbp6 is not involved in the initiation of synapsis. It plays
role in monitoring progression and/or maintaining synap-
sis between homologous pairs (30). However, deficient
Fkbp6 male mice were completely sterile and they had
abnormal pachytene spermatocytes which failed to pro-
ceed beyond the pachytene stage (31).

In this study, 4930432K21Rik expression level was el-
evated in both groups, while the level of expression was
not significantly different compared to EB+SP group. It
is worthy to note that expression of this gene was high-
er than the other three above genes. 4930432K21Rik is
a new gene with unknown function expressed in PGCs
and gametes of mouse embryos (17). Expression level of
Mvh, as a sex-linked gene, in SP cells was significantly
increased in comparison with EB+SP cells. The expres-
sion of this gene was increased with the onset of meiosis
and remained high up to the end of spermatogenesis (28).
Absence of Mvh results in the arrest of zygotene stage
in male gametes (32). Analysis of Mvh expression at the
protein level, using flow-cytometer, showed a greater in-
crease in the SP group rather than other groups, confirm-
ing the findings obtained from RT-PCR. Mvh is a cyto-
plasmic protein and product of the Vasa homolog gene,
induced by somatic cell of the genital crest, and it remains
until formation of the post meiotic GCs. Hence, mutation
in this gene leads to defect in proliferation and differentia-
tion of PGCs (33).

The current study demonstrated down-regulation of
Oct4 in all of the studied groups, compared to ESCs.
Oct4 is a well-known factor, which plays major role in
pluripotency maintenance of ESCs. Oct4 begin to show
high expression level in the inner cell mass, but its level
is decreased as the cells enter to epiblast stag. Oct4 ex-
pression level of GCs in vivo is high until E13.5. Then, it
is decreased in the zygote/pachytene stages of first meio-
sis around E16.5 (34). In this study, expression level of
Sycp3 was obviously higher in the SP, rather than other
groups. This gene is essential for synaptoneal complexes,
chromosomal synapse and male fertility (35). The chro-
mosomes lacking this gene are not able to form synaptic
complexes (34). This event caused Sycp3” mice to stop
development at zygote stage (36). Our findings showed
that expression of Stra8 gene was slightly increased in the
SP group and decreased in the EB+SP group. Male and fe-
male mice that do not express Strad are infertile (37). Ex-
pression of this gene is initially determined in immature
testis as well as GCs with mitotic activity after birth, and
then its expression is increased in undifferentiated GCs of
adult testis (38).

Our result showed that after terminating culture,
mESCs were differentiated and changed into the round-
shape cells with relatively large and distinct nuclei. In this
study, some GC gene expression and meiosis marker were
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increased in both groups. The level of GCs-specific gene
expressions in SP group was higher than EB+SP group.
Oct4 and Mov10l1 were down-regulated and Tex!3, Rik-
en, Fkbpo6, Vasa, Stra8 and Scp3 were up-regulated in the
SP group after differentiation. Furthermore, expression
levels of Mov1011, Fkbp6, Oct4 and Stra8 were down-
regulated in EB+SP group, while 7ex!3, Riken, Vasa and
Sycp3 were up-regulated. On the other hand, findings ob-
tained from flow-cytometry indicated that SP group cells
had more MFI in Vasa protein than EB+SP group cells.

Conclusion

Oct4 down-regulation, as a pluripotency factor, and
expression of meiosis markers indicated that ESCs were
successfully differentiated into GCLCs in both groups.
Evaluation of gene expression patterns in both groups
demonstrated that monolayer culture was more efficient
to produce GCLCs, in compression with EB methods.
Further recruitment of culture conditions and optimiza-
tion will still be needed for successful and high quality
GCs differentiation in vitro.
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Abstract
Background: The present study was designed to evaluate serum lipid profile and tumor necrosis factor-alpha (TNF-a)
level in diabetic rats at implantation time. Type 2 diabetes mellitus (T2DM) could affect various systems, including
innate immune system and it causes chronic low-grade inflammation, increasing level of TNF-a. Furthermore, T2DM
is often accompanied by impaired lipid profile. Metformin and pioglitazone are used as the first and second lines of
treatment for T2DM.

Materials and Methods: In this experimental study, 35 adult virgin female wistar rats, weighting 175-225 g, were
randomly categorized into five groups: i. Control, ii. Sham, iii. Nicotinamide (NA)+streptozotocin (STZ) induced
T2DM, iv. Diabetic+pioglitazone (20 mg/kg/day for 28 days oral administration), and v. Diabetict+metformin (100
mg/kg/day for 28 days oral administration). At the time of implantation, TNF-a level in serum of rats was measured
by ELISA kit. Glucose was measured using photometric method and lipid profiles were calculated by enzymatic
methods.

Results: Level of TNF-a in the diabetic group was significantly higher than other groups (P<0.001). In metformin
treated group, TNF-a serum level was also significantly higher than pioglitazone treated group (P<0.001). Fasting
blood sugar (FBS) and lipid profiles were significantly higher in diabetic group.

Conclusion: Metformin and pioglitazone have similar effects on glucose, lipid profiles and TNF-a serum levels.
Among these drugs, pioglitazone has more efficient influence on TNF-a serum level, in comparison with metformin.

Keywords: Diabetes Mellitus, Embryo Implantation, Metformin, Pioglitazone, Tumor Necrosis Factor-Alpha
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Introduction

Type 2 diabetes mellitus (T2DM), especially while it is
not well controlled, can affect various systems including
the innate immune system, and cause chronic low-grade
inflammation in the body (1, 2). In addition, diabetes also
affects the functions of female reproductive system and
occurrence of subfertility (3) or fetal loss after implanta-
tion in diabetic women is more than healthy individuals
(4). Different functions of female reproductive system,
such as the menstruation, pregnancy, ovulation and im-
plantation, are affected by several hormones and various
inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a), interleukin-6 (IL-6) and IL-1 (5).

Studies suggest that hormone-based disorders and high
levels of inflammatory cytokines can lead to interruptions
in the immune-endocrine cross talk within endometrium,
myometrium and blastocyst that could interferes troph-
oblast and decidua interaction during pregnancy (6, 7).
Furthermore, increased TNF-a production is related to
infertility and recurrent spontaneous abortion, but the is-
sue is open to further discuss (8). Localized inflammation
improves the implantation outcomes and it has positive
relationship with cytokine expressions, such as TNF-a, in
endometrial biopsies (9, 10). Therefore, optimal expres-
sion of TNF-a could be useful during pre-implantation
and implantation periods (11).
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Up to now, several drugs are available for the treatment
of T2DM, through which, biguanides (metformin) and
thiazolidinedione (pioglitazone) were used in this study.
Metformin is used as the first line treatment to reduce se-
rum level of glucose in diabetic patients (12). It has been
reported that the aforementioned drug plays a crucial role
in modulating inflammatory cytokine levels and lipid pro-
file (13, 14).

Pioglitazone is a member of the thiazolidinedione family
which binds to the peroxisome proliferator-activated re-
ceptor gamma (PPAR-y), increasing insulin sensitivity, im-
proving lipid profile in serum and regulating blood pressure
(15). Pioglitazone also reduces TNF-a level in serum (16).

Therefore, the aim of this study was to determine TNF-a
levels and lipid profile in serum of diabetic rat models
after treatment with metformin and pioglitazone during
embryo implantation window period.

Materials and Methods
Animal maintenance

This study was an experimental study on diabetic rat
models, conducted at the central laboratory of Isfahan
University of Medical Sciences (Isfahan, Iran) in 2018.
All experimental procedures were approved by Isfahan
University of Medical Sciences Animal Ethical Com-
mittee (code number IR.MUI. REC.1394.1.184.). Adult
virgin female Wistar rats, weighting 175-225 g and aged
6-8 weeks, were purchased from Pasteur Institute of Iran
(Tehran, Iran), maintained in conventional wire mesh cag-
es at room temperature regulated at 21 = 1°C, humidity
45-50%, and 12 hours light/dark cycle, while they were
accessed to standard dry pellets and water.

Induction of diabetes

Nicotinamide (NA) and streptozotocin (STZ, both from
Sigma-Aldrich, Germany) were used to induce T2DM in
animals. First, NA with 200-230 mg/kg dose was injected
intraperitoneally (IP). After 15 minutes, STZ was IP injected
with dose of 60 mg/kg (17). Three days after T2DM induc-
tion, blood samples were taken to measure blood glucose in
animals using a glucometer (HemoCue Glucose 201+, Swe-
den). If fasting blood sugar (FBS) level was higher than 250
mg/dl, it was considered as diabetic rat (18).

Study design and serum collection

Thirty-five rats were randomly divided into five groups
as follows, existing seven rats in each group. Control
group, sham group that received just normal saline us-
ing IP injection, STZ+NA-induced diabetic group without
any treatment (FBS >250 mg/dl), diabetic groups which
received pioglitazone 20 mg/kg/day for 28 days by oro-
gastric gavage (19) and the last group was diabetic rats
which received metformin 100 mg/kg/day for 28 days by
orogastric gavage (20).

Animals were maintained in diabetic condition for four
weeks and then drug therapy was started for the next 4 weeks
as shown in Figure 1. FBS levels were measured every 4
days by glucometer (HemoCue Glucose 201+, Sweden) and
droplet samples were collected from dorsal vein of tail.

In the 4™ week, twenty-four days after administration of
metformin or pioglitazone, two females and one male rat,
in all groups, were placed in the separate cages for mating.
The next day, the female rats were checked for the presence
or absence of vaginal plugs. Presence of the vaginal plug
revealed the first day of pregnancy and the time of implan-
tation window was considered 4 days after that (21), which
means 28" day after beginning of the treatment. Four weeks
after treatment with metformin or pioglitazone, at the time
of blastocyst implantation in rats, animals were fasted over-
night and sacrificed by injection of ketamine hydrochloride
(50 mg/kg) and xylazine hydrochloride (7 mg/ kg) (IP).
Blood samples were taken by cardiac puncture then placed
in tubes at room temperature for 30 minutes and allowed
to get clotted. Aforementioned samples were centrifuged at
3000 rpm for 10 minutes. Serum was removed and stored
at -20 °C until biochemical analysis.

Determination of TNF-q, lipid profile and glucose

Serum level of TNF-a was measured by enzyme-linked
immunosorbent assay (ELISA) using readymade kit rea-
gents supplied by Eastbiopharm, China (22). Serum glu-
cose level was measured using photometric method and
lipid profiles, including triglyceride (TG), cholesterol
(Chol), low density lipoprotein (LDL) and high density li-
poprotein (HDL) were calculated by enzymatic methods.
Measurements were performed by 14000 auto-analyzer
(Toshiba, Japan) using manual colorimetric method (23).

Induction of diabetes Initiation of treatment Mating Sampling
| 4 4 4 '} 'y 'y 'y * |
0 iw 2w 3w 4w 5w 6W 7W 8w
Diabetic condition without treatment Treatment

Fig.1: The study was designed for 8 weeks, at the end of week 4, after induction of diabetes, administration of drugs were started. Mating was occurred

at the 8" week and sampling was performed 4 days later.
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Statistical analysis

Statistical analyses were performed using SPSS version
20.0 (SPSS Inc., USA). The differences were compared
using one-way analysis of variance (ANOVA), follow-
ing Tukey post hoc test for TNF-a and lipid profiles in
all groups. P<0.05 was statistically considered significant
difference.

Results

Pioglitazone and metformin decreased glucose level in
the treated rats

Glucose levels were measured every 4 days, in all
groups, until 28" day. As Figure 2 illustrates, both of pi-
oglitazone and metformin regulated blood glucose level
after 8 days administration. On the twelfth day, blood glu-
cose reached to normal level and there was no significant
difference between normal control group compared to pi-
oglitazone treated group (P=0.103) and metformin treated
group (P=0.105).

Serum glucose levels were significantly higher
(P=0.000) in the diabetic group than others control and
treatment groups (Fig.3). As shown in Figure 3, met-
formin and pioglitazone reduced blood glucose levels;
so that, there was no significant difference in blood
glucose levels between the treated groups compared to
normal control group (P=0.363 and P=0.410, respec-
tively). Furthermore, there was no significant differ-
ence in blood glucose levels between these two treated
groups (P=0.910).

TNF-a and Lipid Profile during Implantation Window

Pioglitazone and metformin decreased lipid profiles

Based on our statistical analysis performed on li-
pid profiles at the end of study, the diabetic group
had higher serum TG (P=0.000), Chol (P=0.000),
HDL (P=0.000) and LDL (P=0.000) levels than the
control, sham and treated groups (Fig.4). There
was no considerable difference in lipid profiles,
including TG (P=0.643), Chol (P=0.597), HDL
(P=0.571), LDL (P=0.281), between two treated
groups.

Increased TNF-a in the diabetic group and decreased
TNF-a after treatment

Measurement of TNF-a showed that there was no
significant difference between sham and control
groups (P=0.335). In addition, there is no significant
difference between pioglitazone and sham treated
groups (P=0.075). However, our results revealed a
meaningful difference between pioglitazone and the
control group (P=0.008), because TNF-a level in
sham group is higher than control, despite not be-
ing statistically significant (P=0.335). Based on the
ELISA outcomes of TNF-a levels, there was a signif-
icant difference between the diabetic group and all
of the other studied groups (Fig.5). Moreover, there
was a significant difference between the two treated
groups with pioglitazone and metformin (P=0.000),
and the level of TNF-a in the pioglitazone treated
group was significantly lower than the metformin
treated group.
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e=C==Diabetic
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Fig.2: Effects of pioglitazone and metformin on blood glucose level compared to STZ+NA induced diabetic rat models during 4 weeks treatment. FBS was
measured every 4 days, during 4 weeks treatment. All values were presented as mean * standard error mean (mean + SEM) and there are seven rats in
each group. STZ; Streptozotocin, NA; Nicotinamide, and FBS; Fasting blood sugar.
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Fig.3: Effects of pioglitazone and metformin, at the time of blastocyst im-
plantation on serum glucose level of rats, compared to STZ+NA induced
diabetic rat models at the 28" day of treatment. All values are presented as
mean * SEM. Significant differences in FBS level between diabetic group and
all of the other groups were observed (P<0.001). *; Shows significant differ-
ence, STZ; Streptozotocin, NA; Nicotinamide, and FBS; Fasting blood sugar.
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Fig.4: Effect of pioglitazone and metformin, at the time of blastocyst im-
plantation, on lipid profiles in serum of diabetic rats in all five groups. Data
are represented as mean + SEM. *; P<0.05 vs. control. Lipid profile levels
include: TG, Chol, LDL and HDL, measured in 28" day after initiation of treat-
ment. *; Shows significant difference in lipid profile level between diabetic
group and all of the other groups (P<0.001), TG; Triglyceride, Chol; Choles-
terol, HDL; High density lipoprotein, and LDL; Low density lipoprotein.
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Fig.5: TNF-a serum concentration of T2DM rats treated with metformin
and pioglitazone, 4 weeks after treatment. Pioglitazone and metformin
significantly decreased TNF-a level compared to diabetic group (P<0.001).
A significant difference between treated pioglitazone and metformin was
observed (P<0.001). *; Shows significant difference in TNF-a serum levels,
TNF-a; Tumor necrosis factor-alpha, and T2DM; Type 2 diabetes mellitus.

Discussion

Diabetes mellitus, as a long term metabolic perturba-
tion, could lead to reduction of life quality in the affected
population as well as increases morbidity, mortality and
complications in patients (24). Statistics indicated that
global outbreak of the diabetes mellitus is increasing and
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is going to be a serious problem in the health care debates
around the world (25).

According to our study, at the time of rat blastocyst im-
plantation, day 4 of post-coitum, serum glucose level in
diabetic group was higher and as expected, significantly
different from all other groups. In addition, significant
differences were again observed in lipid profile between
diabetic group and the other four groups. After 28 days
treatment by metformin and pioglitazone, serum glucose
level was normalized in the treated groups. Along with
the improvement of blood glucose levels, both drugs had
an appropriate impression on lipid profiles (i.e. the levels
of TG, Chol, LDL and HDL). Our study revealed that TG,
Chol, LDL and HDL levels were significantly raised in
the diabetic group. Regarding the literature reviews, HDL
should be reduced in T2DM (26-28).

Considering the impression of changes in female hor-
mones, especially estrogen, through pregnancy -from im-
plantation to child birth- HDL level was increased (29-
31). On the other hand, in early stage of T2DM, HDL
serum level is significantly higher than control group (32,
33). Lawrence et al. (26) performed a study on diabetic
patients and compared the effect of metformin, pioglita-
zone and gliclazide on lipid profile. They concluded that
there is no significant difference in lipid profile before and
after administration of these drugs. With regards to ad-
ministration of pioglitazone in diabetic patients, Agham-
ohammadzadeh et al. (28) mentioned that pioglitazone
down-regulates FBS, hemoglobin A1C (HbAlc) and TG
levels significantly, but no significant reduction was ob-
served in cholesterol, LDL and HDL levels. These results
were not in accordance with our findings. It seems that
performing these human studies, without considering life
styles, were probably the cause of controversy in varia-
tion of lipid profile outcomes. Exercise, individual diet
and BMI in each patient could lead to bias in the study. On
the other hand in animal experiments, the confounding
factors, such as age, sex, exercise and dietary programs,
weight, circadian cycle and etc., were taken under precise
controlled condition (34).

The other objective, in our study, was to compare the ef-
fects of metformin and pioglitazone on the serum level of
TNF-0, as a member of pre-inflammatory cytokine fam-
ily. T2DM, as an inflammatory condition, could elevate
various inflammatory serum cytokines, such as TNF-q,
which increase the subsequent complications of this dis-
ease (7). The pathogenesis of 10-20% of infertile cases is
related to higher level of serum immunological factors,
compared to fertile individuals (35). IL-2 and TNF-a cy-
tokine increases could have negative impression on suc-
cessful pregnancy. When these two cytokines were inject-
ed into pregnant mice, the carriages were terminated (36).
However, cytokines also exert beneficial effects on preg-
nancy, including resistance to intrauterine infections and
important roles in angiogenesis and tissue regeneration
(37). Therefore, to achieve normal and healthy pregnancy,
appropriate and adequate presence of pre-inflammatory



cytokines in the endometrium has high necessity.

In our present study, level of TNF-a was raised in the
serum of diabetic rat model at the time of implantation
window, while this level was reduced in rats treated with
any of both drugs. Interestingly, our study revealed that
the influence of pioglitazone on TNF-a level was signifi-
cantly more efficient than metformin.

Pioglitazone can reduce serum TNF-a level by several
mechanisms, including inhibition of TNF-a production
from macrophages (38), suppression of TNF-a mRNA
expression from subcutaneous adipose tissue (16), reduc-
tion of the number of CD3+ T lymphocytes in diabetic
rats, producing higher levels of TNF-a and IL-18 (39).

Embryo implantation is a multifactorial phenomenon
which involves precise molecular programming. Accurate
duration of existence and efficient levels of the molecu-
lar elements depends on healthy and normal metabolism.
Diabetes mellitus, as one of the most common metabolic
disorders, makes deep disturbances in the levels of mo-
lecular production and the period of their presence (40).
Therefore, there is an important necessity to pay attention
to underlying metabolic diseases and their effects on the
fate of natural and assisted pregnancies.

Conclusion

In this study, at the time of implantation window (i.e.
blastocyst-endometrium dialog period), T2DM increases
glucose and lipid profile as well as the serum level of
TNF-a. Regulation of these parameters was observed af-
ter administration of each of metformin and pioglitazone.
Additionally, our study reveals that pioglitazone has sig-
nificantly more efficient influence on TNF-a serum level
in comparison with metformin.

Acknowledgements

The authors express their gratitude to Isfahan Univer-
sity of Medical Sciences for its financial support by pro-
ject number 194184, There is no conflict of interest in this
article.

Authors' Contributions

R.A., P.N. A.B.; Participated in study design, data collec-
tion and evaluation, drafting and statistical analysis. N.E.;
Performed ELISA method. S.S.A; Helped in sample col-
lection. F.S.M., M.M.; Contributed in interpretation of data
and conclusion. All authors performed editing and approv-
ing the final version of this manuscript for submission, in
addition to participation in preparation of the final draft.

References

1. Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link be-
tween insulin resistance, obesity and diabetes. Trends Immunol.
2004; 25(1): 4-7.

2. Dennis RJ, Maldonado D, Rojas MX, Aschner P, Rondén M, Charry
L, et al. Inadequate glucose control in type 2 diabetes is associated
with impaired lung function and systemic inflammation: a cross-
sectional study. BMC Pulm Med. 2010; 10: 38.

3.  Amaral S, Oliveira PJ, Ramalho-Santos J. Diabetes and the im-

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

152

TNF-a and Lipid Profile during Implantation Window

pairment of reproductive function: possible role of mitochondria
and reactive oxygen species. Curr Diabetes Rev. 2008; 4(1): 46-
54.

Platt MJ, Stanisstreet M, Casson IF, Howard CV, Walkinshaw S,
Pennycook S, et al. St Vincent's Declaration 10 years on: out-
comes of diabetic pregnancies. Diabet Med. 2002; 19(3): 216-220.
Vannuccini S, Clifton VL, Fraser IS, Taylor HS, Critchley H, Giudice
LC, et al. Infertility and reproductive disorders: impact of hormonal
and inflammatory mechanisms on pregnancy outcome. Hum Re-
prod Update. 2015; 22(1): 104-115.

Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta
S. The effects of oxidative stress on female reproduction: a review.
Reprod Biol Endocrinol. 2012; 10: 49.

Blank V, Hirsch E, Challis JR, Romero R, Lye SJ. Cytokine signal-
ing, inflammation, innate immunity and preterm labour—a workshop
report. Placenta. 2008; 29 Suppl A: S102-S104.

Reid JG, Simpson NA, Walker RG, Economidou O, Shillito J, Gooi
HC, etal. The carriage of pro-inflammatory cytokine gene polymor-
phisms in recurrent pregnancy loss. Am J Reprod Immunol. 2001;
45(1): 35-40.

Gnainsky Y, Granot |, Aldo PB, Barash A, Or Y, Schechtman E, et
al. Local injury of the endometrium induces an inflammatory re-
sponse that promotes successful implantation. Fertil Steril. 2010;
94(6): 2030-2036.

Chaouat G, Dubanchet S, Ledée N. Cytokines: important for im-
plantation? J Assist Reprod Genet. 2007; 24(11): 491-505.

Haider S, Kndéfler M. Human tumour necrosis factor: physiologi-
cal and pathological roles in placenta and endometrium. Placenta.
2009; 30(2): 111-123.

Evans JM, Ogston SA, Emslie-Smith A, Morris AD. Risk of mor-
tality and adverse cardiovascular outcomes in type 2 diabetes: a
comparison of patients treated with sulfonylureas and metformin.
Diabetologia. 2006; 49(5): 930-936.

Kim J, Kwak HJ, Cha JY, Jeong YS, Rhee SD, Kim KR, et al. Met-
formin suppresses lipopolysaccharide (LPS)-induced inflammatory
response in murine macrophages via activating transcription fac-
tor-3 (ATF-3) induction. J Biol Chem. 2014; 289(33): 23246-2355.
Rojas LB, Gomes MB. Metformin: an old but still the best treatment
for type 2 diabetes. Diabetol Metab Syndr. 2013; 5(1): 6.

Kavitha K, Reddy AG, Reddy KK, Kumar CS, Boobalan G, Jaya-
kanth K. Hypoglycemic, hypolipidemic and antioxidant effects of
pioglitazone, insulin and synbiotic in diabetic rats. Vet World. 2016;
9(2): 118-122.

Wu ZH, Zhao SP, Chu LX, Ye HJ. Pioglitazone reduces tumor ne-
crosis factor-alpha serum concentration and mRNA expression of
adipose tissue in hypercholesterolemic rabbits. Int J Cardiol. 2010;
138(2): 151-156.

Ghasemi A, Khalifi S, Jedi S. Streptozotocin-nicotinamide-induced
rat model of type 2 diabetes (review). Acta Physiol Hung. 2014;
101(4): 408-420.

Zabihi S, Wentzel P, Eriksson UJ. Altered uterine perfusion is in-
volved in fetal outcome of diabetic rats. Placenta. 2008; 29(5): 413-
421.

Eissa LA, Abdel-Rahman N, Eraky SM. Effects of omega-3 fatty
acids and pioglitazone combination on insulin resistance through
fibroblast growth factor 21 in type 2 diabetes mellitus. Egypt J Ba-
sic Applied Sci. 2015; 2(2): 75-86.

Gales C, Zamfir C, Radulescu D, Stoica B, Nechifor M. Protective
effect of magnesium and metformin on endometrium and ovary in
experimental diabetes mellitus. Magnes Res. 2014; 27(2): 69-76.
Aplin JD, Kimber SJ. Trophoblast-uterine interactions at implanta-
tion. Reprod Biol Endocrinol. 2004; 2: 48.

Margoni A, Perrea DN, Vlachos |, Prokopaki G, Pantopoulou A, Fo-
tis L, et al. Serum leptin, adiponectin and tumor necrosis factor-a in
hyperlipidemic rats with/without concomitant diabetes mellitus. Mol
Med. 2011; 17(1-2): 36-40.

Saeedi Borujeni MJ, Esfandiary E, Ghanadian M, Valiani A, Bara-
daran A, Yazdani A. Alterations in lipid peroxidation, lipid profile,
insulin sensitivity, and hepatic histopathological changes in dia-
betic rats following the treatment with Salvadora persica. J Cell
Biochem. 2018; (Ahead of print).

Association AD. Diagnosis and classification of diabetes mellitus.
Diabetes Care. 2014; 37 (Suppl 1): S81-S90.

Lam DW, LeRoith D. The worldwide diabetes epidemic. Curr Opin
Endocrinol Diabetes Obes. 2012; 19(2): 93-96.

Lawrence JM, Reid J, Taylor GJ, Stirling C, Reckless JP. Favora-
ble effects of pioglitazone and metformin compared with gliclazide
on lipoprotein subfractions in overweight patients with early type 2
diabetes. Diabetes Care. 2004; 27(1): 41-46.

Int J Fertil Steril, Vol 13, No 2, July-September 2019



Bakhteyari et al.

27.

28.

29.

30.

31.

32.

33.

34.

Int J Fertil Steril, Vol 13, No 2, July-September 2019

Lee YK, Song SO, Kim KJ, Cho Y, Choi Y, Yun Y, et al. Glycemic
effectiveness of metformin-based dual-combination therapies with
sulphonylurea, pioglitazone, or dpp4-inhibitor in drug-naive Korean
type 2 diabetic patients. Diabetes Metab J. 2013; 37(6): 465-474.
Aghamohammadzadeh N, Niafar M, Dalir Abdolahinia E, Na-
jafipour F, Mohamadzadeh Gharebaghi S, Adabi K, et al. The effect
of pioglitazone on weight, lipid profile and liver enzymes in type 2
diabetic patients. Ther Adv Endocrinol Metab. 2015; 6(2): 56-60.
Mesali¢ L, Tupkovi¢ E, Kendi¢ S, Bali¢ D. Correlation between hor-
monal and lipid status in women in menopause. Bosn J Basic Med
Sci. 2008; 8(2): 188-192.

Moorthy K, Yadav UC, Mantha AK, Cowsik SM, Sharma D, Basir
SF, et al. Estradiol and progesterone treatments change the lipid
profile in naturally menopausal rats from different age groups. Bi-
ogerontology. 2004; 5(6): 411-419.

Parchwani D, Patel D. Status of lipid profile in pregnancy. Natl J
Med Res. 2011; 1(1): 10-12.

Ghadge A, Harsulkar A, Karandikar M, Pandit V, Kuvalekar A.
Comparative anti-inflammatory and lipid-normalizing effects of
metformin and omega-3 fatty acids through modulation of tran-
scription factors in diabetic rats. Genes Nutr. 2016; 11: 10.

Bako H, Mohammad JS, Wazir PM, Bulus T, Gwarzo MY, Zubairu
MM. Lipid profile of alloxan-induced diabetic wistar rats treated with
methanolic extract of adansonia digitata fruit pulp. Science World
Journal. 2014; 9(2): 19-24.

Chen L, Pei JH, Kuang J, Chen HM, Chen Z, Li ZW, et al. Effect

153

35.

36.

37.

38.

39.

40.

of lifestyle intervention in patients with type 2 diabetes: a meta-
analysis. Metabolism. 2015; 64(2): 338-347.

An LF, Zhang XH, Sun XT, Zhao LH, Li S, Wang WH. Unexplained
infertility patients have increased serum IL-2, IL-4, IL-6, IL-8, IL-21,
TNFa, IFNy and increased Tfh/CD4 T cell ratio: increased Tfh and
IL-21 strongly correlate with presence of autoantibodies. Immunol
Invest. 2015; 44(2): 164-173.

Ozkan ZS, Deveci D, Kumbak B, Simsek M, llhan F, Sekercioglu S, et
al. What is the impact of Th1/Th2 ratio, SOCS3, IL17, and IL35 levels
in unexplained infertility? J Reprod Immunol. 2014; 103: 53-58.
Chaouat G, Ledée-Bataille N, Dubanchet S, Zourbas S, Sandra
O, Martal J. TH1/TH2 paradigm in pregnancy: paradigm lost? Cy-
tokines in pregnancy/early abortion: reexamining the TH1/TH2
paradigm. Int Arch Allergy Immunol. 2004; 134(2): 93-119.
Uchimura K, Nakamuta M, Enjoji M, Irie T, Sugimoto R, Muta T, et
al. Activation of retinoic X receptor and peroxisome proliferator—ac-
tivated receptor-y inhibits nitric oxide and tumor necrosis factor-al-
pha production in rat Kupffer cells. Hepatology. 2001; 33(1): 91-99.
Gao BT, Lee RP, Jiang Y, Steinle JJ, Morales-Tirado VM. Piogl-
itazone alters monocyte populations and stimulates recent thymic
emigrants in the BBDZR/Wor type 2 diabetes rat model. Diabetol
Metab Syndr. 2015; 7: 72.

Albaghdadi AJ, Kan FW. Endometrial receptivity defects and im-
paired implantation in diabetic NOD mice. Biol Reprod. 2012;
87(2): 30




Original Article

The Effect of Diazinon on Cell Proliferation and Apoptosis in
Testicular Tissue of Rats and The Protective Effect of Vitamin E

Fatemeh Rahimi Anbarkeh, M.Sc.!, Mohammad Reza Nikravesh, Ph.D."*, Mehdi Jalali, Ph.D.?,
Hamid Reza Sadeghnia, Ph.D.2, Zinat Sargazi, M.Sc.®

1. Department of Anatomy and Cell Biology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
2. Department of Pharmacology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
3. Research Center for Neuroscience, Torbat Heydariyeh University of Medical Sciences, Torbat Heydariyeh, Iran

Abstract
Background: Diazinon (DZN) is an organophosphate pesticide, and nowadays this pesticide is mostly used in agri-
culture. In this study, we analyzed the effects of DZN and vitamin E (Vit E) on apoptosis and the proliferation of germ
cells in rat testis.

Materials and Methods: In this experimental study, 30 male Wistar rats were divided into five groups (n=6 per
group) consisting of control, sham (received olive oil), experimental group i (60 mg/kg DZN), experimental group ii
(60 mg/kg DZN and 200 mg/kg Vit E), and experimental group iii (200 mg/kg Vit E). After six weeks, left testis of rats
was removed for the detection of proliferative cell nuclear antigen (PCNA) and terminal deoxynucleotidyl transferase
end-labeling (TUNEL).

Results: Compared with the control group, DZN in the experimental group i decreased the number of PCNA-positive
cells and increased the number of TUNEL-positive cells (P<0.001). Vit E improved detrimental changes by the de-
crease in the rate of apoptosis and the increase in the proliferation of testicular germ cells (P<0.001).

Conclusion: Vit E can decrease the number of TUNEL-positive cells and increase the number of PCNA-positive cells
by the neutralization of the toxicity caused by DZN in the testicular tissue.
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Introduction

Pesticides are widely used in agricultural production
to prevent or control pests, diseases, weeds, and other
plant pathogens in an effort to reduce or eliminate yield
losses and maintain high product quality. Despite their
popularity and extensive use, pesticides have raised seri-
ous concerns about human health arising from the expo-
sure of farmers when mixing and applying pesticides or
working in treated fields and from residues on food and
in drinking water for the general population. The wide
usage of pesticides in agriculture and general hygiene
causes serious problems in ecosystem and hygiene risks
including acute, sub-acute, and chronic human and ani-
mal poisoning and therefore it is an important concern

(1, 2).

Because of the non-polar and lipophilic structure of
organophosphates, they are absorbed quickly after eat-
ing or breathing, and after the absorption, they aggregate
in adipose tissues, kidney, liver, and salivary glands. The
long-term exposure of diazinon (DZN) to the skin can

cause severe poisoning. Organophosphates undergo dif-
ferent metabolic reactions, and finally, their metabolites
are excreted by urine, faces, and expiration. Some of the
poisonous metabolites are accumulated in adipose tissue
requiring long time periods to be excreted from the body

3).

DZN is one of the most well-known organophosphate
pesticides which is synthetic and not naturally found in
the environment. It is more common to be used for pad-
dies, fruit trees, and ectoparasites of the livestock. DZN
activity is similar to other organophosphates which are
able to block acetylcholinesterase enzyme. These com-
pounds can bind to some enzymes in the human body;
however, its effects on acetylcholinesterase blockade has
been clinically important (4). DZN causes pathological
changes in the human body such as hematological and
reproductive disorders, as well as kidney, liver, cardio-
vascular, and the central nervous system (CNS) toxicity
through an elevation in oxidative stress and free radicals
(5, 6). The toxicity of organophosphate compounds are
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not confined to inhibit acetylcholine enzyme; rather, they
are capable of inducing programmed cell death via inter-
nal and external apoptosis pathway (7). Moreover, the in-
duction of apoptosis in various tissues of the body is me-
diated by the activation of caspase-dependent pathways
leading to cell death (8). Spermatogenesis is a process in
which immature germ cells are matured to mature cells
in testicular tubes (9). According to Dadhich et al. (10)
apoptosis and cell proliferation play important roles in
controlling the number of testicular cells thereby a hor-
monally controlled process that precisely regulates the
balance between the generation of Sertoli and germ cells.
Apoptosis has two main roles in the normal spermatogen-
esis namely, decreasing the number of germ cells that can
be supported by Sertoli cells and the removal of abnormal
sperms by which ineffective cells such as old, immature,
and damaged cells are omitted (10, 11).

DZN can alter the diameter of seminiferous tubules by
loosening the connective tissue and the muscles around
them. Moreover, the size of the germinal cells in re-
sponse to intoxication with DZN changes and becomes
smaller than their normal counterparts (12). Vitamin E
(Vit E) as a lipid-soluble antioxidant inhibits lipid per-
oxidation thereby maintaining the integrity of the cell
membrane. Regarding a study conducted by John et al.
(13) Vit E ameliorated (not blocked) organophosphate-
induced oxidative stress by decreasing lipid peroxidation
and altering antioxidant defense system in erythrocytes.
Although the antioxidant and anti-apoptotic effects of
Vit E have been shown in a vast number of studies, no
study has been so far performed to study the effect of
this vitamin on testicle toxicity caused by DZN. Hence,
in this study, the apoptosis and proliferation rate of germ
cells in testicles of male rats intoxicated with DZN were
examined, and the protective impacts of Vit E adminis-
tration were assessed.

Materials and Methods
Animals

In this experimental study, thirty adult male Wistar
rats weighing 200-250 g were procured from the Animal
House of the Medical University of Mashhad. They were
housed in the standard situation (six animals per cage)
at a temperature of 22 + 2°C and 12:12 hour light dark
cycle. The animals had free access to food and tap water
during the experiment. Rats were randomly divided into
five groups as follows: i. Control group that received no
therapy or drug solvent, ii. Experimental group i that re-
ceived 60 mg/kg DZN, dissolved in olive oil and intra-
peritoneally administered, iii. Experimental group ii that
received 60 mg/kg DZN along with 200 mg/kg Vit E by
intraperitoneal injection and daily gavage, respectively,
iv. Experimental group iii that received 200 mg/kg Vit E
by daily gavage, and v. Sham group that received pure
olive oil as an intraperitoneal injection (IP).

After six weeks, rats were anesthetized, and their testicles
were removed for further study. This study was carried out
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in the Histology Laboratory of the Medical University of
Mashhad and approved by the Ethics Committee of Mash-
had University of Medical Sciences (n0.911096).

Chemicals

DZN 98% was purchased from Ariashimi Company.
TUNEL assay kit was procured from Roche, Germany.
PCNA kit was purchased from Zymed Company. Vit E
(a-tocopherol acetate) was procured from Sigma.

Testicular perfusion protocol

Tissue perfusion is necessary for the drainage the blood
from tissues, and it enhances the background and the qual-
ity of staining. To do perfusion, first, the animals were an-
esthetized by ether and their thorax was opened through
the surgical procedure. Perfusion was carried out by the
injection of rinse and fixative solutions (by 10 or 20 ml
syringes) into the left ventricle. During the opening of the
thorax, an incision was made in the midline to minimize
the damage to the vascular walls. Therefore, the bleeding
and rupture of the vessels were reduced. The joints of the
heart along with their coatings were separated from the
bone. The right atrium was perforated with a needle while
another syringe needle was inserted into the left ventri-
cle and rinse solution was injected until drained out from
the right atrium hole and become clear. Then, the fixative
solution was injected promptly, and this procedure con-
tinued until the hindlimbs and forelimbs of the animals
became pale and started to shake. After these signs, the
left testicle was removed to perform further procedures as
shown in Figure 1 (14).

Fig.1: Perfusion phase through the left ventricle. A. The Pre-perfusion
stage while the gut had a normal appearance, B. Post-perfusion charac-
terized by a change in the appearance of internal organs such as intes-
tine, liver, and testicles, showing that perfusion was successful and then
the initial fixation happened, and C. The testis color changed after the
perfusion process.

Sample preparation

To prevent autolysis by lysosomal enzymes and tissue
damage by bacteria, as well as to maintain the structural
features and the ingredient volume of the tissue, testi-
cles were fixed by 4% paraformaldehyde for 72 hours
(considering the size, type of samples, and the fixative
quality). After the fixation process, to prepare the tis-
sue for the examination under an optical microscope, the
tissue processing was carried out. Finally, the samples
were paraffin-embedded. Then, the samples were cut



by a microtome apparatus at 5 pm, and the slides were
placed on poly-L-lysine slides. After deparaffinization
and hydration by alcohol with descending gradient, sam-
ples were examined by PCNA and TUNEL techniques
under an optical microscope.

TUNEL assay

The apoptosis rate was evaluated by the TUNEL assay
as the staining of apoptotic cells was performed based
upon the following protocol (15): samples were depar-
affinized with xylol in two steps (5 minutes for each
step), placed in ethanol with decreasing gradient as 95,
80, and 70% and washed three times with phosphate-
buffered salin (PBS). After washing the slides with PBS
three times, the slides were incubated with 50 pL pro-
tein kinase K and rinsed three times by PBS. Then, the
slides were incubated with TUNEL reaction mixture for
24 hours at 4°C. Samples were then incubated with anti-
fluorescein antibody conjugated with horse-radish per-
oxidase (Converter-POD) and stained with chromogenic
diaminobenzidine (DAB).

Control slides: a few numbers of slides were incubated
with DNase I solution and rinsed with PBS. The slides
were stained according to the previous steps of staining.
Since DNase I enzyme causes DNA fragmentation, the
stained slides were considered the positive controls. The
negative control slides were stained with the omission of
terminal transferase.

Cell proliferation examination method

The immunostaining was performed using the PCNA
kit and based on the protocol, as previously described
(16): this technique is similar to TUNEL. The peroxi-
dase activity within the tissue was blocked by the addi-
tion of 3% hydrogen peroxide in methyl alcohol. Then,
a few drops of blocking solution were poured (100 pl)
on the samples. Next, the samples were incubated with
the anti-PCNA biotin-conjugated antibody for 30 to 60
minutes in the humid environment and at room tempera-
ture. Finally, the samples were stained with chromogen-
ic DAB. To perform hematoxylin staining, samples were
incubated with Alcian blue (or hematoxylin), rinsed with
running buffer, and then washed with distilled water.
Then, the samples were dehydrated with an increasing
gradient of ethanol. Xylene was applied for the transpar-
ency of the samples in two steps, and then they were
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mounted using special glue.

Control slides: some positive control slides (according
to the materials of the kit) were stained. The negative con-
trol slides were also stained after the omission of antibody.

Stereology method

The numerical density of PCNA-positive and TUNEL-
positive cells is calculated in the unit of the surface by
unbiased frames grades. For this aim, the testicular sec-
tions from different groups were imaged by Olympus
optical microscope model BX51. Then, the numerical
density of TUNEL- and PCNA-positive cells was calcu-
lated in the unit of surface. The average cells in the unit
of surface of the rats’ testicles in different groups are
calculated based on this formula (15):

xQ
“a/fyP

In this formula, XQ is the number of calculated cells,
a/f is the area of each frame, and XP is the number of
clash points in the frame area.

Statistical analysis

Data were analyzed using the SPSS 16 software. Re-
sults were expressed as the means and standard devia-
tions (means + SD). Statistical analysis was performed
with one-way ANOVA followed by Tukey’s test to com-
pare the differences between groups. Differences were
considered statistically significant if P<0.05.

Results

Effect of Vitamin E on cell apoptosis in testis tissue
following exposure to diazinon

The effects of DZN and Vit E on cell apoptosis are
shown in Table 1. The histological study using the
TUNEL assay showed that DZN in the experimental
group 1 significantly increased (P<0.001) spermatogo-
nial cells and the rate of apoptosis in primary spermato-
cytes compared to the control group (Figs.2, 3). The rate
of apoptosis was decreased in the experimental group
ii, which shows the protective role of Vit E. In the sham
and experimental group iii, the number of apoptotic
cells was similar to the control group and most of their
seminiferous tubules lacked apoptotic cells, and only
one or two apoptotic cells was observed in some tubules
(P=1.000, Fig.3).

Table 1: The effect of DZN and Vit E on PCNA- and TUNEL-positive cells in testes tissue of rats

Group PCNA positive cells TUNEL positive cells
Spermatogonia Primary spermatocyte Spermatogonia Primary spermatocyte

Control 0.32320 + 0.027 0.35834 £ 0.037 0.0450 +0.011 0.0896 +0.014

DZN 0.04989 +0.011° 0.05888 +0.015* 0.2174 +0.024* 0.4241 +0.0522

DZN+Vit E 0.15868 +£0.016%" 0.20384 +0.026%° 0.1092 +0.025%° 0.2008 +0.014*°

VitE 0.33266 + 0.032 0.36034 +0.037 0.0517+0.010 0.0958 +0.011

Sham 0.31743 £0.031 0.35734 £ 0.037 0.0375+0.010 0.0827 +0.012

Values are expressed mean * SD. ?; Significantly different from control group (P<0.001), *; Significantly different from DZN-group (P<0.001), DZN; Diazinon, Vit E; Vitamin E, PCNA; Pro-

liferative cell nuclear antigen, and TUNEL; Terminal deoxynucleotidyl transferase end-labeling.
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Fig.2: Testicular tissue sections after the TUNEL assay for the detection of apoptosis in primary spermatocytes and sper-
matogonial cells. A, Al. Control group. Most of the seminiferous tubules did not undergo apoptosis, B, B1. In the ex-
perimental group i. DZN caused the increase in the apoptotic cells compared to the control group, and C, C1. In the
experimental group ii, vitamin E decreased the number of apoptotic cells compared to the experimental group i. The
TUNEL-positive cells are marked by an arrow (scale bar: A, B, C: 5 um, A1, B1, C1: 10 um). TUNEL; TUNEL; Terminal de-
oxynucleotidyl transferase end-labeling and DZN; Diazinon.
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Fig.3: The effect of DZN and Vit E on the apoptosis rate of primary spermato-
cytes and spermatogonial cell in seminiferous tubules. The results were pre-
sented as the mean * SD. DZN; Diazinon, Vit E; Vitamin E, "; Compared to the
control group (P<0.001), ##: Compared to the DZN-group (P<0.001).
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Fig.4: Tes PCNA technique. A, Al. The control group. M the spermatogonial cells and

primary spermatocytes are proliferating cells, B, B1. In the experimental group i, DZN caused a decrease in the proliferation
rate of the cells, and C, C1. In the experimental group ii, which was receiving DZN and vitamin E, the number of proliferating
spermatogonia and primary spermatocytes were increased compared to the experimental group i. PCNA-positive cells are
determined by the arrow (scale bar:10 um). PCNA; Proliferative cell nuclear antigen and DZN; Diazinon.
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Effect of Vitamin E on cell proliferation in testis tissue
following exposure to diazinon

The results of DZN on cell proliferation and the protec-
tive effect of Vit E are shown in Table 1. Figure 4 indicated
the cell proliferation by the PCNA technique. The exposure
to DZN in the experimental group i significantly decreased
spermatogonial cells and the proliferation of primary
spermatocytes compared to control group (P<0.001) and
therefore this group had the lowest number of cell prolif-
eration (Fig.5). Vit E, in the experimental group ii, caused
the higher rate of proliferation in spermatogonial cells and
the primary spermatocytes compared to the experimental
group i (P<0.001). As shown in Figure 5, the number of
proliferating cells in the control, sham, and experimental
group iii were not significantly different (P=0.992).

¥ Spermatogonia
% Primary spermatocyte

#ith HHH

0.45 -

#
=

Mean £SD of PCNA positive cell
numbers per unit area

\

DZN+VitE VitE Sham

______ =

Fig.5: The effect of DZN and Vit E on the proliferation of primary spermato-
cytes and spermatogonial cells in seminiferous tubules (mean + SD). DZN;
Diazinon, Vit E; Vitamin E, ***; Compared to the control group (P<0.001),
and ###; Compared to the DZN-treated group (P<0.001).

Discussion

Several studies conducted on various organophosphates
have shown that oxidative stress can cause apoptosis. In
this study, the TUNEL assay was employed for the inves-
tigation of the effect of DZN on apoptosis of spermato-
gonial cells and primitive spermatocytes. Histological
studies also showed that DZN increased the apoptosis
rate of spermatogonial cells and the primary spermato-
cytes. The administration of Vit E in DZN-treated rats
reduced the number of apoptotic cells. Although a major-
ity of absorbed toxins are detoxified and excreted via the
detoxification process performed by the liver; however, a
portion of toxic compounds may remain and accumulate
in different parts of body tissues such as ovary and tes-
tis, and therefore affect the reproduction of the animals
(17). According to the study performed by Sargazi et al.
(15) DZN induced apoptosis in secondary and Graafian
follicles while Vit E inhibited DZN-induced apoptosis.
In a study carried out by Bustos-Obregon and Gonzalez-
Hormazabal (18), they showed that malathion causes
apoptosis in type A and B spermatogonia, spermatocyte,
and spermatid. Malathion also significantly decreases the
activity of serum acetylcholinesterase. According to the
study of Razavi et al. (19) sub-chronic exposure to DZN
induced caspase-mediated apoptosis, and crocin reduced
the toxic effects of DZN by inhibiting apoptosis in aortic
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tissue. It is also reported that methyl parathion, dichlor-
vos, and chlorpyrifos increase caspases-3 and -9 in some
tissues such as endometrium and retina, and the consump-
tion of vitamin C and E together reduces the pathological
effects of DZN and the rate of apoptosis caused by these
pesticides (20, 21). Apoptosis is an energy-dependent
process that causes the activation of caspases. The trans-
fer of phosphatidyl serine to the outside of the plasma
membrane, the changes in the permeability of the mito-
chondrial membrane, activation and the transfer of cas-
pases to the nucleus, and fragmentation of DNA are the
characteristics of apoptosis (22). Also, based on several
studies, organophosphates change the gene expression
level of gene-related apoptosis including pro-apoptotic
Bax and anti-apoptotic Bcl-2 (23, 24). Therefore, organo-
phosphates stimulate apoptosis through the activation of
internal and external pathways (7, 8).

As mentioned previously, cellular damages caused by
organophosphate compounds have different features, but
these detrimental changes mainly affect the structure and
the performance of DNA (25). Pina-Guzman et al. (26)
confirmed that the toxicity of organophosphate is medi-
ated by phosphorylation of some proteins such as nuclear
proteins. Organophosphates have alkylation characteris-
tics which can affect DNA. They also have electrophilic
characteristics which can affect nuclear proteins. There-
fore, organophosphates including DZN make changes in
the chromatin structure and sperm DNA in the spermato-
genesis process thereby phosphorylation of nuclear pro-
teins (protamine). According to the research performed
by Uzun et al. (27), sperm counts, sperm motility, plasma
follicle stimulating hormon (FSH), luteinizing hormon
(LH) and testosterone levels were decreased and abnor-
mal sperm numbers were increased in rat testicles. Vita-
mins E and C had a protective effect on sperm counts,
sperm motility and abnormal sperm numbers, but not on
plasma FSH, LH and testosterone levels. Corresponding-
ly, organophosphates can affect the normal characteristics
of germ cells and their nucleus (28). Therefore, the free
radicals produced during the DZN metabolism in the liver
can reduce the efficiency of the testicles in the synthesis
of hormones and produce low quality germ cells by the
elevation of lipid peroxidation and the damage to the cell
membrane (12). Vit E can prevent the peroxidation pro-
cess in biological systems by blocking free radicals. The
differences in the type and amount of compounds, as well
as the time periods, are different factors that have been
considered.

One of the functions of proliferator cell nuclear antigen is
the process of DNA polymerase delta and epsilon. PCNA
also interacts with other proteins, and by interaction with
cyclin-dependent kinases affects the cell cycle. Testicular
tissues possess spermatogenetic epithelium in which the
germ cells are transferred from margin to the lumen side
and developed from spermatogonia to sperm. PCNA ex-
pression has a direct association with mitosis. Since sper-
matogonial cells and spermatocytes are actively dividing in
the seminiferous tubules, it could be considered a cellular

158 Int J Fertil Steril, Vol 13, No 2, July-September 2019



Rahimi Anbarkeh et al.

proliferation marker for the identification of mitotic cells in
seminiferous tubules (29-32). The PCNA method showed a
significant reduction in cell proliferation in the experimen-
tal group i and the increase in spermatogonial proliferation
activity and the primary spermatocyte in the control group,
sham and experimental group iii. Also, the administration
of Vit E in DZN-treated rats significantly increased the
number of spermatogonia and spermatocyte proliferation.
Organophosphate compounds along with their metabolites
exert their toxicity at micromolar concentrations when
used in vitro thereby blocking the synthesis of DNA in
glial and neuronal cells (33). DZN-induced decreased cell
proliferation showed that organophosphates affect cellular
responses to cytokine and the ability of cellular prolifera-
tion and gene expression by the elevation in the generation
of free radicals. Increasing malondialdehyde level may
also cause cellular changes and apoptosis (34). Colovié et
al. (35) have shown that DZN at different doses decreased
the proliferation of blood lymphocytes and the fibroblasts
of human skin in the culture medium and also blocked the
acetylcholinesterase activity and increased the malondial-
dehyde level. Penna-Videau et al. (36) reported that one
dose of malathion increased the apoptosis rate of germ
cells in seminiferous tubules and decreased the number of
sperms and activity of plasma cholinesterase. Therefore,
DZN and other organophosphate compounds can damage
to testicular tissue by the influence on the different cellu-
lar processes such as DNA transcription, breaking DNA or
proteins chemical bond, decreasing the cells proliferation,
and eventually causing the mutation in spermatozoa by the
alteration of the gene contents in spermatocyte (37). Vit E
has antioxidant properties and can restrict the activity of
free radicals and the rate of lipid peroxidation in the cell
membrane; thus reducing the damage to testes and sper-
matozoa (13). According to the results of the current study
and previous reports, the use of other antioxidants and the
examination of other specific parts of testicular tissue in-
cluding extracellular matrix proteins are recommended to
identify other mechanisms of toxicity.

Conclusion

DZN caused testicular toxicity by reducing prolifera-
tion and increasing apoptosis in testicular germ cells. Vit
E could be considered a potential therapeutic agent for
testicular toxicity caused by reduced cell proliferation
and increased apoptosis. Therefore, Vit E can protect
testicular tissues against DZN toxicity. Considering that
organophosphates are inevitably used for the quality of
agricultural products the use of antioxidant compounds
is recommended for those in contact with these toxic
agents.

Acknowledgements

This project was funded by a grant from the Research
Council of Mashhad University of Medical Sciences. It
was conducted under the contract (NO.911096). We thank
Mrs. Motejaded for her contributions and experience.
There is no conflict of interest in this study.

Int J Fertil Steril, Vol 13, No 2, July-September 2019 159

Authors' Contributions

F.R.A.; Conducted the data collection, analysis, the in-
terpretation of the data and writing the manuscript. Z.S.;
Participated in the data collection and analysis. M.R.N.,
M.J., H.R.S.; Contributed to the study design, evaluation
and the interpretation of data and the final approval of the
manuscript. All authors read and approved the final manu-
script.

References

1. RanjbarA, Pasalar P, Abdollahi M. Induction of oxidative stress and
acetylcholinesterase inhibition in organophosphorous pesticide
manufacturing workers. Hum Exp Toxicol. 2002; 21(4): 179-182.

2. Abdel-Daim M, Halawa S. Synergistic hepatocardioprotective and
antioxidant effects of myrrh and ascorbic acid against diazinon-
induced toxicity in rabbits. Int Res J Humanit Eng Pharm Sci. 2014;
1(7): 1-7.

3. BrentJ, Burkhart K, Dargan P, Hatten B, Megarbane B, Palmer R,
et al. Critical care toxicology. Philadelphia: Elsevier Mosby; 2005;
937-942.

4. Karalliedde L. Organophosphorus poisoning and anaesthesia. An-
aesthesia. 1999; 54(11): 1073-1088.

5.  Elmazoudy RH, Attia AA. Endocrine-disrupting and cytotoxic po-
tential of anticholinesterase insecticide, diazinon in reproductive
toxicity of male mice. J Hazard Mater. 2012; 209-210: 111-120.

6. Razavi BM, Hosseinzadeh H, Movassaghi AR, Imenshahidi M,
Abnous K. Protective effect of crocin on diazinon induced cardio-
toxicity in rats in subchronic exposure. Chem Biol Interact. 2013;
203(3): 547-555.

7. Kaur P, Radotra B, Minz RW, Gill KD. Impaire mitochondrial energy
metabolism and neural apoptotic cell death after chronic dichlirvos
(OP) exposure in rat brain. Neurotoxicology. 2007; 28(6): 1208-1219.

8. Saulsbury MD, Heyliger SO, Wang K, Johnson DJ. Chlorpyrifos
induces oxidative stress in oligodendrocyte progenitor cells. Toxi-
cology. 2009; 259(1-2): 1-9.

9. Hess RA, Renato de Franca L. Spermatogenesis and cycle of the
seminiferous epithelium. Molecular mechanisms in spermatogen-
esis. Adv Exp Med Biol. 2008; 636: 1-15.

10. Dadhich RK, Real FM, Zurita F, Barrionuevo FJ, Burgos M, Jime-
nez R. Role of apoptosis and cell proliferation in the testicular
dynamics of seasonal breeding mammals: a study in the Iberian
mole, Talpa occidentalis. Biol Reprod. 2010; 83(1): 83-91.

11.  Angelopoulou R, Plastira K, Msaouel P. Spermatozoal sensitive bi-
omarkers to defective protaminosis and fragmented DNA. Reprod
Biol Endocrinol. 2007; 5: 36.

12. Dutta HM, Meijer HJ. Sublethal effects of diazinon on the structure
of the testis of bluegill, Lepomis macrochirus: a microscopic analy-
sis. Environ Pollut. 2003; 125(3): 355-360.

13. John S, Kale M, Rathore N, Bhatnagar D. Protective effect of vita-
min E in dimethoate and malathion induced oxidative stress in rat
erythrocytes. J Nutr Biochem. 2001; 12(9): 500-504.

14. Forssmann WG, Ito S, Weihe E, Aoki A, Dym M, Fawcett DW. An
improved perfusion fixation method for the testis. Anat Rec. 1977;
188(3): 307-314.

15. Sargazi Z, Nikravesh MR, Jalali M, Sadeghnia HR, Rahimi An-
barkeh F. Apoptotic effect of organophosphorus insecticide di-
azinon on rat ovary and protective effect of vitamin E. Iranian Jour-
nal of Toxicology. 2016; 10(2): 37-44.

16. Hall PA, Levison DA, Woods AL, Yu CC, Kellock DB, Watkins JA,
et al. Proliferating cell nuclear antigen (PCNA) immunolocaliza-
tion in paraffin sections: an index of cell proliferation with evidence
of deregulated expression in some neoplasms. J Pathol. 1990;
162(4): 285-294.

17. Abd el-Aziz MI, Sahlab AM, Abd el-Khalik M. Influence of diazinon
and deltamethrin on reproductive organs and fertility of male rats.
Dtsch Tierarztl Wochenschr. 1994; 101(6): 230-232.

18. Bustos-Obregon E, Gonzalez-Hormazabal P. Mice testicular dam-
age elicited by Malathion. Int J Morphol. 2003; 21(2): 155-59.

19. Razavi BM, Hosseinzadeh H, Abnous K, Khoei A, Imenshahidi M.
Protective effect of crocin against apoptosis induced by subchronic
exposure of the rat vascular system to diazinon. Toxicol Ind Health.
2016; 32(7): 1237-1245.

20. Yu F, Wang Z, Ju B, Wang Y, Wang J, Bai D. Apoptotic effect of



21.

22.

23.

24.

25.

26.

27.

28.

organophosphorus insecticide chlorpyrifos on mouse retina in vivo
via oxidative stress and protection of combination of vitamins C
and E. Exp Toxicol Pathol. 2008; 59(6): 415-423.

Guney M, Oral B, Demirin H, Ozgliner M, Take G, Mungan T, et al.
Evaluation of caspase-dependent apoptosis during methyl parathi-
on-induced endometrial damage in rats: ameliorating effect of Vita-
mins E and C. Environ Toxicol Pharmacol. 2007; 23(2): 221-227.
Crompton M. Bax, bid and the permeabilization of the mitochondri-
al outer membrane in apoptosis. Curr Opin Cell Biol. 2000; 12(4):
414-419.

Geng X, Shao H, Zhang Z, Ng JC, Peng C. Malathion-induced tes-
ticular toxicity is associated with spermatogenic apoptosis and al-
terations in testicular enzymes and hormone levels in male Wistar
rats. Environ Toxicol Pharmacol. 2015; 39(2): 659-667.

Yu K, Li G, Feng W, Liu L, Zhang J, Wu W, et al. Chlorpyrifos is
estrogenic and alters embryonic hatching, cell proliferation and ap-
optosis in zebrafish. Chem Biol Interact. 2015; 239: 26-33.
Maxwell LB, Dutta HM. Diazinon-induced endocrine disruption
in bluegill sunfish, Lepomis macrochirus. Ecotoxicol Environ Saf.
2005; 60(1): 21-27.

Pifia-Guzman B, Solis-Heredia MJ, Quintanilla-Vega B. Diazinon
alters sperm chromatin structure in mice by phosphorylating nu-
clear protamines. Toxicol Appl Pharmacol. 2005; 202(2): 189-198.
Uzun FG, Kalender S, Durak D, Demir F, Kalender Y. Mal-
athion-induced testicular toxicity in male rats and the pro-
tective effect of vitamins C and E. Food Chem Toxicol.
2009;47(8):1903-1908.

Ahmad KR, Tahir MZ, Khan SY, Tahir HM, Raees K, Arshad M, et
al. Effects of diazinon on the ovarian micro-anatomical and micro-
metric parameters of pregnant mice. Afr J Biotechnol. 2011; 10(65):
14656-14662.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cell Proliferation and Apoptosis Induced by DZN

Chieffi P, Franco R, Fulgione D, Staibano S. PCNA in the testis of
the frog, rana esculenta: a molecular marker of the mitotic testicu-
lar epithelium proliferation. Gen Comp Endocrinol. 2000; 119(1):
11-16.

Chang CD, Ottavio L, Travalli S, Lipson KE, Baserga R. Transcrip-
tional and posttranscriptional regulation of the proliferating cell nu-
clear antigen. Mol Cell Biol. 1990; 10(7): 3289-3296.

Unek G, Ozmen A, Kipmen-Korgun D, Korgun ET. Immunolocaliza-
tion of PCNA, Ki67, p27 and p57 in normal and dexamethasone-
induced intrauterine growth restriction placental development in
rat. Acta Histochem. 2012; 114(1): 31-40.

Jaskulski D, Gatti C, Travali S, Calabretta B, Baserga R. Regula-
tion of the proliferating cell nuclear antigen cyclin and thymidine
kinase mRNA levels by growth factors. J Biol Chem. 1988; 263(21):
10175-10179.

Guizzetti M, Pathak S, Giordano G, Costa LG. Effect of organo-
phosphorus insecticides and their metabolites on astroglial cell
proliferation. Toxicology. 2005; 215(3): 182-190.

Jia Z, Misra HP. Reactive oxygen species in in vitro pesticide-in-
duced neuronal cell (SH-SY5Y) cytotoxicity: role of NFkB and cas-
pase-3. Free Radic Biol Med. 2007; 42(2): 288-298.

Colovi¢ M, Krsti¢ D, Petrovi¢ S, Leskovac A, Joksi¢ G, Savié J,
et al. Toxic effects of diazinon and its photodegradation products.
Toxicol Lett. 2010; 193(1): 9-18.

Penna-Videau S, Bustos-Obregén E, Cermefio-Vivas JR, Chirino
D. Malathion affects spermatogenic proliferation in mouse. Int J
Morphol. 2012; 30(4): 1399-1407.

Sarabia L, Maurer |, Bustos-Obregon E. Melatonin prevents dam-
age elicited by the organophosphorous pesticide diazinon on
mouse sperm DNA. Ecotoxicol Environ Saf. 2009; 72(2): 663-668.

160

Int J Fertil Steril, Vol 13, No 2, July-September 2019



International Journal of Fertility and Sterility (Int J Fertil Steril)
Guide for Authors

Aims and Scope: International Journal of Fertility & Sterility is a quarterly English publication of Royan Institute of Iran.
The aim of this journal is to disseminate information through publishing the most recent scientific research studies on Fertility and
Sterility and other related topics. Int J Fertil Steril has been certified by Ministry of Culture and Islamic Guidance since 2007. It
has also been accredited as a scientific and research journal by HBI (Health and Biomedical Information) Journal Accreditation
Commission since 2008. This open access journal holds the membership of the Committee on Publication Ethics (COPE).

1. Types of articles
The articles in the field of Fertility and Sterility can be considered for publications in Int J Fertil Steril. These articles are as below:

A. Original articles are scientific reports of the original research studies. The article consists of English Abstract (structured), Introduc-
tion, Materials and Methods, Results, Discussion, Conclusion, Acknowledgements, Authors' Contributions, and References (Up to 40).

B. Review articles are the articles written by well experienced authors and those who have excellence in the related fields. The corre-
sponding author of the review article must be one of the authors of at least three published articles appearing in the references. The re-
view article consists of English Abstract (unstructured), Introduction, Conclusion, Authors' Contributions, and References (Up to 70).

C. Systematic Reviews

Systematic reviews are a type of literature review that collect and critically analyzes multiple research studies or papers. The Systematic
reviews consist of English Abstract (unstructured), Introduction, Materials and Methods, Results, Discussion, Conclusion, Acknowledge-
ments, Authors' Contributions, and References (Up to 70).

D. Short communications are the articles containing new findings. Submissions should be brief reports of ongoing researches. The
short communication consists of English Abstract (unstructured), the body of the manuscript (should not hold heading or subhead-
ing), Acknowledgements, Authors' Contributions, and References (Up to 30).

E. Case reports are short discussions of a case or case series with unique features not previously described which make an important
teaching point or scientific observation. They may describe novel techniques or use equipment, or new information on diseases of
importance. It consists of English Abstracts (Unstructured), Introduction, Case Report, Discussion, Acknowledgements, Authors'
Contributions, and References (Up to 30).

F. Editorial should be written by either the editor in chief or the editorial board.

G. Imaging in reproductive medicine should focus on a single case with an interesting illustration such as a photograph, histologi-
cal specimen or investigation. Color images are welcomed. The text should be brief and informative.

H. Letter to the editors are welcome in response to previously published Int J Fertil Steril articles, and may also include interesting
cases that do not meet the requirement of being truly exceptional, as well as other brief technical or clinical notes of general interest.

1. Debate.
2. Submission Process

It is recommended to see the guidelines for reporting different kinds of manuscripts here. This guide explains how to prepare the
manuscript for submission. Before submitting, we suggest authors familiarize themselves with Int J Fertil Steril format and con-
tent by reading the journal via the website (www.ijfs.ir). The corresponding author ensures that all authors are included in the author
list and agree with its order, and they must be aware of the manuscript submission.

A. Author contributions statements

It is essential for authors to include a statement of responsibility in the manuscript that specifies the contribution of every one of
them. This participation must include conception and design of the manuscript, data acquisition or data analysis and interpretation,
drafting of the manuscript and/or revising it for critically important intellectual content, revision and final approval of the manu-
script and statistical analysis, obtaining funding, administrative, technical, or material support, or supervision. Authors who do not
meet the above criteria should be acknowledged in the Acknowledgments Section.

B. Cover letter

Each article should be accompanied by a cover letter, signed by all authors specifying the following statement: “The manuscript
has been seen and approved by all authors and is not under active consideration for publication. It has neither been accepted for
publication nor published in another journal fully or partially (except in abstract form). I hereby assign the copyright of the enclosed
manuscript to Int J Fertil Steril. The corresponding author must confirm the proof of the manuscript before online publishing.
Also, is it needed to suggest three peer reviewers in the field of their manuscript.

C. Manuscript preparation

Authors whose first language is not English encouraged to consult a native English speaker in order to confirm his manuscripts
to US or British (not a mixture) English usage and grammar. It is necessary to mention that we will check the plagiarism of your
manuscript by iThentical Softwere. The manuscript should be prepared in accordance with the “International Committee of Medi-



cal Journal Editors (ICMJE)”. Please send your manuscript in two formats (word and Pdf). The abstract and text pages should have
consecutive line numbers in the left margin beginning with title page and continuing through the last page of the written text. Each
abbreviation must be defined in the abstract and text when they are mentioned for the first time. Avoid using abbreviation in title.
Please use the international and standard abbreviations and symbols.

It should be added that an essential step toward the integration and linking of scientific information reported in published literature
is using standardized nomenclature in all fields of science and medicine. Species names must be italicized (e.g., Homo sapiens) and
also the full genus and species written out in full, both in the title of the manuscript and at the first mention of an organism in a paper.

It is necessary to mention that genes, mutations, genotypes, and alleles must be indicated in italics. Please use the recommended
name by consulting the appropriate genetic nomenclature database, e.g., HUGO for human genes. In another word; if it is a human
gene, you must write all the letters in capital and italic (e.g., OCT4, c-MYC). If not, only write the first letter in capital and italic
(e.g., Oct4, c-Myc). In addition, protein designations are the same as the gene symbol but are not italicized.

Of note, Int J Fertil Steril will only consider publishing genetic association study papers that are novel and statistically robust.
Authors are advised to adhere to the recommendations outlined in the STREGA statement (http://www.strega-statement.org). The
following criteria must be met for all submissions:

1. Hardy-Weinberg Equilibrium (HWE) calculations must be carried out and reported along with the P-values if applicable [see
Namipashaki et al. 2015 (Cell J, Vol 17, N 2, Pages: 187-192) for a discussion].

2. Linkage disequilibrium (LD) structure between SNPs (if multiple SNPs are reported) must be presented.
3. Appropriate multiple testing correction (if multiple independent SNPs are reported) must be included.
Submissions that fail to meet the above criteria will be rejected before being sent out for review.

Each of the following manuscript components should begin in the following sequence:

Authors’ names and order of them must be carefully considered (full name(s), highest awarded academic degree(s), email(s), and institu-
tional affiliation(s) of all the authors in English. Also, you must send mobile number and full postal address of the corresponding author).

Changes to Authorship such as addition, deletion or rearrangement of author names must be made only before the manuscript
has been accepted in the case of approving by the journal editor. In this case, the corresponding author must explain the reason of
changing and confirm them (which has been signed by all authors of the manuscript). If the manuscript has already been published
in an online issue, an erratum is needed.

Title is providing the full title of the research (do not use abbreviations in title).
Running title is providing a maximum of 7 words (no more than 50 characters).
Abstract must include Background, Materials and Methods, Results, and Conclusion (no more than 300 words).

Keywords, three to five, must be supplied by the authors at the foot of the abstract chosen from the Medical Subject Heading
(MeSH). Therefore; they must be specific and relevant to the paper.

The following components should be identified in the abstract:

Introduction: The Introduction should provide a brief background to the subject of the paper, explain the importance of the study,
and state a precise study question or purpose.

Materials and Methods: It includes the exact methods or observations of experiments. If an apparatus is used, its manufacturer’s
name and address should be stipulated in parenthesis. If the method is established, give reference but if the method is new, give
enough information so that another author can perform it. If a drug is used, its generic name, dose, and route of administration must
be given. Standard units of measurements and chemical symbols of elements do not need to be defined.

Statistical analysis: Type of study and statistical methods should be mentioned and specified by any general computer program used.

Ethical considerations: Please state that informed consent was obtained from all human adult participants and from the parents
or legal guardians of minors and include the name of the appropriate institutional review board that approved the project. It is
necessary to indicate in the text that the maintenance and care of experimental animals complies with National Institutes of Health
guidelines for the humane use of laboratory animals, or those of your Institute or agency.

Clinical trial registration: All of the Clinical Trials performing in Iran must be registered in Iranian Registry of Clinical Trials
(www.irct.ir). The clinical trials performed abroad, could be considered for publication if they register in a registration site ap-
proved by WHO or www.clinicaltrials.gov. If you are reporting phase II or phase III randomized controlled trials, you must refer
to the CONSORT Statement for recommendations to facilitate the complete and transparent reporting of trial findings. Reports that
do not conform to the CONSORT guidelines may need to be revised before peer reviewing.

Results: They must be presented in the form of text, tables, and figures. Take care that the text does not repeat data that are
presented in tables and/or figures. Only emphasize and summarize the essential features of the main results. Tables and figures
must be numbered consecutively as appeared in the text and should be organized in separate pages at the end of article while
their location should be mentioned in the main text.



Tables and figures: Tables should have a short descriptive heading above them and also any footnotes. Figure’s legend should contain a
brief title for the whole figure and continue with a short explanation of each part and also the symbols used (no more than 100 words). All
figures must be prepared based on cell journal’s guideline in color (no more than 6 Figures and Tables) and also in GIF or JPEG format
with 300 dpi resolutions.

Supplementary materials would be published on the online version of the journal. This material is important to the understanding
and interpretation of the report and should not repeat material within the print article. The amount of supplementary material should
be limited. Supplementary material should be original and not previously published and will undergo editorial and peer review with
the main manuscript. Also, they must be cited in the manuscript text in parentheses, in a similar way as when citing a figure or a
table. Provide a legend for each supplementary material submitted.

Discussion: It should emphasize the present findings and the variations or similarities with other researches done by other research-
ers. The detailed results should not be repeated in the discussion again. It must emphasize the new and important aspects of the study.

Conclusion: It emphasizes the new and important aspects of the study. All conclusions are justified by the results of the study.

Acknowledgements: This part includes a statement thanking those who contributed substantially with work relevant to the study
but does not have authorship criteria. It includes those who provided technical help, writing assistance and name of departments
that provided only general support. You must mention financial support in the study. Otherwise; write this sentence “There is no
financial support in this study”.

Conflict of Interest: Any conflict of interest (financial or otherwise) and sources of financial support must be listed in the Ac-
knowledgements. It includes providers of supplies and services from a commercial organization. Any commercial affiliation must
be disclosed, regardless of providing the funding or not.

References: The references must be written based on the Vancouver style. Thus the references are cited numerically in the text and listed
in the bibliography by the order of their appearance. The titles of journals must be abbreviated according to the style used in the list of
Journals Indexed in PubMed. Write surname and initials of all authors when there are six or less. In the case of seven or more authors, the
names of first six authors followed by “et al.” must be listed. The reference of information must be based on the following order:

Article:

Surname(s) and first letter of name & middle name(s) of author(s). Manuscript title. Journal title (abbr).publication date (year);
Volume) Issue(: Page number.

Example: Manicardi GC, Bianchi PG, Pantano S, Azzoni P, Bizzaro D, Bianchi U, et al. Presence of endogenous nicks in DNA of
ejaculated human spermatozoa and its relationship to chromomycin A3 accessibility. Biol Reprod. 1995; 52(4): 864-867.

Book:

Surname(s) and first letter of name & middle name(s) of author(s). Book title. Edition. Publication place: publisher name; publica-
tion date (year); Page number.

Example: Edelman CL, Mandle CL. Health promotion throughout the life span. 2nd ed.ST Louis: Mosby; 1998; 145-163.
Chapter of book:

Surname(s) and first letter of name & middle name(s) of author(s). Chapter title. In: Surname(s) and first letter of name &middle
name(s) of editor(s), editors. Book title. Edition. Publication place: publisher name; publication date (year); Page number.

Example: Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh JH, Brenner BM, editors. Hypertension: pathophysiology,
diagnosis, and management. 2nd ed. New York: Raven Press; 1995; 465-478.

Abstract book:

Example: Nabavi SM. Stem cell therapy for multiple sclerosis. Cell J. 2013; 5 Suppl 1: Os-13.
Thesis:

Name of author. Thesis title. Degree. City name. University. Publication date (year).

Example: Eftekhari Yazdi P. Comparison of fragment removal and co-culture with Vero cell monolayer’s on development of human
fragmented embryos. Presented for the Ph.D., Tehran. Tarbiyat Modarres University. 2004.

Conferences:
Name(s) of editor(s). Conference title; Holding date; Holding place. Publication place; Publisher name; Publication date (year).

Example: Harnden P, Joffe JK, Jones WG, editors. Germ cell tumors V.Proceedings of the Sth Germ Cell Tumors Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer; 2002.

Internet References

Article:



Surname(s) and first letter of name & middle name(s) of author(s). Manuscript title. Journal title (abbr). Publication date (year);
Volume (Issue): Page number. Available from: URL link. (Observation date).

Example: Jahanshahi A, Mirnajafi-Zadeh J, Javan M, Mohammad-Zadeh M, Rohani M. Effect of low-frequency stimulation on
adenosineA1 and A2A receptors gene expression in dentate gyrus of perforant path kindled rats. Cell J. 2008; 10 (2): 87-92. Avail-
able from: http://www.celljournal.org. (20 Oct 2008).

Book:

Example: Anderson SC, Poulsen KB. Anderson’s electronic atlas of hematology.[CD-ROM]. Philadelphia: Lippincott Williams &
Wilkins; 2002.

Law:

Example: Embryo donation law. Iran Judicature, Official Gazette of the Islamic Republic of Iran. Available from: http://www.
dastour.ir/Brows/?1id=245069.(20 Jul 2013).

D. Proofs are sent by email as PDF files and should be checked and returned within 72 hours of receipt. It is the authors’ responsi-
bility to check that all the text and data as contained in the page proofs are correct and suitable for publication. We are requested
to pay particular attention to Authors' names and affiliations as it is essential that these details be accurate when the article
is published.

E. Pay for publication: Authors do not have to pay any Manuscript Processing Charge or Open Access Publication Fee. Before
publishing Authors' article, it would be the Authors' responsibility to pay for the expenses, if the editor feels the level of
English used in the manuscript requires editing.

F. Ethics of scientific publication: Manuscripts that have been published elsewhere with the same intellectual material will refer to dupli-
cate publication. If authors have used their own previously published work or work that is currently under review, as the basis for a submit-
ted manuscript, they are required to cite the previous work and indicate how their submitted manuscript offers novel contributions beyond
those of the previous work. Research and publication misconduct is considered a serious breach of ethics. The Journal systematically
employs iThenticate, a plagiarism detection and prevention software designed to ensure the originality of written work before publication.

Plagiarism of text from a previously published manuscript by the same or another author is a serious publication offence. Some parts of
text may be used, only where the source of the quoted material is clearly acknowledged.

3. General information

A. You can send your article via online submission system which is available at our website: http://www.ijfs.ir. If the article is not
prepared according to the format of Int J Fertil Steril, it will be returned to authors.

B. The order of article appearance in the Journal is not demonstrating the scientific characters of the authors.
C. Int J Fertil Steril has authority to accept or reject the articles.

D. The received manuscript will be evaluated by associate editor. Int J Fertil Steril uses a single-blind peer review system and if the
manuscript suits the journal criteria, we select the reviewers. If three reviewers pass their judgments on the manuscript, it will be
presented to the editorial board of Int J Fertil Steril. If the editorial board has a positive judgment about the manuscript, reviewers’
comments will be presented to the corresponding author (the identification of the reviewers will not be revealed). The executive
member of journal will contact the corresponding author directly within 3-4 weeks by email. If authors do not receive any reply
from journal office after the specified time, they can contact journal office. Finally, executive manager will respond promptly to
authors’ request.

The Final Checklist
The authors must ensure that before submitting the manuscript for publication, they have to consider the following parts:

1. Title page should contain title, name of the author/coauthors, their academic qualifications, designation & institutions they are
affiliated with, mailing address for future correspondence, email address, phone, and fax number.

2. Text of manuscript and References prepared as stated in the “guide for authors” section.
3. Tables should be in a separate page. Figures must be sent in color and also in GIF or JPEG format with 300 dpi resolutions.

4. Covering Letter

The Editor-in-Chief: Mohammad Hossein Nasr Esfahani, Ph.D.
International Journal of Fertility and Sterility (Int J Fertil Steril )
PO. Box: 16635-148, Iran
Tel/Fax: + 98-21-22510895
Emails: ijfs@royaninstitute.org



