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Abstract
Recurrent pregnancy loss (RPL) or recurrent miscarriage is the failure of pregnancy before 20-24 weeks that influ-
ences around 2-5% of couples. Several genetic, immunological, environmental and physical factors may influence
RPL. Although various traditional methods have been used to treat post-implantation failures, identifying the mecha-
nisms underlying RPL may improve an effective treatment. Recent evidence suggested that gene expression altera-
tions presented essential roles in the occurrence of RPL. It has been found that long non-coding RNAs (IncRNASs) play
functional roles in pregnancy pathologies, such as recurrent miscarriage. INcRNAs can function as dynamic scaffolds,
modulate chromatin function, guide and bind to microRNAs (miRNASs) or transcription factors. INCRNAs, by target-
ing various mMiRNAs and mRNAs, play essential roles in the progression or suppression of RPL. Therefore, targeting
IncRNAs and their downstream targets might be a suitable strategy for diagnosis and treatment of RPL. In this review,

we summarized emerging roles of several IncRNAs in stimulation or suppression of RPL.
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Introduction

Recurrent pregnancy loss (RPL) is an important issue
in reproductive health (1, 2). RPL is generally termed
as three or more consecutive and spontaneous death of
the fetal before the 20" week of pregnancy or before
the fetal weighs 500 g (3). This disorder affects about
5% of couples who are interested in having a child (4).
About 50% of women who suffer from this disorder
have no significant symptoms on routine checkups (5).
Etiology of this disease in 50% of cases remains unclear
(6). Several factors such as chromosomes and genetic
abnormalities (7, 8), infections (9), endocrine disorders
(10), progesterone deficiency (11), uterine defects (12),
anatomical disorders, placental abnormalities (13),
alcohol and smoking (14), exposure to factors such as

lead, mercury, ethylene oxide and ionizing radiation, and
stressful conditions (15) are common established causes
of RPL. Recent evidence showed that gene alternations
play an important role in the occurrence of RPL (16). Long
non-coding RNAs (IncRNAs), by targeting DNA, RNA,
and proteins, can affect their transcription and translation
(17). Recently, role of INcCRNAs in regulating pregnancy
and RPL has been considered (18, 19). IncRNAs have
different expressions in the chorionic villi of patients with
RPL (20). IncRNAs can impact embryonic implantation
by targeting trophoblast cell proliferation, migration,
invasion and apoptosis (21, 22). Therefore, INCRNAs
could be useful biomarkers for the diagnosis and treatment
of patients with RPL (23). In this review, we summarized
potential roles of InNcRNAs in RPL.
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IncRNAs and RPL

Characteristics of long non-coding RNAs

So far, 61533 total human genes are characterized, 19982
of which are related to the protein-coding genes, 18811
are specific to the INCRNA genes, and 7567 was found to
be related to the small ncRNA genes (gencodegenes.org/
human/stats.html). ncRNAs are categorized into structural
(rRNAs and tRNASs) and regulatory (small, medium, and
INcRNASs) ncRNAS (24). IncRNAs (>200 nt) with a similar
structure to mRNAs are transcribed by RNA polymerase
I. IncRNAs have transcriptional termination codons or
stop codons with the potential to signal ending translation,
therefore INcRNAs cannot construct a full-length protein
(17, 25, 26). They can be categorized into long intergenic
ncRNAs, sense IncRNAs, antisense IncRNAs, intronic
IncRNAs and bidirectional InNcRNAs (27-29). IncRNAs, as
decoys, can bind to microRNAs (miRNAS) or transcription
factors to block their functions (30, 31). IncRNAs, as the
guide molecules, bind to the regulatory proteins and guide
them to the specific target area (32). Besides, INCRNAS
as the scaffold molecules provide a central platform for
different types of macromolecular complexes (33) (Fig.1).
Studies showed that IncRNAs may play role in pregnancy
pathologies, such as miscarriage (34, 35).

Sense Antisense Bidirectional Intergenic Intronic

mRHA
mRNA . L ] mRNA S

MRHA[ = 2
o [y —
\@ﬁ = ~ - =

IncRNA IncHNA  mRNA IncRNA CANAL—»
RNA | |

polymerase || 1

Scaifold

Fig.1: Biogenesis and functions of long non-coding RNAs (IncRNAs).
IncRNAs could be classified into intergenic, sense, antisense, intronic,
and bidirectional IncRNAs. They can act as molecular signals to regulate
transcription, bind to microRNAs, chromatin modifiers or transcription
factors to affect transcription and translation, and as the scaffold
molecules providing a central platform.

Functional roles of INcRNAs in recurrent pregnancy loss

It has been reported that INCRNAS present essential roles in
the stimulation or suppression of placental trophoblast invasion
into endometrial stromal cells, by targeting various miRNAs
and transcription factors (36) (Table 1). Here, we summarized
potential roles of several INcRNAs in RPL (Fig.2).

Table 1: Functional roles of IncRNAs in recurrent pregnancy loss

IncRNA Expression Target Result Ref
n RPL Suppression Stimulation
TCL6 ... EGFR Suppress the proliferative ability of trophoblasts (37)
SNHG7-1 Down miR-34a Wnt/B-catenin Suppress the proliferative and invasive ability of trophoblasts to induce (38)
RPL progression
Lnc-SLC4Al1-1  Up TNF-o/IL-1B NF-kB/CXCLS8 Stimulate apoptosis and immune responses in trophoblast cells (18)
H19 Down miR-106a-5p VEGFA mi(?hcieng/asion of extravillous trophoblast cells, regulate angiogenesis, (39)
poptosis
miRNA let-7 ITGB3 Suppress trophoblast cell adhesion and invasion (40)
miR-675 NOMO1 Suppress trophoblast cell proliferation (41)
EPB41L4A-AS1 HIF-1a VDAC1 é%%ﬁiéis?? of the aerobic glycolysis and cell growth, and induction of (42)
TINCR Progression of miscarriage (43)
MALAT-1 Down Reduce cell migration and proliferation, regulate angiogenesis, and induce (44)
apoptosis
ANRIL Progression of miscarriage (45)
HULC ... ... Progression of miscarriage (46)
Lnc-49a Down CD49a IFN-y Reduce the adhesion, migration, and cytotoxic activity of dNK cells, stimu-  (47)
late the progression of miscarriage
MEG3 Down RASA1 Ras-MAPK Reduce implantation, proliferation, invasion, and induce apoptosis of (48)
primary trophoblasts
ZEB2-AS1 CST3 Accelerate proliferation, migration, and invasion of chorionic trophoblasts (49)
SOX20T ... ... Progression of miscarriage (50)
NEAT1 Up miR-373 FLT1 Reduce proliferation, migration, invasion, and colony formation of tropho-  (51)
blast cells, and accelerate apoptosis
CCAT2 ... Reduce risk of miscarriage (52)
HOTAIR Down PIK3-AKT TTP Suppress trophoblast cell proliferation, migration, and invasion (53)
Lnc-HZ08 Up PI3K/p-AKT/ Suppress trophoblast cell proliferation, migration, and invasion (54)
P21/CDK2
Lnc-HZ01 Up MXD1 METTL14 Suppress trophoblast cell proliferation and induce risk of miscarriage (55)

RPL; Recurrent pregnancy loss, TNF-a; Tumour necrosis factor a, IL; Interleukin, HIF-1a; Hypoxia-inducible factor 1a, VDAC1; Voltage-dependent anion channel 1, VEGFA; Vascular
endothelial growth factor A, RASA1; Ras p21 protein activator 1, CST3; Cystatin C, TTP; Tristetraprolin, EGFR; Epidermal growth factor receptor, IFN-y; Interferon-y granzyme B, ITGB3;
Integrin B3, NOMO1; Nodal modulator 1, FLT-1; Fms-like tyrosine kinase-1, and METTL14; Methyltransferase 14, N6-Adenosine-Methyltransferase Subunit.
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Fig.2: IncRNAs by targeting several miRNAs/mRNAs play important roles
in the induction or suppression of recurrent pregnancy loss (RPL). Some
IncRNAs, including TCL6, SNHG7, H19, Inc-49a, Inc-SLC4A1-1, EPB41L4A-
AS1, TINCR, MALAT-1, ANRIL, HULC, MEG3, HOTAIR, and SOX20T present
critical roles in RPL development. These IncRNAs can inhibit trophoblastic
cell proliferation, migration, invasion, and induce apoptosis. In contrast,
two IncRNAs such as CCAT2 and ZEB2-AS1 target trophoblastic cell
proliferation, migration, and invasion for reduction of the risk of
miscarriage.

TCL6

INcRNA TCL6 stands for IncRNA T-cell leukemia/
lymphoma 6 which is located in the breakpoint cluster
region on chromosome 14q32. It has been reported
to be involved in the preeclampsia pathogenesis by
suppressing proliferative ability of trophoblasts (56, 57).
Recently, the real-time quantitative reverse transcription
polymerase chain reaction (qQRT-PCR) analysis reported
that overexpressed INCRNA-TCL6 of placental villus was
correlated with threatened abortion compared to normal
pregnancy. Regarding its aberrant expression, biological
investigation of INCRNA TCL6 using si-IncRNA TCL6-
1 revealed that knock-down of IncRNA TCL6 could
significantly induce proliferation and invasion of
trophoblasts. Epidermal growth factor receptor (EGFR)
signaling plays an essential role in early human embryo
implantation and pregnancy disorders. There is a negative
correlation between IncRNA TCL6 and the EGFR
pathway. In this regard, inhibitory role of the IncCRNA
TCLG6 on proliferation activity of trophoblast cells could be
inversed by EGFR knock-down. Taken together, INCRNA
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TCL6 could induce early abortion and inhibit placental
implantation by targeting the EGFR signaling (37).

SNHG7

Despite the regulatory role of IncRNAs in trophoblast
proliferation and apoptosis, function of SNHG7 in RPL
remains challenging (58). Small nucleolar host gene 7
(SNHGT7)isa2176 base pairs (bp) IncRNAon chromosome
9934.3 (59). Gene expression analysis of SNHG7, using
gRT-PCR, reported its down-regulated expression in
recurrent spontaneous abortion (RSA) villi compared to
normal pregnancy villi. SNHG7 silencing was also shown
to prohibit trophoblast proliferation by MTT assay, along
with increase apoptosis using flow cytometry, thereby
confirming SNHG7 function in RPL development (38).
Since the discovery of IncRNAs as indirect regulators
of mMRNA expression levels using sequestering miRNA,
several studies identified SNHG7 as a molecular target
of miR-34a (60, 61). In this regard, inhibition of miR-34a
reversed suppressed proliferation of trophoblasts which
was induced by SNHG7 silencing (38). It has been shown
that WNTT1 through the Wnt/B-catenin pathway, acted as
a miR-34a down-stream target. Dysregulated expression
of the Wnt/B-catenin pathway might be correlated to RPL
pathogenesis (62). SNHG7 silencing was also reported
to modulate proliferation and invasion of trophoblasts
with the Wnt/B-catenin pathway inactivation. Due to the
involvement of SNHG7/miR-34a/Wnt/B-catenin axis in
RPL progression, the latter could be underlying potential
molecular targets for RPL treatment (38).

Inc-SLC4A1-1

Inc-SLC4A1-1 was found to target NF-kB and CXCLS,
inhibiting the inflammatory response by TNF-a and IL-
1B. Therefore, high expression of this IncRNA can trigger
apoptosis and stimulate immune responses in trophoblast
cells (18).

H19

H19 is a IncRNA with 2.3 kbp length in the cytoplasm.
High expression of H19 was reported during embryonic
development and its low expression after birth (63). H19
can modulate adhesion and invasion of trophoblasts
within early pregnancy (40, 64). Reduced expression
of H19 resulted in low invasion of extravillous
trophoblast cells, associated with the pathogenesis of
both intrauterine growth restriction and preeclampsia
(65). Significant expression of H19 in trophoblast of
early pregnant women modulated the angiogenic ability
of extravillous trophoblast cells by targeting the miR-
106a-5p/VEGFA axis (66). Decreased expression of
H19 in placental villi tissue of RPL patients showed
the same expression trend in anti-apoptotic Bcl-2 level
along with a negative impact on pro-apoptotic Bax
expression. Therefore, H19 regulates RPL pathogenesis
through inducing apoptosis and can be presented as
a novel therapeutic target for RPL patients (39). In
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another study, H19 was reported to block miRNA let-
7 and stimulated expression of integrin 3 (ITGB3), as
the target gene of let-7. It was also shown that the H19/
let-7/ITGB3 axis could accelerate adhesion and invasion
ability of trophoblast cells. Therefore, low expression
of H19 triggered RPL progression (40). Besides, H19
has been found to target miR-675 and upregulate nodal
modulator 1 (NOMOL) protein expression to induce cell
proliferation and phosphorylation of Smad 2. Therefore,
low expression of this INCRNA was participated in the
proliferation of trophoblast cells (41).

EPB41L4A-AS1

INcCRNA EPB41L4A-AS1 is located on the 5922.2
chromosome, while it is down-regulated in tumors.
Its down-regulation in malignancies started aerobic
glycolysis, called the Warburg effect, inducing fast
tumor growth (42). Trophoblasts as rapid-growing
cells require aerobic glycolysis to support their
fast growth. Although the biological function of
EPB41L4A-ASL1 in cancers is evident, its functional
effect on early pregnancy placental tissue and RPL
needs to be elucidated. EPB41L4A-AS1 expression
was found to be upregulated in placental tissue in
early RPL compared to the normal pregnancy. Recent
mRNA microarray analysis reported a significant
increase in glycolysis-related genes inconsistent with
the expression of fatty acid oxidative phosphorylation
genes (67). Both glycolysis along with fatty acid
oxidative phosphorylation process were involved in
extravillous trophoblasts metabolism that was impaired
in abortion (68). Increased expression of EPB41L4A-
AS1 prohibited HIF-1a as a cell cycle transcription
factor and induced VDACL1 expression as a key
apoptosis regulatory protein (42, 69, 70). Altogether,
overexpression of EPB41L4A-AS1 was responsible
for the disrupted metabolic program in human villous
trophoblast through inhibition of the aerobic glycolysis
and cell growth, and promotion of apoptosis that might
be key reasons of RPL (42).

TINCR

Terminal differentiation-induced non-coding RNA
(TINCR) isa 3.7 kb IncRNA located on human chromosome
19. TINCR is involved in epidermal and somatic tissue
differentiation and progression of miscarriage. Although
the association of genetic susceptibility of some INCRNAs
in RPL has been found (71), there was no significant
correlation between the TINCR gene rs2288947 A>G
polymorphism and RPL (43).

MALAT-1

Metastasis-associated lung adenocarcinoma transcript-1
(MALAT-1) is the IncRNA with more than 8000 bp length.
Itis up-regulated in invasive placentation (72). Expression
of MALAT-1 was shown to be decreased in women with
RPL as well as reducing cell migration and proliferation,
while it induced apoptosis (44). The rs619586 G variant
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of MALAT-1 decreased susceptibility to RPL (73).

ANRIL

Recently, ANRIL has been introduced as a new large
antisense IncRNA with 403 kb length locating on the
chromosome 9p21 locus. ANRIL polymorphism is
correlated with susceptibility to miscarriage (74, 75). The
Rs2151280 GG allele of ANRIL was correlated with an
increased risk of RPL and it might be associated with
initiation of abortion (45).

HULC

Highly upregulated in liver cancer (HULC) is a IncRNA
with 500 nucleotides located on chromosome 6p24.3. It is
highly expressed in human hepatocellular carcinoma (76).
This IncRNA regulates cell invasion, proliferation and
migration (77). SNP genotyping of IcRNAHULC showed
that three variant genotypes of the HULC, including
rs1041279 C>G, rs7770772 G>C and rs17144343 G>A,
reduced RPL. Such protective impact was very noticeable
in women aged under 35 as well as those with at least four
abortions. Therefore, INCRNA HULC might be a potent
biomarker for diagnosis of RPL (46).

Inc-49a

Inc-49a is a novel INcCRNA, positively regulated CD49a
expression of human decidual natural killer (dNK) cells.
This IncRNA was reported to reduce adhesion, migration,
and cytotoxic activity of dNK cells, while accelerated
interferon-y granzyme B (IFN-y) expression (47).
Therefore, Inc-49a could stimulate progression of RPL,
by suppressing cellular migration and invasion.

MEG3

IncRNA maternally expressed gene 3 (MEG3) is located
on chromosome 14¢32.3 and modulated proliferation and
invasion of trophoblasts (78). A recent analysis in aborted
villous tissue showed a dramatic decrease level of MEG3
expression, compared to the normal pregnant women.
This was negatively associated with the unexplained
RPL. Analysis of possible down-stream targets of MEG3
identified the Ras p21 protein activator 1 (RASA1) gene
that was overexpressed in villous tissue of aborted women
in comparison to normal villous tissue (48). RASA1l
obstructed the Ras signaling by binding to the activated
form of Ras (Ras-GTP), thereby repressed this pathway
(79, 80). Indeed, the Ras-MAPK signaling modulated cell
proliferation and apoptosis. MEG3 was shown to stimulate
the Ras-MAPK signaling via suppressing RASAL in
embryonic villi of women with unexplained RSA. It can
be suggested that an under-expressed level of MEG3 can
increase implantation, proliferation, invasion and suppress
apoptosis in aborted primary trophoblasts (48).

ZEB2-AS1

InNcRNA zinc finger E-box binding homeobox 2
antisense RNA1 (ZEB2-AS1) is involved in the prediction



and progression of cancers (81). It has been reported
that ZEB2-AS1 targeted cystatin C (CST3) which was
associated with trophoblast inactivity along with the
susceptibility to developing preeclampsia (82, 83). Both
FISH assay and gRT-PCR analysis revealed low expression
of ZEB2-AS1 level in recurrent aborted mice. In addition,
CST3 expression was dramatically upregulated in the
placental tissue of aborted mice. Furthermore, CST3
overexpression inhibited proliferative activity, migration
capacity, and invasion of mouse chorionic trophoblasts. In
contrast, high expression of ZEB2-AS1 prohibited CST3
expression, thereby promoting the biological function of
mouse chorionic trophoblast cells. Therefore, ZEB2-AS1
can be introduced as a protective INcRNA against RPL
via promoting trophoblast activity through suppression of
CST3 expression (49).

SOX20T

IncRNA SOX2 overlapping transcript (SOX20T)
mapping on the SOX2 gene was found to represent an
oncogenic activity in the pathogenesis of breast cancer
(84, 85). Since the association of abortion as one type
of reproductive risk factor for breast cancer (86), it is
hypothesized that IncRNA SOX2OT has a possible
correlation with RPL (87). It has been suggested that
the SOX20T polymorphism functions as an increased
risk factor for RPL with no dramatic relationship to the
number of abortion in different age (50).

NEAT1

Nuclear-enriched abundant transcript-1 (NEAT1)
INcRNA is located on chromosome 11g13 and binds
with various paraspeckle bodies (88). Expression of
NEAT1 was demonstrated to be increased in placental
samples of preeclampsia than the control group. During
preeclampsia, NEAT1, as a competing endogenous RNAs
(ceRNASs), can bind with miR-373 and enhance expression
of Fms-like tyrosine kinase-1 (FLT-1). Therefore, the
NEAT1/miR-373/FLT-1 may provide a new approach
for understanding the pathogenesis of RPL by targeting
trophoblast cell proliferation and apoptosis (51).

CCAT?2

Colon cancer-associated transcript 2 (CCAT2) is a
InNcRNA with 1752 bp located on chromosome 8qg24.21
which represents an oncogenic role in colorectal cancer.
Effect of CCAT2 polymorphism on RPL indicated a
reduced risk of RPL of the CCAT2 rs6983267 allele,
and provided new IncRNA to protect RPL especially in
women younger than 35 years old (52).

HOTAIR

INcRNA hox antisense intergenic RNA (HOTAIR)
has been demonstrated to participate in normal cell
development and its dysregulation involved in cancer
progression (89). Low expression of HOTAIR is reported
in trophoblasts from RPL women compared to those with
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normal pregnancy. HOTAIR modulated invasion and
migration capacity of trophoblast, thereby enhanced the
RPL pathology (71). Tristetraprolin (TTP) stands as a
tandem zinc-finger mRNA binding protein and modulated
stability of various targets by binding to specific mMRNAs.
Upregulated TTP disrupted trophoblast invasion in
patients with RPL, through HOTAIR destabilization.
Therefore, HOTAIR/TTP can be a possible target for
management of trophoblast cell invasion (53).

Inc-HZ01

Lnc-HZ01 is a novel IncRNA that stimulates occurrence
of miscarriage by enhancing the protein stability of MAX
dimerization protein 1 (MXD1). c-JUN is a transcription
factor of MXDI1 that enhances MXD1 stability in the
nucleus of trophoblast cells with the USP36 enzyme.
METTL14 is a pivotal methyltransferase that can promote
Inc-HZ01 RNA stability in villous tissues through m6A
methylation on Inc-HZ01. Besides, Inc-HZ01 has been
demonstrated to regulate trophoblast cells proliferation
by up-regulating mRNA and protein levels of eukaryotic
translation initiation factor (4E EIF4E). In human villous
tissues, MXD1 could stimulate 4E EIF4E transcription
and Inc-HZ01 in a positive self-feedback loop. Therefore,
Inc-HZ01 repressed trophoblast cell proliferation and
stimulated RPL through the MXD1/EIF4E pathway (55).

Inc-HZ08

Inc-HZ08 is a highly expressed IncRNA in human
trophoblast cells. High expression of Inc-HZ08 could
reduce PI3K level in trophoblast cells by targeting
the PI3K/p-AKT/p-P21/CDK2 pathway. Therefore,
this IncRNA was displayed to induce miscarriage via
suppressing trophaoblast cells proliferation, migration, and
invasion (54).

Conclusion

RPL is one of the most serious clinical problems
in reproductive health that affects family well-being
dramatically. Consequently, clinical research should focus
on how to improve the pregnancy success rate for women
with recurrent miscarriage. In recent years, INCRNAs
have become a focus of research because they regulate the
occurrence and development of a wide variety of diseases.
In this study, we literature the most recent advances in
INcRNAs research and potential molecular pathways
involved in RPL progression. These studies provided
only a little information, while many of the functions of
INcRNAs remain unknown. Despite the advancements
of ncRNAs research in recent years, ncCRNAs have the
following limitations for clinical use: i. In the circulatory
system, ncRNAs are often dynamic and samples from
patients over time only provide an indication of the
current expression status, ii. function of the most ncRNAs
are explored at the cellular level, and animal experiments
to investigate the functions and mechanisms of ncCRNAs
are urgently needed, and iii. It is difficult to know whether
ncRNAs will affect expression of the other genes when
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used as a targeted therapy, while it requires more clinical
experimental evidence.

It can be concluded that silencing IncRNAs, including
TCL6, SNHG7, H19, EPB41L4A-ASl1, TINCR,
MALAT-1, ANRIL, Inc-49a, Inc-SLC4Al-1, HULC,
PVTI1, HOTAIR, MEG3, and SOX2O0T, as well as
silencing transcription and inflammatory factors such as
NF-kB, IFN-y, EGFR, VDACI1, VEGF, and B-catenin
may prevent RPL development. Besides, functional roles
of some IncRNAs (ZEB2-AS1 and CCAT2), miRNAs
(miR-34a, miRNA let-7, miR-675, and miR-106a-5p),
and transcription and inflammatory factors (RASAL, HIF-
la, CST3, TNF-a, IL-1B, and TTP) in the stimulation of
trophoblastic cell proliferation, migration, and invasion
should be considered as novel biomarkers or potential
inducers for reduction of the risk of miscarriage.

Taken together, we recommend that researchers
conduct larger population samples to demonstrate clinical
potential of INCRNAs in diagnosing and treating RPL. In
addition, to use RNA for disease treatment, more efficient
and cost-effective methods for synthesizing and purifying
RNA are needed.
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Abstract
Endometriosis is a chronic inflammatory disease defined by the presence of endometrial-like tissue outside the
uterine cavity. Several authors have reported on the association between changes in inflammatory marker levels
and the maintenance or progression of endometriosis and associated infertility. Interleukin-6 (IL-6) is the most
studied cytokine in endometriosis and has important functions in reproductive physiology. The aim of this study is
to review systematically available evidence about altered IL-6 concentrations in endometriosis-related infertility.
This is a systematic review including all studies until December 2022 in which IL-6 in serum, peritoneal fluid,
follicular fluid, or endometrial biopsy specimens was measured and that correlated their findings with endometri-
osis-associated infertility. Fifteen studies were included in the systematic review. There seems to be a correlation
between elevated serum and peritoneal fluid IL-6 concentrations and the occurrence of endometriosis-associated
infertility. IL-6 may be a potential diagnostic or biomarker tool for the prediction of endometriosis-related infertil-
ity. However, the numerous biases affecting the available studies, and challenges in endometriosis research repro-
ducibility must be considered. Future investigations should pay attention to factors that may affect the results, such
as the choice of suitable control groups, and carefully consider other pathological conditions affecting the patients,

endometriosis stage, and type of lesion.
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Introduction

Endometriosis is a chronic inflammatory disease defined
by the presence of endometrial-like tissue outside the uterine
cavity (1, 2). It affects 5 to 10% of reproductive-age women
(1, 2), causing low quality of life, depression, and various pain
symptoms, including dysmenorrhea, dyspareunia, chronic
pelvic pain, dyschezia, and dysuria (3, 4). Many authors have
studied the association between this condition and infertility
(3, 5). Several theories have been proposed to try to clarify
the pathogenetic mechanisms underlying endometriosis. The
most common involves pelvic and systemic inflammation
stimulating the activation of immune cells and the secretion
of cytokines and chemokines. Alterations in concentrations
of these inflammatory mediators have been extensively
described in women affected by this disease (6). Interleukin-6
(IL-6) is the most studied interleukin in endometriosis (4)
and, considering its important functions in reproductive

physiology, altered concentrations in these patients may lead
to fertility problems (7).

Given this, this study aims to review systematically the
available papers documenting IL-6 levels in serum (S),
peritoneal fluid (PF), follicular fluid (FF), or endometrial
biopsy specimens (ES) in patients with endometriosis-
associated infertility.

Material and Methods

Abibliographicsearchusing Medline, Embase, Cochrane
database of Systematic Reviews, and ClinicalTrials.gov to
December 2022 was performed querying for randomized
controlled trials and prospective studies evaluating IL-6
in patients with endometriosis-associated infertility.

We used the medical subject heading (MeSH) term
interleukin-6 (MeSH Unique ID: D015850) incombination
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with: Endometriosis (MeSH Unique 1D: D004715); and
Infertility (MeSH Unique ID: D007246).

To be included, each study had to measure I1L-6 levels
in S, PF, FF, or ES samples from endometriosis patients
and compare the data with the presence of endometriosis-
related infertility. Only papers written in English were
included. Commentaries, letters to editors, editorials, and
conference abstracts were excluded.

Asystematic review was performed to find any statistically
significant difference between groups evidenced by the
results of chi-squared tests, Student’s t tests, Mann-Whitney
U-tests, Kruskal-Wallis tests, and Wilcoxon signed rank
tests reported in the selected papers. Differences were
expressed as means/median * standard deviation (SD)
and a P<0.05 was considered statistically significant. The
systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (8) (Fig.1).

One author (G.G.l.) independently screened titles and
abstracts of each citation and included those for full-text
review. Each retrieved full-text article was independently
evaluated for inclusion by another author (F.D.G.). Any
potential disagreement was solved by discussion by a
third author (FA.G.).

Results

Our systematic bibliographic research strategy

identified 656 articles. After screening of abstracts and
titles and removal of 73 duplicates, 107 full-text records
were assessed for eligibility. Finally, 15 studies were
included in the systematic review (Fig.1).

)

Records identified (n=656) Duplicate records removed

(=73)

Identification

[

l

Records screened » | Records excluded
(n=583) (n=476)

Reports excluded:
Non-English article (n=8)
Study population or setting
not relevant (n=7)
Outcome measures not

Screening

Reports assessed for eligibility
(n=107)

matching the outcomes
specified in the review
protocol (n=58)

Not enough information to
assess the quality of the
study (n=19)

A

Studies included in review
(n=15)

[ Included ][

Fig.1: PRISMA flowchart.

IL-6 distribution among endometriosis-associated
infertility and infertility without endometriosis,
endometriosis without infertility, and non-endometriosis
without infertility, respectively are displayed in Tables 1
(9-20), 2 (21, 22) and 3 (15, 23).

Table 1: Interleukin-6 distribution among women with endometriosis-related infertility and without endometriosis

Author, Year E() C(n) Ctype Typeof E C Pvalue Additional
sample IL-6 IL-6 information
Buyalos et al. (9), 1992 10 10 Tubal infertility FF ns aNA
10 10 Antisperm antibody FF ns aNA
Harada et al. (10), 1997 19 19 Diagnostic laparoscopy for infertility PF > < <0.05
lwabe et al. (11), 2002 53 40 Diagnostic laparoscopy for infertility PF > <
Jorgensen et al. (12), 2022 42 32 Diagnostic laparoscopy for infertility ES ns 0.99
Kalu et al. (13), 2007 18 22 Diagnostic laparoscopy for infertility PF > < 0.015
15 20 Diagnostic laparoscopy for infertility S ns 0.946
Liu et al. (14), 2000 14 11 Diagnostic laparoscopy for infertility PF > < <0.01
Moberg et al. (15), 2015 37 23 Diagnostic laparoscopy for infertility PF > < <0.0001
Pellicer et al. (16), 1998 8 7 Diagnostic laparoscopy for infertility S < > <0.05
12 11 Assisted reproduction without endometriosis FF > < <0.05
8 7 Diagnostic laparoscopy for infertility S > < <0.05 Natural cycle
12 11 Assisted reproduction without endometriosis S > < <0.05 Before HCG
12 11 Assisted reproduction without endometriosis S ns aNA After HCG
Singh etal. (17), 2016 200 140 Tubal infertility FF > < <0.05
200 140 Tubal infertility S > < <0.05
Skrzypczak et al. (18), 28 20 Infertile without endometriosis PF ns aNA
2005
20 10 Fertile PF ns aNA
Wu et al. (19), 2017 17 17 Tubal, male, myoma or idiopathic infertility — FF > < 0.01
Wunder et al. (20), 2006 47 279 Assisted reproduction without endometriosis  FF ns 0.34

Interluekin-6 (IL-6) levels for exposure groups were compared to those for controls reporting the higher or lower values between the two groups in case of statistical significance. aNA;
a error not available, C; Control, E; Endometriosis, ES; Endometrial biopsy specimens, FF; Follicular fluid, ns; Non-significant, PF; Peritoneal fluid, S; Serum, and HCG; Human chorionic

gonadotropin.
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Table 2: Interleukin-6 distribution among women with endometriosis-related infertility and endometriosis without infertility

Author (References), I(n) C(n) Ctype Type of fluid | C P value
Year IL-6 IL-6

Gicaetal. (21), 2020 22 14 Diagnostic laparoscopy for endometriosis S > < 0.00
Moberg et al. (15), 2015 37 28 Diagnostic laparoscopy for endometriosis PF > < <0.0001

Interluekin-6 (IL-6) levels for exposure groups were compared to those for controls reporting the higher or lower values between the two groups in case of statistical significance. C;

Control, [; Infertility, n; Number, PF; Peritoneal fluid, and S; Serum.

Table 3: Interleukin-6 distribution among women with endometriosis-related infertility and non-endometriosis without infertility

Author (References), E(n) C(n) Ctype Type of fluid E C P value
Year IL-6 IL-6

Ueki et al. (22), 1994 7 9 Fertile with myoma or ovarian cyst PF > < aNA
Wang et al. (23), 2018 55 30 Fertile without endometriosis PF > < <0.05

Interluekin-6 (IL-6) levels for exposure groups were compared to those for controls reporting the higher or lower values between the two groups in case of statistical significance. aNA;

a error not available, C; Control, E; Endometriosis, n; Number, and PF; Peritoneal fluid.

One study reported higher values of S IL-6 in patients
with endometriosis-related infertility than controls (17).
Other authors compared women with endometriosis and
controls, studying some patients with endometriosis
in natural cycles to others in stimulated cycles. They
concluded S IL-6 was increased in the natural cycles of
patients with endometriosis and modulated by ovarian
stimulation, showing a significant decrease in stimulated
cycles and a significant increase just after human
chorionic hormone administration (16). One study found
no difference in S IL-6 levels between endometriosis-
associated infertility patients and the control group (13).

Allofthe6includedstudiesevaluating IL-6 concentration
in PF found higher levels in the endometriosis-associated
infertility group than in controls (10, 11, 13-15, 18).
Interestingly, Harada et al. (10) found a statistically
significant correlation between the American Fertility
Society scoring system and the log-transformed IL-6
levels in PF from patients with endometriosis (r=0.723,
P<0.01).

Higher FF IL-6 concentrations were found in three
papers in which infertile women with endometriosis were
compared to patients without endometriosis (11, 16, 17).
Two studies found no difference in FF IL-6 concentrations
between endometriosis-associated infertility patients and
control groups (9, 20).

The only study evaluating IL-6 levels in ES between
infertile patients with endometriosis and a control group
failed to show any difference (12). Moreover, higher values
of S (21) and PF (15) IL-6 were reported among patients
with  endometriosis-associated infertility —compared
with those who underwent diagnostic laparoscopy for
endometriosis. Finally, higher values of PF IL-6 were
shown among women with endometriosis-associated
infertility compared to women without endometriosis or
infertility (22, 23).

Discussion

The present systematic review reinforces the hypothesis
that there is a correlation between elevated S and PF
IL-6 concentrations and endometriosis-related infertility.
However, there was no clear evidence of a correlation

between FFand ES IL-6 concentrations and endometriosis-
associated infertility.

Nowadays 30 and 50% of patients with endometriosis
develop infertility, and about 25 to 50% of infertile women
are diagnosed with endometriosis (3, 21).

Several theories have been proposed to explain this
pathogenesis and, currently, the chronic inflammation
theory seems to be the most plausible (6). Therefore,
research into inflammatory factors as a cause of
endometriosis is growing. Many authors have stated
that inflammatory markers are highly influential in
endometriosis (21), and their evaluations represent non-
invasive tests for this disease (24).

IL-6 is the most investigated interleukin concerning
endometriosis and is an important pleiotropic cytokine for
assisting with the diagnosis of this disease. It is secreted
in response to injury by various immune cells (10), and
participates in several immunological mechanisms (4,
25). Many studies have demonstrated higher S (26),
PF (27) and FF (28) IL-6 concentrations in women
with endometriosis. IL6 also plays an important role in
reproductive mechanisms, such as the production of
steroid hormones by the ovaries (10), folliculogenesis,
and oocyte maturation by ovarian angiogenesis and
enhancement of vascular permeability (7). IL-6 is an
activator of macrophages (29), which can amplify
angiogenesis and regulate the immune environment of
the endometrium (5, 30). In this regard, IL-6 is felt to
contribute to infertility often associated with endometriosis
(3). IL-6 family proteins, especially leukemia inhibitory
factor (LIF), also play an important role in the early
stages of embryonic implantation (15, 31) and therefore
one hypothesis is that their reduced expression may
cause endometriosis-related infertility (15, 32). LIF, its
receptor LIFR, and the IL-6 family signaling molecule
glycoprotein (gp)130 are predominantly expressed in the
mid-secretory endometrium, where embryo implantation
occurs (15, 33, 34). The binding of LIF to the high-affinity
receptor complex formed by LIFR and gpl30 activates
the intracellular signaling transduced mainly through
the Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway, which can be inhibited
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by suppression of cytokine signaling 1 (SOCS1) (15, 35).
The latter has been detected in the endometrium in both
the proliferative and secretory phases (15, 34). LIF also
has other functions in the endometrium, such as regulating
the immune environment during implantation, controlling
interactions between decidual leukocytes and the embryo,
and altering the expression of glycans on the cell surface
(36, 37). In mice, the intrauterine administration of anti-
LIF has been shown to cause pregnancy blockage (38).
In accordance with this, some authors found a lower
expression of LIF in the mid-secretory endometrium of
infertile women with endometriosis than in fertile women
(32, 37), suggesting that altered endometrial expression
of LIF, LIFR and gp130 may explain the higher rate of
infertility in women suffering from endometriosis (14,
15).

Prima et al. (39) also showed a negative correlation
between PF IL-6 levels and the Endometriosis Fertility
Index (EFI) score, an indicator to predict pregnancy in
patients undergoing surgery that combines patient history
factors (age, duration of infertility and previous pregnancy
history) and intraoperative findings (surgical factors).
Contrary to the discordant studies included in this review
relative to differences in FF IL-6 concentrations, Altun
et al. (40) reported an increased likelihood of clinical
pregnancies n women without endometriosis and with low
FF 1L-6 concentrations Therefore, evaluating local and
systemic IL-6 levels may be clinically useful to predict
endometriosis-related infertility, especially in S and PF.

Factors that may limit the conclusions of this review
are that the control groups differed among the included
studies and that the results could have been influenced
by the sample size, the presence of other inflammatory
pathological conditions, and the use of hormones and
therapies. The technical sensitivity of the assays used
can be an additional confounding factor and it is possible
that the IL-6 detected by some researchers may be non-
functional or antagonized by anti-inflammatory cytokines
or cytokine inhibitors. Another point to note is that
IL-6 levels depend on the menstrual cycle phase, the
endometriosis stage, and the type of lesion.

Conclusion

Local and systemic IL-6 levels may prove useful in
the future as diagnostic or biomarker tools to predict
endometriosis-related infertility. However, the numerous
biases affecting the available studies, and challenges
in endometriosis research reproducibility must be
considered. Future investigations should pay attention
to the choice of suitable control groups and carefully
consider other pathological conditions affecting the
patients, the endometriosis stage, and the type of lesion as
these may affect the results.
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Abstract
Human leukocyte antigen G (HLA-G) levels are among the biomarkers suggested for pre-eclampsia (PE). This study
is aimed at determining the possible relationship between low soluble HLA-G (SHLA-G) levels in maternal blood at
the beginning of pregnancy and subsequent PE. We searched the international scientific databases of Web of Science,
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levels of HLA-G in the first trimester of pregnancy and the onset of PE using the appropriate keywords. The collected
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the eligibility criteria, and the total sample size was 668 subjects. The mean and SD age of case subjects was 31.41 +
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Introduction

Pre-eclampsia (PE) is regarded as one of the most
common disorders of pregnancy, which is usually
manifested by the onset of hypertension along with
proteinuria after the 20th week of pregnancy (1).
Previous epidemiological data showed that about 3-5%
of pregnancies worldwide are pregnancies are affected
by PE (2). This condition not only leads to morbidity
and mortality in some pregnant women but also causes
fetus health issues such as growth restriction and preterm
birth (3, 4).

The main feature of PE is defected placentation. The
reduced ability of trophoblasts to invade the placental
spiral arteries, as well as incomplete endothelial remolding

of these arteries are considered the main mechanisms
leading to the onset of PE (5). Despite the above-
mentioned, clear-cut information cannot be provided on
the exact pathogenesis of PE since various factors play
a role in this regard (6). Risk factors including a genetic
background of hypertension, maternal age, diabetes,
cardiovascular conditions, and obesity have been listed to
be associated with PE (7-9). In the case of the immune
system, inflammatory conditions have been demonstrated
to play a critical role in PE pathogenesis (10, 11). In
this regard, through a review of the conducted studies,
increased levels of inflammatory cytokines and declined
levels of regulatory and anti-inflammatory cytokines have
been found to play a role (12-15). Moreover, decreased
frequency of immune cells with regulatory properties and
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increased number of immune cells with inflammatory
properties during all stages of pregnancy have been
focused on as the main features of PE (16). Uncontrolled
immune activation and pro-inflammatory condition during
the early weeks of gestation and in the first trimester of
pregnancy are associated with the onset of PE after the
20th week of pregnancy (17). Several efforts have been
done to find inflammatory biomarkers in early gestation
to predict PE (18).

Many factors are involved in the immune system
regulation at the feto-maternal interface, among which
human leukocyte antigen G (HLA-G) is believed to be
a critical factor that prevents fetus immune rejection and
provide fetal growth and appropriate placentation. During
a normal pregnancy, extravillous trophoblasts express
an abundant amount of HLA-G (19). Interestingly,
upregulated expression of HLA-G in trophoblasts is
simultaneous with the invasive ability (20). HLA-G has
several isoforms, which are different in subunits and
the existance of soluble forms. HLA-G1 and HLA-G5
are the most frequent soluble ones and consist of four
subunits (21). During pregnancy, HLA-G1 regulates the
proliferation and activation of T cells and NK cells to
support feto-maternal immune tolerance (22). HLA-G5
has been shown to regulate and control the production
of cytokines by alloantigen-activated T cells (23). In
the case of patients with PE, studies have shown that
placental trophoblasts are defective in upregulating
HLA-G expression and the serum level of soluble
HLA-G is significantly lower than in patients without PE
(24, 25). However, most studies in this regard have been
done in cases with PE in their second or third trimester
of pregnancy (26, 27). To determine the possible role of
HLA-G in the onset of PE it is necessary to investigate the
expression of this molecule during the first few weeks of
pregnancy and the placentation process.

Therole of HLA-G and its potential use as a biomarker to
predict the onset of PE is currently unclear. Therefore, the
current study aimed to review and analyze the published
data available on the association of serum HLA-G during
the first trimester of pregnancy and the onset of PE.

Materials and Methods

We conducted this systematic evidence review according
to best practices and report our findings according to the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) checklist (28).

Search strategies

A comprehensive search was performed to extract the
published studies on the relationship between the SHLA-G
serum level in the first trimester of pregnancy and the onset
of PE. The keywords used included “pregnancy”, “human
leukocyte antigen G”, “HLA-G”, “preeclampsia”, “first
trimester”, “onset of preeclampsia”, “PE", “frequency,
and “genotype. Different combinations of these keywords
and Boolean operators (“OR” and “AND”) were used

Maghsudlu et al.

for searching international databases, including ISI,
PubMed, Embase, and Scopus. Google Scholar was also
searched to find the studies not included in the mentioned
databases (Table 1). Also, the references of the extracted
studies were checked to find potentially relevant studies.
All records were then imported into the endnote and
duplicated records were deleted.

Table 1: Search strategy used in each database in this review

Electronic
database

Search terms (including truncations)

ISI “Pregnancy" OR “First Trimester”

AND "Genotype"

AND “Human leukocyte antigen G” OR “HLA-G”
AND “Onset of Preeclampsia” OR “PE"
“Preeclampsia”OR “PE"

AND

" Pregnancy" OR*“First Trimester”

AND “Human leukocyte antigen G” OR “HLA-G”
“Human leukocyte antigen G” OR “HLA-G”
AND "Genotype"

AND “Preeclampsia”OR “PE

AND “First Trimester of pregnancy”

PubMed

Scopus

Embase “First Trimester of pregnancy”

AND

“Human leukocyte antigen G” OR “HLA-G”
AND

“Onset of Preeclampsia” OR “Preeclampsia "

Study selection

After deleting the duplicated studies, the titles and
abstracts of the remaining were checked to find the
eligible studies based on the following inclusion and
exclusion criteria:

Inclusion criteria were the original case-control
studies on the relationship between the sHLA-G serum
level in the first trimester of pregnancy and the onset
of PE with extractable intended data and available full
texts. Exclusion criteria included review articles, meta-
analyses, congress abstracts, studies in languages other
than English, and retracted papers.

Using studies eligible based on the above criteria were
selected by two of the authors independently while they
were rechecked and confirmed by all authors.

Data extraction

Data from the selected studies were extracted by
two different authors. Data such as the related data,
including authors’ names, location, publication date,
age and the number of case and control participants,
gestational age, and SHLA-G serum level (ng/ml) were
extracted by two of the authors. Data were reviewed for
potential mistakes by other authors and then confirmed
by all authors.
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Risk of bias in individual studies (Quality assessment)

The Newcastle-Ottawa scale (NOS) for cross-sectional
and case-control studies was used to assess the risk of bias
in individual studies (18) with 9 points for case-control
studies and 8 points for cross-sectional studies indicating
high quality and low risk of bias: 1-3, 4-6, and 7-9, were
categorized as of low, intermediate, and high quality,
respectively for case-control studies and 1-3, 4-5, and 6-8
were categorized as low, intermediate, and high quality,
respectively for cross-sectional studies (Table 2).

Risk of bias across studies

Publication bias was evaluated by Begg’s Funnel
plots and Egger test. P<0.05 were considered valid for
heterogeneity.

Data synthesis and analysis

Variables such as the sample size, mean, and standard
deviation of expected data were grouped. Each study’s
weight was assigned based on its inverse variance. The Q
testand 12 index were done at an a-level error of lower than
10% significance to assess test heterogeneity within the
included studies. To analyze our collected heterogeneous
data, the random effect model was utilized. Moreover,
Stata Version 14.2 was used to analyze all of the data
statistically.

Results

The present meta-analysis included five original studies
published on the relationship between sHLA-G serum
level in the first trimester of pregnancy and the onset of
PE (Table 3). The study selection process is shown in
Figure 1. The total sample size was 668 (155 case subjects
and 513 control subjects), with mean ages of 31.41 + 4.16
and 30.56 + 3.5 years for the case and control subjects,
respectively. The overall estimate of the standard mean
difference between groups using the random-effects
model was -1.51 [95% confidence interval (CI): -2.26,
-0.75, 12=90.8%, P=0.000] (Fig.2). Accordingly, it can
be concluded that a significant relationship was found
between HLA-G serum level in the first trimester of
pregnancy and the onset of PE in pregnant women, and
the risk of developing PE later in pregnancy was increased
by low sHLA-G serum levels. Based on Figure 3, no
evidence of publication bias was found employing Begg’s
funnel plots and Egger test.

Records identified
Through database searching
(n=182)

4

Records after duplicates removed
(n=95)

4

Records screened
(n=50)

Records excluded
via screening title
and abstract (n=33)

Screening

—

Full-text articles
excluded, with reasons

Full-text articles assessed
for eligibility
(n=17) Review (n=5)
No relevant data (n=7)

Eligibility

A
Studies included in
Qualitative synthesis
(n=5)

Studies included in
Quantitative synthesis

Included

(Meta-analysis)
(n=5)

Fig.1: Prisma flow diagram illustrating the selection of articles.

Study %
D SMD (95% Cl) Weight
Shang-mian Yie (2005) -4.59 (6,17, -3.02) 1179
_Ismail Biyi (2014) | -0.44 (:0.92, 0.04) 2212
Yingdong He (2015) - -0.87 (-1.27,-0.47) 2275
Beneventi Faus (2017) -2.47 (3.20,-1.75) 1985
Luca Marozio (2017) |-

-0.77 (-1.05, -0.49) 23.49

Overall (I-squared = 90.8%, p = 0.000) -1.51(-2.26,-0.75) 100.00

NOTE: Weights are from random effects analysis

T T
617 0 6.17

Fig.2: Forest plots for case-control studies of the relationship
between the variables of HLA-G serum level in the first trimester
of pregnancy and onset of PE in the investigated studies with 95%
confidence interval (based on random model). PE; Preeclampsia,
HLA-G; Human leukocyte antigen G, SMD; Standard mean difference,
and Cl; Confidence interval.

Table 2: Risk of bias in individual studies

First author™s name Type of study Selection Comparability Outcome Total
2 3 4 1 1 2 3

Yie et al. (29) Case-control * * * * * 5

Biyik et al. (30) Case-control * ol * ol 6

Beneventi et al. (31) Case-control * * * * * * * * 8

Marozio et al. (32) Case-control * * * ** 5

He et al. (33) Case-control * * * * faied 6
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Table 3: Characterizations of articles reviewed in the present study

First Author Publication year Sample size Mean age + SD Gestational age + SD SHLA-G serum level
(reference) (ng/ml) £ SD

Case Control Case Control Case Control Case Control
Yie etal. (29) 2005 12 12 28+5 298+22 82+6.6 78+05 125+16.87 195+134
Biyik et al. (30) 2014 19 154 287+664 2724+621 1248+0.7 123+08 23.89+1282 36.91+30.72
Beneventietal. (31) 2017 17 42 3426+176 362+13 22.32+52 47+11.3
Marozio et al. (32) 2017 65 234 317+48 317+49 96.86+14.42 105.4+10.03
Heetal. (33) 2015 42 71 3203+2.63 308+29 252+2.38 526 +3.53

Begg's funnel plot with pseudo 95% confidence limits

SMD
N
L

T T T
A4
s.e. of: SMD

Fig.3: Begg’s funnel plot for publication bias diagram in the investigated
studies, the circles show the weight of the studies. SMD; Standard mean
difference.

Discussion

Based on our findings, it seems that a clinical index
determination for severe PE prediction especially in
the first trimester is crucial, since its development has a
negative effect on the prognosis of the mother and her
baby. Therefore, the present meta-analysis was performed
to investigate the controversial results on the potential
relationship between serum levels of sHLA-G in the first
trimester of pregnancy, and the onset of PE in pregnant
women. To our knowledge, this is the first meta-analysis
investigating this potential relationship. Our results suggest
a significant relationship between sHLA-G serum level in
the first trimester of pregnancy and the onset of PE.

Through our literature review, some studies were found
to address the relationship between HLA-G and gestational
time, including those in the current meta-analysis. For
instance, Alegre etal. (34) and Yieetal. (29), have conducted
studies in which a comparison is made between pregnant
and non-pregnant women in terms of plasma sHLA-G
levels. Based on their results, in the case of pregnant
women, SHLA-G levels were detectable, while it was not
the case for non-pregnant women. Another study, it was
found by Klitkou et al. (35) that SHLA-G levels they were
lower in fetal blood in comparison to the maternal blood,
which shows the role of the placenta as a barrier. Besides,
they observed that throughout the 20 weeks of gestation,
SHLA-G levels were lower in maternal blood compared

to fetal blood. Interestingly, a recently conducted study
showed the possible association of SHLA-G with PE (36),
while another recent study reported that SHLA-G levels
did not predict complicated pregnancies (including PE).
However, it should be noted that the latter study addressed
various types of complicated pregnancies, and the selected
sample size was found to be relatively small (30).

Through the study conducted by Yie et al. (29), the
following results were obtained: a decrease occurred in the
serum and placental HLA-G levels during PE in comparison
to normal pregnancy, and a significant association was
found between serum and placental levels of HLA-G. The
results indicate that in maternal plasma, the trophoblast is
the main source of SHLA-G. In a report by Steinborn et al.
(37), it was revealed that lower sHLA-G levels are shown
in women with placental abruption in comparison to the
ones in normal pregnancy at the same gestational age.

It has also been found that below 43.5 IU/mL sHLA-G
levels at the end of the first trimester lead to an increase in
developing placenta-mediated complications, particularly
severe PE. This usually happens through the later course
of pregnancy which is reported to be related to abnormal
placentation and placental abruption (32). Recent studies
regarding the HLA-G and its association with PE have also
highlighted the role of HLA-G in PE. A study published in
2020 suggested that placental down-regulation of HLA-G and
its receptors contribute to the onset of PE through disturbance
in interferon immune activation (38). Another recent study in
2021 has shown that not only decreased placental expression
of HLA-G may be associated with PE, but changes in HLA-G
isoform may also be a critical factor in PE (39).

The small sample size and address only sHLA-G levels
constitute the limitations of this study. Accordingly,
we cannot totally rule out the possibility that it could
be a source of bias. However, our results showed that
SHLA-GL1 levels were independent of other factors such
as body mass index (BMI).

Conclusion

To summarise, in comparison to the normal controls,
plasma sHLA-G1 levels were found to be significantly
lower in women with late-onset severe PE. One could
conclude that although the low sHLA-G1 expression is
shown to be significantly related to the occurrence of PE,
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high SHLA-G1 levels may be considered as one of the
factors to maintain a normal pregnancy. Although first-
trimester SHLA-G1 seems to have predictive values for
PE, large-scale cohort studies are needed to justify this.
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Abstract
Background: Hormones such as prolactin, by influencing expression of the endometrial genes, play a pivotal
role in embryo implantation and development. The present study aimed to evaluate serum level of prolactin and
its effect on altering expression level of colony-stimulating factor-1 (CSF-1) and colony-stimulating factor-1 re-
ceptor (CSF-1R) genes in endometrial tissue during in vitro fertilization (IVF) pregnancy in the infertile women
and recurrent pregnancy loss (RPL), compared to fertile women, who lost their pregnancies at gestational age
<20 weeks.

Materials and Methods: In this case-control study, 40 infertile women, 40 IVF pregnant women with RPL and 40
fertile women who lost their pregnancies at <20 weeks of gestation for unknown reasons were selected. Prolactin
serum level was assessed using ELISA technique and expression of CSF-1 and CSF-1R genes was determined in
endometrial tissue, using quantitative reverse transcription polymerase chain reaction (QRT-PCR).

Results: Mean prolactin level of the infertile group was 24.38 + 1.43 ng/mL and it had statistically significant
relationship with the fertile group (P<0.001). Expression level of the CSF-1 and CSF-1R genes were higher in the
fertile than infertile groups by 2.88 times (P<0.0001) and 2.64 times (P<0.0001), while it was respectively 2.28
(P<0.0001) and 1.69 (P<0.0001) times higher compared to the RPL group. Risk factors for pregnancy loss, such
as aging, increased body mass index (BMI), smoking and diabetes caused decreasing changes in gene expression
(CSF-1 and CSF-1R) and the differences were statistically significant, except in the infertile group.

Conclusion: The present study showed a significant relationship of CSF-1 and CSF-1R expression levels with preg-

nancy loss. Risk factors such as aging, obesity, smoking and diabetes decreased both genes expression levels.
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Introduction

Recurrent miscarriage occurs in 1-2% of women
with reproductive age. Different terms and guideline
is proposed to describe recurrent pregnancy loss. For
example, it is termed as “recurrent pregnancy loss" and
“recurrent miscarriage” by respectively the European
society of human reproduction and embryology (ESHRE)
and royal college of obstetricians and gynaecologists
(RCOG) of UK. The new definition of ESHRE and the
American society for reproductive medicine (ASRM) for
recurrent miscarriage is the loss of two or more consecutive
pregnancies, whereas the earlier description was defined
as three or more consecutive pregnancy losses (1).

Recurrent pregnancy loss (RPL) is the most common
complication of pregnancy. Almost 70% of human

conceptions do not survive a live birth. Approximately
50% of all pregnancies end in miscarriage before clinical
diagnosis even with fetal heart activity (2). RPL is
characterized by two or three consecutive miscarriages
prior to the 20" week of gestation (3). Pathogenic factors
which have been known in only 50% of the cases include
immune, endocrine, genetic and infectious factors, as
well as metabolic disorders, anatomical abnormalities and
other unknown causes (2, 3).

As a hormone secreted by the anterior pituitary gland,
central nervous system, immune system, uterus, the
tissue involved in pregnancy, and even the mammary
glands, prolactin has several chemical forms after
translation. It emerges a range of chemical changes,
such as phosphorylation or glycosylation (4). It relies
on the estrogen, progesterone, glucocorticoids, insulin,
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thyroid hormone and parathyroid hormone. Prolactin also
enhances uptake of some amino acids and glucose as well
as the production of milk sugar and milk fats (5).

Prolactin is a member of the growth hormone-placental
lactogen family, arisen from a common ancestral
gene, about 500 million years ago. More than 300
different functions (6), including growth, development,
reproduction, metabolism, water and electrolyte balance,
brain and behavior, and immune system regulation, are
reported for prolactin (7), most of which are related to
lactation and reproduction (8). Thus, its secretion is
increased during pregnancy (9). Prolactin receptors
are located on endometrial cells and, by binding to the
hormone, help the endometrium capability to accept
egg and create a suitable environment for blastocyst
implantation (10). The prolactin effects are exerted
through the CSF-1R receptor. This receptor is a member
of the prolactin family, belonging to the tyrosine kinase
receptors which are also expressed in macrophages
and dendritic cell ancestors. This receptor controls
proliferation, differentiation and survival of macrophages
(11). In addition, CSF-1R is more expressed in the cell
columns of extravillous trophoblasts, anchoring placenta
to uterus (12).

Colony-stimulating factors (i.e. M-CSF, CSF1, GM-
CSF, CSF2, G-CSF and CSF3) are a family of cytokines,
among which M-CS and GM-CSF are expressed during
pregnancy in the oviduct and uterus (13). CSF-1 (M-
CS) is a factor that promotes growth of immune cells,
especially monocytes. It is mainly produced by fibroblast
cells, but there are various reports of its presence in the
other tissue (14). This glycosylated homodimer with
a disulfide bond is also expressed in the endometrium,
decidua and placenta. In the endometrial glands, high
levels of CSF-1 are seen during the secretory phase
compared to the proliferative phase. Decidua also shows
high levels of mMRNA and CSF-1 protein in the secretory
phase compared to the proliferative phase endometrium.
In addition, it seems that endometrial cells near the
anchoring villi of trophoblast are the main sources of
CSF-1 for the placental-uterine interface (12).

Recurrent miscarriage and RPL mostly occur in the first
trimester of pregnancy, prior to the week 20 of gestation;
in addition, abortion (28" week of gestation) or premature
birth (after 28" week of gestation) events occur in 10-
20% of fertile couples (15). The current study aimed to
evaluate prolactin hormone change and its relationship
on the expression of CSF-1 and CSF-1R genes during
miscarriage prior to the week 20" of gestation in three
groups of women with infertility, RPL and healthy fertile.

Materials and Methods

In this case-control study, three groups of women
with infertility, RPL and healthy fertile were selected
from patients referred to Yazd Infertility Center (Yazd,
Iran), as well as Yas and Mirza Kuchak Khan Hospitals
in Tehran, Iran. Women with children who have had at
least two times normal pregnancy were assigned to the
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fertile group. Women with unknown causes of infertility
and normal menstrual cycles with passing at least five
years from their marriages were enrolled in the infertile
group. Additionally, women who passed at least five
years from their marriages and experienced a miscarriage
at least twice without any children were assigned to the
RPL group. Each group included 40 subjects (the sample
size was estimated based on the following assumption:
typel and 2 errors: 0.05 and 0.20, respectively; expected
implantation rate in the control group: 65%; expected
frequency of abortion: 35%). Women in both infertility
and RPL groups attempted to conceive via IVF, but
subjects in the fertile group had normal pregnancies. The
inclusion criteria were as follow: having a normal ovarian
function, regular menstrual cycles, normal fallopian
tubes, lack of uterine abnormalities, lack of endometriosis
signs in ultrasound or laparoscopic examinations, and
miscarriage of unknown causes with a normal embryonic
karyotype prior to the week 20" of gestation. In addition,
their spouses should have a normal volume and analysis
of semen, based on the World health organization (WHO)
reference values.

The selected individuals were within the age range
of 25 and 35 years. Serum samples were taken from
all subjects before undergoing curettage and stored at
-20°C. Endometrial specimens were also collected using
the Novak curette/Pipelle catheter and stored at -20°C
after transferring to vials containing RNA-later. Other
information about their age, height, weight and blood
pressure was extracted from their files.

Determining serum concentration of prolactin, using
ELISA

Serum prolactin concentrations were assessed by the
commercially available kits (REF: DKOO011, LOT No.:
4808A, DiaMetra, Italy) based on ELISA.

RNA extraction and cDNA synthesis

Firstly, endometrial tissue samples (approximately
100-150 mg) were rinsed with saline to remove RNA-
later. Then, whole RNA was extracted from the tissue
using a commercially available kit (Roche Diagnostics,
Germany) according to the manufacturer’s instructions.
Then, the extracted total RNA was evaluated using
spectrophotometry and gel electrophoresis. To synthesize
cDNA, 1 mg of the total RNA of each sample was
mixed with random hexamer primers, RT (Reverse
Transcriptase) enzymes and enzyme buffer, according
to the kit instructions (Gene All Inc., South Korea) and
placed in a thermocycler.

Expression level analysis of CSF-1 and CSF-1R by
quantitative reverse transcription polymerase chain
reaction

Beta-actin housekeeping gene was used to evaluate
expression levels of CSF-1 and CSF-1R genes. Sequences
of the designed primers and length of the proliferated
segments are shown in Table 1.



Table 1: Primer sequence and polymerase chain reaction (PCR) product of
CSF-1 and CSF-1R genes

Gene Primer sequence (5'-3") PCR product

size (bp)

CSF-1 F: AAGTTTGCCTGGGTCCTCTC 290
R: TCCACTCCCAATCATGTGGC

F: TGAGCTCACCCTTCGATACC 188
R: CCTCAGGGTATGGGTCATCC

F: TGGGCATCCACGAAACTAC 135
R: GATCTCCTTCTGCATCCTGT

CSF-1R

B-actin

SYBR Green PCR Master Mix kit was used to perform
gRT-PCR. The reaction was carried out with a mixture
containing 10 ul master mix SYBR Green (Qiagen,
Germany), 1 pl of each primer (10 pmol/ul), 1 pl of
cDNA (50 ng) and 7 pl of dH,O based on the following
program: initial denaturation at 95°C for 10 minutes, then
denaturation at 95°C for 30 seconds, annealing at 60°C
for 30 seconds and elongation at 72°C for 20 seconds
in a total of 35 cycles. The melting curve analysis was
performed at the translation rate of 1°C/second from 95°C
to 60°C for 60 seconds. To analyze the samples, the PCR
cycle threshold curve was plotted based on the exponential
phase, and the 2-24¢ method was used to analyze the data.

Statistical analysis

SPSS version 25 software (IBM, USA) was used for data
analysis. The inter- and intra-group comparisons in terms of
the mean age, BMI and prolactin levels were performed by
one-way ANOVA and the post hoc Tukey test. The results
were expressed as mean + SD. Due to the non-normality
of the data, nonparametric Kruskal-Wallis test was used to
compare gene expression among the three groups. Pearson’s
correlation coefficient was used to evaluate the relationship
between the prolactin level and the expression level of CSF-1
and CSF-1R genes. Significant level was considered P<0.05.

Ethical considerations

The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a prior
approval by the Tehran Islamic Azad University of Medical
Science (IR.IAU.TMU.REC.1397.007, Tehran, Iran).
Informed consent was obtained from all participants and
their information was received through a questionnaire.

Sadeghi Jam and Tahmasebi Fard

Results

Demographic characteristics of the subjects in the
fertile, RPL and infertile groups, including age, body
mass index (BMI), smoking habit, diabetes status and
prolactin levels, are shown in Table 2.

Assessment of prolactin levels in the study groups

Mean prolactin level had a significant difference
between the fertile and infertile groups (41.84 + 4.32
vs. 24.38 = 1.43 ng/mL, P<0.001). The same result was
obtained between the fertile and RPL (32.45 + 4.16 ng/
mL, P=0.121). The results are shown in Figure 1.
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Fig.1: Comparison of the prolactin levels among fertile, infertile and
miscarriage. Comparison of the three study groups showed that the
highest and lowest levels of prolactin belonged to the fertile and infertile
groups respectively, and a significant difference was observed among
these groups. **; P<0.0001 and ns; P>0.01.

Assessmentof theexpression level of CSF-1and CSF-1R
genes in the study groups

Expression level of the CSF-1 gene in the endometrial
tissue was higher in the fertile than the infertile group by
2.88 times (P<0.0001). Its expression level was 2.28 times
higher than the RPL ones (P<0.0001). Its expression level
between the RPL was 1.26 times higher than the infertile
group (P=0.011).

Expression level of the CSF-1R gene was 2.64 times
higher in the fertile group than infertile ones (P<0.0001),
and 1.69 times higher than the RPL group. The difference
was statistically significant (P<0.0001). Expression level of
the CSF-1R gene in the RPL group was 1.56 times higher
than the infertile group, and the difference was statistically
significant (P=0.002). Data are shown in Figure 2.

Table 2: Characteristics of the fertile, infertile and recurrent abortion women

Variable Fertile Infertile Recurrent abortion P value between the groups
Age (Y) 3293+1.25 33.20+1.30 32.03+1.02 0.769
BMI (kg/m?) 23.76 £ 0.56 27.43+0.48 26.23+0.58 <0.001
Prolactin (ng/mL) 41.84 +4.32 24.38+1.43 32.45+4.16 0.003
Smoker 0.303
Positive 8 (20) 4(10) 9 (22.5)
Negative 32 (80) 36 (90) 31 (77.5)
Diabetes 0.277
Positive 3(7.5) 6 (15) 8 (20)
Negative 37 (92.5) 34 (85) 32 (80)

Data are presented as mean * SD or n (%). BMI; Body mass index.
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Fig.2: Comparison of CSF-1 and CSF-1R gene expressions between the
studied groups. Expression changes of the A. CSF-1 and B. CSF-1R genes
among the three study groups are shown based on the fold change.
The lowest and highest expression levels of the CSF-1 and CSF-1R gene
were observed in the infertile and fertile groups, respectively. *; P<0.01,
**; P<0.001, *; P<0.0001, ***; P<0.00001, and ns; P>0.01.

Relationship of prolactin on the expression level of
CSF-1 and CSF-1R genes in the study groups

Effect of <40 and >40 ng/mL prolactin concentrations
was evaluated on expression level of CSF-1 and CSF-1R
genes in the fertile, infertile and RPL groups. Expression
level of CSF-1 gene in subjects with prolactin serum
concentration >40 ng/mL was increased 1.63, 1.01 and 1.36
times in the fertile, infertile and RPL groups, respectively,
compared to the ones with prolactin serum levels <40 ng/
mL. Differences for the infertile group were insignificant.

Expression level of CSF-1R gene in the individuals with
prolactin serum concentration >40 ng/mL was respectively
increased 2.86, 1.07 and 1.54 times in the fertile, infertile
and RPL groups, respectively than those with prolactin
serum levels <40 ng/mL; the differences were statistically
significant unless infertile group. Data are shown in Figure 3.
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Fig.3: Changes in the expression levels of CSF-1 and CSF-1R genes under the
influence of prolactin hormone. Expression changes of the A. CSF-1 and
B. CSF-1R genes among the three study groups are shown based on the
fold change. By increasing serum concentration of prolactin to >40 ng/mL,
expression level of the CSF-1R gene was increased in the three groups compared
to those with prolactin serum levels <40 ng/mL; although the differences were
insignificant for infertile group. *; P<0.001, ****; P<0.00001, and ns; P>0.01.

Effect of different variables on CSF-1 and CSF-1R
expression levels in the study groups

Comparison of the subjects in the two age groups of <30
and >30 years showed significant differences in the CSF-1
and CSF-1R gene expression levels of the fertile and RPL
group. In comparison, there was no significant difference
in the expression level of genes between the infertile
subgroups. However in the age <30 of the fertile, infertile
and RPL groups, expression level of the CSF-1 gene in
endometrial tissue was 1.34 (P=0.0096), 1.02 (P=0.736)
and 1.23 (P=0.031) times higher than the age group >30
years. Expression level of the CSF-1R gene was higher
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1.42 (P=0.0015), 1.33 (P=0.620) and 1.34 (P=0.031) times
in the fertile, infertile and RPL groups, respectively.

Evaluation of the subjects in the BMI groups >25
and 25> kg/m? showed intragroup differences for the
expression of the CSF-1 and CSF-1R genes. In other
words, expression level of the CSF-1 and CSF-1R genes
was decreased with increasing BMI. Comparison of the
subjects with a BMI >25 kg/m? showed that CSF-1 gene
expression level was 1.58 (P=0.006), 1.25 (P=0.032) and
1.48 (P=0.049) times higher than the fertile, infertile and
RPL groups, respectively. Additionally, comparison of the
individuals with BMI >25 kg/m? showed that expression
level of CSF-1R was 2 (P<0.0001), 1.20 (P=0.048) and
1.33 (P=0.034) times higher than the fertile, infertile and
RPL groups, respectively.

Intragroup comparisons showed significant differences
between diabetic and non-diabetic subjects in each group
by evaluating the CSF-1 and CSF-1R gene expression
levels. Comparison of the diabetic subjects with non-
diabetic individuals showed that CSF-1 expression
levels were decreased 2.22 (P=0.0004), 1.58 (P=0.0073)
and 2.13 (P=0.0002) times in the fertile, infertile, and
RPL groups respectively. Comparison for the CSF-1R
expression levels were decreased 1.42 (P=0.0028), 1.33
(P=0.029) and 1.34 (P=0.019) times in the fertile, infertile
and RPL groups, respectively.

Intragroup comparisons between smokers and non-
smokers showed significant differences. Expression levels
of CSF-1 genes in smoker subjects were decreased 1.58
(P=0.017), 1.25 (P=0.045) and 1.49 (P=0.026) times in the
fertile, infertile and RPL groups, respectively, compared
to their counterparts with non-smokers. Expression levels
of CSF-R1 genes in the smoker subjects were 2 (P=0.039),
1.20 (P=0.025) and 1.33 (P=0.030) times lower than the
non-smokers who counterparts in the fertility, infertility
and RPL groups respectively.

Intragroup comparisons between gestational age <10 and
>10 weeks showed no significant difference in the gene
expression levels of the infertile and PRL groups. The
fertile group with a history of miscarriage, less than ten
weeks, was compared to those with a history of miscarriage
more than ten weeks. CSF-1 and CSF-1R gene expression
levels were increased 1.2 (P=0.002), and 1.16 (P=0.012)
times, respectively. All data are shown in Figure 4.
Correlation coefficient of prolactin level with
expression level of CSF-1 and CSF-1R genes

Pearson correlation test for correlation between prolactin
and CSF-1 gene expression showed that the fertile group
had a positive correlation (r=0.64, P=0.0017), the infertile
group had no significant correlation (r=0.052, P=0.575)
and the RPL group had statistically significant positive
correlation (r=0.415, P=0.008). The same study, performed
for the CSF-1R gene, showed that this correlation was
only seen in the fertile group (r=0.452, P=0.015), but there
was not any association between the infertile (r=0.098,
P=0.285) and RPL groups (r=0.167, P=0.067).
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Fig.4: Changes in the expression levels of CSF-1 and CSF-1R under the
influence of different parameters. Effect of age, BMI, diabetes, smoking,
gestational age and prolactin level on expression level of the studied
genes was observed in the current study. BMI; Body mass index, ; P<0.01,
" P<0.001, ***; P<0.0001 and ns; P>0.01.

Discussion

Many factors can contribute to the success of IVF-ET in
fertilization and embryo transfer. The main independent
variables are age of the women, serum concentration of
the anti-Mullerian hormone, number of the transferred
embryos and their qualities. Some researchers showed
that growth factors, hormones and cytokines, produced
by macrophage cells, were involved in the implantation
process (16).

During pregnancy, prolactin rises above the normal level
of 10-25 ng/mL and reaches to a peak of 200-400 ng/mL
within eight weeks of gestation (17). In the current study,
mean prolactin serum concentration was determined in
pregnancy losses at eight weeks of gestation as 41.84,
24.38 and 32.45 ng/mL for respectively the fertile,
infertile and RPL groups; but in pregnancies losses <20
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weeks of gestation, expression levels of CSF-1 gene in
subjects with prolactin serum concentration >40 ng/mL
was increased 1.63, 1.01 and 1.36 times; additionally,
expression levels of CSF-1R gene were 2.86, 1.07 and 1.54
times in the fertile, infertile and RPL groups respectively,
compared to the individuals with prolactin serum levels
<40 ng/mL indicating that prolactin serum concentration
was increased by gestational age and it affects the embryo
survival. Findings showed that increasing concentration
of serum prolactin in this group was not sufficient for the
survival of embryo. It also contributes to pregnancy loss.
Moreover, investigating the role of prolactin biomarker
confirmed its effect on fertility.

Itisexpected that maternal prolactin serum concentration
is significantly elevated from 10 to 20 weeks of gestation
(17). Although the highest and lowest average serum
prolactin levels were significantly detected between the
fertile and infertile groups, no significant elevation was
determined between the fertile and PRL groups.

Inpregnantwomen, elevated levels of CSF-1and CSF-1R
expression were observed in the endometrial epithelium
and fetal trophoblast, respectively. Studies showed
that activation of trophoblast CSF-1R and increased
level of local CSF-1 expression were essential for the
implantation of a normal fetus and placental development
(18). Prolactin also affected endometrial tissue through
the CSF-1R (10). In the studied subjects, expression level
of CSF-1 and CSF-1R genes in endometrial tissue, as well
as the gene expression changes under the influence of
prolactin concentration, were compared among the fertile,
infertile and RPL groups. Expression level of the CSF-1
and CSF-1R genes was higher in the endometrial tissue
of the fertile group rather than the infertile ones. With
increasing prolactin serum levels, expressions of CSF-1
and CSF-1R were increased in the three groups. In the
endometrial tissue of infertile group, expression levels of
CSF-1 and CSF-1R were lower than those of the fertile
and RPL groups. Increased prolactin serum levels did not
change expression of the CSF-1 and CSF-1R genes in the
infertile group. Increasing prolactin serum concentration
caused increasing CSF-1 and CSF-1R expression levels in
the fertile women.

A recent study showed that CSF-1 expression level
increased up to 1000 times during gestation in the
endometrium of pregnant mice, due to its synthesis in
the uterine lumen and glandular secretory epithelium
controlled by the maternal endocrine hormones. Increasing
local CSF-1 synthesis in the uterus was associated with
proliferation and differentiation of cells. Additionally,
association of CSF-1 receptor was determined between
the uterus and placenta for implantation. CSF-1 also
played role in regulating processes which are essential for
implantation and preimplantation (19). A study, performed
by Cai et al. (13), indicated that increasing M-CSF
affected fetal development and increased trophectoderm
(TE) cell count in mice.

Pregnancy loss risk factors are age, weight and general
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health status of mother. Risk of spontaneous miscarriage
was increased by increasing maternal age (20). In the
present study, in addition to prolactin serum levels, other
parameters, such as age, BMI, diabetes, smoking habits,
and gestational age, CSF-1 and CSF-1R expression
were evaluated in the all three groups. Intragroup
comparisons showed significant difference between the
subjects, aged > 30 and <30, in terms of gene expression
expected the infertile group. But, expression level of the
both genes was decreased by increasing age in the fertile
women and those with RPL. Intragroup comparisons
showed a significant difference between the subjects
with BMI >25 and <25. Additionally, CSF-1 and CSF-
1R gene expressions were decreased in three groups by
increasing BMI.

Intragroup comparisons showed a significant difference
in the gene expression pattern between diabetic and non-
diabetic subjects. However, expression level of the both
genes was reduced in diabetic individuals. In addition,
the difference was statistically significant. Intergroup
comparisons showed significant differences between the
smokers and non-smokers in gene expression levels. In
terms of gestational age, expression of the both genes had
a significant increase in the fertile women who lost their
pregnancies at <20 weeks of gestation, but the infertile
and PRL groups had no significant changes.

Conclusion

Overall, hormones, such as prolactin, are among the
development factors of fetus, which can help fetal growth
and successful continuation of pregnancy, through affecting
the genes involved in conceptus—endometrial interactions.
Decreased expression of CSF-1 and CSF-1R can be
considered as disruptive factors of implantation and fetal
growth, leading to miscarriage in the studied groups. Factors,
such as aging, increased BMI, smoking and diabetes, also
caused decreasing changes in gene expression (CSF-1
and CSF-1R). It seems that decreasing expression level of
these genes disrupted conceptus-endometrium interaction,
resulting in miscarriage. For future investigations, it
is suggested to examine expression of the other genes
involved in embryo implantation and their functional role
in recurrent pregnancy loss. Additionally, discovery of the
other molecular factors, involved in implantation, lead to
increase in fertility success.

Acknowledgments

The authors would like to express their gratitude to
the medical personnel at Yazd Infertility Center (Yazd,
Iran), as well as Yas and Mirza Kuchak Khan Hospitals
in Tehran and to all the patients who participated in this
study. There is no conflict of interest in this study.

Int J Fertil Steril, Vol 17, No 4, October-December 2023 241

Authors’ Contributions

Z.T.F.; Designed and directed the project, planned the
gRT-PCR method, data and statistical analysis, in addition
to interpretation of data. Z.S.J.; Contributed to sample
preparation, performed the experiments, and wrote the
paper. All authors read and approved the final manuscript.

References

1. Hennessy M, Dennehy R, Meaney S, Linehan L, Devane D, Rice
R, et al. Clinical practice guidelines for recurrent miscarriage in
high-income countries: a systematic review. Reprod Biomed
Online. 2021; 42(6): 1146-1171.

2. HydeKJ, Schust DJ. Genetic considerations in recurrent pregnancy
loss. Cold Spring Harb Perspect Med. 2015; 5(3): a023119.

3. Pei CZ, Kim YJ, Baek KH. Pathogenetic factors involved in
recurrent pregnancy loss from multiple aspects. Obstet Gynecol
Sci. 2019; 62(4): 212-223.

4. Freeman ME, Kanyicska B, Lerant A, Nagy G. Prolactin: structure,
function, and regulation of secretion. Physiol Rev. 2000; 80(4):
1523-1631.

5. Kim YJ. Pivotal roles of prolactin and other hormones in
lactogenesis and the nutritional composition of human milk. Clin
Exp Pediatr. 2020; 63(8): 312-313.

6. Harris J, Stanford PM, Oakes SR, Ormandy CJ. Prolactin and the
prolactin receptor: new targets of an old hormone. Ann Med. 2004;
36(6): 414-25.

7. BinartN, Bachelot A, Bouilly J. Impact of prolactin receptor isoforms
on reproduction. Trends Endocrinol Metab. 2010; 21(6): 362-368.

8. Dobolyi A, Oldh S, Keller D, Kumari R, Fazekas EA, Csikos V,
et al. Secretion and function of pituitary prolactin in evolutionary
perspective. Front Neurosci. 2020; 14: 621.

9. Majumdar A, Mangal NS. Hyperprolactinemia. J Hum Reprod Sci.
2013; 6(3): 168-175.

10. Kamel A, Halim AA, Shehata M, AlFarra S, El-Faissal Y, Ramadan
W, et al. Changes in serum prolactin level during intracytoplasmic
sperm injection, and effect on clinical pregnancy rate: a prospective
observational study. BMC Pregnancy Childbirth. 2018; 18(1): 141.

11. Thiriet M. Signaling at the cell surface in the circulatory and
ventilatory systems. New York: Springer; 2012; 101-172.

12. Yen & Jaffe's Reproductive endocrinology: physiology,
pathophysiology, and clinical management. Strauss JF, Barbieri
R, editors. 6" ed. Elsevier Health Sciences: 2009; 220.

13. Cai L, Jeong YW, Jin YX, Lee JY, Jeong YI, Hwang KC, et al.
Effects of human recombinant granulocyte-colony stimulating
factor treatment during in vitro culture on porcine pre-implantation
embryos. PLoS One. 2020; 15(3): €0230247.

14. Hamilton JA. GM-CSF in inflammation. J Exp Med. 2020; 217(1):
€20190945.

15. Mierla D, Szmal C, Neagos D, Cretu R, Stoian V, Jardan D.
Association of prothrombin (A20210G) and Factor V Leiden
(A506G) with recurrent pregnancy loss. Maedica (Bucur). 2012;
7(3): 222-226.

16. Kunicki M, tukaszuk K, Woclawek-Potocka I, Liss J, Kulwikowska
P, Szczyptanska J. Evaluation of granulocyte colony-stimulating
factor effects on treatment-resistant thin endometrium in women
undergoing in vitro fertilization. Biomed Res Int. 2014; 2014: 913235.

17. Speroff L, Fritz MA. Clinical gynecologic endocrinology and infertility.
7" ed. Philadelphia: Lippincott Williams & Wilkins; 2012: 301.

18. Sapi E. The role of CSF-1 in normal physiology of mammary gland
and breast cancer: an update. Exp Biol Med (Maywood). 2004;
229(1): 1-11.

19. Furth Rv. Mononuclear phagocytes: biology of monocytes and
macrophages. Berlin: Springer Science & Business Media; 2013; 13-17.

20. Igbal Z, Jilanee SDA, Uppada LP, Imtiaz S, Khan H, Shah SMH, et
al. Evaluating the clinical risk factors associated with miscarriages
in women in Karachi, Pakistan. Cureus. 2021; 13(10): e19057.




Int J Fertil Steril

International Journal of Fertility & Sterility

Homepage: https://www.ijfs.ir

Orriginal Article

Vol 17, No 4, October-December 2023, Pages: 242-247

The Effect of Altered Mucini, FGF2, and HBEGF Gene Expression
at The Ectopic Implantation Site and Endometrial Tissues in The
Tubal Pregnancy Pathogenesis: A Case-Control Study

Nadia Noghrehalipour, B.Sc.!, Reza Aflatoonian, M.D., Ph.D.2, Ali Rahimipour, Ph.D.?, Samaneh Aghajanpour. M.Sc.?,

Aida Najafian, M.D.#, Zahra Chekini, M.Sc.?, Firouzeh Ghaffari, M.D.%

, Faranak Kazerouni, Ph.D."

1. Department of Laboratory Medicine, School of Allied Medical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2. Department of Endocrinology and Female Infertility, Reproductive Biomedicine Research Center, Royan Institute for Reproductive

Biomedicine, ACECR, Tehran, Iran
3. Department of Clinical Biochemistry, Faculty of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4. Department of Endocrinology and Infertility, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran

Abstract
Background: Ectopic pregnancy (EP) is defined as implantation and development of an embryo outside of the uterine
tissue. Women undergoing assisted reproductive technologies (ART), particularly frozen embryo transfer (FET), are
in high-risk populations for EP. Mucinl (MUCL), fibroblast growth factor-2 (FGF2), and Heparin-binding epidermal
growth factor (HBEGF) genes are involved in the endometrial receptivity pathway, leading to normal eutopic implan-
tation; Although, their relevance in the tubal pregnancy after FET is unknown. We aimed evaluation of Mucinl, FGF2,
and HBEGF expression fold as endometrial receptive markers in the EP patients following the FET cycle.

Materials and Methods: A case-control study was conducted on ten patients (five EP patients and five women in the
pseudo-pregnancy group, as the control samples). Pseudo-pregnancy group was established in women who were can-
didates for hysterectomy for benign diseases. Fallopian tube biopsies and corresponding endometrial tissues from these
patients were taken during the hysterectomy. However, the fallopian tube and endometrial tissues of EP patients were
obtained during salpingectomy. The mMRNA expressions of MUC1, FGF2, and HBEGF genes in the fallopian tube and
endometrial tissues were measured by real-time polymerase chain reaction (PCR) assay.

Results: MUC1 mRNA expression level in the endometrium of the case group was higher than in the control group
(P=0.04); however, its MRNA expression in the fallopian samples of the case group in comparison with the control group
was significantly decreased (P=0.001). The HBEGF mRNA expression level was not significantly different between the
case and control endometrium, whereas its expression was significantly increased in the case fallopian samples compared
with the control ones (P=0.001). The same pattern was observed for FGF2 mRNA expression level in the fallopian samples
of the case group but was significantly reduced in the endometrial samples in comparison with the control samples (P=0.03).

Conclusion: MUC1, FGF2, and HBEGF gene mRNA expression changes may explain the embryo rejection from the
uterus and the establishment of a receptive phenotype in fallopian cells.
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Introduction

An embryo moving in the fallopian tube to the uterus
implantation site and also a suitable milieu for the embryo
during this short lifetime of development in the tubal
environment, is necessary to achieve a successful embryo
implantation (1). The interactions and paracrine signaling
network among the tubal epithelium, smooth muscle, and
immune cells coordinate pivotal functions for successful
later embryo implantation (1, 2). Any alterations in these

interactions create a different environment that may
influence an embryo tubular implantation (3).

Atubal pregnancy is defined as an embryo implantation
within the fallopian tube, which is more prevalent, more
than 90 %, type of the ectopic pregnancy (EP) (4). On
the other hand, women undergoing assisted reproductive
technologies (ART), particularly frozen embryo transfer
(FET) procedures, are in high-risk populations for EP,
in such a way that in an ART pregnancy, the increasing
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rate of an EP incidence, more than 8.6%, was reported in
comparison with the actual non-ART pregnancy (natural
conception) (5).

To prepare for embryo implantation, a considerable
changes occur in the composition of the apical plasma
membrane of the uterine epithelium. Among these
changes, the dynamic expression of the genes involved
in the endometrial receptivity pathway such as Mucin 1
(MUC1), fibroblast growth factor 2 (FGF2), and Heparin-
binding epidermal growth factor (HBEGF) are previously
proved (6). While the MUCL1 gene plays an anti-binding
role during implantation FGF2 and HBEGF genes mediate
blastocyst adhesion to the endometrial cells (7, 8).

Furthermore, substantial studies have demonstrated
that a molecular basis that includes abnormal gene and
protein expression, as well as the aberrant function and
structure of the endometrial and fallopian tissues, are
among the primary causes of EP (9, 10). Although, the
functions of the MUC1, HBEGF and FGF2 genes are
well-established in the normal eutopic pregnancy, their
relevance in the tubal pregnancy after FET is unknown.
In the case of a tubal pregnancy;, it has been suggested that
signals emerging from the fallopian cells can compete
with the uterus signals and attract the embryo toward
misplaced implantation (11). A greater understanding of
the functions and structure of fallopian tube epithelial
cells, can lead to knowledge about protective mechanisms
against the ectopic implantation that made our aim of the
present study.

Materials and Methods

This case-control study was approved by the Research
Ethics Committee of the Royan Institute, Tehran, Iran
(IRAACECR.ROYAN.REC.1399.091) and the Shahid
Beheshti University of Medical Sciences, Tehran, Iran
(IR.SBMU.RETECH.REC.1398.490) and informed
written consent was obtained prior to the collection of
tissue samples from each patient.

Study design and participants

Ten patients who had referred to the Royan Infertility
Clinic, Tehran, Iran, from April 2021 to February 2022
were invited to participate in the present study. Volunteers
who included in the study met the following criteria:

Inclusion criteria for all participants were aged between
30-40 years, normal body mass index (BMI) according
to World Health Organization (WHO) categories (18.5<
BMI<25 kg/m?) (12, 13), and having the history of the
regular menstrual cycle. Exclusion criteria include a
history of pelvic inflammatory disease (PID) such as
Gonorrhea, Chlamydia and/or salpingitis, fallopian tube
problems such as adhesion or hydrosalpinx, history
of tubal ligation, heterotopic pregnancy, receiving
methotrexate, the record of using intrauterine devices
such as intrauterine device (IUD), a history of the EP, a
history of endometriosis, uterine abnormalities, myoma,
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hyperplasia, polycystic ovary syndrome (PCOS) and
thyroid disease.

We categorized our participants in two equal case and
control groups (n=5).

Ectopic pregnancy group

Five fallopian tube tissues were collected from women
in the case group diagnosed with an ectopic embryo
implantation in the ampulla of the fallopian tube during
salpingectomy. All of them were in the 6 to 8 weeks
of their gestational age. All participants in this group
conceived after embryo transfer after freeze embryo
transfer cycle and were taking exogenous progesterone
(P4, Progestin®, Aburaihan Pharmaceutical Co, Tehran,
Iran) and estradiol (E2) (Aburaihan Pharmaceutical Co,
Tehran, Iran) for endometrial preparation and continued
both hormones as luteal phase support (14). Each fallopian
tube sample containing an embryo and a gestational sac
that is defined as a tubal pregnancy was removed from the
ampoule, about 10 mm distance from the gestational sac
was dissected from the specimen during surgery.

Pseudo-pregnancy group (as the control group)

Ethical constraints prohibited the use of the fallopian
tissue from women bearing a viable embryo. Therefore,
patients who were candidates for hysterectomy for benign
diseases were requested to receive human chorionic
gonadotrophin (hCG, 5000 IU, Pregnyl; Organon,
Norway), in the mid-luteal phase. This method makes
hormonal conditions that are identical to those found in
normal pregnancies. This protocol known as a pseudo-
pregnancy that has previously been used by other research
groups (7, 15). Fallopian tube biopsies from the ampulla
and corresponding endometrial tissues of these patients
were taken during hysterectomy.

Tissue samples processing, RNA extraction and cDNA
synthesis

Biopsy specimens of the ampulla and endometrium
tissues were directly placed in the RNAlater solution
(AM7020, Ambion, Austin, TX, US), then were freezed
by the snap freeze method (samples were rapidly frozen
by placing tissues in liquid nitrogen for ten seconds) and
finally, stored at -80°C until RNA extraction.

The extraction of RNA was carried out according to
the manufacturer’s protocol. (Trizol, Cat No: 15596026,
Invitrogen, USA). Using DNase | (Fermentas, Cat No:
E00381, Sanktleon-rot, Germany), probable genomic
DNA contamination, was eliminated of the extracted
RNA. The complementary DNA (cDNA) was produced
using the first strand cDNA synthesis kit (Cat No: k1632,
Thermo Scientific™ RevertAid™, Lithuania) as directed
by manufacturer.

Relative expression levels of each target gene were
normalized by the beta-actin gene (f-actin, as the
housekeeping or internal control gene) (Table 1).



Noghrehalipour et al.

Table 1: Primer sequences used for real-time polymerase analysis

Gene Forward primer (5-3") Annealing temperature (°C) Product size (bp)
MUC1 F: CAGCCTCTCTTACACAAACCCA 60 122
R: AGAACCTGAGTGGAGTGGAATG
HBEGF F: CATCCCCACAATCTGGCTTAGT 60 157
R: ACCCCTACATCCTGACCATACA
FGF2 F: CTGTACATTTTTGGGGTCAGCTG 60 167
R: CCAGCATTTCGGTGTTGAAGAA
B-actin F: CAAGATCATTGCTCCTCCTG 60 90

R: ATCCACATCTGCTGGAAGG

In a final reaction volume of 20 pL, each Real time
polymerase chain reaction (PCR) reaction sample contained
5 uL of SYBR Green PCR Master Mix (Cat No: RR820L,
Takara, China,), 11 pL of dH,O (Cat No: W4502, Sigma-
aldrich®,. Life Technologies TM), 1 pL of each forward
and reverse primer (Metabion, Martinsried, Germany), and
2 uL of single-strand cDNA. Real time PCR conditions are
described as following: initial denaturation (one cycle at
95°C for 10 minutes), followed by 40 cycles of denaturation
(95°C for 10 seconds), annealing (60°C for 60 seconds,
depends on the primer) and extension (72°C for 30 seconds),
and a final extension (one cycle at 72°C for 10 minutes).

The relative standard curve and 2-24¢t techniques
were used to determine the expression level of each
target gene (16).

Statistical analysis

The IBM SPSS statistics 21 program was used to
perform the statistical computations (IBM Corp., Armonk,
NY). The normal distribution of the values was analyzed
by the Student’s t test with a two-tailed distribution. The
non-normal distributions were examined using the Mann-
Whitney non-parametric test (P<0.05). The Levene's test
for equality of variances were performed. The level of
significance was set at P<0.05.

Results
Demographic information

There were no statistically significant differences between
the patients with the EP group and the control group in terms
of patients’ age (37.00 £ 2.34 vs. 38.80 = 0.83) and BMI
(23.90 £0.95 vs. 24.32 £ 0.44), respectively. The other
demographic information is summarized in Table 2.

Table 2: Demographic information of patients in the control and ectopic
pregnancy groups

Variable Control group EPgroup  Pvalue
Age (Y) 37.00+2.34 38.80+0.83 0.14
BMI (kg/m?) 2390+0.95 2432+044 0.39
hCG dose (1U) 3.8+0.83 - NA

6.2+0.83 NA
20+07 NA

Gestational age ()

Number of transferred
embryos

Values are reported as means * standard deviations (SD). BMI; Body mass index, hCG; Human
chorionic gonadotrophin, EP; Ectopic pregnancy, and NA; Comparison not applicable.

Genes expression at the level of MRNA in endometrium
and fallopian samples of patients with ectopic
pregnancy and control groups

The RNA expression level of MUC1 in the
endometrium of the case group (0.33 = 0.06) was
significantly higher than the control group (0.05 +
0.002, P=0.04); in contrast, its expression in fallopian
samples was significantly decreased (0.068 = 0.01 vs.
3.04 £ 0.8, for case and control group, respectively)
(P=0.001, Fig.1).
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Fig.1: MUCI mRNA expression in endometrium and fallopian samples.
*; P<0.05 and **; P<0.01.

As shown in Figure 2, the level of mMRNA expression
of HBEGF in the endometrium of our case group was
not significantly different from the control group
(0.33 £ 0.03 vs. 0.30 + 0.03, respectively) (P=0.6),
whereas its expression was significantly increased in
the fallopian samples of the case group in comparison
with the control group (1.46 + 0.28 vs. 0. 61 + 0.06,
respectively) (P=0.001). The same pattern was
observed for FGF2 mRNA expression level in the
fallopian samples of case and control groups, (3.68
+ 0.77 vs. 2.01 = 0.75 respectively) (P=0.04, Fig.3);
however, its expression was significantly decreased
in the EP endometrial samples of the case group (1.24
+ 0.05) in comparison with the control group (1.87 +
0.04, P=0.03).

Protein-protein interaction analysis using the STRING
database showed that MUC1, FGF2, and HBEGF have a
related signaling pathway (Fig.4).

244 Int J Fertil Steril, Vol 17, No 4, October-December 2023



Altered Gene Expression at The Ectopic Implantation Site

O Centrol

H Ectopic pregnancy

Fold change gene expression (2-24¢)
$ 8 %8 8 . 5 5 5§ 5

1

HBEGF endometrium

HBEGF fallopian tube

Fig.2: HBEGF mRNA expression in endometrium and fallopian. **; P<0.01.
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Fig.3: FGF2 mRNA expression in endometrium and fallopian samples.
*; P<0.05 and *; P<0.01.

Fig. 4: Molecular interactions of three analyzed factors: FGF2, HBEGF, and
MUCL. STRING database protein-protein interaction analysis.

Discussion

Different mRNA expression levels of MUC1, HBEGF
and FGF2 genes were observed in the fallopian and
endometrium samples of our case group in comparison
with our control group.

There are different molecular factors that lead to a
tubal pregnancy, although it may directly occur due to
an impaired embryo transfer in the uterine environment
(17). The risk factors of an ectopic pregnancy have
remained uncertain, and the etiology and molecular
mechanisms behind its higher incidence in fresh/FET
cycles following assisted reproductive technology are
unspecified as well.
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An increase mMRNA expression level of MUCL1 in the
fallopian tubes in comparison with the endometrium
provides a gradient signal to prevent implantation in an
ectopic site in normal pregnancy (18), it may be because
of its anti-adhesive action. Therefore, the down-regulation
of MUC1 mRNA expression in the endometrial luminal
epithelium and during the window of implantation has a
role in establishing normal eutopic implantation. The same
mechanism occurs in the epithelium of the fallopian tube,
in which the reduction in the MUC1 mRNA expression
level facilitates an embryo attachment. In the current
study, MUC1 mRNA expression level is downregulated in
the fallopian tissues, consistent with other research (7, 18);
however, there was an increased mRNA expression level
in the endometrial samples. It seems this alteration in the
endometrial MUC1 mRNA expression level contributes
to the suboptimal embryo-endometrial dialogue and also,
leads to the rejection of the embryo from the uterus.
Interestingly, in vitro study suggested that the human
embryo promotes the reduction in the protein expression
of MUCL1 to facilitate endometrial cell attachment (19). It
is possible that an alter capability of some embryos after a
freeze-thawing procedure leads to the decrease of MUC1
MRNA expression in the endometrium and guides the
embryo to the other direction (e.g., fallopian tube).

On the other hand, both FGF2 and HBEGF genes are
important factors for the endometrial remodeling and
trophoblast adhesion improvement (20). The HBEGF
gene, that is expressed in the glandular and luminal
epithelium of the endometrium and fallopian tube, plays
arole in the decidualization process, consequently during
the embryo implantation process (21). Interestingly,
FGF2 and HBEGF protein expressed at the surface of
endometrial epithelial cells mediates the process of
blastocyst binding to the endometrium (22).

The FGF2 protein plays an important role in the
regulation of cell survival, cell division, angiogenesis, and
cell differentiation (23). The FGF2 protein is produced
by human endometrial epithelial cells, while its in vitro
protein expression level is regulated by the recombinant
hCG hormone supplementation, also provides the
endometrial receptivity enhancement (24).

The human blastocysts with high implantation potential
regulate the expression level of genes that are involved
in the endometrial receptivity through the secretion of
regulatory molecules (22).

Endometrial selectivity and receptivity are two words
that describe the endometrium's function as a biosensor
of embryo quality. Selectivity is an endometrium-
programmed feature that recognizes and rejects embryos
with inadequate developmental ability. On the other
hand, the receptive phenotype allows the endometrium
to provide an ideal milieu for the embryo growth
(25). A poor-quality embryo may be rejected by the
endometrium, however, the fallopian tube's epithelium is
unable to accomplish the same that results in an ectopic
implantation. Changes in the expression patterns of genes



involved in the endometrial reception or in the biology
of the fallopian tube have a potential role in underlying
causes of EP (26, 27).

Some elements, including tubal damages, the type
of embryo transfer technique, multiple embryos in an
ET cycle, and a high volume of the transfer medium,
could have an adverse effect on an IVF-ET procedure
success (28). Although, these risk factors do not explain
how and why the embryo passes through the uterus and
enters and implants in the fallopian tube. Several studies
on the ectopic implantation of the embryo have found
that leukemia inhibitory factor (LIF), HOXA10, and
MUC1 gene expression were significantly changed at
the site of EP (29). Our investigation found changes in
both the endometrium and the fallopian tissues, which is
consistent with previous research (20, 29). However, our
investigations are unable to distinguish between cause
and consequence.

Surprisingly, MUC1, FGF2, and HBEGF genes are
targets of the hormones, P4 and E2, and also, their
expressions are affected by these hormones (8, 19, 30-
34). Both P4 and E2 are master regulators of uterine
receptivity. During the frozen embryo transfer cycle,
that endometrial preparation with exogenous steroids,
P4 and E2, and the embryo is developed and the luteal
phase is supported. The optimal doses for luteal phase
support are essential to provide a suitable physiological
hormone level. It is shown that elevated E2 and P4
levels are risk factors for EP following FET cycles.
Because of its impact on uterine contractions and tubal
movements, the extra-oral administration of E2 between
two phases, ovarian puncture and embryo transfer, may
increase the EP occurrence rate (35). On the other side,
the P4 hormone may lead to an EP occurrence which may
cause a malfunction in the fallopian tube ciliary (36, 37).
Therefore, defective responses to hormonal therapy may
be an EP index model that suggests further studies.

There were some drawbacks in our study. The
gestational age in patients with EP lasted longer than
the time we were able to create a condition of pseudo-
pregnancy with repeated hCG injections. We considered
that prolonging the pseudo-pregnant condition and, as
a result, delaying elective surgery for a longer period
would be unethical. Because truly ethical disqualification
decisions that prohibit the fallopian tissue biopsy from
those women having viable embryos, we used a pseudo-
pregnancy model which could potentially influence our
results. There are only limited reports of this model (7,
15, 38), we consider future research also to be needed to
improve our understanding.

Conclusion

It seems, an altered expression of MUC1, FGF2, and
HBEGF genes may underpin an embryo rejection from the
uterus and induce a receptive phenotype in the fallopian
epithelial cells. Understanding the molecular mechanisms
of an embryo implantation site, ectopic and eutopic is

Noghrehalipour et al.

essential. Further study of high doses of P4 and E2 for
luteal phase support in FET cycles, to develop effective
prevention strategies against ectopic implantation.
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Abstract
Background: Polycystic ovary syndrome (PCOS) and oral health are found to share a reciprocal link. Previous substan-
tiating evidences suggest that PCOS may have a confounding effect on periodontal health and may quantitatively modify
the composition of the oral microbiome. To analyze the role of PCOS as a risk factor in causing periodontal disease, we
compared and evaluated the levels of Porphyromonas gingivalis and Fusobacterium nucleatum in patients with polycys-
tic ovary syndrome, polycystic ovary syndrome, chronic periodontitis, polycystic ovary syndrome, and gingivitis, and
healthy controls.

Materials and Methods: In this case-control study, 40 female participants are enrolled and grouped into four groups
which included healthy female individuals, patients with PCOS, patients with PCOS and gingivitis, and patients with
PCOS and periodontitis. Periodontal examination is assessed primarily on all the participants using a UNC-15 probe.
Dental plaque is then collected using a sterile curette in one stroke and transferred into an Eppendorf tube containing
TE Buffer (Tris-EDTA buffer) solution. The level of Porphyromonas gingivalis and Fusobacterium nucleatum was
estimated by real-time polymerase chain reaction (PCR).

Results: The levels of Fusobacterium nucleatum were observed to be significantly higher in group with patients with
PCOS and periodontitis.

Conclusion: PCOS may have an impact on the composition of oral microflora causing repercussions in periodontal

health.
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Introduction

Women of reproductive age may be affected by the
complex, heterogeneous endocrine disorder known as
polycystic ovary syndrome (PCOS) (1). The primary
features of this condition encompass chronic anovula-
tion, menstrual problems, and clinical or biochemical
signs of hyperandrogenism (2). The Rotterdam criteri-
on defines PCOS patients as those female patients with
the presence of at least two of the following: polycystic
ovaries, oligomenorrhea, and/or anovulation, hyperan-
drogenism (clinical and/or biochemical). According to
the PCOS Consensus Workshop Group, the prevalence
rate of PCOS has dispersed globally, ranging from 9.13
to 36% in India (3).

Periodontitis on the other hand is considered as a condi-
tion distinguished by inflammation of the supporting tis-
sues of the teeth. The strong interplay between putative
periodontal pathogens and host inflammatory response is
attributed to the subsequent destruction of supporting tis-
sue and tooth loss. The endocrine system has a significant
impact on the homeostasis of the periodontium which is
maintained through complex multifactorial relationships.
The estrogen receptor (ER) and a progesterone receptor
(PgR), present in the periodontium indicate that the peri-
odontium is one of the target tissues for these hormones
(4). The direct effects of estrogens were mediated through
two distinct subtypes of receptors, ERa and Erf (5). The
ERa receptor is predominantly present in the different
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tissues such as the endometrium, ovaries, and mammary
glands, whereas the ERf receptor is present in the non-
reproductive tissues, including periodontal ligament (6),
gingival epithelium (7), and salivary glands (8). This
explains the reason that changes in the amounts of cir-
culating steroid hormones can affect periodontal tissues.
Changes that take place in the level of sex hormones dur-
ing different stages of females are observed to directly
or indirectly affect oral health, subsequently influencing
a person's susceptibility to periodontal disease. PCOS is
defined by alteration in the level of sex hormone, where
the progesterone levels remain low and the levels of es-
trogen and male androgenic hormones go high. The asso-
ciation of PCOS with an increase in the levels of inflam-
matory markers like C reactive protein, pro-inflammatory
cytokines like interleukin-6, tumor necrosis factor-a
(TNF-a)), and chemokines, demonstrate this low-grade
systemic inflammation (9).

On the other hand, periodontal diseases, like gingivitis
and periodontitis, are common prevalent chronic infec-
tious diseases. Such diseases are predominantly brought
in by a bacterial plaque that grows in the subgingival area
and are also found to increase systemic and local inflam-
matory markers such as TNF-qa, C reactive protein, and
interluekin-6 (IL-6) which is attributed to the destruc-
tion of periodontal tissue (10). Insulin resistance which
is a prominent characteristic of PCOS is linked to low-
grade inflammation through inflammatory cytokines like
TNF-q, IL-1, and IL-6 and their signaling pathways (11).
On the contrary, hormonal level alterations in PCOS are
found to affect the salivary levels of potential periodon-
tal pathogens and/or their systemic immune responses in
the presence of gingival inflammation. This might be ac-
counted to the deposition of active progesterone and oes-
trogen hormones, in the periodontal tissues’ which supply
the vital nutrients needed for the growth of the bacteria.
Since insulin resistance is one of the main symptoms of
the PCOS, periodontal organisms in subgingival plaque
produce lipopolysaccharides that can cause considerable
production of IL-1 and TNF-a. The insulin resistance can
get exacerbated upon persistent elevation of cytokines
which can ultimately in turn increase the condition of
PCOS (12). Meanwhile, few studies showed an elevated
oxidative stress level and alterations in the oral micro-
bial flora of PCOS patients (12, 13). Evaluating the link
between periodontal disease and PCOS, poor periodon-
tal parameters were seen in patients with PCOS. While
studies reported higher severity of periodontal disease in
PCOS patients, hence it is mandatory to undergo peri-
odontal examination and therapy periodically (14).

Hormonal disorders such as PCOS and oral health was
shown to share a reciprocal link with each other. PCOS
was found to bring about a repercussion in periodontal
health by influencing the composition of the oral micro-
flora. But there exists a paucity of literature evaluating
change brought in by hormonal disorders, such as PCOS
on the diversity of oral microbiota. The correlation be-
tween oral microbiota in dental plaque with the gingival
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inflammation in presence of PCOS is not been established
to date. Therefore, this study aims to analyse the role of
PCOS as a risk factor in causing periodontal disease.

Materials and Methods
Ethical guidelines

The present case-control study protocol was conducted
in full accordance and approval of the Institutional Ethics
Committee, SRIHER with the protocol number CSP/20/
JAN/83/51. The nature of the study was discussed with
patients orally and written informed consent was acquired
from each patient prior to the initiation of the study.

Study population and study design

This case-control study was performed between De-
cember 2019 to March 2020 and included patients at-
tending the Department of Gynaecology and Obstetrics
and Department of Periodontology, Sri Ramachandra
Institute of higher education and research. Forty female
patients between the age of 18 to 40 years were recruited
for the study. During screening, patients who fulfilled the
inclusion criteria were provided with an informed con-
sent form and were recruited into the study. The inclusion
criteria for the PCOS group was based on the criteria by
Rotterdam (2). The control group was healthy female in-
dividuals without PCOS and periodontitis. Patients in the
periodontitis group were classified according to the defi-
nition of Eke et al. (15). Patients in the gingivitis group
were classified according to the American Academy of
Periodontology 1998. Patients with other medical con-
ditions and those who had been under medications that
could affect their periodontal status for the last 6 months
were excluded from the study.

Using a one-way ANOVA test with a power of 0.95,
alpha of 0.05 with an effect size of 19.25, a sample of
40 patients including the dropouts (10 members in each
group) was calculated. Four groups were included in the
study which include healthy female individuals, patients
with PCOS, patients with PCOS and gingivitis and pa-
tients with PCOS and periodontitis.

Each patient’s clinical periodontal evaluation, such as
probing depth (PD), plaque index (PI), and bleeding on
probing, was recorded after enrolment. Apart from third
molars, with the help of Williams periodontal probe (Hu-
Friedy, Chicago, IL) six sites of each tooth (mesiobuc-
cal, mid-buccal, distobuccal, mesio-lingual, mid-lingual,
and disto-lingual locations) were measured clinically. If
bleeding on probing (BOP) happened within 15 seconds
of applying the probe, it was considered positive. A single
calibrated examiner conducted after the clinical periodon-
tal measures. Subsequently, the periodontal inflammatory
surface area for each patient was calculated.

Subgingival dental plague sample collection

The tooth with the deepest PD was dried and isolated us-
ing cotton rolls. The subgingival plague was collected by



inserting a sterile Gracey 5/6 curette 2 mm (Hue Friedy,
Switzerland) into the gingival pocket followed by a pull
stroke three subsequent times without evoking bleeding.
The strokes had to sufficient force to remove plague while
no attempt was made to remove cementum from the root
surface.

The Gracey 5/6 curette (Hue Friedy, Switzerland) was
chosen to standardize as it permits the most effective
method of placing the curette inside the transport tube.
Immediately upon collection of the samples, the curettes
were shaken into a transport tube with 200 pl of trans-
port solution (Tris-Ethylenediaminetetraacetic acid buffer
solution) (Himedia, Mumbai, India). The samples were
then sealed and sent immediately to the testing facility for
quantification of the periodontal pathogen P. gingivalis
and F. nucleatum.

Sample processing

Following the transfer of the sample to the tube con-
sisting of Tris-Ethylenediaminetetraacetic acid buffer
(T.E.buffer) containing tris base powder and Ethylenedi-
aminetetraacetic acid (Himedia, Mumbai, India). It was
centrifuged (Model SLM-MCF-10K, Biobee tech, Ben-
galuru, India) at 5,000 rpm for 5 minutes at room tem-
perature. After discarding the supernatant, 500 pl of fresh
T.E. buffer was added again and 3 minutes of centrifuga-
tion at 5000 rpm was done. The same procedure was sub-
sequently repeated 3 times with new T.E. buffer.

DNA extraction procedure

The sample processing was followed by DNA extrac-
tion by using modified proteinase-k method (16). After
discarding the supernatant, 50 pl of lysis buffer I con-
taining 1% Triton X-100, Tris-HCL pH=8.0, 10 mM, and
EDTA 1 mM (Himedia, Mumbai, India) was added, vor-
texed, and allowed to stand for 5 minutes. Then, 10 pl
of proteinase-K (100 pg/ml, Genei laboratories pvt. Itd,
Bengaluru, India) and 50 microliters of Lysis buffer Il
contain Tris-HCI, pH=8.0, 50 mM, KCI, 50 mM, MgCIZ,
2.5 mM, Tween-20, 0.45%, and Nonidet P-40, 0.45% (Hi-
media, Mumbai, India) were added, and the mixture was
vigorously vortexed. The samples are then held in a 60°C
for two hours and then transferred to a boiling water bath
for 10 minutes. Following this, the samples were centri-
fuged at 10,000 rpm for 3 minutes, and the DNA-contain-
ing supernatant is then collected in a new tube. The DNA
was purified by using 3 M sodium acetate and absolute
ethanol and reconstituted in 100 pl water. For PCR analy-
sis, the DNA was kept at -200°C.

Achu Joseph et al.

Bacterial quantification by quantitative real-time pol-
ymerase chain reaction

The gPCR reactions were used to determine the pres-
ence and levels of two different oral taxa in the sub-
gingival plaque samples. Using an Eppendorf Real
plex master cycler, real-time qgPCR amplification and
detection reactions were carried out in a 96-well for-
mat. Also, an 8 pm/ul of each P. gingivalis and F. nu-
cleatum-specific primers were used in a total volume
of 25 ul for the PCR reactions, along with 2 ul of tem-
plate DNA and 12.5 ul of TB Green Premix Ex Taq
(Tli RNaseH Plus) (Takara Bio inc., Kusatsu, Japan).
All species-specific primers used in the gPCR reaction
are given in Table 1 (17, 18). The reaction mixture was
prepared in 0.2 ml qPCR tubes and kept in a thermal
cycler (Realplex Master cycler, Eppendorf, Hamburg,
Germany). gPCR reaction conditions were 95°C for
3 minutes, and 35 cycles of 95°C for 20 seconds and
60°C for 30 seconds, and 72°C for 30 seconds. Plot-
ting the standard graph required running serial dilu-
tions of DNA isolated (same procedure as described
above) from the standard strains of P. gingivalis ATCC
No. 33277 (Known quantity, (108 to 10° CFU/ml) and
F. nucleatum ATCC No. 25886 (Known quantity, 108
to 10° CFU/ml). Deionised water served as a negative
control. The amplification curves were obtained with
fluorescent probes. Cycle threshold values (CT value)
were obtained for DNA samples of known quantity
(standards) and standard curve was plotted. Ct val-
ues of unknown samples were obtained from real time
PCR runs. Then these CT values were plotted on the
standard curve to get the corresponding quantity for
unknown samples.

Statistical analysis

Statistical analysis was done using SPSS version
3.1.9.2 statistical software (International Business Ma-
chines Cooperation, Chicago). The data distribution
was assessed by the Shapiro-Wilk normality test. After
dividing the entire data below and above the median,
Kruskal-Walli’s test was used to compare all groups
for non-normally distributed data (bacterial counts).
For normally distributed variables (Periodontal Epithe-
lial Surface Area & Periodontal Inflammatory Surface
Area), the ordinary one-way ANOVA test was used.
Statistical significance was set at P<0.05 with a 95%
level of confidence in the statistical analyses, which
were carried out using the statistical program (SPSS
version 3.1.9.2; International Business Machines Co-
operation, Chicago).

Table 1: Species-specific primers

Organisms Primer sequence (5-3")

Author (References)

Porphyromonas. gingivalis

F: AGGCAGCTTGCCATACTG CG

Kugaji et al. (17)

R: ACTGTTAGCAACTACCGATGT

Fusobacterium nucleatum

F: GAAGAAACAAATGACGGT AACAAC

Yamaura et al .2005 (18)

R: GTCATCCCCACCTTCCTCCT
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Results
Demographic data

Full-mouth clinical assessments and demographic data
were documented (Table 2). For all four groups, bleeding
in probing (BOP), periodontal pocket depth (PPD),
and clinical attachment loss (CAL) were determined. It
was observed that the BOP, PPD, and CAL levels were
significantly higher in the PCOS with periodontitis group.

Primary analysis results
Bacterial count analysis in plaque samples

The microbiological diversity of the dental plaque
was assessed using gqPCR. Porphyromonas gingivalis
and Fusobacterium nucleatum bacteria were quantified.
Although there was a difference in the level of
Porphyromonas gingivalis among the four groups, the
results were not statistically significant. Quantification
of the level of Fusobacterium nucleatum showed an
ascending growth pattern of the healthy group to group
with PCOS and periodontitis (Table 2). On intergroup
comparison in the levels of Fusobacterium nucleatum, a
statistically significant difference was obtained between
the healthy female individuals and patients with PCOS
and periodontitis (P=0.04, Fig.1).

Healthy PCOS PCOS with gingivitis  PCOS with periodontitis

Mean F.n levels

~

o

Fig.1: Subgingival Fusobacterium nucleatum levels. PCOS; Polycystic ovary
syndrome.

Secondary results analysis

The periodontal epithelial surface area (PESA)
accurately measures the surface area of the pocket

epithelium, whereas periodontal inflammatory surface
area (PISA) measures the amount of the inflamed
periodontal tissue and as such assess the systemic
inflammatory burden. A Microsoft Excel spreadsheet
was developed to help with the estimation of Periodontal
Inflammatory Surface Area and Periodontal Epithelial
Surface Area using the formulas published by Hujoel etal.
(20). PESAand PISAvalues were found to be statistically
significant among the four groups (P=0.00). Among the
intergroup comparison of periodontal inflammatory
surface area scores, a significant difference was noted
between healthy female individuals and patients with
PCOS patients with gingivitis and periodontitis (P=0.00,
Fig.2, Table 3).
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Fig.2: Intergroup PISA score comparison. A. PISA scores between
healthy individuals and PCOS patients, B. PISA scores between healthy
individuals and PCOS and gingivitis patients, and PISA scores between
healthy individuals and PCOS and periodontitis patients. PISA; Periodontal
inflammatory surface area and PCOS; Polycystic ovary syndrome.

Table 2: Demographic data and periodontal parameters

Demographic data Healthy PCOS PCOS with gingivitis PCOS with periodontitis
No of participants 10 10 10 10

Age (Y) 223+33 229+21 224+3.1 27.6+3.4

Mean BOP 0.953+0.33 1.055 + 0.46 2.338+1.65 2.647 +1.88

PPD (site specific) 0.59+0.37 0.341+0.53 3.861+£0.90 5.812+0.91

CAL (site-specific) 1.211+0.57 1.082 + 0.57 3.431+1.65 3.92+1.75

MEAN PISA 116.590 + 56.3 147.740 + 60.49 423.320 £ 79.49 462.940 +£ 84.5

MEAN PESA 818.010 £ 59.6 827.010 + 80.1 941.180 + 180.3 1090.840 + 205.96

All data are based on mean * SD. PCOS; Polycystic ovary syndrome, BOP; Bleeding on probing, PPD; Periodontal probing depth, CAL; Clinical attachment
loss, PISA; Periodontal inflammatory surface area, and PESA; Periodontal Epithelial surface area calculation.
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Table 3: Intergroup PISA score comparison

PESA and PISA scores Sum of squares df Mean square Sig.
PESA score (mm?) 0.000
Between groups 485162.621 3 61720.874
Within groups 132595.910 36 3683.220
Total 617758.531 39
PISA score (mm?) 0.000
Between groups 979692.647 3 326564.216
Within groups 17882.933 36 496.748
Total 997575.580 39

PISA; Periodontal inflammatory surface area and PESA; Periodontal epithelial surface area.

Discussion

The PCOS is an endocrine condition caused by a
disruption in the hypothalamus pituitary axis, which results
in abnormal gonadotropin secretion by the hypothalamus.
This abnormal secretion of the gonadotropin hormone
leads to an increased luteinizing hormone (LH) levels and
normal or low follicle-stimulating hormone (FSH) levels
(20). Bacterial plaque that causes periodontal diseases
results in local and systemic elevations in levels of TNF-a,
C reactive protein, and IL-6. These factors subsequently
result in the destruction of periodontal tissue. Both,
PCOS and periodontal disease, share chronic low-grade
inflammation as a common risk factor. The existing
studies reported that in comparison to healthy controls,
patients with PCOS suffered from greater rates of BOP,
periodontal probing depth (PPD), and CAL (21, 22).

Studies have also shown that periodontal disease may
cause systemic inflammation and oxidative stress, both of
which can aggravate insulin resistance. This suggests that
there may be a bidirectional association between PCOS
and PD (23). On the other hand, female sex hormones
are found to affect the composition of oral microbiota
in conditions like puberty, mensuration, and pregnancy.
Also, studies confirm the increase in the levels of
Prevotella intermedia in the subgingival plaque due to an
increased plasma female sex hormones and alteration of
the immune response (24, 25). There are limited data on
PCOS effects on putative periodontal pathogens, which
formed the principle objective of the current study.

Our findings suggest that PCOS has an amplifying
effect on the levels of Porphyromonas gingivalis and
Fusobacterium nucleatum and their connection with
gingival inflammation. Thus, the change in the microbiota
in patients with PCOS could play a pivotal role in the
propagation of gingival inflammation. Akcali et al. (12)
observed an increase in the salivary levels of Fusobacterium
nucleatum and Porphyromonas gingivalis in PCOS patients
when compared to healthy controls. Active progesterone
and oestrogen was found to supply crucial nutrients needed
for bacterial growth. In light of the accumulation of these
hormones in periodontal tissues, the author concluded that
hormonal alterations in PCOS may influence the salivary
levels of putative periodontal pathogens and/or their
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systemic antibody responses. This is especially true in the
presence of gingival inflammation (26).

Our results were in agreement with the study conducted
by Porwal et al. (27) that observed an increase in the BOP
in the newly diagnosed PCOS group when compared to
the healthy group. These results indicate the impact of
PCOS on the gingival inflammation.

Young female individuals between 18 to 35 years of
age are generally not prone to periodontitis (28), but
the results of our present study showed a comparatively
high level of putative periodontal pathogens in PCOS
patients which subsequently may lead to an increase in
the inflammatory burden. This points us the fact that
the presence of PCOS in young female individuals can
predispose them to periodontal diseases. Hence, PCOS
can be considered a viable risk factor in the initiation and
progression of periodontal diseases in the young healthy
female individuals. To our knowledge, this is the first study
to assess the levels of suspected periodontal pathogens
in dental plaque samples from non-obese women with
PCOS. The limitations of the present study include a
small sample size and site-specific based assessment
of oral microbiota. Insulin resistance of patients wasn’t
considered in the present study and thereby could be a
confounding factor. Future longitudinal studies with
larger sample size, are needed to evaluate the influence
of PCOS on the subgingival microbial environment and
also, to investigate probable relationships between PCOS
and periodontal disease.

Conclusion

The persistent polymicrobial challenge to the local
host tissues often results in the progressive destruction of
soft and hard tissues which is considered as the hallmark
of periodontitis. Pathogenic consortium which causes
these responses include the red complex bacteria such as
P. gingivalis, T. denticola and T. forsythia. Additionally,
higher concentration of possible periodontopathogens
such as Fusobacterium nucleatum, Prevotella species,
Eikenella corrodens, Peptostreptococcus micros, and
Campylobacter rectus is found in deeper periodontal
pockets. Oral health is often subjected to direct and
indirect effects of the fluctuating levels of sex hormones
during conditions like PCOS which can influence the
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constituents of the oral microflora causing reverberation
in periodontal health. Amongst the studied taxa in the
present study, higher levels of Fusobacterium. nucelatum
and Porphyromonas. gingivalis were observed in the
subgingival plaque samples in patients with PCOS and
periodontitis and patients with PCOS and gingivitis
when compared to healthy individuals. Therefore, within
the limitations of the study, it can be concluded that
PCOS may quantitatively affect the constituents of oral
microflora playing a pivotal role in subsequent gingival
inflammation and periodontal health.
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Abstract
Background: Corona virus disease-19 (COVID-19) pandemic also led to a reduction or even the suspension of elective
health services. These decisions affected in vitro fertilization (IVF) programs worldwide. Therefore, it is essential to map
the readiness of I\VVF clinics in providing safety in this situation and in the future.

Materials and Methods: This is a retrospective qualitative and quantitative research done in 2021 that involved three IVF
clinics of Jakarta, Indonesia. Those three clinics were government-owned, private-owned, and educational and training
center. The qualitative data of each clinic’s readiness towards COVID-19 was obtained from interviews with the clinics
staff. The quantitative data were collected from the clinics patients’ number and demographic data from 2019-2021 as well
as from COVID-19 databases. Both data sets were analysed descriptively and only for the quantitative analysis Stata version
16 was used.

Results: There were changes in the domiciles and number of patients attending the three clinics. The ratio of patients
from Jakarta increased while patients from outside Java Island decreased. There was a drop in annual patient numbers
in 2020. However, from June 2020 to December 2021, the number of monthly I\VF cycles increased significantly by 3.5
cycles per month (P=0.001). There was no association between IVF patients’ attendance numbers and COVID-19 cases
(P=0.785). One of the clinics had a negative pressure operating theatre, which made them more confident in treating
patients with COVID-19 positive and made them even had higher I\VVF cycles started than the pre-pandemic period.

Conclusion: Those three clinics are prepared in facing COVID-19, as they complied with government regulations. As

the COVID-19 pandemic progressed, the number of patients gradually returned to normal.
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Introduction

Since March 11™, 2020, the World Health Organisation
(WHO) declared the Corona virus disease 2019
(COVID-19) a pandemic, healthcare endured significant
changes, such as cancelling or postponing non-essential
treatments (1, 2) that lead to consequences like a decrease
in non-COVID-19 patients’ quality of care (3, 4).

This situation has also impacted elective Gynaecological
and in vitro fertilization (IVF) procedures (5). Also,
the Indonesian Society of Obstetrics and Gynaecology,
Perkumpulan Obstetri dan Ginekologi Indonesia, (POGI)
released a recommendation which recommends any
fertility treatment to be postponed. This recommendation

was to minimise the risk of infection of COVID-19 (6, 7).
However, delay in starting infertility treatment may cause
a decrease in the success rate (8).

In Indonesia, along with the nationwide lockdown,
there were regulations that suspended elective medical
procedures, including infertility treatment. Therefore,
infertile couples were affected in many aspects, including
psychological (9). However, the relationship between the
effects of the COVID-19 pandemic on the number and
demographic of IVF patients has not been studied. This
study aims to map any changes in patient numbers and
demographics attending three different I\VF clinics, before
and after COVID-19, and clinic preparedness to face the
pandemic situation.
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Materials and Methods

Ethical declaration for this study was approved by
the University of Indonesia Medical Research Ethics
Committee (MREC) in December 2021 (KET-1175/UN2.
F1/ETIK/PPM/00/02/2021) and the Monash University
Human Research Ethics Committee (MUHREC) (32625).

This research uses sequential exploratory mixed-methods
study that included both qualitative and quantitative studies.
The participants in this research were clinic management
and staffs that were agreed to attended in this study. To map
the clinic's preparedness in facing the COVID-19 pandemic,
several questions were asked by the management concerning
the changes in infectious disease precautions before and after
the pandemic, such as its preventive measures, the clinic’s
sanitation regulations, and staff regulations. We used a semi-
structured interview to obtain the primary data. The secondary
data are monthly patient number and demographics were
obtained from the patients’ medical record from January
2019 to December 2022.

Results

This study was conducted from January 2019 to
December 2021 at three clinics contains 2570 patients
demographic and treatment data. Cohort characteristics
are presented in Table 1.

Table 1: Characteristics of in vitro fertilization (IVF) Patients’ Attendances
from three clinics (n=2570)

Characteristics n (%)
Age (Y)
<35 1150 (45)
35-37 573 (22)
38-40 422 (16)
41-42 234 (9)
>42 191 (7)
Treatment
Fresh embryo 1684 (66)
Frozen embryo transfer 886 (34)
Domicile
Jakarta 1205 (47)
Greater Jakarta 787 (31)
Java Island 163 (6)
Outside Java 415 (16)

The ratio of patients from Jakarta increased during
the COVID-19 pandemic, from 43 to 49%. In contrast,
patients living outside Jakarta, including the patients
from the rest of Java Island and outside of it, decreased in
proportion, as can be seen in Figure 1.

Figure 2 presents an overview of the monthly numbers
of patients undergoing IVF cycles between 2019 and
2021 in all three clinics, along with events affecting the
number of IVF cycles. The events or factors that affected
the number of I\VVF cycles started were ranging from travel
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restrictions to the Jakarta and two waves of COVID-19,
with green and pink shaded areas on the graph. Due to
COVID-19 early cases and national holiday combined,
the travels were restricted in the 2020, while only national
holiday restricted 2021 travels.

M Jakarta

Before COVID-19

During COVID-19

W Greater Jakarta
® Java Island

Outside Java

Fig.1: In vitro fertilization (IVF) patient origins proportion from overall
three surveyed clinics.
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Fig.2: Monthly numbers of patients’ attendance from 2019 to 2021 in all
three in vitro fertilization (IVF) Clinics.

Using Stata version 16, the impact of the COVID-19
pandemic on the number of patients per month was
analysed. The starting number of IVF cycles was 84 per
month and the total number of IVF cycles appeared to
be similar before March 2020 (-0.1, 95% CI —1.5 to 1.3,
P=0.859). In the first month of the COVID-19 pandemic
in Indonesia, which is March 2020, there was appeared
to be a significant decrease in IVF cycles (-53.0, 95%
CI —70.3 to -35.7, P<0.001), followed by a significant
increase in the monthly trend of IVF cycles (relative to
the pre-intervention trend) of 3.5 IVF cycles per month
(95% CI 1.7 to 5.4, P=0.001), which is illustrated in
Figure 3.
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Fig.3: The impact of COVID-19 on total in vitro fertilization (IVF) cycles in all
three hospitals, tested with regression with Newey-West standard errors.



A remarkably high number of IVF cycles done from
January to March 2020, followed by a noticeable drop in
April and almost no patients in May 2020. This drop was
mainly caused by POGI’s regulations to cancel the elective
procedures, including IVF services. This regulation was
relaxed in July 2020. In April 2021, there was a decrease
in monthly IVF cycles, as there were the first and second
wave peaks of COVID-19 cases in January 2021 and
July-August 2021, respectively. All three clinics shared
similar trends throughout the pandemic in 2020 and 2021.
Overall clinics IVF patient number and COVID-19 cases
comparison is illustrated in Figure 4.

Based on the linear regression result in the statistical
software Stata, there was no association (P=0.785) between
the monthly national COVID-19 cases and the monthly
number of IVF cycles. There was also no association
(P=0.640) between monthly Jakarta COVID-19 cases and
the monthly number of IVF patients.

The emergence of COVID-19 forced the hospital to
postpone or cancel various elective medical procedures,

Azzahra et al.

including IVF treatments and clinics. After two years of
the pandemic, there were changes in numerous clinical
and non-clinical protocols due to COVID-19. All different
preparedness aspects from the interviews with clinics
staffs are summarised in Table 2.
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Fig.4: Monthly COVID-19 cases and monthly in vitro fertilization (IVF) cycle
started in all three clinics.

Table 2: Summary of clinic preparedness in facing COVID-19

Teratai Yasmin Melati
Preventive measures
High-efficiency particulate absorbing v v v
(HEPA) filter air purifier
Negative pressure OR X X
Personal protective equipment is worn by v v
staff
COVID-19 testing for patients v v v
COVID-19 testing for staff v v v
Timetabling to reduce clinic traffic v v v
Partner restrictions to appointments X v v
Keep safe distance v v v
Vaccine requirement to enter v v v
Prior to treatment COVID-19 exposure v v v
questionnaire
Provide teleconsultation v v v
Sanitation regulation
Operating Room is cleaned by the same X v v
staff
Electronic devices are covered with plastics v v v
Disinfected routinely v v v
Frequency UV light exposure every day and disinfectant after every patient X After every patient
Regulations for non-medical and medical staff
Hand washing v v v
Steps of wearing personal protective equipment v v v
Personal protective equipment level 1, 2 v v v
Personal protective equipment level 3 (how v X X
to wear, how to take it off, and disposal)
Individual meal breaks v x v
Travelling staff monitoring X X
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Discussion

COVID-19 pandemic also led to a reduction or even
the suspension of elective health services, including IVF
treatment worldwide. IVF treatment, as well as its patient
number, is highly affected by multiple factors, such as
mobility and IVF clinics’ readiness.

The increase of patients from Jakarta and Greater Jakarta
was a consequence of mobility/ transport restrictions
from the government. While the entry and exit points to
and from Jakarta were blocked, the desire of IVF patients
from outside Jakarta to travel to Jakarta was affected (10).

Based on the Indonesian Association for In vitro
Fertilization (IAIVF) website registry, there was a
gradual increase in the IVF cycle number from 2016 to
2019. This survey found that the annual patient numbers
for three clinics decreased during 2020, the first year of
the pandemic. This decrease might have been caused by
POGI’s regulations that restricted the elective procedures
from May to July 2020. However, in 2021, the patient
numbers had increased gradually, yet still lower compared
to in 2019. Exceptionally, Melati IVF Clinic had a higher
patient number in 2021 than the pre-pandemic period.
Although, our results of these three clinics showed a lower
patient number in comparison with the period before the
pandemic period started, was contrary to a study done
by Cutting et al. (11). They found an increase in patient
load for IVF treatment after the lockdown period in the
Indonesia by 25-50%. This contradiction may be because
of considering only one clinic and mainly its location.
Correlating with the lower desire of patients to travel to
Jakarta, we assumed that patients prefer transferring to
their nearer IVF clinics. Hence, there were IVF clinics
outside Jakarta to have increased patient load, although
IAIVF website registry data shows that most IVF clinics
had declined trend during 2020 and 2021.

Astudy in Finland showed that there was an average 8%
increase in waiting times of elective treatments in 2020,
from 85.8 days before the pandemic to 92.6 days, which
eventually led to decrease the patient number (12). This
decreased in the patient load also happened worldwide,
including in Indonesia (13). The result showed patients
reduction in 2020, which indicates there were some
procedural cancellations that led to delays in IVF
treatment.

All three clinics recorded the lowest number of IVF
cycles started in May for three years in a row, even
before the pandemic occurred. This is because during the
last three years, Ramadhan falls in May. Ramadhan is a
sacred month for Muslims. During this month, Muslims
are fasting from dusk till dawn, ranging from 12 to 19
hours (14). Almost 80% of the Indonesian population are
Muslim and they tend to delay any IVF treatment during
that period. Although, there is no significant effect found
in the foetal growth, but the patients often feel dehydrated
and uncomfortable to undergo any medical procedures
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(15). Those studies (16, 17) indicated there are some
conditions, such as feeling dehydrated, and tendency to
focus on praying that make patients have to postpone their
treatment until after Ramadhan.

After POGI relaxed the elective treatment prohibition
in July 2020, IVF patients seemed eager to start the
treatment cycle, since both IVF patients and clinics are
more prepared towards COVID-19. It was supposed
that the infertility may be located at in the first line of
stress for infertile couples rather than of the COVID-19
disease infection. According to other studies, stress levels
in infertile couples are similar to those found in patients
suffering from life-threatening illnesses (16-18). Vaughan
et al. (19) stated that only 6% of the respondents agreed
that assisted reproductive technology should be suspended
during the pandemic.

Prior to the pandemic, from January 2019 to March
2020, the number of patients’ attendance to those three IVF
clinics higher compared to during the pandemic. During
the first and second waves of the COVID-19 pandemic,
there was a decline in IVVF cycles in Indonesia, January
2021 and July-August 2021, respectively. However,
the statistical analysis showed a gradual increase of
IVF cycles, 3.5 cycles per month. This trend was due
to the more prepared IVF clinics and patients feel more
confident to visit IVF clinics.

Clinics tend to limit the patient load, as the pandemic
indeed significantly caused impacts on healthcare
professionals (20, 21). Although, it is causing patients
backlog, a solution implemented among all I\VVF clinics
surveyed in this research is by providing telehealth prior
to face-to-face consultation in the clinic. This telehealth
solution is in line with a study done by Hernandez et al.
(22), in which it was stated that telehealth might provide
the obstetric gynaecologists better understanding of
patient prognosis.

Due to the absence of a detailed and formal protocol,
there was no standardised workflow within and between
IVF clinics in Jakarta. The interviews showed that all three
IVF clinics interviewed had followed the WHO guidelines,
including providing personal protective equipment,
training on using them, and hand hygiene education. Also,
in line with WHO, routine screening was done on high-
risk staff, which was extended to all staff when there was a
significant increase in COVID-19 cases (23).

Concerning the high-exposure risk procedures, for
instance, the ovum pick-up, all clinics required couples
to have negative COVID-19 test results prior to the
ovum pick up. Even though all clinics already had
high-efficiency particulate absorbing (HEPA) filters in
both operating and examining rooms, the only Melati
IVF Clinic has equipped negative pressure operating
theatre. Negative pressure operating rooms are involved
in performing surgical procedures on patients who have
airborne infectious illnesses (24). However, research done



by Rosenbaum et al. (25) reported that a portable HEPA
filter is a sufficient alternative for the negative pressure
individual rooms or units, which was already available in
all three clinics, even though it is not suggested to be used
for the COVID-19 positive patients.

Conclusion

To conclude, those three clinics are prepared in facing
COVID-19, asthey complied with governmentregulations.
As the COVID-19 pandemic progressed, the number of
patients gradually returned to normal, although there were
any changes in the proportion of patients’ domicile, the
monthly number of patients and clinics’ protocols due
to the COVID-19 pandemic. Therefore, it is essential to
create a formal regulation for IVF clinics worldwide to
give the highest quality yet maintain everyone’s safety.
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Abstract
Background: During the Coronavirus disease 2019 (COVID-19) pandemic, there was always concern about damage
to different organs of the body. In this study, we aimed to determine if coronavirus 2 (SARS-CoV-2) could influence
the sperm parameters in inpatient adult men with COVID-19.

Materials and Methods: In this prospective study during 2021, 22 patients with COVID-19 diagnosed with poly-
merase chain reaction (PCR) test and clinical symptoms and history of admission and 19 volunteer healthy men
as the control group participated. They were asked to provide semen samples at 2 and 6 months after hospital dis-
charge and the same time for the control group. The following parameters were measured in all semen samples and
beside the demographic data, they compared between the two groups: volume (mL), sperm concentration (105/mL),
total motile sperm percentage, progressive percentage, normal morphology percentage, and DNA fragmentation
index (DFI).

Results: The mean + SD age of the participants in the COVID and control groups was 46.36 + 9.94 and 45.84 +
10.21 years, respectively (P=0.869). The mean + SD body mass index (BMIs) of the participants in the COVID and
control groups were 28.6 + 5.460 and 29.6 £ 6.092, respectively (P=0.579). The mean + SD number of children was
1.41 + 1.054 in the COVID group and 1.47 + 1.073 in the control group (P=0.847). All the sperm parameters were
significantly impaired after 2 months in the COVID group in comparison with the control group (P<0.05). After 4
months from first sampling, all the parameters were improved significantly (except normal morphology) but had not
yet reached the level of the control group.

Conclusion: SARS-CoV-2 affected semen parameters in patients admitted because of COVID-19, in the short term. It
is expected that this will improve with time.
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Introduction

Coronavirus 2 (SARS-CoV2), as a severe acute
respiratory syndrome, has infected millions of people since
December 2019 that first reported from Wuhan, China
(1). The Coronavirus disease 2019 (COVID-19) affects
different body organs including the respiratory system,
liver, kidney, heart, the gastrointestinal, hematological
and nervous systems with a high rate of multi-organ
failure and mortality (2).

Although, there are limited studies about andrological
consequences of COVID-19, there is no consensus about
its effect on semen quality (3, 4). Whether COVID-19
is detectable in semen fluid or not is debatable. In the
evaluation of male patients with COVID-19 and those
recovering from the disease, Li et al. (5) identified SARS-
CoV-2 in semen fluid. In contrast, there are some other
studies that do not confirm this finding (6, 7). COVID-19
may affect the testis parenchyma, changes the Sertoli
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and Leydig cells morphology, and causes lymphocytic
inflammation (8). It may have a negative impact on semen
quality and sex hormones, although it may be reversible
(9- 12). There are limited studies about COVID-19 effects
on the semen quality, therefore we designed the present
study.

Material and Methods

The institutional board of research and Ethics Committee
of Shahid Beheshti University of Medical Sciences
confirmed the study protocol (IR.SBMU.RETECH.
REC.1399.559). This study was conducted in accordance
with the Declaration of Helsinki. All participants signed
the informed consent.

Participants

Patients participating in this study were 20-60
years old male volunteers who had been diagnosed
COVID-19 infection based on a nasopharyngeal SARS-
CoV-2 real-time (RT) polymerase chain reaction
(PCR) swab during their admission to Shohada-e-
Tajrish or Taleghani Hospitals. They were divided
into mild, moderate or severe groups depending on
clinical characteristics and radiological findings (13,
14). Semen samples were collected from them at 2
and 6 months after hospital discharge. All patients
were treated with the specified protocol (15). Their
demographic data and the COVID-19 disease history
were recorded.

In parallel, the semen fluid of 19 volunteered men
which was obtained by masturbation was evaluated
as the control group, at the beginning of the project.
The control group was the men who live a normal life
in society without any symptoms of COVID 19. They
did not present any suspicious symptoms, including
constitutional symptoms, fever, cough, gastrointestinal
symptoms or any other symptoms that made us suspected
of having COVID 19. All semen samples were collected
by masturbation following sexual abstinence of 1-3
days. All semen analysis was evaluated according to
WHO 2010 criteria (16) at the Andrology Laboratory of
In Vitro Fertilization Center, Taleghani Hospital, Tehran,
Iran. Participants who could not provide the second
semen sample were excluded. Also, participants with
orchitis or abnormal findings on scrotal examination
including severe varicocele, history of vasectomy, testis
torsion, single testis, testis trauma and any kind of scrotal
-inguinal surgery were also excluded. All the participant
characteristics including body mass index (BMI), age,
history of smoking and the number of children were
recorded.

Andrology assessment

The following parameters were measured in all
semen samples (16) and compared between the two
groups: volume (mL), sperm concentration (10%/mL),
total motile sperm, progressive percentage, normal
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morphology percentage (assessed by Strict criteria)
and DNA fragmentation index (DFI, assessed by
sperm chromatin dispersion). Sperm motility is the
movement, or swimming of sperms. The progressive
sperm motility defined as sperms that move along a
straight line or around large circles which is necessary
for pregnancy (17).

Statistical analysis

Quantitative data with normal distribution are
shown as a mean * standard deviation. To compare
proportions and means, we used chi-square and
Student’s t tests, respectively. P<0.05 was considered
statistically significant. SPSS software version 26
(IBM Corporation, Armonk, NY, USA) was used for
statistical analysis.

Results

Totally, 41 men (22 patients with COVID-19 and 19
volunteers as the control group) participated in this study.
Table 1 shows the demographic data of our groups.

Table 1: Participant’s demographic characteristics

Characteristics COVID group Control group P value
(n=22) (n=19)

Age (Y) 46.36 +£9.94 45.84 £10.21  0.869
Number of children  1.41 + 1.054 147 +1.073 0.847
Smoking 11 (50) 11 (57.9) 0.756
BMI (kg/m?) 28.6 +5.460 29.6 + 6.092 0.579
COVID19 severity

Mild 12

Moderate 10

Severe 0

Data are presented as mean £SD or n (%).

The sperm parameters including sperm motility,
sperm concentration, progressive sperm percentage,
normal morphology, and DFI were determined in
each group and compared (Table 2). Six months
after discharge, since the control group did not refer,
we compared the patients’ semen parameters to the
baseline semen parameters of the same group through
the paired t test. We also compared the second sperm
analysis with the COVID-19 group after six months to
the baseline sperm analysis of the control group that
the results are shown in Table 2. As shown in Table 2,
all the sperm parameters were impaired significantly
in the COVID group at month two, in comparison with
the control group. After a 6 months follow-up from
discharge, all the parameters (sperm concentration:
P=0.005, sperm motility: P<0.001, progressive sperm:
P=0.045, DNA fragmentation index: P=0.001) were
improved significantly except normal morphology
(P=0.066), in the COVID group in comparison with
themselves in the time points, 0 and 2 months after
COVID-19 affection but it had not yet reached the level
of the control group.
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COVID-19 and Sperm Parameters

Table 2: Comparison sperm parameters between the COVID and control groups at 2 and 6 months

Sperm parameters COVID group baseline Control group P value”
Sperm concentration (million/ml) 29.09 £ 14.46 63.74 £ 21.16 <0.001
Sperm motility 32.27+£11.61 60.05 £ 10.71 <0.001
Progressive motility 16.86 £ 10.27 46.32 + 14.22 <0.001
Normal sperm morphology 0.66 = 0.83 242+1.21 <0.001
DNA fragmentation index 39.8+15.28 14.4+4.78 <0.001
COVID group baseline COVID group after 6 months P value™
Sperm concentration (million/ml) 29.09 £ 14.46 39.14 + 16.84 0.005
Sperm motility 32.27+11.61 49.05 + 16.50 <0.001
Progressive sperm 16.86 + 10.27 31.23+14.12 0.045
Normal sperm morphology 0.66 £ 0.83 1.05+0.95 0.066
DNA fragmentation index 39.8+15.28 27.91+12.35 0.001
Control group COVID group after 6 months P value”
Sperm concentration (million/ml) 63.74 £21.16 39.14 + 16.84 <0.001
Sperm motility 60.05 £ 10.71 49.05 £ 16.50 0.015
progressive sperm 46.32 + 14.22 31.23+14.12 0.002
normal sperm morphology 242+1.21 1.05+0.95 <0.001
DNA fragmentation index 144 +4.78 279141235 <0.001

Data are presented as meanz* SD. *; Independent sample t test and **; Paired t test.

Discussion

The COVID19 and consequent severe acute
respiratory syndrome has the ability to attack multiple
organs and weaken overall immunity for months (18,
19). The man’s fertility system may be affected by
various infectious or viruses including mumps virus,
influenza virus, human immunodeficiency virus
(HIV), Zika virus and may even involve the testes
tissues (16).

Pneumoniais the most common clinical manifestation
of COVID-19, due to the presence of Angiotensin-
converting enzyme 2 (ACE2)-containing cells among
type 2 alveolar cells (20). The expression level of
ACE2 in the Sertoli and Leydig cells, may be even
higher than the alveolar type Il cells. Testicles with
ACE2 receptor may be vulnerable to the COVID-19
infection, which may become a target organ such as
lungs (21).

A review study of evaluating biological implications
ofthe COVID-19onsexual transmissibility, fertility and
viral presence, revealed that COVID-19 is potentially
present in seminal fluid, but sexual transmission not
reported (22). Previous epidemiologic studies show
significant concerns regarding the long-term fertility
capacity for patients who are their reproductive system
affected by the Sars-CoV-2 (23). A systematic review
for survey the potential impact of COVID-19 on male
reproductive organs and male fertility concluded that,
only one of the 28 studies had reported the presence
of SARS-CoV-2 in the seminal fluid (24). They
observed a decrease in semen quality in the patients
with moderate infection rather than patients with mild
infection and healthy controls. Impairment quality of
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seminal fluid may be related to inflammation and fever
occurrence (5).

In our study, the seminal fluid analyses of the
admitted patients with COVID-19 were compared
between the period of disease and at least six months
after discharge of hospital from COVID-19 and
control groups. The long-term effect of COVID-19
on male fertility is a debate. A systematic review
study compared parameters of seminal fluid in
patients recovered from COVID-19 revealed seminal
fluid volume, progressive sperm motility and sperm
concentration were not significantly decreased after
getting the disease. Mean sperm count and total sperm
motility between the COVID-19 group and control
group were statistically significant (25). Guo and
colleagues found that the total sperm count, sperm
concentration and progressive motility following
recovery from the COVID-19 infection increased
significantly after 84 days in comparison with the first
56 days of recovery (9). In another study, COVID-19
affected sperm parameters, as well (26). A prospective
study of men who were recovered from the COVID-19
infection revealed that 25% of them were oligocrypto-
azoospermic. From eleven men with seminal fluid
impairment, eight were azoospermic and three were
oligospermic. Thirty three patients (76.7%) showed
pathological levels of IL-8 in seminal fluid. Oligo-
crypto-azoospermia was significantly correlated with
COVID-19 severity (27). All these studies approve our
results about the effect of COVID19 on sperm quality.

Every febrile disease could lead to impaired semen
quality and even azoospermia (28). Due to the nature
of the spermatogenesis cycle, we evaluated the samples



two months and 6 months after hospital discharge
in the COVID group to prevent the effect of febrile
disease on sperm quality.

The studies that mentioned above and the present
study showed that seminal fluid parameters and male
fertility may be affected by COVID-19. The possibility
of this fact that COVID-19 infection would affect
the sexual function and male reproductive system
and permanent effects on the human reproductive
health should be evaluated long-term, multicenter,
and prospective cohort studies with larger sample
sizes. Here, we evaluated patients with a COVID-19
infection who needed to be hospitalized unlike most
studies that considered outpatients. It seems that
hospitalized patients experience severe degrees of
illness than outpatients, what made our study differ
of other published studies. Although, our present
study is not free of some limitations, including low
sample size, analyze other parameters such as sperm
leukocyte count, sex hormones, anti-sperm antibodies
which could provide useful information and long term
follow up. Also, the follow-up semen analysis of the
control group was impossible for us.

Conclusion

In this study, we concluded that SARS-CoV-2 affects
semen parameters in patients who were admitted to the
hospital because of COVID-19, in the short term. After
the disease recovery, these parameters start to improve,
but studies with larger sample size and longer follow
up time are necessary to prove whether the parameters
return to their previous level or not.
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Abstract
Background: In vitro fertilization (IVF) remains a main treatment for infertility cases. Post-injection human chorionic gon-
adotropin (hCG) level is an essential factor in determining oocyte maturation rate in I\VF. This study aimed to determine the
relationship between 12 hours post-injection serum hCG level and oocyte maturation rate among IVF participants.

Materials and Methods: A cross-sectional study on I\VVF participants was done at a tertiary hospital in Indonesia from
January 2020 to December 2021. Subjects were injected with 250 ug of recombinant-hCG (r-hCG) subcutaneously.
Twelve hours post-injection serum hCG levels and oocyte maturation rate data were retrieved and analyzed accordingly.

Results: Twenty-eight subjects were recruited into the study. Higher 12 hours post-injection serum hCG was related
to oocyte maturation rate (P=0.046). The cut-off point of 12 hours post-injection serum hCG to predict better oocyte
maturation rate was 90.15 mlU/mL (sensitivity 68.2%, specificity 83.3%). Oocyte maturation rate may be predicted
using body mass index (BMI) and 12 hours post-injection serum hCG.

Conclusion: Higher 12 hours post-injection serum hCG was associated with a higher oocyte maturation rate in IVF
subjects.
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Introduction stimulation was carried out starting on the second day of
the menstrual cycle. Following controlled stimulation,
injection of human chorionic gonadotropin (hCG) is
administered for the later stages of follicle maturation.
Due to the nearly similar (homologous) chemical chain
structure of hCG and luteinizing hormone (LH), hCG
administration is aimed to mimic the normal LH surge
in ovulation. The injection of exogenous hCG is usually
done 12 hours before ovum pick-up (OPU). Previous
studies had contrasting results linking serum hCG levels
with oocyte quality and number at the time of OPU (5).
However, there has been no research regarding the direct
relationship between 12 hours post-injection serum hCG

In vitro fertilization (IVF) is the most commonly
performed procedure in assisted reproduction for
achieving pregnancy (1). The mean pregnancy rate in
IVF ranges from 30 to 35% (2). The success of IVF
is closely related to various factors, most of which
are still unknown until the later cycles of therapy or
even near the end of treatment. The failure to achieve
pregnancy is thought to be caused by embryo quality
and endometrial receptivity factors. However, there
have been no proven indicators to predict oocyte
maturation rate during IVF (3, 4).

Before picking the owvum, controlled ovarian levels and oocyte maturity in the IVF cycle. This study
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aimed to determine the relationship between 12 hours
post-injection serum hCG level and oocyte maturation
rate among I\VF participants.

Materials and Methods

An observational study with cross-sectional design was
done to investigate the relationship between 12 hours
post-injection serum hCG and oocyte maturation rate. The
study was done at Yasmin Clinic, Cipto Mangunkusumo
National Kencana Hospital, Jakarta, Indonesia, from
January 2020 to December 2021.

Subjects recruited for the study were all 20-40
years old IVF participants who had hCG injection as
part of the protocol and willing to participate in the
study. Meanwhile, the exclusion criteria were subjects
with history of ovarian surgery, chemotherapy, or
radiotherapy. Poor responder subjects (defined by those
with anti-Mullerian hormone level of <1.5 ng/mL) were
also excluded from the study.

This study utilized the standard protocol of IVF applied
in Cipto Mangunkusumo National General Hospital. A
total of 250 pg recombinant hCG (r-hCG) was injected
as exogenous hCG source on all subjects before OPU.
Serum hCG level was obtained 12 hours post-injection
in each subject. Moreover, the OPU was done 36 hours
following hCG injection. Mature oocyte was defined
as the oocyte reaching metaphase Il according to the
oocyte cumulus—corona complex (OCCC) grading,
which included the ‘sun-burst' appearance of the corona
radiata and expanded cumulus (6). Meanwhile, oocyte
maturation rate was defined in this study as the rate of
mature oocyte divided by the total oocyte picked up at
OPU. The cut-off for satisfactory oocyte maturation rate
was set to be 75% (7).

The Research Ethics Committee had approved the
protocol for human studies with ethical clearance letter
number KET-967/UN2.F1/ETIK/PPM.00.02/2019.
All subjects had given their informed consent before
their inclusion in the study. Collected data of the
subjects were analyzed using Statistical Package for
Socials Sciences (SPSS) for Macintosh ver. 20 (IBM®,
USA). The characteristics of patients were analyzed
descriptively. Normally distributed numeric variables
were presented in the form of mean + standard deviation,
while abnormally distributed numeric variables were
presented in the form of median (minimum value-
maximum value). Bivariate analysis was done using
unpaired t test for variables with normal distribution
or Mann-Whitney test for variables with abnormal
distribution. In order to determine the ideal cut-off
of 12 hours post-injection serum hCG level, receiver
operating characteristics (ROC) curve would be used
with satisfactory oocyte maturation rate as the state
variable. Afterwards, multivariate analysis consisting
of 12 hours post-injection serum hCG level and
clinical characteristics would be done using the logistic
regression method.
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Results

A total of 32 subjects fulfilled the inclusion criteria
during the study. However, 4 subjects were excluded due
to not taking serum hCG level examination. Therefore,
only 28 subjects were recruited and analyzed. The study
recruitment flowchart can be found in Figure 1.

Subjects meeting the inclusion criteria
(n=32)

Exclusion
| Not taking serum hCG level examination
(n=4)

\4

Analyzed Subjects
(n=28)

Fig.1: Recruitment flowchart of the study.

Following the recruitment of subjects, the subjects’
clinical characteristics were analyzed. The results can be
found in Table 1.

Table 1: Clinical characteristics of subjects

Characteristics Frequency (n=28)

Age (Y) 33.32+338
Body mass index (kg/m?) 22.590+29
Infertility duration (Y) 554 +27
Prior IVF history
None 24 (85.7)
Once 2(7.1)
Twice 2(7.1)
Indication for IVF
Infertility 27 (96.4)
Primary 24 (85.7)
Secondary 3(10.7)
Social 1(3.6)
Known etiology
Male factors 9(32.1)
Female factors 14 (50)
Uterine factor 10 (35.7)
Tubal factor 2(7.1)
Ovarian factor 2(7.1)
Female and male 2(7.1)
Unknown 3(10.7)
Basal AMH level (ug/mL) 3.29 (1.66-13.10)*
12 hours post-injection hCG level (mlU/mL) 101.81 + 38.3
Oocyte maturation rate
>75% 22 (78.6)
<75% 6 (21.4)
Oocyte retrieved per patient 11 (3-33)*

Data are presented as mean + SD or n (%). IVF; In vitro fertilization, AMH; Anti mullerian hormone,
hCG; Human chorionic gonadotropin, and #; Median (minimum value-maximum value).
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Table 2: The relationship between 12 hours post-injection serum hCG level and oocyte maturation rate

Variable Oocyte maturation n Meanz£SD Mean diff 95% CI P value
rate Min Max

12 hours post-injection serum hCG level (mlU/mL) >75% 22 109.26 +38.0 34.78 0.60 68.95 0.046"
<75% 6 74.48+26.6

hCG; Human chorionic gonadotropin, Cl; Confidence interval, Min; Minimal, Max; Maximal, and *; Unpaired t test.
Table 3: Cut-off value for 12 hours post-injection serum hCG
AUC 12 hours post-injection serum hCG level (mlU/mL) sp 95% ClI P value”
Min Max
78.8% 90.15 68.2 83.3 60.3% 94.0% 0.033

AUC; Aurea under the curve, Sn; Sensitivity, Sp; Specificity, Cl; Confidence interval, Min; Minimal, Max; Maximal, and *; Unpaired t test

Furthermore, the analysis of relationship between
12 hours post-injection serum hCG level and oocyte
maturation rate was also performed. The result of this
analysis can be found in Table 2.

Based on the analysis, higher 12 hours post-injection
serum hCG level was associated with a higher oocyte
maturation rate (P=0.046). Moreover, the cut-off point for
12 hours post-injection serum hCG level was determined
to predict a satisfactory oocyte maturation rate.

1

60

Sensitivity

40

20

p value 0.033 AUC 0.788 95%CI (0.603 - 0.972)
20 40 60 80 100

1 - Specificity

Fig.2: ROC curve of 12 hours post-injection serum hCG. ROC; Receiver
operating characteristics, hCG; human chorionic gonadotropin, AUC;
Aurea under the curve, and Cl; Confidence interval.

Based on the analysis done in Table 3, it was found that
the cut-off value for 12 hours post-injection serum hCG
to predict satisfactory oocyte maturation rate was >90.15
mIU/mL. Furthermore, multivariate analysis was done.
The result of the analysis can be found in Table 4.

Table 4: Multivariate analysis for predicting oocyte maturation rate

Variables B SE Wald Pvalue OR 95% ClI

Min  Max
BMI 0404 0215 3523 0.033 1497 1182 2282
hCG -0.032 0.018 3.140 0.048 1.012 1.005 1.030
Constant  -7.838 5.140 2325 0.127

BMI; Body mass index, hCG; Human chorionic gonadotropin, Min; Minimal, Max;
Maximal, *; Logistic regression, B; Beta, S.E.; Standard of error, OR; Odds ratio, and Cl;
Confidence interval.

Based on the multivariate analysis, BMI and hCG level
were the factors affecting oocyte maturation rate.

Discussion

Based on our analysis, higher 12 hours post-injection serum
hCG was associated with higher oocyte maturation rate. The
average age of subjects in our study was 33.32 + 3.8 years,
with most of the subjects having normal BMI. This value was
similar to previous studies on IVF participants in Indonesia,
with most subjects being aged over 30 years old (1, 2). In
a previous study conducted in Jakarta, the best probability
of IVF success was obtained when the participant's age
was under 35 years old, with a success rate of 56.4% (1).
Many factors are thought to be the cause of worse IVF
success rate in older patients, some of which are disturbed
hormonal factors and the existence of other comorbidities
which increase along with aging (5). Other studies showed
that subjects with older age would experience a higher rate of
mitochondrial dysfunction associated with oxidative stress,
resulting in worse oocyte quality (8). BMI is also known to
be a determinant of oocyte maturity and clinical pregnancy
in IVF through several mechanisms, one of which is lower
hCG level in patients with higher BMI (1, 7). However, we
could not generalize the result of this study as the number
of included subjects in each body mass index group was not
sufficient for adequate power in the analysis.

In this study, the level of oocyte maturity was assessed
based on the rate of mature oocytes compared to the total
number of oocytes obtained during oocyte pick up. The level
of satisfactory oocyte maturation rate was determined to
be more than 75%. Previous studies also used this value to
predict clinical pregnancy in IVF patients (7, 8). In addition
to this threshold, some studies determine other threshold
values, depending on the agreement of the researchers (7, 9).

During the IVF procedure, hCG has a role to replace LH
in triggering oocyte maturation in folliculogenesis. LH is
required in the follicular phase to trigger paracrine signals
between theca cells and granulosa cells, which are useful
in triggering androgen and estrogen synthesis to achieve
oocyte maturation. There are LH/choriogonadotropin
(LH/CGR) receptors on the ovaries that can bind to both
LH and hCG and play a major role in folliculogenesis.
The role of hCG in folliculogenesis is largely related to its
ability to bind to LH/CGR (10).

LH/CGR is required in the process of follicle maturation
and ovulation. In the IVF procedure, hCG will replace the
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role of the LH surge that should occur during ovulation
by binding to the LH/CGR receptor. After the injection
of r-hCG, it is estimated that a phenomenon similar to
the LH surge will occur in a long time because the half-
life is much longer, which is around 30 hours, so that a
longer accumulation of effects will be obtained compared
to physiological ovulation (10, 11).

Post-injection hCG levels in this study were assessed
at 12 hours post-injection. Before the examination, all
subjects were injected with r-hCG at a dose of 250 mg
subcutaneously. This protocol was applied at the study
site and was similar to the protocol used in the previous
study (9). A previous study has shown that 250 mg r-hCG
is superior than the 500 mg dose in preventing ovarian
hyperstimulation syndrome (OHSS) (12). Although 12
hours post-injection hCG level in this study affected
oocyte maturation, there were previous studies with
contrasting results. One of the studies showing no
correlation between hCG level and oocyte maturity nor
embryo quality was the study performed by Gunnala et
al. (13). However, Zhang et al. (14) recently stated that
excessively high follicular fluid hCG levels would have a
detrimental effect on oocyte maturation, fertilization, and
embryonic development potential.

Inaddition to hCG levels, it was found that another factor
influencing oocyte maturity in this study was body mass
index. Previous studies indicated that IVF participants
with higher body mass index are known to have worse
oocyte maturation (1, 14). Previous studies suggested that
larger doses of hCG should be injected in patients with a
higher body mass index (12). However, this also carried
a risk of increasing the likelihood of OHSS, so further
research is needed to compare the benefits and impacts of
the action (15, 16).

The main limitation of this study was its small sample
size of the subjects. This limitation caused generalization
to the general population unsuitable. Moreover, there was
no data on the proportion of pregnancies, both biochemical,
clinical, and pregnancy outcomes, so further analysis
regarding the confounding factors of oocyte size could not
be executed. The similarity of injected r-hCG dose among
subjects also raised concerns due to body mass index
being an influencing factors of oocyte maturity. Further
studies with larger sample size and different r-hnCG dose
among the subjects may be considered.

Conclusion

Higher 12 hours post-injection serum hCG was associated
with a higher oocyte maturation rate on IVF subjects.
Furthermore, oocyte maturation rate might be predicted
using BMI and 12 hours post-injection serum hCG.
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Abstract
Background: In many diabetic patients, spermatogenesis complications are frequent causing infertility problems.
This study aimed to demonstrate the effect of Forskolin on male reproductive dysfunction caused by type 2 diabetes.

Materials and Methods: In this experimental study, type 2 diabetes was induced by a high-fat diet (HFD) for one
month and then a low single dose injection (35 mg/kg) of streptozotocin (STZ) in Wistar rats. After 72 hours, rats with
more than 200 mg/dl of blood glucose were considered type 2 diabetic rats. Forty rats (200-250 g) were divided into
four groups (n=10) including group 1 (G1): rats with normal diet and buffer citrate (STZ solvent) injection, group 2
(G2): control type 2 diabetic rats with HFD and STZ injection, group 3 (G3): type 2 diabetic rats received phosphate
buffer saline (PBS) as Forskolin solvent, and group 4 (G4): Forskolin treated diabetic rats (10 mg/kg) for 1 month.

Results: In comparison to control group, in diabetic groups (G2 and G3) some parameters are increased significantly:
The blood glucose (P=0.00078), testicular malondialdehyde (MDA) level and body weight (P=0.00009) and Bax
gene expression (P=0.00007). Unlike, some parameters are decreased significantly: The serum level of testosterone
(P=0.0009), testicular superoxide dismutase (SOD, P=0.00007) and glutathione peroxidase (GPX) levels (P=0.00008),
sperm concentration (P=0.00008), motility (P=0.00009), normal morphological sperm (P=0.00008) and Bcl-2 gene
expression (P=0.00009). However, in Forskolin treated group (G4) the parameters stayed close to control values that
was significantly (P=0.00007) higher than in G2 and G3 groups. Therefore, treatment with Forskolin significantly
improved these abnormal changes in Forskolin-treated group.

Conclusion: Our study demonstrates that Forskolin is an effective antidiabetic agent, which significantly improves

sperm concentration, testosterone levels, and antioxidant activity in diabetic rats.
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Introduction

Diabetes mellitus is an endocrine and metabolic
disorder. There are two general types of diabetes: type 1
and type 2 diabetes. Type 2 diabetes accounts for almost
90% of all cases accompanying by hyperglycemia.
Hyperglycemia is caused by the destruction of beta cells
or insulin resistance of cells, which in general, causes
complications such as inflammatory issues, oxidative
stress, and obesity. Statistics show that there are more
than 415 million diabetic people in the world, which is
predicted to approximate 642 million by 2040 (1, 2). Itis
also more prevalent in men than women (3).

Complications of type 2 diabetes include retinopathy,
nephropathy, neuropathy, cardiovascular problems,
and reproductive disorders. Type 2 diabetes is often
associated with decreased levels of testosterone (T) and
gonadotropin-releasing hormones (GnRH) (4). Diabetic
testicular disorders include decreased spermatogenesis,
testicular germ cell destruction, decreased testosterone and
estradiol synthesis, and abnormal semen parameters; they
generally lead to diminished reproductive ability or even
infertility. It has been shown that reactive oxygen species
(ROS) are the main destructive players in hyperglycemia of
type 2 diabetes. Prolonged hyperglycemia could produce
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large amounts of ROS, which can upset the balance of the
antioxidant system in the body. Following the oxidative
stress, testicular germ cells become apoptotic and the
spermatogenesis is disrupted (5, 6). Therefore, one of
the main therapeutic approaches in diabetic patients is
reducing ROS using antioxidants. In this regard, the
application of herbal and natural antioxidants has been
well established (7). Forskolin, an herbal medicine, is
extracted from an Indian plant called Coleus forskohlii.
The chemical formula of Forskolin is C,,H,,0, and it has
been used to treat and prevent cancers, cardiovascular
diseases, asthma, glaucoma, obesity, and high blood
pressure (8). Interestingly, Forskolin has also documented
as an effective antidiabetic drug that increases insulin
production from pancreatic beta cells and consequently
decreases blood sugar levels (9). It has been demonstrated
that cyclic AMP (cAMP) is the mediator that makes
Forskolin a highly potent medication (10). In this regard,
it has been reported that Forskolin-induced cAMP
could reduce cytotoxicity and apoptosis. According to
In vitro studies, Forskolin protects cells against H,O,
by increasing the antioxidant levels approximately two
times (11). The antioxidant effect of Forskolin in different
diseases has been documented (12), but its effect on the
male reproductive disorders following type 2 diabetes has
not been addressed yet. It seems clarifying the potential
effects of Forskolin on hormonal status, spermatogenesis,
and testicular tissue of diabetic patients might open
new ways for the application of this herbal medicine.
Therefore, the present study aims to evaluate the potential
positive effects of Forskolin on diabetes-induced male
reproductive dysfunction.

Materials and Methods
Animals and study design

All steps of the experiment were conducted according
to the protocols and guidelines of the Ethical Committee
of Tabriz University of Medical Sciences (IR.TBZMED.
VCR.REC.1399.080). In this study, forty Wistar rats of
8 weeks’ age and weight of 200 to 250 g were recruited.
Animals were maintained under standard laboratory
conditions including 50% humidity, 21-25°C temperature,
and 12 hours. dark/light cycle. The animals were randomly
divided into 4 groups including 10 animals in each group
(n 10) as the following:

Control group (G1): rats with a standard diet that were
intraperitoneally treated with 0.5 ml of buffer citrate
solution (0.05 M and pH=4.5) as Streptozotocin
(STZ) solvent.

- Diabetic control group (G2): rats were fed a high-fat
diet (HFD) for 4 weeks and then type 2 diabetes was
induced with a single dose of 35 mg/kg STZ.

- Vehicle control group (G3): rats with type 2 diabetes
that were treated with phosphate buffer saline (PBS),
the solvent of Forskolin, using a gavage syringe.

- Diabetic treated group or experimental group (G4):
rats with type 2 diabetes that received Forskolin
(>96% pure, HPLC detected, Abcam. Cat. No. 66575-
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29-9) 10 mg/kg body weight/day for 30 days with a
gavage syringe (13).

The HFD was continued for another 30 days after the
first 4 weeks in G2, G3 and G4 groups to maintain the type
2 diabetic model. Forskolin was administrated orally to
prevent other injuries such as peritoneal and hematologic
infections as suggested by previous studies (9, 11, 13).
The weight and blood sugar of animals in different groups
were measured regularly after HFD, just before STZ
injection, after induction of diabetes, just before starting
the Forskolin treatment, and after Forskolin treatment.

Induction of type 2 diabetes

Groups 2, 3, and 4 were fed with an HFD consisting of
35% carbohydrates, 45% fat, and 20% protein for 4 weeks
(14). At the end of the fourth week, the rats intraperitoneally
received a single dose of STZ (35 mg/kg body weight) to
induce type 2 diabetes (15). A single and low dose of STZ
could affect some of the beta cells causing partial destruction
of pancreatic beta cells which could result in type 2 diabetes
development (16). The STZ solution was freshly prepared by
dissolving STZ (Sigma, USA. Cat. No. S0130-1G) in0.05 M
citrate buffer solution (pH=4.5) (17, 18). To confirm diabetes
development, the blood glucose was measured through tail
vein 72 hours after STZ injection using a glucometer (Roche
Diagnostics, Basel, Switzerland. Cat. No. 05213509001).
The rats with stable blood sugar above 200 mg/dl were
considered diabetic (15).

Measurement of blood glucose and body weight

In the present study, we measured the blood glucose
four times: i. Before healthy rats grouping, ii. After HFD,
iii. After STZ injection, iv. After treatment with Forskolin.
In this way, we measured the fasting blood glucose using
a glucometer (Roche Diagnostics, Basel, Switzerland. Cat.
No. 05213509001). Also, we measured the body weight of
rats 3 times: i. Before HFD, ii. After HFD and STZ injection,
and iii. After treatment with Forskolin. The body weight was
measured by digital scale (HL-200, Japan).

Sample collection

At the end of the drug-intervention period, fasting
blood samples were collected from the animals, and then
all animals sacrificed for sampling. During the animal
sacrifice, for the minimum pain and stress in rats as
well as the best sampling mode the blood samples were
taken from the rats’ hearts (cardiac puncture) under deep
anesthesia 24 hours after the last treatment of Forskolin
(Intraperitoneal, ketamine: 100 mg/kg and xylazine: 10
mg/kg) (19). Subsequently, serum samples were extracted
from the blood by centrifugation (20 minutes at 3500 rpm)
and kept at -80°C for antioxidant and hormonal analyses.

Semen evaluation

The caudal part of the rat epididymis was separated,
chopped into smaller pieces and placed in 1.5 ml of PBS



(pH=7.2) for sperm counting (25). For this purpose, a
drop of the solution containing the sperm was transferred
to the Neubauer slide chambers (HBG, Germany) and the
sperm were counted manually using a light microscope
(Olympus CX31, Japan). The results of sperm count were
reported as sperm/mL (20). To evaluate sperm motility,
the number of motile sperms was counted under a light
microscope (Olympus CX31, Japan) and the percentage
of motile sperms (number of motile sperms/ the total
number of counted sperms) calculated. Sperm motility was
classified into three groups: progressive, non-progressive,
and immotile (21). To examine sperm morphology, a
sperm-contained droplet was placed on the slides to be
air-dried and then fixed with 96% alcohol and stained
with H&E. For each slide, 100 sperms were evaluated
and the percentage of normal and abnormal sperms was
determined (18, 22).

Hormonal measurements

Serum levels of luteinizing hormone (LH, mlU/
mL), follicle-stimulating hormone (FSH, miU/mL),
and T (nmol/L) were measured by the Enzyme-Linked
Immunosorbent Assay (ELISA) method using commercial
kits (DRG Instruments GmbH, Marburg, Germany).

Biochemical analysis
antioxidant enzymes)

(lipid  peroxidation and

Homogeneous testicular tissue samples were used
to evaluate the levels of antioxidant enzymes and lipid
peroxidation. Potassium chloride solution (1.5%) was
applied to homogenized testicular tissue (26). To evaluate
lipid peroxidation, the amount of malondialdehyde
(MDA) was measured according to Nair and Turner’s
method using Biocore Diagnostik (ZellBio) MDA assay
Kit. Briefly, the reaction of the testicular sample with
the Thiobarbituric Acid (TBA) solution was used to
measure MDA. The mixture was then centrifuged after
heating, and the resulting supernatant was placed in a
spectrophotometer to measure the amount of MDA (23).

Tomeasure superoxide dismutase (SOD) and glutathione
peroxidase (GPx) enzymes commercial Kkits were
used (Randox Laboratories, UK for SOD and Biocore
Diagnostik, ZellBio for GPx). In brief, to measure SOD,
a solution of hydrochloride, EDTA, and Triton X-100
was incubated with a homogeneous testicular sample and
the amount of SOD enzyme measured as units/g protein
with a spectrophotometer (24). To evaluate the amount
of GPx enzyme, an enzymatic reaction with NaNO3,
EDTA, glutathione reductase, cumene hydroperoxide,
and NADPH was conducted. The resulting mixture was
transferred to a spectrophotometer and the amount of
enzyme obtained based on units/g protein (25).

Real-time quantitative polymerase chain reaction
analysis

After Forskolin treatment, the samples were taken from
the left testis of all rats, and the expression level of Bax
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and Bcl-2 was evaluated. For this purpose, total RNA
was extracted with TRIzol reagent solution (Invitrogen,
Paisley, UK Cat. No. 15596026) (26). The RNA extraction
was performed with the RNeasy Micro kit (Invitrogen
Life Technologies, USA). We used DNase | enzyme to
remove DNA contamination. After the determination of
RNA density using an absorption ratio of 260 and 280
nm, the RNA was washed with RNase-free water and
exactly adjusted to a concentration of 0.7 pg/ml. Then,
the cDNA was synthesized in a volume of about 20 ul by
applying a commercial Kit (Thermo Scientific, EU Cat.
No. FERK1622) (27, 28).

The real-time quantitative polymerase chain reaction
analysis (QRT-PCR) reaction was done in a 48-well plate.
Each well contained 1 pul of each primer (forward and
reverse primers), 1 ul of cDNA, 10 pl of SYBR Green, and
7 ul DNase/RNase free water (Sigma-Aldrich, Germany.
Cat. No. 7732-18-5). For the thermal cycle, Biosystems
(UK) sequence detection system was used according to
the manufacturer’s protocol. To determine the fold change
expression of each gene, Pfaffl method (244, AACt=ACt
Sample-ACt Control) was utilized (27, 28).

Histological examination

The rats’ testes were placed in Bowen’s fixation solution
for 48 hours and then embedded into paraffin blocks.
Afterward, paraffin blocks with a thickness of 5 um
were sectioned and deparaffinized and the slides stained
with H&E. A slide was taken from the top, middle, and
bottom of each testicle, respectively. Then, the slides were
observed under a light microscope (Olympus, Japan).

Ten round seminiferous tubules in each slide were
randomly selected. Factors such as the Seminiferous Tubule
Diameter (STD), the height of the germinal epithelium
layer (HE), the overall shape, and internal spaces of the
tubules were evaluated with image J software. To determine
testicular damage, the process of spermatogenesis was
examined histopathologically by the Mean Johnsen Score
test (MJS) with scores from 1 to 10 (26).

Statistical analysis

The homogeneity test (Kolmogorov-Smirnov test),
to check the normal distribution of data, was performed
to ensure data normality. To analyze data, one-way
and two-way ANOVA and also post hoc Tukey tests
were performed. P<0.05 was considered statistically
significant. Statistical analysis was performed using Prism
GraphPad software (ver.7.0, Graph-Pad, San Diego, CA,
USA). Data presented with mean + SD.

Results

Blood sugar changes in different animal groups

Blood glucose was reported in the study groups in four
time points, including: i. Before HFD, ii. After a HFD
without STZ injection, iii. After HFD and STZ injection,
and just before Forskolin treatment initiation, and iv.
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After Forskolin treatment course. In G1 group, the rats
had a normal blood glucose level in all four time points
because of normal diet and the absence of any intervention
(Fig.1A). In G2 group, a significant increase (P<0.00091)
was observed in blood sugar after HFD which was noted
as pre-diabetic status but not the diabetic phase. After the
STZ injection, the blood sugar increased (P=0.00078)
more than 200 mg/dl, and after a month, it continued to rise
(P=0.00056, Fig.1A). In G4 or Forskolin treatment group,
the blood glucose status was almost the same as in the G2
and G3 after HFD with slight increase (P=0.00086) but no
in the diabetic range. After the STZ injection, the animals'
blood sugar significantly rose again to higher than 200 mg/
dl (P=0.00071). In this group, after one month of Forskolin
treatment, a significant decrease was found (P=0.00016) in
blood sugar which was although higher than the G1 group
in the same time point, it was still very close to normal
range; particularly when it was compared with the G2 at the
same time that had blood sugar above 300 mg/dl (Fig.1A).

Effect of Forskolin on body weight in diabetic rats

The rats’ weight was evaluated in three time points,
including: i. Before HFD, ii. Three days after STZ
injection (after induction of diabetes), and iii. After a one-
month treatment of rats with Forskolin (after the treatment
with Forskolin) (Fig.1B).

In the G1 group, there was no sharp change in the weight
of rats at different time points and there was just a slight
difference in the rats' weight after induction of diabetes
compared to after the treatment (P=0.00032). After
diabetes induction, a significant (P=0.00009) weight gain
was observed in diabetic control group when compared
to the healthy control group. In we also found significant
weight gain (P=0.0008) after the induction of diabetes
(before starting Forskolin treatment) the G4 group, but
the weight of the animals decreased after treatment with
Forskolin (P=0.00085) (Fig.1B).

A

by weight (g

Fig.1: Effects of forskolin on blood sugar and body weight indexes in
different time periods. Comparision of A. Blood sugar and B. Body weight
in different experimental groups: control group (G1), diabetic control
group (G2), vehicle control group (G3) and Forskolin-treated diabetic
group (G4). There are ten rats in each group. One-way ANOVA test was
used and all values were presented as mean + SD. Values with various
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superscripts are significantly different. a; indicates significant difference
between the G1 with G2, G3, and G4 groups after HFD (P<0.001), b;
Indicates significant difference between the G1 with G2, G3, and G4
groups after STZ treatment (P<0.001), c; Indicates significant difference
between the G1 with G2, G3, and G4 groups after Forskolin treatment
(P<0.001), d; Indicates significant difference between the G4 with G2 after
Forskolin treatment (P<0.001), e; Indicates significant difference between
the G4 with G3 after Forskolin treatment (P<0.001), and *; Indicates
significant difference among different treatment of the G2, G3, and G4
groups (P<0.001), HFD; High-fat diet, and STZ; Streptozotocin.

Effect of Forskolin on sperm parameters

Figure 2 shows the sperm parameters of different study
groups. Sperm concentration (x10% /ml) (P=0.00008),
percentage of normal morphology (P=0.00087) and
percentage of sperm motility (P=0.00096) decreased
in the diabetic group compared to the healthy control
group. The treatment of diabetic rats with Forskolin could
increase the sperm concentration, normal morphology,
and motility when compared to the untreated group. The
difference in sperm concentration of the G1 and G4 groups
decreased but it was still significant (Fig.2A, P=0.00009).
The comparison of morphology and motility in the G1
and G4 groups showed a decrease in the difference and a
progression toward normalization, but the difference was
still significant (P=0.00093, Fig.2).
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Fig.2: Effects of Forskolin on sperm parameters in different experimental
groups. A. Sperm concentration (x10° /ml), B. Normal sperm morphology
(%), and C. Sperm motility (%). Control group (G1), diabetic control group
(G2), vehicle control group (G3) and Forskolin-treated diabetic group
(G4). There were ten rats in each groups. One-way ANOVA test was used.
Data represented as mean * SD. Significant difference with *; P<0.001, #
P<0.0001, HFD; High-fat diet, and STZ; Streptozotocin.

Effect of Forskolin on serum levels of gonadotropins
and testosterone

As shown in Figure 3, the serum levels of LH
(P=0.0009), FSH (P=0.0008), and testosterone (P=0.0009)
in the G2 group were significantly lower than the G1
group. administration of Forskolin in the G4 increased
the levels of these hormones when comparing to the G2
group (P=0.0008). Moreover, we found significantly



higher levels of LH (P=0.0077) in serum of the G4 rats
in comparison with the G1 group (Fig.3A). FSH and
testosterone levels were significantly different between
the G1 and G4 groups (Fig.3B, C, P=0.0009).
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Fig.3: Effect of Forskolin on serum levels of gonadotropins and
testosterone. Comparison of A. LH, B. FSH, and C. Testosterone hormones
among different groups. Control group (G1), diabetic control group (G2),
vehicle control group (G3) and Forskolin treated diabetic group (G4).
There were ten rats in each groups. One-way ANOVA test was used.
Data represented as mean * SD. Significant difference with *; P<0.05, #;
P<0.01, *; P<0.001, LH; Luteinizing hormone, and FSH; Follicle-stimulating
hormone.

Effect of Forskolin on testicular levels of oxidative
markers

The results are illustrated in Figure 4. Induction of type
2 diabetes (group G2) caused a significant decrease in
the levels of SOD (P=0.0007) and GPx (P=0.0008) when
compared to the control group (G1). On the other hand,
Forskolin treatment significantly increased SOD and GPx
enzymes levels when compared to the G2 (P=0.0009).
Furthermore, the levels of MDA were higher in diabetic
group (group G2) than the healthy group (P=0.0009).
Forskolin treatment could significantly reduce MDA
levels as we found significant difference in MDA levels
between the G2 (P=0.0006) and G4 groups (P=0.0009,
Fig.4C).
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Fig.4: Effect of Forskolin on testicular levels of oxidative markers.
Comparison of the A. SOD, B. GPx, and C. MDA levels in the testis tissue
among study groups. Control group (G1), diabetic control group (G2),
vehicle control group (G3) and Forskolin treated diabetic group (G4).
There were ten rats in each groups. One-way ANOVA test was used.
Data represented as mean = SD. Significant difference with *; P<0.001, #;
P<0.0001, SOD; Superoxide dismutase, GPx; Glutathione peroxidase, and
MDA; Malondialdehyde.

Effect of Forskolin on the expression of Bax and Bcl-2
genes

The effect of Forskolin on the expression of Bax (pro-
apoptotic) and Bcl-2 (anti-apoptotic) genes in testicular
tissue of rats was evaluated by RT-PCR. Our results
demonstrated that diabetes could cause a significant
increase in MRNA levels of Bax when compared to the
healthy groups (Fig.5A, P=0.00007). In addition, Bax
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expression was decreased in the G4 compared to the G2
group (P=0.0008). On the other hand, induction of type 2
diabetes reduced the expression level of Bcl-2 gene when
compared to healthy untreated rats (Fig.5B, P=0.0009).
While treatment with Forskolin increased Bcl-2
expression when compared to the diabetic rats (P=0.0009)
and there was no significant difference between the G1
and G4 in the expression of Bax but there was significant
difference between the G1 and G4 in the expression of
Bcl-2 (P=0.00007) genes.

Regarding the ratio of Bcl-2 and Bax genes, the results
show a significant decrease in the G2 (P=0.00007) and G3
(P=0.00007) groups, but with Forskolin treatment in the
G4 group, an increase (P=0.00008) was observed in the
ratio (Fig.5C). The primers sequences for Bax, Bcl-2 , and
GAPDH (housekeeping) genes are shown in Figure 5D (26).
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Genes  Forward Primer (5'-3) Feverse Primer (5'-3) Annealig  Aecession No Product
Temperature Sire
BAX TEGLAGETRACATGTTTTCTGAL TEACCCAACCACCCTEGTETT are NM_017059 1455k
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Fig.5: Effect of Forskolin on the expression of Bax and Bcl-2 genes. The
mMRNA expression of A. Bax, B. Bcl-2, C. Their ratio in different groups as
well as D. Applied primer sequences. Control group (G1), diabetic control
group (G2), vehicle control group (G3) and Forskolin treated diabetic group
(G4). There were ten rats in each groups. Expression level of genes (Bax
and Bcl-2) were evaluated regarding the housekeeping gene (GAPDH).
One-way ANOVA test was used. Significant difference with *; P<0.001, #;
P<0.0001, and $; Non-significant.

Testicular histology and seminiferous tubular indices

Figure 6A shows histological structures of the testicular
tissue in different study groups. Figure 6AL1 is a testicular
section from the control group demonstrating a quite
regular lumen of tubules and a normal thickness of the
germinal epithelium covering most diameter of the
tubules. No congestion and edema were observed in
this group. As shown in Figure 6B1, the tubular Lumina
were irregular and the thickness of germinal epithelium
was clearly declined in the diabetic control group. Figure
6A3, a section of vehicle control group, shows a reduced
germinal epithelium thickness and vast tubular Lumina.
The spaces between tubules indicates the presence
of edema. Figure 6A4 is a section of Forskolin treated
diabetic group. The thickness of the germinal epithelium
and tubular Lumina in Forskolin treated group were
almost similar to the control group. There was no edema
and congestion between tubules.

Seminiferous tubular diameter (STD) are shown in
Figure 6B. The STD in diabetic control group (G2) and
vehicle control group (G3) were significantly lower
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in comparison to the control group (G1, P<0.00067).
In Forskolin treated diabetic group (G4), the STD was
significantly lower than the control group (P=0.0091) and
higher than the G2 and G3 groups (P=0.0074).

Figure 6B1 shows the thickness or height of the germinal
epithelium (HE) in study groups. As the graph shows, HE
in the G2 and G3 groups was significantly lower than the
G1 (P=0.0009) and G4 (P=0.0008) groups. The HE in
the G4 group was significantly lower than control group
(P=0.0008). Figure 6B3 shows the Mean Johnsen Score
(MJS) in study group. As the graph shows the MJS in the
G2 and G3 groups was significantly lower than the G1
and G4 groups (P=0.0009). The MJS in the G4 group was
slightly lower than the control group (P=0.043).
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Fig.6: The histological finding in testicular sections and seminiferous
tubular indices. A. Photomicrograph of testicular tissue sections showing
morphological characteristics of seminiferous tubules in different groups.
Al. Control group, A2. Diabetic control group, A3. Vehicle control group,
and A4. Forskolin treated diabetic group. B1l. Seminiferous tubule
diameter (STD), B2. Height of germinal epithelium (HE), and B3. Mean
Johnsen score (MJS)] in different groups. G1; Control group, G2; Diabetic
control group, G3; Vehicle control group, G4; Forskolin treated diabetic
group. There were ten rats in each group. One-way ANOVA test was used
and data represented as mean * SD. S; Sertoli cell, SG; Spermatogonia, PS;
Primary spermatocyte, IS; Immature spermatid, MS; Mature spermatid, *;
Space and +; Hemorrhage. H&E staining (scale bar: 50 um, magnification:
400x). Significant difference with *; P<0.05, #; P<0.01 and $; P<0.001.

Discussion

To induce type 2 diabetes, rats were fed with a HFD and after
aone-month feeding, low-dose STZ was injected. Diabetic rats
showed: weight gain, hyperglycemia, and increased oxidative
stress factors. The increase in body mass in diabetic rats was
mostly due to fat accumulation of abdominal areas. Obesity
and its problems is a type 2 diabetes complication (29). The
body weight changes results in the present study are similar to
a study conducted in 2019 that examined the therapeutic effect
of Forskolin in diabetes models (30).

Diabetes-caused  hyperglycemia leaves negative
effects on testicular function such as decreased levels
of testosterone and gonadotropins, the number of
spermatogonia, Sertoli cells and Leydig, and finally
reduced sperm production (31).

In a study by Singh et al. (30) by using Forskolin to
evaluate its effect on the improvement of type 2 diabetic
nephropathy, it was observed that Forskolin reduced
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blood sugar in therapeutic groups. Parallel to their study,
a decrease in blood sugar levels was also observed in rats
treated with Forskolin in the present study.

In another study in 2018, using Forskolin at a similar
dose (10 mg/kg body weight/day) to the present study, in a
diabetic model after one month with a report of blood sugar
levels a significant reduction in blood sugar was reported,
that is in line with the findings of the present study (9).

Type 2 diabetes-produced hyperglycemia causes an
increase in ROS levels and then, inflammation through the
polyol pathway. cCAMP has been reported to be involved
in regulating antioxidant, anti-inflammatory, and lipid
metabolism activities. Increased production of cAMP
due to the use of Forskolin, inhibits the activity of tumor
necrosis factor (TNF)-a and nuclear factor-kappa B (NF-
kB), which play role in causing tissue inflammation and
ROS. NF-B is a factor that is produced in almost all types
of cells and its activation that will be due to different types
of cellular stresses such as: hyperglycemia, oxidative stress,
increased plasma fatty acids as a result of obesity, etc.

In the study, diabetic rats showed a significant decrease
in sperm factors such as number, motility, and rapid
increase in morphological abnormalities of sperm.
In addition, in HFD/STZ diabetic rats, a significant
reduction in the number of germ cells and destruction of
the germinal layer of the tubules was observed.

Forskolin is very effective in sperm production and
semen quality, in general, due to its antioxidant properties,
scavenging properties of free radicals, and inhibition of lipid
peroxidation. Girish and Reddy (13) found that the use of
Forskolin (5 mg/kg bwt/day) as gavage in male Wistar rats
of the infertility toxicity model induced by mancozeb for 65
days, increased sperm count, sperm viability, and motility.

Our studies showed that the induction of type 2 diabetes
in rats significantly reduced the levels of testosterone,
LH, and FSH hormones. Studies in mice with knocked
out insulin receptor genes showed an association between
fertility and insulin signaling. The linking mechanism
behind is that the insufficient insulin in diabetic patients
has a negative effect on the activity of the pituitary gland
that reduces both the hormonal output of this gland and
the levels of LH and FSH. The reduction of LH decreases
the effect of LH on Leydig cells and consequently reduces
the production of T from these cells and also reduces the
production of FSH and less effect on Sertoli cell decreases
the amount of sperm production (32). It has been found
that one third of all men with type 2 diabetes have lower
amounts than normal testosterone levels (33). Consistent
with these findings, in animal models of type 2 diabetes
induced by HFD/STZ and nicotinamide/STZ, the levels
of LH, FSH, and testosterone hormones, sperm count, and
motility were significantly reduced (34).

The positive effect of Forskolin on the process of
spermatogenesis happens in two ways. First (indirect
effect) is the healing effect of Forskolin on diabetes itself
and the second (direct effect) is the positive effect on



the disorder in the spermatogenesis pathway caused by
diabetes.

In the first case (indirect effect), Forskolin increases the
level of insulin and eventually lowers blood sugar. In this
pathway, by increasing the production of cCAMP, due to
Forskolin, cAMP probably increases the production of
insulin from the protein kinase (PKA), guanine nucleotide,
and beta cells viz. pathways (9).

In the second case (direct effect), the research has also
shown that cAMP stimulates Leydig cells to produce
testosterone hormone needless of LH hormone (35).
Therefore, therapeutic use of Forskolin can change cAMP
levels and thus, increase testosterone production. An
investigation with the similar findings reported that the
use of Forskolin increased the testosterone production in
the mancozeb-induced toxicity model in rats (13).

Comparing rats in the diabetic group with rats in the
healthy group revealed that the level of MDA in this group
increased significantly and the amount of antioxidant
enzymes (SOD and GPx) decreased sharply. The results
in other studies showed the same changes (13, 36). It
has been reported that the increased levels of ROS due
to hyperglycemia can lead to infertility complications in
diabetic males (37). When type 2 diabetic rats were treated
with Forskolin, they showed an increase in the level of
antioxidant enzymes (SOD and GPx) and a decrease in the
level of MDA resulting in the process of spermatogenesis
to resume naturally and increase in the production of
testosterone. The results of the present study were similar
to those research that reported the protective effect of
Forskolin against ROS (13). Parallel to the present study
Venkatachalapathi et al. (9) reported the similar changes
in oxidative factors levels (SOD, GPx and MDA).

Hyperglycemia-produced ROS disturbs the balance of
expression of pro- and anti-apoptotic genes (Bax, Bcl-2)
(38). Asaresult, in male testes, ROS cause proteinand gene
damage, which causes cellular damage and subsequent cell
apoptosis (39). Although our results showed a significant
increase in Bax expression in the diabetic group when
compared to the healthy control group, in the Forskolin-
treated diabetic group, Bax levels were significantly lower
than the untreated diabetic group. On the other hand, the
expression of Bcl-2 gene in the diabetic group decreased
significantly when compared to the healthy group and in
the treatment group with Forskolin, the expression of this
gene increased compared to the untreated diabetic group.

According to the results, from a histopathological point
of view, caused destructive changes in testicular tissue
that can be recognized because of the disease. In G2 of
diabetic rats, the diameter of the seminiferous tubules
decreased sharply and their internal structure disrupted.
There was also a significant decrease in mean Johnsen
score for this group. These unhealthy tissue changes were
greatly reduced by Forskolin treatment.

In fact, it is not possible to include all the items in one
study, and according to the cases studied in this research,
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as well as comparing the results and data obtained from
this study with that of other researches, cases such as:
longer-term treatment with Forskolin, applying different
doses of Forskolin, applying Forskolin in combination
with other drugs, the study of specific genes involved in
the process of spermatogenesis and etc. are among the
items that should be considered in future studies related
to the use of Forskolin in the field of spermatogenesis.

In general, type 2 diabetic rats (29, 31) showed advanced
destructive tissue effects of testicular tissue and a sharp
decrease in the number of spermatogonia following a
decrease in the number of germ cells and a decrease in
testosterone levels. Treatment of type 2 diabetic rats with
Forskolin in 30 days resulted in a significant improvement
in testicular tissue and sex hormones (LH, FSH and
testosterone), especially testosterone, which were
completely consistent with the results of other studies.

Conclusion

The present study showed that the use of Forskolin
improves the sperm quality and sex hormones in diabetic
rats. In addition, this study showed that Forskolin as
a powerful antioxidant decreased the level of MDA
and increased the level of antioxidant enzyme and
antiapoptotic gene (Bcl2) also reduced the proapoptotic
gene (Bax) in testis of type2 diabetic rats. Consequently,
Forskolin can be considered an effective antidiabetic
agent for improving sperm quality and fertility power of
type2 diabetic rats.
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Abstract
Background: This study aimed to evaluate the predicting factors affecting sperm retrieval. We prospectively assessed
the relationship between sonographic and microdissection testicular sperm extraction (MTESE) findings in Klinefelter
syndrome (KS).

Materials and Methods: In this prospective study, 44 azoospermic men with 47, XXY karyotypes participated in this
study. In order to evaluate the amount of blood supply in different parts of testicular tissue, a doppler ultra-sonographic
was performed. Also, for the detection of sperm in this group mTESE technique was performed.

Results: The age average of positive mTESE and negative mTESE groups was 29.4 and 33.6 years, respectively. By
comparing the testicle volume (based on the data obtained from the clinical examinations conducted by the urolo-
gist) it was determined that there is no significant difference between mTESE positive and negative groups. Follicle-
stimulating hormone (FSH) levels in men with negative mTESE (P=0.03) and testosterone levels in men with positive
mMTESE significantly increased (P=0.017). The overall rate of testis vascularity was significantly higher in the positive
MTESE group than in the negative mTESE group. The clinical pregnancy rate in positive mTESE men was 9% per
cycle, 16.6% per embryos were transferred (ET), and 12.5% per cycle.

Conclusion: Totally, our observation indicated that there is not a significant relationship between sonographic and mTESE
results in KS patients. However, more investigations with bigger sample Size can be useful to validate our results.
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Introduction

Infertility is a disease of the male or female reproductive
system defined by the failure to achieve a pregnancy
after 12 months or more of regular unprotected sexual
intercourse. Causes of male infertility include disorder of
spermatogenesis and sperm transfer, erectile dysfunction,
impaired ejaculation, and intercourse (1). In many cases,
there is no clear diagnosis of the cause of infertility.
Although infertile men have normal masculine traits,
the testicles are unable to produce sperm. About 90% of
men’s infertility is associated with a lack of/oligospermia
or absence/azoospermia of sperm in an ejaculation (2).
Many factors can cause oligospermia or azoospermia such
as Hereditary factors, infectious agents, environmental
pollutants, age, and obesity (3).

Approximately, 11% of male infertilities have been
detected to oligospermia with an unknown cause (4). The
majority of infertility cases of unknown causes are due
to genetic defects. Genetic diseases such as Klinefelter
syndrome (KS), Y chromosome microdeletion and cystic
fibrosis play an important role in male infertility. KS
is a chromosomal disorder in which there is an extra X
chromosome in a person's genome. Various genotypes
are observed in this disease, such as 49, XXXXY, 48,
XXXY, 48, XXYY, but the most common is 47, XXY
(5). The prevalence rate of this syndrome is reported 1
to 500-1000 per person. People with KS usually have
small testis that does not produce an adequate amount of
testosterone hormone. Decreased levels of this hormone
can cause delayed or incomplete puberty, enlarged breasts
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(gynecomastia), decreased facial/body hair, and infertility.
Since there is no cure for this syndrome; so timely
diagnosis and early treatment of KS are very important (6).
Sperm freezing before azoospermia is considered a way
to treat infertility. It can even be recommended for a group
of patients in their early teens. Testicular biopsy is also
one of the ways to treat infertility. Although the majority
of people with KS are azoospermic, sperm-producing foci
have been observed in the testicular tissue in some cases.
Briefly, there is no definite indicator that can predict the
success of MTESE in these groups of patients (7).

Doppler ultrasound is a well-known method for evaluating
TESE in non-obstructive azoospermia (NOA) men. It is
based on the theory that testis structure in NOA men has
several distinct points through which spermatogenesis takes
place (8). On the other hand, there is a theory that relatively
high blood flow is in these areas. Based on this evidence, it
was concluded that the use of Doppler ultrasound is effective
in predicting the presence of spermatogenesis in testis tissue
(9). In the present study, we evaluated the relationship
between sonographic and mTESE findings in KS patients.

Materials and Methods

This prospective study, was performed according to the
guidelines of the Royan Institute Ethics Committee (IR.
ACECR.ROYAN.REC.1398.166). Firstly, for infertile
couples with male factor causes who were referred
to the Royan institute, a complete history such as the
history of treatment, used medications, and duration of
infertility was taken. A spermogram test was requested
for the patient, and the seminal fluid was examined for
biochemical-cellular characteristics. The patients were
examined for sexual secondary characteristics, testis,
varicocele, and hernia. Then, luteinizing hormone (LH),
follicle-stimulating hormone (FSH), and testosterone
hormones were monitored. In the absence of sperm
in semen (Azoospermia) at least two semen analyses,
increased levels of LH and FSH (two to three times)
and decreased testosterone levels (less than 2.5-3 ng/
ml), as KS is possible. In addition to the tests above,
the karyotype and Y-chromosome AZF region’s micro-
deletions were requested by the physician. In this
descriptive-analytical case-control study, 63 patients with
47, XXY karyotypes were included in this study, and 21
patients were excluded for various reasons. Finally, the
current research was performed on 42 patients. After
confirmation of KS, a Doppler ultrasound was requested
to check the blood supply of testicular tissue. Doppler
ultrasound was performed with Aloka ProSound Alpha
and 10 MHz Linear probe. In this method, the testis was
divided into 4 parts: lower medial (LM), lower lateral
(LL), upper medial (UM) and upper lateral (UL).

Before performing the procedures, the informed consent
form was completed by the patients. In mTESE method,
the patient is under general anesthesia, and through scrotal
incision testis delivered, the microtubule contents of the
testis are examined under a microscope. A series of large,
dilated, and opaque microtubules are biopsied for sperm.
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The sampling process continues to obtain 20-30 sperm.
In the current study, diagnostic and therapeutic mMTESE
were performed. A diagnostic biopsy was performed on
one or both testis based on the patient’s clinical condition.
Therapeutic mTESE was simultaneous with the day of the
oocyte puncture in the patient's spouse. The mTESE was
carried out from the same testis (or performed in contralateral
tesis) that diagnostic mTESE has performed previously. If
sperm is observed, they are frozen for intracytoplasmic
sperm injection (ICSI). Fresh sperm samples are used for
the ICSI technique; otherwise, frozen samples were used.
Tukey’s post hoc test was used to determine the differences
between groups. The Pearson correlation coefficient was
also used to evaluate the intensity of the relationship.
Logistic regression analysis was used to control the effect
of confounders on qualitative two-state variables and linear
regression analysis was used on quantitative variables. A
significance level of 5% (P<0.05) was considered.

Results
MTESE

Among the 42 infertile men with KS included in this
study, the mTESE results of 18 men were positive (42.8%),
and 24 men (57.2%) were negative. Out of a total of 51
performed mTESE surgeries (some performed more than
once), 24 (47%) had a successful recovery. The results of
27 (53%) mTESE surgery (diagnostic or therapeutic) were
negative. Among them, 21 cases (77.7%) were from the
right testis and 6 cases (22.3%) were from the left testis.
The success rate of mTESE in terms of sperm recovery
was 63% in UL regions and 32% in LL regions (Fig.1).

Demographic information

The age average of positive mTESE and negative
MTESE groups was 29.4 and 33.6 years, respectively.
In this study, the age average of the positive group was
significantly lower than the negative group (P=0.007).
There was no significant difference between body mass
index (BMI) in both groups (P=0.855, Table 1). By
comparing the positive and negative mTESE groups, we
observed that there is no significant difference between
the levels of education between the two groups (Table 1).

Table 1: Comparison of two groups with successful and unsuccessful
mTESE in demographics

Parameters MTESE P value
+ -
Age (Y) 2947+4.18 3362+521 0.007
Age wife (Y) 2668+11.17 31.17+6.46 0.111
BMI (kg/m?) 2591+6.49 26.26+5.79 0.855
Education 0.935
Under diploma 9 (47.4) 12 (50)
Diploma 6 (31.6) 8(33.3)
Educated 4(21.1) 4(16.7)

Data are presented as mean % SD or n (%). mTESE; Microdissection testicular sperm
extraction and BMI; Body mass index.



Clinical information

At first, the normality test (Kolmogorov Smirnov) was
performed, and since the distribution was not normal,
non-parametric tests were used. By comparing the testicle
volume (based on the data obtained from the clinical
examinations conducted by the urologist) of the two
MTESE positive and negative groups, it was determined
that there is no significant difference between these two
groups (P=0.855). The following graphs are a comparison
between the average volume of the left and right testicles
in two positive and negative groups (Table 2).

Table 2: Comparison of testicular size in positive and negative mTESE groups

MTESE Number Mean + SD P value
RT
Positive 19 452 +2.29 0.158
Negative 24 3.70+£2.15 0.166
LT
Positive 19 5.00 £ 2.53 0.194
Negative 23 4.08 £2.29 0.195

mTESE; Microdissection testicular sperm extraction, RT; Right testis, and LT; Left testis.

Hormonal profiles

Regarding the hormonal profile of the patients, the
Kolmogorov Smirnoff test was also performed first; The
distribution was not normal and as a result, non-parametric
tests were used. Our results showed that FSH in the negative
group (P=0.03) and testosterone in the positive group were
significantly higher (P=0.017). Although LH level did not
show a significant difference between the two groups, it
was higher in the negative group (P=0.06, Table 3). The
logistic regression analysis on the microtesse variable status
by the age of LH, FSH, testosterone and overall ultrasound
confirmed the obtained results (Table 4).

Table 3: Comparison of hormonal profiles in positive and negative mTESE

Aliakbari et al.

mTESE successfulness (%)

uL um LM LL
Fig.1: Comparison of vascularity rates of different testis regions in positive
and negative mTESE groups of the right and the left testis. mTESE;

Microdissection testicular sperm extraction, UL; Upper lateral, UM; Upper
medial, LM; Lower medial, and LL; Lower lateral.

Number

Number

mTEST+

Fig.2: Comparison of vascularity rates in different testis regions in positive
and negative mTESE groups of right testis. A. Right testis and B. Left testis.
mTESE; Microdissection testicular sperm extraction, UL; Upper lateral,
UM; Upper medial, LM; Lower medial, and LL; Lower lateral.

Table 4: Results of the logistic regression analysis on the mTESE variable
status by the age of LH, FSH, testosterone and overall ultrasound

groups Parameters Variables Exp (B) P value

Hormone name mMTESE  Number Mean+SD P value Demographic Age (Y) 0.836 0.022
2

LH Posiive 19 1912+996 0060 o BMI (kgfm)  1.002 0977
Negative 23 2590 + 8.77 Testicular size RT 1.205 0.206
FSH Positive 19 32.27 £16.07 0.030 ) LT 1.198 0.188
Negative 24 4057 + 15.02 Hormonal profiles LH (ng/mL) 0.922 0.044
Testosterone Positive 18 3.01+1.76 0.017 FSH (ng/mL)  0.942 0.039
Negative 23 181+134 (Trfé}ﬁf,t_e)m”e 1.602 0.043
MTESE; Microdissection testicular sperm extraction, LH; luteinizing hormone, FSH; Ultrasonography TOtal sSono 1.951 0.008

Follicle-stimulating hormone.

Doppler ultrasonography

Comparison of Doppler ultrasonography with mTESE
results showed no significant relationship in the left
testis (Fig.1), while in the LL and LM areas of the right
testis, a positive significant relationship was observed.
Furthermore, in the UM area, a negative significant
relationship was observed (Fig.2).

Logistic regression data by considering the microtese variable as a dependent variable, the
age of LH, FSH, testosterone and overall ultrasound had a significant relationship. Age, LH,
and FSH have a significant negative relationship (because the value of exp (B) is less than 1)
and testosterone and ultrasonography overall had a positive relationship with microtese. BMI;
Body mass index, RT; right testis, LT; Left testis, LH; Luteinizing hormone, and FSH; Follicle-
stimulating hormone. Exp (B) shows the superiority ratios for each of the predictor variables.

Assisted reproductive technology cycle

Among 18 patients with positive mTESE, 10 (55.5%)
patients entered the assisted reproductive technology
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(ART) cycle and a total of 11 cycles were performed.
Sperm freezing was used for 7 patients and fresh sperm
was used for 3 patients. For 5 patients no embryos were
transferred (ET), however, for 5 other couples ET was
performed (10 embryos in total) and finally, only one
case was reported clinical pregnancy. The success rate of
clinical pregnancy for this group of couples was estimated
at 9% per cycle, 16.6% per ET, and 12.5% per embryo.

Discussion

KS is known as the most prevalent chromosomal
abnormality among azoospermic patients, which can be
along with some disorders such as extra gonadal germ cell
tumours, cognition deficits, obesity, and gynecomastia
(10, 11). It is stated that sonography outcomes can be
used as a prognostic parameter in order to achievement
in sperm recovery (10). Meanwhile, mMTESE method has
a capacity for sperm retrieval in NOA males (12). Hence,
in the present study, we evaluated predicting factors
affecting sperm parameters regarding these patients via
finding a correlation between Doppler ultrasound and
MTESE results. Regarding the effect of age on mTESE
success rate, some studies have suggested that younger
age has a positive effect on sperm recovery rate. Some
researchers have observed that aging has a negative effect
on sperm recovery rates (13, 14). The results of this study
showed that age can be an influential factor in the success
rate of sperm recovery in mTESE.

Studies on the effect of BMI on male fertility, semen
parameters, and mTESE results are few and contradictory.
The line with this, Pavan-Jukic et al. (15) by evaluating
BMI effect on sperm recovery azoospermic subjects
concluded that BMI cannot affect sperm recovery results
in men with azoospermia. However, Kort et al. (16)
revealed a dramatic and negative association between
the whole number of normal sperm cells and BMI. This
negative relationship is probably due to the imbalance
between estradiol/testosterone hormones. Our results in
this study did not show a significant difference in BMI
between positive and negative mTESE groups.

Testis size is another effective criterion for sperm
recovery rate, which was evaluated in this investigation.
Inthis regard, Taha et al. (17) based on Doppler ultrasound
findings provided a document that low sperm count in
some fertility disorders may be significantly associated
with reduced total testicular size. Here, the results of
initial clinical examinations performed by a physician did
not show a significant relationship between testis size and
MTESE success rate. In accordance with our observation,
Schill et al. (18) through the assessment of sonographic,
clinical, and biochemical information before and after
TESE in infertile men showed that TESE does not affect
testis size in these patients. but our results by Doppler
ultrasound showed a significant difference in testis size
in positive and negative mTESE men. This emphasizes
the importance of ultrasound examination of the testis in
infertile men.
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Hormone profile is another indicator used to predict
MTESE results in KS men.

KS men possess LH and FSH higher than normal levels.
According to the results of this study, FSH in the negative
MTESE group and testosterone in the positive mTESE
group are significantly higher. Although the LH level did
not show a significant difference between the two groups,
it was higher in the negative group. Also, our study
showed that LH levels in positive mTESE men are lower
than in controls. But according to evidence, mTESE in
infertile males cannot change FSH, LH, and testosterone
levels (18). On the contrary, Altinkilic et al. (9) reported
significant differences in the levels of these hormones
between negative and positive mMTESE groups of patients
with azoospermia.

Moreover, our results show that the echo-pattern of the
right testis in mTESE group was negative. This parameter
in about 71% of cases was heterogeneous, and in 29%
of cases was homogeneous, which have significantly
different from the positive group. These results are
agreeing with the results previously reported by Rocher
et al. (11), and testicular tissue in KS men showed a
rough and knotted structure and in non-KS men showed a
normal-striated pattern.

Having considered that the parameter of vascularity
testicular has been reported as a predictor factor for
spermatogenesis (19), the amount of wvascularity in
different areas of testicular tissue was examined by
Doppler ultrasound. In the current study, vascularity was
divided into three grades: normo-vascular, hypo-vascular,
and hyper-vascular. Our study in terms of vascularity
showed no significant difference between the positive
and negative groups. The logistic regression analysis
on the microtesse variable status by the age of LH,
FSH, testosterone and overall ultrasound confirmed the
obtained results.

The pathological examination of testicular can also
be used to predict the outcome of mMTESE. Based on
this, it seems that there is a direct relationship between
histopathological subtypes and mTESE success rate.
But the point to note is that usually the sample sent to
the embryologist and pathologist is not the same, and
due to the heterogeneous nature of testicular tissue, it
has often been observed that the results of embryological
and histological examinations are inconsistent. In fact,
Sousa's hypothesis can be used temporarily that there
is no histological difference between the tissue sent
to the pathologist and the embryologist. In this study,
no significant difference was observed between the
pathology results of positive and negativemTESEgroups.
However, it is recommended that more studies on a larger
population are needed to demonstrate our outcomes.

Conclusion

Totally, our observation indicated that there is not a
significant relationship between sonographic and mTESE



results in KS patients. However, more investigations with
bigger sample Sizes can be useful to validate our results.
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Abstract
Background: Monosodium glutamate (MSG) is a popular food flavor enhancer, and a glutamate subset that induces
different toxicities such as hepatotoxicity, neurotoxicity, reproductive toxicity, and nephrotoxicity. This study was
conducted to assess the effects of MSG on the a7 and a4 nicotinic acetylcholine receptor (nACHR) protein subunits
expression of adult rat testis and the safety role of vitamin C.

Materials and Methods: For this experimental research, 24 rats were haphazardly grouped into four equal groups
(n=6) and orally gavaged for 30 days as follows: control group (distilled water gavage), MSG group (3 g/kg/b.w/
day), vitamin C group (150 mg/kg/b.w/day), and MSG+vitamin C group (3 g/kg/b.w/day+150 mg/kg/b.w/day,
respectively) that rats of all groups on the 30" day were anesthetized, and the left testes were used for of a4 and
a7 nACHR protein subunit evaluation by immunohistochemistry (IHC). Statistical computations were performed
using Graph Pad Prism software.

Results: The present study revealed a significant reduction in the expression and optical density (OD) of a7 nACHR
and o4 nACHR in the seminiferous tubules and intertubular connective tissue in the MSG group compared to the
control group. In the MSG+vitamin C group, the expression and OD of a7 nACHR and a4 nACHR increased in the
seminiferous tubules and intertubular connective tissue but this improvement was not significant compared to the
MSG group.

Conclusion: MSG decreased the expression level of nACHR protein subunits, a7 and a4, in the seminiferous tubules
and interstitial testicular tissue. Vitamin C in the MSG+vitamin C group could not significantly improve the expression
of a7 and 04 nACHR subunits in testicular tissue. Probably, MSG toxicity can be compensated with higher doses of

vitamin C.
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Introduction

Nicotinic acetylcholine receptors (nACHR) are the
main members of ligand-gated ion channels that respond
to the acetylcholine binding. In the central nervous system
(CNS), nACHRs are composed of various subunits.
Subunits such as o7 and a4P2 are the most abundant
subunits of NACHRs in the CNS (1). Although, some
studies have reported different expressions of NACHRs
subunits on germ cells and sertoli cells, they play roles
in germ cell differentiation, proliferation, and sperm
movement (2, 3).

Today, many food companies use flavor enhancers

in their products, including canned vegetables, soups,
and processed meats. The monosodium glutamate
(MSG) is one of the most common food flavorings
(4, 5). While, the glutamic acid is tasteless molecule,
its combination with the sodium leads to glutamate
receptors activation in the taste receptor cells. It
causes a distinct sense of taste by sending signals to
specific brain areas (6, 7).

Several pre-clinical studies have shown that the
MSG is toxic to different tissue such as the CNS,
testis, ovary, uterus, kidney, and liver (8-10). The
MSG can decrease the germinal epithelial thickness,
testosterone hormone level, leydig cell numbers and
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increase fibrosis, caspase-3, apoptotic cell numbers,
and abnormal sperm morphology in the testis of male
Wistar rats (5, 6, 11). One of the known mechanisms
of these changes is oxidative stress induction follow
of free radicals and hydrogen peroxide formation
(7, 12). MSG's functional and morphological effects
on the male reproductive system can also be due to
decreased gonadotropin-releasing hormone (GnRH)
secretion (8).

MSG directly influences the spermatogenic tubules
glutamate transporter, which makes this molecule toxicity
mechanism in the testis (8). Free glutamate derived from
the MSG can create excitotoxicity and pathological
alterations in peripheral tissues via acting on the glutamate
receptors (13). The inevitable use of monosodium
molecules in foods and their deleterious effects led to the
requirement of using protective substances, especially
antioxidants (8, 14). On the other hand, enzymatic and
non-enzymatic antioxidants act as a defense mechanism
by decreasing oxidative stress, lipid peroxidation, and
pathological changes. Among these antioxidants, vitamin
C molecules, ascorbic acid, is introduced as a protector
of various cells and tissues against oxidative stress (15,
16). This study was conducted to assess the effects of the
MSG molecules on the nACHR subunits, o7 and o4,
expression of the adult rat testis and the protective role of
the vitamin C molecule.

Materials and Methods

This experimental investigation was confirmed (IR.
MUMS.fm.REC.1395.611) by the Ethics Committee
of Mashhad University of Medical Sciences,
Khorasan Razavi, Iran. Working with animals was
also carried out on the basis of the guideline for the
care and use of laboratory animals (NIH publication
no. 86-23).

Animals

Twenty-four adult male wistar rats (body weight: 200-
250 g, age: 6-8 week-old) were used for this experimental
study. All animals were preserved under controlled
conditions, 12 hours light/darkness cycle with free access
to water and food. All rats were obtained from laboratory
animals of the Mashhad University of Medical Sciences,
Khorasan Razavi, lran.

Experimental design

The animals were distributed into four equal groups
(n=6). Administration of MSG (C.H,NNaO,, Negin
Tejarat Payam Co., Iran under the license of Huifenghe,
China, Cat No; 142-47-2) (4, 5), vitamin C (Osve Co.,
Iran) (14), and distilled water was done with oral gavage
for 30 days (once a day). On the 30" day, the rats were
anesthetized by chloroform, and heart perfusion (17)
was carried out for full formalin penetration. The left
testes (12) were used for immunohistochemistry (IHC)
evaluation (Table 1).
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Tissue preparation

The testes were divided into several parts and fixed in
10% formalin for 5 days and after the tissue processes
were embedded in paraffin. Serial sections of the tissue (5
M thick) were taken by microtome and mounted on poly-
L-lysine coated slides for IHC (12).

Table 1: Different experimental groups

Group name  Intervention

Control Distilled water

MSG MSG 3 g/kg/b.w/day

Vit. C Vit. C 150 mg/kg/b.w/day

MSG+Vit. C  MSG 3 g/kg/b.w/day+Vit. C 150 mg/kg/b.w/day

MSG; Monosodium glutamate and Vit C; Vitamin C.

Immunohistochemistry

For immunohistochemical staining, the slides were
deparaffinized by xylene (Mojallali, Iran), hydrated
using a descending alcohol series (Mojallali, Iran),
and washed in phosphate-buffered saline (PBS) for 10
minutes. The slides were kept in boiling PBS for 15
minutes to retrieve the antigen. Then the samples were
treated with the bovine serum albumin (BSA, A4503,
Sigma Aldrich, USA) at the room temperature. The
sections were immersed in Hydrogen peroxide (H,O,-
3%) for 15 minutes to block endogenous peroxidase
and after that, incubated with normal goat serum (ab
7481, abcam, USA) for 25 minutes. In the next step,
samples were covered with primary antibodies, rabbit
anti-CHRNA4 antibody (Orb11095, Biorbyt, UK), and
rabbit anti-CHRNA7 antibody (Orb11096, Biorbyt,
UK) overnight at 4°C. After washing the slides, samples
were treated with secondary antibody goat anti-rabbit
HRP (1:1000, ab6721, Abcam, USA) for 1 hour at room
temperature. After washing with PBS, we applied the
diaminobenzidine solution (DAB, Sigma-Aldrich, USA)
for 15 minutes in darkness. The slides were washed
with water and counterstained with hematoxylin (05-
MO06004, Bio Optica, Italian) for 1 minutes (18).

Photomicrographs were taken by a bright-field
microscope (BX51, Olympus, Japan) equipped with a
camera (DP12, Olympus, Japan). The amount of brown
color indicates the intensity of distribution of NACHR
protein subunits, a7 and a4, expression in the testes
parenchyma. ImageJ software (version 1.48, National
Institutes of Health, Bethesda, MD, USA) was applied
to measure the average staining intensity in the sections.
The intensity of the brown color was converted into
optical density (OD). The following formula was used
to calculate OD using average staining intensity. The
maximum intensity in RGB (Red-Green-Blue) figures is
255 (18, 19).

oD =1 ( Max intensity )
— 08 Mean intensity
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Statistical analysis

Statistical computations were performed using
Graph Pad Prism software version 8 (GraphPad Prism
Software Inc., San Diego, CA, USA). Statistical
significance between different groups were compared
using non-parametric Kruskal-Wallis test. Results were
considered mean = SEM with the significance level at
P<0.05.

Results

Expression of the a4 nicotinic acetylcholine receptor
in the seminiferous tubules

A significant reduction (P=0.0031) was observed
in the expression of 04nACHR protein subunit in the
seminiferous tubules in the MSG group in comparison
with the control group. In the vitamin C treatment
group, the distribution of a4nACHR protein subunit
were significantly elevated in comparison with the MSG
group (P=0.0080). In the vitamin C+MSG group, the
augmented distribution of 04nACHR protein subunit
was not remarkably different from the MSG group
(P=0.9999).

Fig.1: Expression of a4 nACHR in the seminiferous tubules in
different groups. The brown color (dots and spots) indicates the
immunoreactivity of a4 nACHR protein subunit expression in the
seminiferous tubules of A. Control, B. MSG, C. Vit. C, and D. MSG+Vit.
C groups. E. OD of a4 nACHR protein subunit in all groups. All data
were considered as mean + SEM values (Cont vs. MSG, **; P=0.0031,
and Vit. C vs. MSG, **; P=0.0080) (scale bar: 100 um). nACHR; Nicotinic
acetylcholine receptor, MSG; Monosodium glutamate, Vit. C; Vitamin
C, OD; Optical density, and Cont; Control.

Expression of the a7 nicotinic acetylcholine receptor
in the seminiferous tubules

The results obtained in the current study showed
that a significant decline in the expression and OD
of the a7 nACHR protein subunit was recognized
in the MSG group in comparison with the Control
group (P=0.0017). In the vitamin C treatment group,
expression and OD of the a7 nACHR protein subunit
increased considerably in comparison with the MSG
group (P=0.0385). In the vitamin C+MSG treatment
group, the distribution and OD of a7nACHR protein
subunit increased, but there was not a considerable
difference between this group and the MSG group
(P=0.5851, Fig.2, A-E).
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Fig.2: Expression of a7 nACHR in the seminiferous tubules. The brown
color (dots and spots) demonstrates the immunoreactivity of a7 nACHR
protein subunit expression in the seminiferous tubules of A. Control, B.
MSG, C. Vit. C, and D. MSG+Vit. C groups. E. OD of a7 nACHR protein
subunitin all groups. Results are presented as mean + SEM values (Cont vs.
MSG, **; P=0.0017, and Vit. C vs. MSG, *; P=0.0.0385) (scale bar: 100 um).
nACHR; Nicotinic acetylcholine receptor, MSG; Monosodium glutamate,
Vit. C; Vitamin C, OD; Optical density, and Cont; Control.

Expression of the a4 nicotinic acetylcholine receptor
in the intertubular connective tissue

According to Figure 3, the lowest distribution and OD
of a4 nACHR protein subunit were indicated significantly
in the MSG group compared to other groups (P=0.0009).
In the MSG group, the distribution, and OD of o4
NACHR protein subunit elevated remarkably, and there
was a meaningful difference between the vitamin C and
MSG groups (P=0.0234). There was not a meaningful
difference in the OD of the a4 nACHR protein between
the MSG+vitamin C and MSG groups (P=0.9999, Fig.3E).

Fig.3: Expression of the a4 nACHR in the intertubular connective tissue.
The brown color (dots and spots) between seminiferous tubules indicates
the immunoreactivity of the a4 nACHR protein subunit of A. Control, B.
MSG, C. Vit. C, and D. MSG+Vit. C groups. E. OD of a4 nACHR protein
subunit in all groups. Results are presented as mean + SEM values. (Cont.
vs. MSG, ***; P=0.0009, and Vit. C vs. MSG, *; P=0.0234) (scale bar:
100 um). nACHR; Nicotinic acetylcholine receptor, MSG; Monosodium
glutamate, Vit. C; Vitamin C, OD; Optical density, and Cont; Control.

Expression of the a7 nicotinic acetylcholine receptor
in the intertubular connective tissue

The control group had the highest distribution of the
a7nACHR protein subunit, and the MSG group had the
lowest distribution of the a7nACHR protein subunit
(Cont. vs. MSG, P=0.0025). In the vitamin C treatment
group, a7nACHR protein subunit expression significantly



increased in comparison with the MSG group (P=0.0097).
There was no significant difference in the expression of
the a7nACHR protein subunit in the MSG+vitamin C
group in comparison with the MSG group (P=0.9999,
Fig.4A-E).
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Fig.4: Expression of the a7 nACHR in the intertubular connective tissue.
The brown color (dots and spots) between seminiferous tubules shows
the immunoreactivity of the a7 nACHR protein subunit of A. control, B.
MSG, C. Vit. C, and D. MSG+ Vit. C groups. E. a7 nACHR protein subunit in
all groups. Results are presented as mean + SEM values. (Cont. vs. MSG, **;
P=0.0025, and Vit. C vs. MSG, **; P=0.0.0097) (scale bar: 100 um). nACHR;
Nicotinic acetylcholine receptor, MSG; Monosodium glutamate, Vit. C;
Vitamin C, OD; Optical density, and Cont; Control.

Discussion

The present study evaluated the nACHR subunits, a7
and o4, protein expression in the testis of MSG treated
rats, and also the vitamin C protective role. Our results
revealed that expression these subunits of the NnACHR
protein in the seminiferous tubules and interstitial tissue
of the MSG group were significantly lower than in our
other groups. Also, the vitamin C was able to prevent the
decrease in the expression of NACHRs protein subunits in
our rat testis parenchyma, but not significantly.

The MSG has been shown to have destructive effects on
the testicular tissue. It can reduce the weight of the testis
(20, 21) and sperm motility, also induce oligozoospermia,
testicular atrophy, and hemorrhage, and change the
structure of the testis, sperm morphology, and sperm
cell population (12, 21, 22). Also, the germinal epithelial
thickness decreases in adult Wistar rats because of using
MSG (11, 12, 21, 22). Of course, all of the complications
mentioned above depend on the duration, course, dose,
induction method of treatment with MSG, and species
studied (23). It has been proven that testicular toxicity in
the MSG group can be related to Ca?* overloading (24),
reactive oxygen species (ROS) production in the testis and
decreased antioxidant activities (11, 12, 21, 22), increased
malondialdehyde (MDA) and apoptosis (11,12, 25).

As we reported previously, the MSG caused testicular
tissue germ cells apoptosis (12). It seems that the MSG
probably reduces the number of testicular cells and
subsequently the number of nicotinic receptors through
apoptosis. In this line, John et al. confirmed that the MSG
usage increases Ca?* flow in the neuronal cells, enhances
the level of inflammatory cytokines, ROS production,
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Bax, Bcl-2 and caspase-3 expression, and neuronal
apoptosis in the brain tissue, which occurs through
glutamate receptors (26). Testicular tissue, like the brain,
has many glutamate receptors. Therefore, the MSG can
affect the testis by the same mechanisms, apoptosis.

Furthermore, the MSG reduces the scavengers of free
radicals, including antioxidant enzymes, glutathione,
and ascorbic acid. These scavengers can protect cell
membranes from lipid peroxidation and oxidative
damages (11). Ismail EI-Sawy et al. (27) showed that MSG
decreases levels of testosterone and luteinizing hormone
(LH) in the serum, and antioxidant activities in the testis,
also disturb sperm profiles. Therefore, The destruction
of cell membranes, apoptosis, and cells reduction in the
seminiferous tubules and interstitial tissue can explain
the decrease of nACHRs a7 and a4 subunits in the MSG
administrated group.

Another explanation for the reduction of the NACHRs
expression level in the MSG group is that it has a protective
effect on the spermatogonia cell line and Leydig cells.
Administered MSG can hyper-activate the glutamate
receptors in spermatogonia cells, increasing intracellular
Ca*" flow, which lastly induces apoptosis and sloughing
of spermatogenic cells into the seminiferous lumen (28).
In such cases as a compensatory mechanism, NnACHRs are
likely to be reduced to prevent intracellular Ca** overload
and induction of excessive apoptosis.

It is suggested that nACHRs can influence the
differentiation, growth, maturation, and morphogenesis
process of different types of testis cells (3). The a7 subunit
of this protein deficiency in the mouse sperm induces
impaired motility and reduced hyperactivation. On the
other hand, studies reported that the MSG may alter normal
sperm morphology and impair fertility (20, 21).

In this regard, we think that this phenomenon occurs
through reducing nACHRs subunits, a7 and o4,
expression.

Our study showed that these subunits, a7 and o4,
expression reduced in the interstitial testicular tissue of
the MSG-treated group. It can be related to apoptosis
and reduction of Leydig cells in the interstitial tissue of
the testis, as reported in 2019 by Shima (29). Therefore
MSG probably through increased ROS and decreased
testosterone can be stopped spermatogenic cell maturation
and nACHRs subunits, a7 and a4, expression. This
issue can be another explanation for the reduction of
the mentioned receptors in the interstitial tissue. Inoue
et al. showed the MSG intake increases intracellular
and mitochondrial Ca?* flow which induces the ROS
production. ROS induces a lipid peroxidation process that
damages the cell membranes and DNA in the Leydig cells
(30). Also, ROS induces disruptions in the electron chain
function of mitochondria. Lipid peroxidation process
disarranges membrane permeability and ATP production,
subsequently destroying the Leydig cells (29), it issue can
lead to the reduction of nicotinic receptors in the testicular
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interstitial tissue. Also, the loss of Leydig cells results in
testosterone secretion decrease in the testis tissue (31). In
addition to the testis, the glutamate receptors are abundant
in the hypothalamus. ROS production in the hypothalamus
decreases GnRH secretion and subsequently the LH
secretion. These events disrupt Leydig cells’ stimulation
for secreting testosterone, and finally, reduce testosterone
level (7,32, 33). It has been proven that a testosterone level
decrease can arrest the maturation of spermatogenesis and
the protein expression of NACHRs (6, 11). Schirmer et al.
(3) suggested the vital role of a4 and a7 subunits in the
Leydig cells for androgen secretion.

In the present study, we observed that the vitamin C can
prevent the harmful effects of MSG on the testicular tissue
and increase nACh receptors, but these changes were not
significant. Vitamin C is known as a powerful antioxidant,
itisanelectrondonor, and this property causesaall its known
functions (34). Its double-bond electrons can transfer to
oxidant molecules. Thus, vitamin C can regenerate active
species involved in many diseases. It has been proven that
MSG reduces the scavengers of free radicals, including
ascorbic acid (11). Thus, vitamin C can compensate for
this deficiency and reduce MSG complications. In contrast
to the present results, Arzuaga et al. (35) and Rahayu et
al. (33) stated that the composition of "Marsilea Crenata”
can inhibit the MSG’s harmful effects and preserve the
Leydig and spermatogenic cells. They attributed this
property to vitamin C existing in Marsilea Crenata. In our
study, vitamin C in the MSG+vitamin C group probably
can preserve the Leydig and spermatogenic cells. Thus,
the expression of receptors improved in the MSG+vitamin
C group (not meaningfully). In addition, vitamin C
participates in the synthesis of L-carnitine. This compound
plays a critical role in energy output by conveying fatty
acids to the mitochondria (35, 36). Koohpeyma et al.
(37) concluded that L-carnitine ameliorates MSG’s renal
damage through its antioxidant and anti-apoptotic effects.
However, the results of this project showed that vitamin
C had no significant protective effect against the MSG
toxicity which is in agreement with Uzun et al. (38) and
Zhou et al. (39) studies that reported that vitamin C could
not improve testicular toxicity. Reasons such as choosing
the correct dose of vitamin, the method of administration,
and the route of vitamin absorption can be effective in
this result. In addition, there is a possibility that MSG
causes toxicity through pathways different from apoptosis
and induction of oxidative stress and vitamin C cannot
intervene in these pathways. However, these pathways
need to be further investigated.

The strengths of this study can be mentioned in the
investigation of nicotinic receptors which undergo
changes during MSG consumption. One of the limitations
of this study is the lack of testing of testosterone and LH
serum levels. Also, if the treatment was continued for 64
days, we could check the sperms in the epididymis and
get a more complete result. It is hoped that researchers
will pay attention to the important role of nACh receptors
in future studies.
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Conclusion

Summarily, MSG decreased the expression levels of the
nACHR subunits, a7 and 04, in the seminiferous tubules
and interstitial testicular tissue, while the vitamin C
administration increased the expression levels of these
subunits in the testis tissue. The results of this study along
with the results of other studies suggest being controlled
and managing the use of MSG in the food industry.
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Abstract
Background: Sperm chromatin abnormalities are defects in nuclear maturation and DNA integrity. These defects
originated from defective spermatogenesis due to a lack of DNA repair during chromatin remodeling. Changes in
semen elements can cause damage to chromatin. There is little information about the relationship between changes
in trace metal elements and total antioxidant capacity (TAC) with sperm chromatin damage. The present study was
conducted to determine the relationship between Selenium (Se), Iron (Fe), Zinc (Zn), Copper (Cu) and the TAC of
semen with the status of human sperm chromatin.

Materials and Methods: In this experimental study, semen samples (n=30) were collected from healthy men referred
to Kermanshah Motazadi Hospital and stored in liquid nitrogen; after thawing and centrifugation, sperm were separat-
ed. The atomic absorption method was used to measure the concentration of metal elements. The TAC was evaluated
using the ferric-reducing antioxidant capacity of the plasma method. Furthermore, the integrity of sperm chromatin
was measured using the sperm DNA fragmentation (SDF) method.

Results: The status of sperm chromatin had a non-significant correlation with body mass index (BMI, P=0.25, r=0.21)
and a non-significant negative correlation with sperm count (P=0.71, r=-0.71) and motility (P=0.75, r=0.61). In ad-
dition, there was no significant relationship between sperm chromatin and the TAC of semen (P=0.92, r=0.01). Ad-
ditionally, there was no significant correlation between Se, Zn, or Cu concentration (P>0.05) and Fe concentration,
which had a partially positive relationship with the chromatin state of sperm (P=0.24, r=0.20).

Conclusion: The trace metal elements in the seminal fluid did not play a significant role in the status of sperm chro-

matin.
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Introduction

Infertility is the inability of a couple to get pregnant with
regular and unprotected intercourse after one year (1).
Despite the development of medical science, infertility is
still a significant problem; about 10-15% of couples have
this problem. Infertility is divided into two primary and
secondary groups; the prevalence of primary infertility is
higher in most parts of the world. The causes of infertility
vary from one population to another and are affected by
socio-cultural differences and the prevalence of sexual
transmission. In developed industrialized countries,
about 15% of couples experience primary or secondary

infertility, and almost half will never succeed in having
the desired number of children (2, 3).

Disturbance in sperm production and function and
damage in the process of spermatogenesis is one of the
most common causes of male infertility. In addition,
oxidative stress in the reproductive system affects the
ability of spermto fertilize. Furthermore, there is mounting
proof that sperm function is considerably compromised
by an increase in reactive oxygen species (ROS). Through
pathways including the generation of DNA damage,
apoptosis, and peroxidative damage to the sperm plasma
membrane, these deficiencies have led to male infertility.
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To guarantee proper physiological activity and avoid
pathological harm to the spermatozoa, ROS must be kept
at the proper levels (4). Trauma and some therapeutic
drugs disrupt sperm production and damage its DNA,
leading to male infertility (3, 5). In addition, sperm
exposure to environmental toxins and pollutants, drugs,
ultraviolet rays, smoking, febrile illness, varicocele, and
aging are also essential factors affecting sperm chromatin
quality (6).

There is a certain amount of DNA breakage in men’s
sperm, and its level varies from one sperm to another.
The integrity of sperm DNA affects the couple’s fertility
(7) and helps to predict the probability of pregnancy
and its successful outcome. In addition, factors such as
the concentration of metal elements can affect sperm
chromatin damage (8). Metal elements such as Fe, Zn,
Cu, and Se are present in very low amounts in the body,
and due to their activity at the molecular level, they play
an important role in the reproductive process of men (9).

Zn is the most abundant element in human tissues after
Fe, and the World Health Organization (WHO) estimates
that one-third of the world's population has Zn deficiency.
Zn is secreted from the prostate gland, and its amount in
seminal plasma usually indicates the secretory function
of the prostate. A decrease in semen Zn concentration
may be due to insufficient intake, decreased absorption,
increased losses, or increased sperm excretion (9). Fe
and its compounds are not toxic to humans and animals.
Its numerous disorders can appear due to pathological
conditions or long-term consumption of high doses of Fe
in the regulating mechanism of its absorption. Fe has an
essential role in vital biochemical activities (10), and its
increase can negatively affect the morphology of sperm.
It can also induce lipid peroxidation and inhibit sperm
motility. These metals have negative health effects on
people, including male infertility. Male fertility is severely
impacted by exposure to harmful contaminants such as
heavy metals, according to studies done in a variety of in
vitro and in vivo models (11, 12).

Fe may mediate the effects of oxidative damage and play
an essential role in spermatogenesis and male infertility.
At the same time, Fe's absorption and metabolic function
depend on the impact of many other elements, especially
the antagonistic activity of cadmium, manganese, lead,
Zn, and Cu. Therefore, although Fe and its compounds are
not toxic to humans and animals, its overload can increase
sperm DNA damage (13). Fe and Cu are necessary to
maintain the function of living organisms. Excessive
absorption of them causes oxidative damage to testicular
tissue (14).

The increase of these ions can decrease the number and
viability of sperm. Cu sulphate reduces the concentration
of FSH, LH, and testosterone through physiological
mechanisms and dysfunction of the gonads (15). Zn is
present in sperm and seminal plasma, and its concentration
is significantly higher than in the other body fluids. It
directly affects the formation, motility, and morphology

Roshankhah et al.

of sperm and may help fertility through its positive
effect on spermatogenesis (16). Zn plays an important
role in capacitation and may be a regulatory factor in
spermatogenesis process. Its deficiency may lead to
degenerative changes in the spermatogenesis lineage (17).
This element affects the stability of sperm, also plays a
role in forming free oxygen radicals, and can regulate the
capacity and reaction of acrosomes (18). However, there
is little information about the role of Zn in human semen.

Se has several important functions in human health and
is an essential element for the normal function of sperm
and the process of spermatogenesis. Its administration to
infertile patients significantly increases sperm motility. It
has a protective effect against oxidative damage to human
sperm DNA (19). Antioxidants are compounds that can
protect biological systems against the harmful effects
of ROS. The increase in ROS production because of
oxidative stress causes a decrease in the fertility capacity
of sperm, as a result, damage to the cell membrane,
motility, and morphological abnormalities such as twisted
tail, and damage to the spermatozoa (20).

Oxidative stress in human sperm is associated with
reduced its motility, viability, and weakness in sperm-
to-ovum integration (21). Considering the concentration
of metal elements influences the integrity of the sperm
structure, on the other hand, the results of previous
research have been contradictory in this connection. The
present study was conducted to determine the relationship
between Selenium (Se), Iron (Fe), Zinc (Zn), Copper (Cu)
and the TAC of semen with the status of human sperm
chromatin.

Materials and Methods

This experimental study was done after the approval of
the Medical Ethics Committee of Kermanshah University
of Medical Sciences (IR.KUMS.REC.1399.659) and
obtaining informed consent and providing sufficient
explanations to the patients, refers to 30 semen samples
from men with normozoospermia. It was carried out at the
infertility clinic of Motazadi Hospital in 2021. Inclusion
criteriainclude age group 20-50 years, not having systemic
diseases such as diabetes, blood pressure, heart and liver
diseases. The participants in this study were anatomically
healthy and did not intake any diet supplementation
during the last three months, had both testicles, no history
of smoking or drugs or intense exercise, without any
special drugs, and refrained from sexual intercourse 2-3
days before giving the sample. Exclusion criteria included
the absence of any of the items included in the study.

Semen preparation

Semen samples were collected in the clinic by self-
ejaculation in sterile containers with wide openings. After
liquefaction: their concentration, volume, and morphology
were determined and centrifuged at 1500 rpm for 10
minutes to separate seminal plasma and sperm. Then, the
supernatant was separated and divided into two parts, and
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stored in a cryotube in liquid nitrogen. In addition, the
sediment containing sperm, after washing twice with PBS
(pH=7.4), was re-centrifuged at 400 rpm for 5 minutes
and used for DNA fragmentation assay.

An atomic absorption device (VGA 77; Varian Inc.,
Mulgrave, Australia) measured the level of metal ions
Fe, Zn, Cu, and Se elements of the samples. Samples
were prepared by the Zanao et al. method (22). 200 pl
of the sample was mixed with 800 pl of 2% nitric acid
preparation solution and 5% Triton-X-100. Finally, 20
pl of the obtained solution and 10 pl of the moderator
solution containing palladium 0.05% and magnesium
nitrate 0.03% were injected into the device. The obtained
result was expressed in mg/ml units.

FRAP assay

The ferric reducing antioxidant power (FRAP) method
is used to determine the reducing ability of biological
samples (total antioxidant capacity/TAC). In this method,
colourless ferric complex (Fe* 2, 4, 6-tripyridyltriazine
[TPTZ]) is reduced into a violent blue ferrous complex
which indicates the reducing properties. Working FRAP
reagent was prepared by mixing 2.5 ml TPTZ dissolved in
HCI (40 mM), 2.5 ml ferric chloride (20 mM in water) and
25 ml acetate buffer (300 mM, pH=3.6). Then the mixture
was heated to 37°C for 10 minutes before use. Next 200
ul of samples were added to 1.5 ml of working FRAP
solution and placed in a water bath (37°C) for 30 minutes.
The absorption at 593 nm was measured and recorded by
spectrophotometer (Jenway 3620D, England). Standard
solutions were used at concentrations of 0, 125, 250,
500, and 1000 pM from FeSO,. 7H,0. Each sample was
repeated three times (23).

DNA fragmentation test

The sperm DNA fragmentation (SDF) amount was
checked with SDF kits manufactured by Jina Teb
Company (Tehran, Iran). The sediment of the cellular
part was washed with PBS and diluted with PBS to the
amount of 5-10 million sperm per ml. Then the prepared
samples were transferred into gel microtubes and kept in
liquid nitrogen until the test was performed. Microtubes
containing gel were placed at 95-100 degrees for 5
minutes until complete melting, and 50 pl of the sample
was added to the microtube containing the gel and
mixed completely. Then 20 pL was taken, placed on a
special slide, and immediately covered with a coverslip.
The prepared slide was incubated for 4 minutes in the
temperature was kept at 2-8 degrees Celsius in the
refrigerator.

Then the coverslip was slowly removed from the
slide, and solution A of the kit was added to it and
placed in the dark at room temperature for 7 minutes.
Solution A was slowly drained, and solution B was
added and kept at room temperature for 15 minutes.
Next, solution B was slowly drained, and distilled
water was added and placed at ambient temperature for
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3 minutes. At least on each slide, a light microscope
(1000x magnification) counted sperm. Finally,
the number of sperms with a large or medium halo
(normal) and with a small or no halo (broken) was
reported as a percentage (24).

Statistical analysis

Data were analyzed with SPSS software (version
16, SPSS Inc., USA), their normality was assessed by
Kolmogorov-Smirnov test and the results were presented
as mean = SD. Correlation between variables was
determined using the Pearson correlation coefficient, and
P<0.05 was considered significant.

Results

The participants in this study had an average age
of 33.63 + 1.84 (18-48) years and an average height
and weight of 178.73 £ 60.1 cm and 79.9 + 14.5 kg,
respectively. The average body mass index (BMI) of
these people was 25.01 + 22.26. Sperm count and
motility were 50 + 30.3x106 and 22.83 + 9.83 uM/
seconds, respectively (Table 1). Furthermore, SDF
and TAC were 21.33% + 10.57 and 310.78 + 215.36
1Mol/L. The levels of Cu, Zn, Fe, and Se were shown
in Table 1.

Table 1: Descriptive indicators of the study values are shown as mean + SD

Parameter Mean = SD Min-Max
Age (Y) 33.63+1.84 18-48
Height (cm) 178.73 £ 60.1 160-192
Wieght (cm) 79.9 + 14,55 60-115
BMI (kg/m?) 25.01 + 22.26 18.9-31.8
Sperm morphology (%) 7.3+8.56 2-10

Sperm motility (uM/seconds) 22.83 +£9.83 20-30
Sperm count (M/ml) 50 +30.3 20-100
SDF (%) 21.33+10.57 5-50

TAC (uMol/L) 310.78 +215.36  129.6-521.7
Cu (uMol/L) 0.68 £ 0.001 0.1-1.5

Zn (UMol/L) 8552.63 + 714.97  1951-16425
Se (uMol/L) 76.66 + 50.62 31.98-141.24
Fe (uMol/L) 21.47 +18.42 4.06-72.54

BMI; Body mass index, SDF; Sperm DNA fragmentation, TAC; Total antioxidant capacity,
Cu; Copper, Zn; Zinc, Se; Selenium, and Fe; Iron.

The relationship between the studied parameters
is shown in Figure 1. There was a weak positive
relationship between SDF and BMI, which was not
significant (P=0.25, r=0.21) (Table 2). Furthermore,
there was a moderate negative correlation between SDF
and sperm count (P=0.71, r=-0.71), morphology, and
motility (P= 0.75, r-0.61), but these correlations were
not statistically significant. The data showed that there
was no relationship between SDF and TAC (P=0.92,
r=0.01) (Table 2). There is no significant correlation
between SDF with the levels of semen Fe, Zn, Cu, and
Se (P>0.05, Table 3).
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Fig.1: Statistical analysis using Pearson correlation test. The relationship
between the parameters examined in this study shows the value of
the correlation coefficient (r), while those that have reached statistical
significance (P<0.05).

Table 2: SDF correlation with BMI, TAC, and sperm parameter

Parameter Pearson correlation P value Number
with SDF

BMI (kg/m?) 0.21 0.25 30

TAC (uMol/L) 0.01 0.92 30
Sperm count (M/ml) -0.71 0.71 30
Sperm motility -0.61 0.75 30
(UM/seconds)

Sperm morphology (%) -0.57 0.60 30

Descriptive indicators of the study values are shown as mean + SD. Data were analyzed
by the Pearson correlation coefficient. SDF; Sperm DNA fragmentation, Fe; Iron, Se;
Selenium, Zn; Zinc, and Cu; Copper.

Table 3: SDF Correlation with Fe, Cu, Zn, and Se

Parameter Pearson correlation P value Number
with SDF

Fe (uMol/L) 0.24 0.20 30

Se (uMol/L) 0.02 0.90 30

Zn (uMol/L) -0.07 0.25 30

Cu (UMol/L) 0.02 0.76 30

Descriptive indicators of the study values are shown as mean + SD. Data were analyzed
by the Pearson correlation coefficient. SDF; Sperm DNA fragmentation, Fe; Iron, Se;
Selenium, Zn; Zinc, and Cu; Copper.

Discussion

The present study investigated the relationship between
sperm parameters, metal elements, and the total antioxidant
capacity (TAC) of human semen with the state of sperm
chromatin. There was a positive correlation between sperm
chromatin and BMI, and a negative correlation with sperm
count and motility, but there was no correlation with TAC. In
addition, there was a weak correlation between this parameter
with Fe concentration and no significant correlation with
Se, Zn, and Cu concentration. There are conflicting results
about the importance of trace elements and oxidative stress
in semen. Our understanding in this field is still incomplete
and often contradictory and needs to be completed.

In obese people, there is an increase in the permeability
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of metabolic endotoxemia in the intestine, which causes
systemic inflammation and oxidative stress and damages
the male reproductive system, thus leading to an increase
in ROS production, oxidative stress, and reduction of
sperm DNA integrity (24). A large study has investigated
this relationship in 3 years in several centers, including
330 men in infertile couples. The uridine end labeling
method showed that the amount of sperm DNA damage is
increased in obese men (25). Our data showed that there is
a negative correlation between SDF and the number and
motility of sperm, this negative correlation was confirmed
in previous studies, and the results obtained in the study
are in line with previous studies because all samples are
normozoospermic (26, 27).

In addition, our data showed that there is no significant
relationship between SDF and TAC. Semen plasma TAC
is measured by the level of enzymatic and non-enzymatic
antioxidants. Low levels of TAC in semen may play an
important role in male infertility. Although the amount
of ROS is regulated by antioxidants, the excessive
production of oxidative stress cannot be neutralized by
the antioxidant system in infertile men. A major part of
sperm DNA damage is related to oxidative stress. The
imbalance between superoxide anion and peroxynitrite
with antioxidant capacity of infertile men with abnormal
sperm parameters is associated with higher SDF (28). The
results of previous studies show a significant correlation
between SDF and TAC (29-31), which does not match
the results of the present study and is probably due to the
difference between the sample of healthy people in our
study and infertile people in their study.

A comparison of the SDF relationship with Fe, Cu,
Zn, and Se showed that there was a weak correlation
between Fe concentration and SDF. In addition, there
was no significant relationship between Se, Zn and Cu
concentration with SDF. Studies report trace elements'
effects on human reproduction are ambiguous. A similar
study tested the effect of lead (Pb), cadmium (Cd), Cu,
Zn, and Se on SDF and showed that SDF is a dynamic
process that increases with rising Pb levels in seminal
plasma. The amount of Pb and Cd in the semen plasma of
infertile men was higher compared to fertile men. The Zn,
Cu, and Se level in semen plasma was higher in men with
proven fertility than infertile men and had no significant
effect on SDF dynamics. The level of Cd did not have a
significant effect on the exacerbation of SDF (32). Due
to the contradictory results obtained in this field, these
studies should be expanded and continued in the future.

Conclusion

The results of this study showed that the metal elements
measured in the seminal fluid of normozoospermic
individuals did not show a noticeable role in sperm
chromatin integrity.
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Abstract
Background: Bisphenol A (BPA) is known as an endocrine disruptor that has harmful effects on general health. It is
commonly used in various industrial products. In this study we tried to evaluate the amount of BPA in urine samples
of the men referred to an infertility center.

Materials and Methods: The cross-sectional study population consisted of male partners of infertile couples, who were
referred to infertility clinic in Mazandaran, a northern state of Iran. Questionnaires included demographic characteristics,
medical history, lifestyle factors, physical examinations. A semen sample and a spot urine sample were taken from each
participant. In the initial study group of 240 men, 3 groups were excluded, and 122 men remained for the analysis. High-
performance liquid chromatography (HPLC) was applied to measure the amount of BPA in the urine samples.

Results: BPA was not detected in about half of the samples (53.3%). Multiple linear regression analysis showed that
no significant relationship existed between the urine concentrations of BPA, semen parameters and male reproductive
hormones. However, in a comparison with semen parameters in people with detectable urine BPA versus nondetect-
able ones, an inverse association was noticed with sperm concentration. In other parameters, differences were not
significant. Smoking had no effects on sperm parameters, but body mass index (BMI) >25 reduced the percentage of
normal sperm parameters.

Conclusion: In most participants, urinary BPA was not detected. Probably in this study low environmental exposure to
BPA is the cause of lower urine BPA concentrations compared to other industrially developed countries. Therefore, no
overall relationship was observed between BPA level and male infertility.
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Introduction

Endocrine disruptor chemicals (EDCs) are considered
as exogenous chemicals, that interfere with hormonal
actions (1, 2). Bisphenol A (BPA) is one of the EDCs that
is suspected to have great adverse health consequences.
BPAis an organic monomer that is widely used as the main
and essential ingredient of epoxy resin and polycarbonate
plastic. This substance enters the body through dietary
and transdermal absorption. Continuous and extensive
exposure to BPA, particularly in developed countries, has
led to the presence of detectable levels of urine BPA, as
certified by biomonitoring studies in humans. Therefore,
the possibility of adverse effects of this substance,
caused an increase in concerns about human health (3-
5). The deferent acknowledge about biological effects

of BPA are various. The larger portion of BPA molecule
is less biologically active. Glucuronidation causes it
to be metabolized into conjugated compounds in the
liver, which is less water-soluble and quickly excreted
in urine (6). One of the organs likely affected by BPA
is the reproductive system. Exposure to BPA may cause
poor semen quality (7). Even low dose exposures of this
substance cause certain effects on the male reproductive
system in animal studies (6).

Evidence shows that BPA affects the onset of meiosis (8,
9). Several recent studies in humans have evaluated BPA
exposure and male fertility with inconsistent results. Some
studies showed that BPA has negative effect on sperm, so
that decrease sperm motility and sperm concentration, and
increases abnormal sperm morphology (10-12). In contrast,
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Mendiola et al. (13) showed in 2010 that BPA cannot
affect the semen quality. BPA can affect the hypothalamic-
pituitary-gonadal axis, which causes hypogonadotropic
hypogonadism (14). A study on male rats showed that even
low doses of BPA exposure during the perinatal critical
period of hypothalamic sexual differentiation caused a
delayed onset of puberty (15). Furthermore, ongoing
exposure to BPA and similar substances can change the
structure of testicular tissue, thus modifying the endocrine
glands in the male reproductive system (16). Oxidative
stress produced by these chemicals affects the reproductive
system and cause a negative effect on the testes and
spermatogenesis in male rats (17).

Higher concentrations of BPA and its analogues BPA-B,
BPA-F and BPA-S in the early development of male rats
may lead to incorrect function of reproductive system
(18). However, more studies on human exposure to
such chemicals are needed to determine the relevance of
these finding to human health. Since BPA is metabolized
rapidly and is discarded through urine without evidence
of collection in the body (19), we suppose that evaluation
of BPA in urine sample prepare a better assessment of
exposures than evaluation of these compounds in serum.
Also, it has been previously shown that the half-life of
BPA in serum or plasma is short and there is a possibility
of contamination during sample collection and analysis.
Studies that have investigated the role of BPA in male
fertility are few and sometimes the outcomes turn out to be
different. The present study tends to investigate the amount
of urine BPA in infertile men referred to Fatemeh Zahra
Infertility Clinic, in Mazandaran/Iran, and evaluate the
correlation between urine BPA concentration and semen
parameters and reproductive hormones such as testosterone,
follicular-stimulating hormone (FSH), luteinizing hormone
(LH), Prolactin, thyroid-stimulating hormone (TSH), and
dehydroepiandrosterone sulfate (DHEA-S).

Materials and Methods

The cross-sectional study population consisted of male
partners from infertile couples with unknown causes of
infertility, attending our infertility clinic for diagnosis. The
average sperm concentration of the samples from these
men were >15 million/ml. These subjects were recruited
from June 2020 through October 2020 (simultaneously
with Covid-19 pandemic) in north of Iran, Mazandaran.
In brief, all participants with no evidence of Covid-19
infection at the time of the interview prior to enrollment,
signed a written informed consent form. To collect
information, each participant filled a questionnaire that
included demographic characteristics, medical history,
and lifestyle factors. Also, physical examinations such as
height, weight, waist and wrist circumferences of the men
were measured. The lifestyle factors, including alcohol
intake, smoking cigarette and the use of plastic containers
in daily eating, were evaluated. Participants were given
containers to collect urine samples at the beginning of
the morning before any medical intervention. Also, each
semen sample was obtained through masturbation. The
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obtained urine samples were transferred into special BPA-
free containers in less than 1-hour post-collection and
stored at -20°C until analysis.

The tests to evaluate hormones such as FSH, LH,
Prolactin, TSH, DHEA-S and testosterone, which
would be performed routinely for male patients in this
center, were used in this study. Of the 240 men who
were originally interviewed for the study, 3 groups were
excluded and were the limitations of our study: 1- having
a history of a severe type of coronavirus (COVID-19)
disease, that led to hospitalization in the last three months,
2- leaving an incomplete questionnaire with missing
information, and 3- having a fear of getting coronavirus
disease (COVID-19), during an interview. The remaining
122 eligible men were selected for the study and their data
were collected for analysis.

Laboratory methods

To evaluated the optical density of LH, FSH and total
testosterone, the wavelengths of 450 to 630 nm of an
ELISA reader were used. Coefficients of variation of
intra- and inter-assay contain 2.3 and 2.8% for LH, 3.9
and 4.5% for FSH and 5.6 and 6.6% for total testosterone,
respecticely. Prolactin concentration was assessed by
chemiluminescent immunoassays (normal range: 5-35
ng/mL), using a commercial kit (Shenzhen Yahuilong
Biotechnology, Shenzhen, China). The thyroid function
(normal range: 0.35-4.94 nmol/L) was determined through
the evaluation of TSH. Chemiluminescent microparticle
immunoassays was used for DHEA-S assessment.

Urinary Bisphenol A measurement

The urine samples that were stored in a freezer at
-20°C were sent to a laboratory in the Department of
Pharmaceutical Science Research Center of Babol
University of Medical Science for analysis. BPA and NP
>99% pure and some other chemicals were purchased
from local commercial sources. The level of BPA in urine
was determined using the method explained in Volkel
et al. (20) study with some modification. Briefly, to
measure the amount of BPA in the urine, 100 pl of the
urine was transferred to a 5-ml vial. Then 100 pl of 0.01
M ammonium acetone buffer with pH=4.5 and 4 ml of
a mixture of hexane and diethyl ether in a 70: 30 ratio
were added to the vial. Then the mixture was vortexed
for 30 seconds, then centrifuged at 12,000 rpm for 10
minutes. The organic layer was separated from the sample
and placed in a refrigerator at 5°C to allow the solvent to
evaporate Next, 400 pl of the mobile phase solvent was
added to the vial and vortexed. The vial containing the
sample was transferred to the refrigerator to reach the
volume of the solvent and sample to 100 pl, and after
reaching the desired volume, 20 microliters of it was
injected into the HPLC. Total BPA (conjugated and free)
in urine were measured with high-performance liquid
chromatography (HPLC). Finally, the amount of urine
BPA in the urine was measured using a standard chart.



The limit of detection (LOD) of urine BPA was 0.11 ng/
mL that is in agreement with Adoamnei et al. (21).

Semen analysis

Briefly, after 2-5 days of sexual abstinence,
participants gathered semen samples via masturbation
into polypropylene containers. During the first hour
after liquefaction, sperm concentration, motility and
morphology was evaluated according to WHO, 2010
guidelines (22).

Statistical analysis

Data were presented as number (%) or mean + SD. To
assess the relationship among predictors the t test, one-
way analysis of variance (ANOVA), Kruskal-Wallis
test, and U Mann-Whitney test were used as appropriate
according to the nature and distribution of the variables.
Then, because of the abnormal distribution of urine BPA
levels, log10-transforma was considered and a multiple
linear regression model for log BPA was applied by all
predictors in simple analysis. Regardless, the simple
correlation of variables including BMI, smoking and
alcohol history as well as location was significant. Based
on the literature, some confounders in multiple regression
models were determined. In linear regression, statistics
is B and 95% confidence interval (CI) is related . The
urine BPA level was categorized to 4 quartiles, first
percentile that is known as 25" percentile was below limit
of detection, second percentile known as 50" percentile,
that was between the 25" percentile to the median, third
percentile named 75" percentile that was between 50th
and 75" percentile, and finally fourth percentile, which
was more than 75" percentile values. All quartiles were
compared to the first quartile as a reference with the
lowest concentration of BPA. All statistical analyses
were performed using Statistical Package for the Social
Sciences (SPSS, version 20, SPSS Inc., USA) software.
P<0.05 was considered as significant.

Ethical considerations

Ethical approval was obtained from the local Ethical
Committee of the Iranian National Committee on Health
Research Ethics (IR.IAU.SARI.REC.1399.153). All
participants filled the informed written consent before
participation.

Results

Demographic characteristics of all 122 males
participants that were referred to infertility clinics for
treatment are shown in Table 1. The compression of
semen parameters with demographic variables showed
that alcohol consumption and BMI >25 reduced the
number of progressive motile sperms and changed the
sperm morphology (P=0.01), but smoking and location
had no effects on sperm parameters (P>0.05, Table 2).

BPA was not detected in about half of the samples
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(53.3%). In less than half of the samples (46.7%) the total
urinary BPA concentrations were measured as a mean and
median concentration of 0.9 and 0.04 ng/ml, respectively.
First, participants were divided in two groups, including
men who had no detectable urinary BPA and a BPA
detectable group. A comparison was done between the
two groups in terms of semen quality parameters and
reproductive according to the type and distribution of the
variables. In sperm concentration, there was a significant
difference between the two groups P<0.01, while in semen
volume, sperm morphology, progressive motile sperm
differences were not significant. Then, a comparison was
carried out among 4 quartiles of BPA in terms of semen
guality parameters, among which no significant difference
was observed (Table 3). Multiple linear regression analysis
showed that there is no relationship between the urinary
BPA and male reproductive hormones that are presented
in Table 4. Also, there is no associations between semen
quality parameters and urinary BPA concentration in men
that are presented in Table 5.

Table 1: Demographic data from study population (n=122)

Characteristic n (%)
Education
Primary 75 (61)
High School 14 (11.5)
Higher 33 (27.5)
Location
Urban 69 (56.6)
Rural 53 (43.4)
Smoking
No 93 (76.2)
Yes 29 (23.8)
BMI (kg/m?)
<25 24 (19.6)
>25 98 (76.2)
Mean + SD 279+4.7
Min-Max 17-48
Duration of couple’s
infertility ()
1-2 64 (52.4)
2-3 11 (22)
3-5 24 (19.6)
>5 23 (18.8)
Age (Y)
Mean + SD 35.1+23
Min-Max 20-50
Alcohol use
None 107 (87.7)
<1 drink/week 6 (4.9)
1-3 drinks /week 7(5.7)
Everyday 2 (1.6)

BMI; Body mass index.
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Table 2: The comparison of quality sperm parameters based on certain demographic variables

Variables Semen volume (mL)? Sperm concentration Morphologically Progressive motile (%0)?
(million/mL)P normal forms (%0)°
BMI
<25 3.15+1.28 60.00 (135.3) 5(70.1) 48.66 £ 11.61
>25 279+1.14 40.00 (500.2) 4 (42.0) 48.64 + 18.99
P value 0.17 0.11 0.01 0.62
Smoking user 3.00 (17.1)
Yes 2.76 +1.16 40.00 (90.2) 4.00 (70.0) 49.00 + 15.66
No 2.90+1.18 50.00 (500.2) 46.43 £ 18.40
P value 0.57 0.07 0.35 0.50
Alchol user
Yes 2.90 £0.96 30.00 (80.8) 4(17.1) 52.86 £ 7.23
No 2.86 £1.20 50.00 (500.2) 4 (70.0) 46.22 £ 18.64
P value 0.91 0.23 0.53 0.01
Location
Urban 2.83+1.16 40.00 (50.2) 4 (70.0) 46.36 £ 18.24
Rural 2.91+1.19 50.00 (80.5) 4 (8.0) 47.92 +17.24
P value 0.63 0.16 0.47 0.72

2; Based on Independent t test (mean * SD), °; Based on U Mann-Whitney test t [median (IQR)], and BMI; Body mass index.

Table 3: The comparison of semen index among BPA quartiles

BPA quartiles Semen volume (mL)? Sperm concentration Morphologically normal forms  Progressive motile (%0)?
(million/mL)P (%°

1% quartile 2.83+1.07 47.50 (2.500) 4 (0.70) 47.45 +17.98

2" quartile 3.30+1.87 55.00 (3.70) 4(1.17) 41.40 +16.72

3 quartile 2.25+1.04 35.00 (3.70) 4(2.7) 47.50 £ 12.58

41 quartile 3.32+1.69 54.00 (10.60) 4 (1.24) 47.00 £ 22.42

P value 0.37 0.84 0.89 0.98

2; Based on one-way ANOVA (mean * SD), °; Based on Kruskal-Wallis test [median (IQR)], and BPA; Bisphenol A.

Table 4: The comparison of semen index among BPA quartiles

BPA quartiles T (nmol/L) LH (IU/L) FSH (pmol/L) TSH (nmol/L) DHEA-S (ug/dl)  PRL (ng/mL)

1t quartile Reference Reference Reference Reference Reference Reference

2M quartile 1.82 (-1.62,5.26) -5.80(-34.48,22.83) -0.14 (-3.49,3.21) -0.38(-1.89,1.74) -1.67(-5.40,2.06) 4.74(-1.49,10.98)
P value 0.29 0.68 0.93 0.95 0.37 0.13

3 quartile 1.01 (-3.98,6.02) -6.93 (-48.25, 34.38) -0.32(-5.15,4.50) -0.7 (-18.11, 13.66) -0.38 (-5.80,5.04) -4.35 (13.48,4.76)
P value 0.68 0.73 0.89 0.93 0.88 0.34

4" quartile 0.15(-4.87,5.18) -1.09 (-42.57,40.39) 0.87 (-3.96, 5.71) 1.24 (-0.55,3.03)  -2.04(-7.45,3.36) 0.75(-8.46,9.97)
P value 0.15 0.95 0.71 0.55 0.45 0.87

Log BPA 0.54 (-2.18,3.28) 5.65(-16.89,28.19)  0.15 (-2.48, 2.79) 0.31(-0.67,1.30) -1.10(-4.05,1.84) 2.11(-2.87,7.09)
P value 0.69 0.61 0.90 0.52 0.45 0.40

Data are presented as median (min-max). BPA; Bisphenol A, T; Testosterone, LH; Luteinizing hormone, FSH; Follicular-stimulating hormone, TSH; Thyroid-stimulating hormone, DHEA-S;
Dehydroepiandrosterone sulfate, and PRL; Prplactin.

Table 5: The relationship between urinary BPA and semen parameters in men [considered as model coefficients (95% Cl)].

BPA quartiles Semen volume (mL) Sperm concentration Morphologically normal forms  Progressive motile (%0)
(million/mL) (%)

1t quartile Reference Reference Reference Reference

2" quartile 0.38 (-0.56, 1.33) -1.13 (-51.11, 48.28) 2.11 (-0.71, 4.95) -2.48 (-16.11, 11.15)

3 quartile -0.79 (-2.14, 0.55) -17.71 (-89.15, 53.72) -0.33(-4.51, 3.84) 1.54 (-18.11, 13.66)

4h quartile 0.1 (-0.83, 1.89) 5.4 (-0.66, 77.22) 4.87(0.91, 8.83) 2.2 (-17.50, 21.90)

Log BPA -0.41 (-0.71, 0.79) -7.38 (-46.45, 31.69) 1.87 (-0.44, 4.01) -4.71 (-15.38, 5.93)

P value (Log BPA) 0.72 0.16 0.88 0.32

Data are presented as median (min-max). Adjusted by BMI, smoking and alcohol history and geographic location. BPA; Bisphenol A, BMI; Body mass index, and Cl; Confidence interval
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Discussion

In this study, we found that in about half of the
participants, urinary BPA was not detected. Sampling was
done in Mazandaran province in northern Iran, which has a
mild, semi-humid climate and is a non-industrialized area
of Iran. Perhaps the simple lifestyle based on traditional
agriculture, the non-industrial nature of the region and
low environmental exposure to BPA are among the causes
of finding lower urine BPA concentrations compared to
relatively more developed industrial regions (12, 23). The
level of BPA has been reported in several studies.

Li et al. (10) states that the median value in
Chinese workers in a factory chosen for likely higher
contamination is 38.7 ng/ml, while it is measured to be
0.4-20 ng/ml by Mendiola et al. (13) or 1.81- > 3.27 ng/
ml by Pollard et al. (24), in environments, which have
not been contaminated. We found that no adverse effects
were observed with our detected BPA levels in the fourth
quartiles and semen parameters and male reproductive
hormones. Nevertheless, when comparing semen
parameters in men who had non-detectable urinary BPA
to those with detectable BPA levels, a significant inverse
association was noticed with sperm concentration, while
for other parameters, differences were not significant.
Li et al. (10) showed in 215 factory workers that there
was a reverse association between BPA concentration
and total count, concentration, viability, and motility of
sperm cells. However, the difference was not significant
when comparing semen volume or sperm morphology.
Interestingly, only in a creatinine-adjusted BPA
subgroup a significant reduction in sperm concentration
was observed. Pollard et al. (24) in a prospective pre-
conception cohort study, in which 161 men in ages 18-
40 with no known subfertility were participating, defined
that high BPA exposure causes abnormal sperm tail
morphology. However, the reports by Mendiola et al.
(13) and Goldstone et al. (25) showed that there was no
significant relationship between urinary BPA and semen
parameters in male partners attending infertility clinics.
Although both of these studies have been conducted in
the US, their subjects were from regions that were not
selected for contamination with BPA, but they may still
be expected to be higher than a rural Iranian population
in terms of PBA exposure. Also, a study conducted in
Iran on women undergoing in vitro fertilization (IVF)
treatment showed that the levels of BPA in follicular fluid
had no negative effects on mature oocytes. However, it
had adverse effects on degenerated oocytes and germinal
vesicle (GV) (26).

Our study showed that there was no association between
the urinary BPA and male reproductive hormones. There
are a limited number of studies that have evaluated the
endocrine-destroying effects of BPA on reproductive
health, especially male hormones, and the results are
somewhat inconclusive. For this reason, Mendiola et al.
(13) assessed this relationship in 375 fertile men. Their
findings were different from two previous cohort studies,

Aghajani et al.

as they found that BPA was lower [geometric mean=1.5
(0.8, 3.0) ng/mL], had positive association with sex
hormone bonding globulin (SHBG), while presenting
an inversed association with free androgen index (FAI)
and FAI/LH. Also, in this population, there was no
relationship between BPA levels and inhibin B, FSH, LH,
free testosterone (fT) or testosterone (T). In the study by
Hanaoka et al. (27) on Japanese men who were exposed
to BPA with epoxy resin spray, it was shown that there
was a relationship between urinary BPA and testosterone
levels and plasma gonadotrophic. Although in this study
two groups of exposed and un-exposed workers had
the same levels of LH and free testosterone, but FSH
levels in the 42 un-exposed workers were more than the
occupationally exposed ones. BPA concentration in the
exposed group was lower than that in BPA un-exposed
group (median 1.06; not detected to 11.2 pmol/mol
creatinine) and (median 0.5; not detected to 11.0 umol/
mol creatinine) respectively. Galloway et al. (28) showed
that a higher level of urinary BPA causes a higher level
of serum testosterone. But the same relationship was not
seen between BPA, estradiol and (SHBG).

In the present study we showed that normal sperm
morphology was reduced in men with BMI >25. There are
contradictory results on the relationship between BMI >25
and sperm parameters among various studies. In a study by
Jurewicz et al. (29), increased BMI causes semen volume
reduction. Fejes et al. (30), on the other hand, showed
that significant association was found between semen
parameters and waist and hip circumferences. Chromatin-
intact, normal-motile sperm, total sperm count and sperm
motility per ejaculation were fewer in men with BMI >25
(31, 32). Whereas data from 31 meta-analysis studies
revealed that increased BMI had no negative effects on
semen parameters (33). We showed that alcohol users and
smokers had lower semen values than reported in other
studies. This study showed that sperm motility was lower,
but not significantly, in people who drank alcohol. The
existing data on alcohol and semen quality are sparse
and sometimes contradictory in some studies. Data from
Marinelli et al. (34) and Povey et al. (35). showed that
moderate alcohol drinking has a definite protective effect
on sperm parameters, may be caused by antioxidant
effects of some alcoholic beverages. Also, authors in
this study found that there was no evidence showing that
cigarette smoking had reverse effects on sperm quality.
while Sharma et al showed the opposite result in his study.
They demonstrated that generally, semen parameters
could be affected by cigarette smoking negatively
(36). They emphasized that World Health Organization
(WHO) laboratory procedure for the evaluation of semen
parameter had a least effect on the value of effect size in
their study, that supporting the adverse effects of cigarette
smoking on conventional semen parameters.

Our study had some limitations: first; sample collection
was the main limitation in our experiment because of
the COVID-19 pandemic situation. Secondly; we did
not examine urinary creatinine for daily assessment with
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BPA, although urine dilution would have a better result
with creatinine assessment. Thirdly; Due to the short half-
life of urinary BPA, about 6 hours (37) it would have been
better to collect 24-hour urine sample.

Conclusion

According to our findings, in about half of the
participants, urinary BPA was not detected. Probably the
low environmental exposure to BPA in this population
lead to this less than detection levels. So, no adverse
effects were observed between BPA levels in four urinary
BPA quartiles and semen quality and male reproductive
hormones.
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Abstract

Background: One of the most common endocrine disorders of reproductive age women is polycystic ovary syndrome
(PCOS). Women with PCOS are at risk for infertility, endometrial cancer, metabolic disorders, and cardiovascular dis-
ease. Awareness of the signs and symptoms of PCOS can be effective in diagnosing early stage PCOS and promoting
quality of life (QoL). This study assesses the awareness of PCOS in schoolgirls and their mothers.

Materials and Methods: This cross-sectional study was carried out on 1580 high school girls and 480 of their moth-
ers in Tehran (capital of Iran) in 2017 and 2018. We used the stratified sampling method and divided Tehran into five
geographic regions: north, south, east, west, and central. Schools were randomly selected from each of these regions.
Students and their mothers separately answered a self-administered questionnaire that pertained to their knowledge
of PCOS. Statistical analyses were carried out with SPSS, version 22 (Inc. Chicago, IL, USA) and R version 3.2.1.

Results: Students had an average age of 16.97 + 0.84 years and their mothers’ average age was 45.19 + 5.03 years.
The average body mass index (BMI) of the students was 22.01 + 5.54 kg/m?. The results of this study showed that only
48 students (3.2%) and 148 mothers (27%) had acceptable knowledge about PCOS. The knowledge of students about
PCOS was positively related to their mothers’ knowledge about PCOS (P<0.001).

Conclusion: The level of PCOS awareness in Iranian women is insufficient and this may affect their QoL. Therefore,
the health authorities should implement educational programs to challenge women’s incorrect beliefs about PCOS and

increase their awareness of this disease.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most
common and complex endocrine disorders that affects
5-10% of reproductive-aged women (1). The range of
PCOS prevalence is 8 to 13% and depends on the type
of diagnostic criteria, race, and ethnicity of the studied
population (2). For instance, the prevalence of PCOS in
the United States ranges from 5 to 7% (3); however, it is
at least 2.2% in China (4) and as high as 14.1% in Iran (5).
The results of a study conducted in the United Kingdom
indicated that women in South Asia were significantly more

likely to hyperandrogenic symptoms in comparison with
Caucasian women (6). These differences in phenotypes
have been mentioned in other populations, including
African Americans and Hispanics (7, 8). Differences in
the reported prevalence of PCOS are probably be due to
differences in diagnostic criteria (9). For instance, Tehrani
et al. (10) have reported a prevalence of PCOS in women
ages 18-45 years of 7.1% according to National Institutes
of Health (NIH) criteria, 11.7% by Androgen Excess
Society (AES) criteria, and 14.6% according to Rotterdam
criteria. Sayehmiri et al. (11) reported a prevalence of
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PCOS among 10-54 years old females of 6.8% (NIH),
19.5% (Rotterdam), and 41.4% (ultrasound) criteria. In
addition, the prevalence of PCOS may vary according to
age. Koivunen et al. (12) reported a higher prevalence
of PCOS in young women compared to women over 35
years of age. PCOS seems to have a genetic source that is
affected by environmental factors of eating habits, lifestyle,
and social status. It is characterised by a wide range of
signs and symptoms that are associated with dysfunction
in the reproductive organs, endocrine functions, and
metabolic systems (13, 14). The signs and symptoms of
PCOS in women are painful and uncomfortable. Barnard
et al. (13) have reported that women with PCOS had
poor quality of life (QoL), high levels of depression,
emotional disturbance, obesity, infertility, acne, menstrual
symptoms, and hirsutism. Also, PCOS is a leading cause
of anovulatory infertility, a risk factor for endometrial
dysfunction and uterine cancer, which is a serious lifelong
health concern (15, 16). Therefore, awareness of the signs,
symptoms, and complications of early stage PCOS could
be of tremendous importance in improving QoL in these
women (1).

Sunanda and Nayak (17) reported that, in recent years,
the number of PCOS patients increased by 30% in India.
Lack of knowledge and lifestyle changes among the
women appeared to be two important factors that led to
increased numbers of PCOS patients. Hajivandi et al. (18)
reported decreased consumption of healthy foods (e.g.,
fibre, meat, beans, fish, seafood, and dairy products)
among adolescent girls with PCOS. The results of studies
indicate that weight loss and lifestyle modification are two,
initially important steps for treatment of PCOS (19-21).
The actual cause of PCOS is unclear and symptoms vary
from case to case (22). PCOS is caused by an imbalance
of female sex hormones, which may lead to changes in
the menstrual cycle, multiple cysts in the ovaries, failure
to conceive, and other health issues (17). Symptoms
of PCOS begin after onset of the menstrual cycle in
women. The most common symptom is irregularity in
the menstrual cycle along with symptoms of obesity,
menstrual abnormalities (amenorrhea, oligomenorrhea,
and other menstrual irregularities), hirsutism, acne, sleep
apnoea, depression, and infertility (23).

Diagnosis of the early symptoms of PCOS is possible
in individuals with late puberty and early adolescence,
both of which are commonly correlated with lifestyle
and environmental changes. Early diagnosis of PCOS is
necessary for timely intervention in order to reduce both
the initial and chronic complications of PCOS (24).

Obesity and insulin resistance are important risk factors
of metabolic syndrome in PCOS patients. The high risks
associated with such metabolic disorders call for rapid and
timely identification of PCOS. In this regard, the first step
is to increase women’s awareness of PCOS (25) because
an accurate diagnosis can improve QoL in these women
(26). Awareness of PCOS symptoms is of great importance
for both treatment and prevention of complications (27).

Malekzadeh et al.

Hag et al. (28) have reported that although the prevalence
of signs and symptoms of PCOS is increasing, there is
still a substantial lack of awareness of the symptoms
among females. According to Rahmanpour et al. (25),
awareness of women with PCOS in terms of symptoms,
complications (obesity, insulin resistance, infertility,
etc.) and ways to prevent PCOS progression that include
lifestyle changes and decreased consumption of fast foods
can play an important role in the future.

To the best of our knowledge, this is the first study
to evaluate the level of awareness towards PCOS
among high school girls and their mothers in Iran. The
results of this study can help to change the approach
of the education system in Iran. Therefore, educating
high school girls about the symptoms, risk factors,
and prevention of diseases (such as PCOS) can be a
significant help in improving women’s community
health in the future.

Materials and Methods

This was a cross-sectional study performed on 1580
schoolgirls who attended randomly chosen schools from
19 school districts in Tehran (capital of Iran) and 480 of
their mothers. The study was conducted in 2017 and 2018.
Of note, the school principals of these schools invited all
mothers to participate in a meeting, but only 480 of them
attended.

The Ethical Committee of Royan Institute, Tehran
Iran  (IR.ACECR.ROYAN.REC.1396.45) approved
this study. The study aim and data confidentiality were
clearly explained for all participants along with ethical
issues, which were written above the questionnaires.
Each schoolgirl and her mother who wished to participate
were included in this study. Each completed questionnaire
was considered to be that participant’s written informed
consent.

A review of available sources and texts was
conducted by researchers on different sites and no
similar questionnaire was located. Therefore, in order
to achieve the main goal of the study, we designed this
questionnaire. Initially, similar articles about PCOS were
extracted by searching various databases and locating the
available sources and texts. This was a knowledge-based
questionnaire; therefore, content validity was confirmed
via thorough review and revision by 15 experts and
specialists (obstetricians and gynaecologists, midwives
and nurses). Face validity was also used for the spoken
items in the questionnaire. The designed questionnaire
included ten positive and negative questions about
PCOS. Participants who answered more than half of
these questions were considered to “have knowledge”.
Demographic and general information questions that
included region of school and grade, age, weight, height,
birth order, type of delivery (vaginal or caesarean
section), nutrition in infancy (breast milk, powdered
milk, or both) were included. The mother’s questionnaire
included demographic information that pertained to
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age, birth order, type of delivery, nutrition in infancy,
occupation, and education, etc... A yes/no general
question about self-perception of PCOS awareness was
also included.

Any clinical or laboratory diagnostic methods were not
included in this study.

We used a stratified sampling method to divide Tehran
into five geographic regions: north, south, east, west, and
central, from which the schools were randomly selected.
In the next step, with the coordination of the school
principals, we conducted a conference entitled " Awareness
of PCOS for Girls and Their Mothers". Students and their
mothers answered a self-administered questionnaire of
their knowledge about PCOS prior to the conference.

Based on this method, estimating the sample size,
95% confidence level, 0.025 (two-way) confidence
interval, and proportional probabilities of the three-stage
clustering method were used. In the first stage, with equal
probability, regions and schools were randomly selected
with an equal probability within the clusters. Finally,
we selected 40 students from each school. Due to the
structure of the data collection and the random number
of participants in the third stage of the surveys, we
selected the minimum sample size available to decrease
the possibility of insufficiency of the sample at this stage
(Table S1, See supplementary Online Information at
www.ijfs.ir).

Statistical analysis

The descriptive characteristics of the students and
their mothers are reported as mean + standard deviation
or frequency (percentage). The McNemar test was
performed to estimate the relation between mothers and
daughters’ knowledge about PCOS. The Chi-square test
of independence or Fisher’s exact test was used to assess
the association of the PCOS categorical variables. Type |
error was considered to be 0.05. Statistical analyses were
conducted using SPSS, version 22 (Inc. Chicago, IL,
USA) and R version 3.2.1.

Results

School girls had a mean age and body mass index
(BMI) of 16.97 + 0.84 years and 22.01 + 5.54 kg/m?,
respectively. Most students were from the east region
(29.4%) and most were the first child in their family
(52.4%). A total of 71% were born by caesarean section
and 63.8% were completely breastfed during their
childhood. Table 1 lists the demographic characteristics
of the students.

Table 2 lists the demographic characteristics of the
mothers. The mothers had an average age of 45.19 +
5.03 years, 62.7% of them were born by vaginal delivery,
and 71.9% were completely breastfed. The majority of
mothers who were housewives with a diploma degree
had more information about PCOS compared to the other
mothers.
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Table 1: Demographic characteristics of the schoolgirls

Variables Mean + SD or frequency (%)
Age (Y) 16.97 £ 0.84
BMI (Kg/m?) 22.01 £5.54
Region
South 192 (11.5)
East 492 (29.4)
North 219 (13.1)
West 426 (25.5)
Center 251 (15)
Birth order
1 779 (52.4)
2 502 (33.7)
3 160 (10.8)
4 40 (2.7)
5 6 (0.4)
7 1(0.1)
Type of delivery
Vaginal 575 (29)
Caesarian 898 (71)
Nutrition in infancy
Breast 927 (63.8)
Powder 108 (7.4)
Both 418 (28.8)

BMI; Body mass index.

Table 2: Demographic characteristics of the mothers

Variables Mean + SD or frequency (%)
Age (Y) 4519 +£5.03
Number of daughters 1.53+0.78
Number of sons 0.67£0.71
Number of family members 2.21+£0.99
Occupation

Housewife 421 (88.8)

Employee 53 (11.2)
Education

High school 85 (18)

Diploma 288 (61)

Graduated 99 (21)
Nutrition in infancy

Breast 339 (71.9)

Powder 54 (11.3)

Both 85 (17.8)
Type of delivery

Vaginal 301 (62.7)

Caesarian 179 (37.3)

The awareness rate of PCOS in schoolgirls was 3.2%
(n=48), and 22.91% (n=11) had PCOS. There was a
history of PCOS in their mothers (n=5, 10.41%) and
sisters (n=6, 12.5%). The awareness rate of PCOS among
mothers was 27% (n=128).



In terms of self-perception of awareness, 6.45% (n=102)
of the students considered themselves to have knowledge

Malekzadeh et al.

Table 4: The relationship between mothers’ education with awareness of
PCOS for themselves and their daughters

of PCOS compared to 44.58% (n=214) of the mothers. 's“’c"grg?re]ss of Mothers’ education Total Pvalue

Sources of information about PCOS for schoolgirls Under  Diploma Uper
included their mothers (31.25%), the Internet (25%), diploma diploma
health educators and radio /television (each one 18.75%), Schoolgirls 0.002
their friends and study about PCOS (each one 14.58%). Yes 923 1231 0(0) 21 (5.4)

Table 3 shows a significant positive relation between No 59 (15.2) 233(60.2) 74 (19.1) 366 (94.6)
awareness of the schoolgirls about PCOS and their Total 68(17.6) 245(633) 74(19.1) 387 (100)
mothers’ knowledge about PCOS (P<0.001). Mothers <0.001
Table 3: The relationship between schoolgirls’ awareness of PCOS and Yes 6(1.3) 82(17.6) 40(86) 128(27.4)
their mothers’ knowledge No 79(169) 203 (435) 57(12.2) 339 (726)

Awareness of PCOS Mothers McNemar test Total 85(18.2) 285(6l)  97(20.8) 467 (100)
Yes No P value Data are presented as n (%). PCOS; Polycystic ovary syndrome.

Schoolgirls <0.001

Yes 9(2.3) 12(3.1) Table 5: The relationship between mothers’ occupation to awareness of

No 97 (24.9) 271 (69.7) their PCOS and their daughters
Total 106 (27.2) 283 (72.8) Awareness of Mothers’ education ~ Total P value

Data are presented as n (%). PCOS; Polycystic ovary syndrome. PCOSin
Housewife Employee

The result of our study showed that awareness of PCOS Schoolgirls 0.06
in mothers and their daughters was significantly related Yes 21 (5.4) 0(0) 21 (5.4)
to the level of mothers’ education (P=Q.OQ2_). In addition, No 321(827) 46(1L9) 367 (94.6)
PCOS awareness among mothers was significantly related
to their educational level (P<0.001, Table 4). Total 342(88.1) 46(11.9)  388(100)

We observed a significant correlation between mothers’ Mothers oot
occupations and their awareness of PCOS (P=0.01). Yes 103(22)  21(45)  124(264)
However, there was no correlation between mothers’ No 313(66.7) 32(68)  345(73.6)
occupations and their daughters’ awareness of PCOS Total 416 (88.7) 53 (11.3) 469 (100)
(P:OOG, Table 5) Data are presented as n (%). PCOS; Polycystic ovary syndrome.

Table 6: The association between awareness of PCOS and demographic variables of the participants
Demographic variables Mothers’ awareness Students’ awareness
Yes No P value Yes No P value
Birth order? 1.00 54 (24.7) 165 (75.3) <0.001*  1.00 25(32) 754(96.8) 0.24
2.00 46 (37.1) 78 (62.9) 2.00 15 (3) 487 (97)
3.00 6 (15.4) 33 (84.6) 3.00 8 (5) 152 (95)
>4 0(0) 7 (100) >4 0(0) 47 (100)
Nutrition in infancy® Breast 86 (25.5) 251 (74.5) 0.01" Breast 26 (2.8) 901 (97.2) 0.71
Powder 9 (16.7) 45 (83.3) Powder 3(2.8) 105 (97.2)
Both 31 (37.8) 51 (62.2) Both 10 (2.4) 408 (90)
Type of delivery® Vaginal 80 (26.6) 221 (73.4) 0.81 Vaginal 26 (4.5) 549 (95.5)  0.02"
Caesarian 48 (27.6) 126 (72.4) Caesarian 21 (2.3) 876 (97.7)
Age® (Y) <42 28 (18.9) 120 (81.1) <0.001" <15 0(0) 29 (100) 0.23
42-45 41 (46.6) 47 (53.4) 16 10 (2.8) 342 (97.2)
45-48 18 (18.2) 81 (81.8) 17 22(3.1)  680(96.9)
>48 32 (29.6) 76 (70.4) 18 16 (4) 380 (96)
Region® South 15 (20.8) 57 (79.2) 0.01" South 2(1.1) 184 (98.9)  0.01°
East 35 (21.9) 125 (78.1) East 23(5.2)  423(94.8)
North 12 (30.8) 27(69.2) North 8(3.7) 211 (96.3)
West 24 (31.6) 52 (68.4) West 6 (1.5) 388 (98.5)
Center 42 (32.8) 86 (67.2) Center 9 (3.6) 238 (96.4)

Data presented as frequency (%). #; Fisher Exact test, ®; Chi Square test, *; Significant, and PCOS; Polycystic ovary syndrome.
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Our results showed that the level of awareness towards
PCOS among students was significantly related to two
variables: maternal delivery type (P=0.02) and district
of residence (P=0.01). In this regard, students who were
delivered by caesarean section and lived in the east
region had more information of PCOS compared to other
students. Table 6 shows that mothers who had higher
awareness of PCOS compared to the other participants
had the following characteristics: first child (P<0.001),
age range: 42-45 years (P=0.01), nutrition in infancy
(P<0.001), and residence in the central region of the
capital (P=0.01).

Discussion

The first step in managing PCOS is awareness and
accurate diagnosis, which can both improve QoL in
a patient (1). This study was conducted to assess the
knowledge of PCOS among schoolgirls and their mothers.
The results of our study showed that awareness of PCOS
in schoolgirls and their mothers was 3.2% (n=48) and
27% (n=148), respectively. Among them, 22.91% (n=11)
of girls and 10.41 % (n=5) of mothers were diagnosed
with PCOS.

Gul et al. (29) reported that only 20 out of 177 (11.3%)
Pakistani women who participated in their study had
inadequate information about PCOS, and 11 participants
had degrees in the Medical Sciences. In another study
in Pakistan, Haq et al. (28) reported that 72.5% of the
women were unaware of PCOS. Awareness of PCOS in
Saudi women was 56.7% of which 15.3% of these women
had PCOS (27). Additionally, Shammi (26) showed that
66.94% of female students had the least knowledge and
2.20% had high awareness of PCOS, 30.85% had no
knowledge of PCOS, and 22.25% were diagnosed with
PCOS. Upadhye and Shembekar (1) conducted a study
in India and reported that 72% of girls (medical students)
had knowledge of PCOS, and 6% had PCOS. The high
level of awareness of girls in their study might be due to
their medical school education.

In a study conducted by Alessa et al. (27), 72.9% of
females were university graduates and 1.2% had only
primary school education. They found that a significantly
greater level of awareness of PCOS among women
with higher education levels; most of the women with
knowledge of PCOS had a history of medical and
health education. Aminrad et al. (30) reported that an
increase in age and level of education resulted in an
increase in awareness and attitude of individuals towards
environmental issues. In our study, the average age of
high school girls was 16.97 + 0.84 years. Upadhye and
Shembekar (1) reported that 62.5% of participants were
young adults (20-24 years) and 37.5% were adolescents
(18-19 years); only 28% were unaware of PCOS. Sills et
al. (31) found that participants in the age group of 26-34
years had significantly higher information about PCOS
than others. Alessa et al. (27) reported a relatively high
awareness level (56.7%) towards PCOS among Saudi
women (18-50 years). Due to less experience and study
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levels among younger age groups, they might receive less
information about PCOS than older age groups; however,
Strong (32) believes that people who live longer will
have a better chance of learning. In other words, as young
girls become older, their level of awareness and curiosity
increase with respect to female-related illnesses, which
could be due to the exposure of students, friends, and
relatives to relative illnesses and symptoms.

In the present study, the most common source of
information for girls was from their mothers (31.25%),
followed by the Internet (25%), health educators and radio
[television (each one 18.75%), and their friends and study
about PCOS (each one 14.58%). Alessa and colleagues
(27) reported that among women who had knowledge of
PCOS, 15.3% had PCOS and they received information
about their disease from the Internet (21.3%), other patients
(10.4%), doctors (10.8%), and books (3.1%). In another
study, 82.02% of the students with PCOS had access to
information via doctors (17.98%), media (11.24%), the
Internet, and physiotherapists (1.1%) (26). Sills et al.
(31) reported that women with PCOS, regardless of age,
received more information on PCOS from their doctors.
Upadhye and Shembekar (1) indicated that 33% of young
girls and teenagers received their information about
PCOS from teachers, friends (19%), physicians (11.5%),
newspapers (3.5%), and the Internet (5%).

The results of our study showed that schoolgirls who
attended high schools in east Tehran had the highest
knowledge about PCOS and students in the south had
the least awareness of PCOS. The east parts of Tehran
appear to be some of the older, original regions, and had
less migration than the other regions. Also, the quality of
education in this area is higher than the south of Tehran,
with a more native and marginal tissue. Shokouhi (33)
believes that one of the consequences of uncontrolled
migration to large cities, such as Tehran, is marginalization
that has expanded over the past few decades.

Mothers’ knowledge about PCOS significantly affects
the awareness of their daughters. In addition, mothers
who are the first-born in a family have more awareness of
PCOS. It seems that mothers are more sensitive and spend
more time to train and educate their first-born children.
Mothers usually obtain their information through
consultation with friends, doctors, radio and television,
reading books, and the Internet. If a mother has PCOS, she
can inform her daughter of its symptoms and side effects.
Therefore, this awareness can lead to a faster diagnosis
and prevention of complications.

Abdel Azim Mohamed (34) concluded that educating
woman about PCOS could play a significant role in
increasing their awareness. They reported that prior to
the establishment of educational sessions, most students
(84.4%) had poor knowledge about PCOS. After the
educational sessions, there was an increase in the
knowledge score of PCOS. Nivetha and Suganya (24)
reported that educating women about all aspects of PCOS
would increase community knowledge about the impact



of PCOS on women and their loved ones. Jakhar et al.
(35) believes that screening of PCOS in schools/colleges/
universities is extremely important and awareness of
PCOS could enhance a woman’s lifestyle and her future
reproductive life.

The limitations of our study include the lack of suitable
cooperation by schools, students, and their mothers with
researchers. The allotted time for students and mothers
to complete the questionnaires was 8 am to 2 pm that
majority of mothers were housewives. The exclusion of
diagnostic analysis; and the criterion for PCOS was self-
reported (mother or student).

Conclusion

The level of PCOS awareness in Iranian women is
insufficient and this affects their QoL. Adolescent girls
should receive knowledge about PCOS because it can
affect their health and future pregnancies since PCOS
is associated with foetal and maternal complications. A
mother’s awareness about PCOS can be a tremendous
assistance to her daughter’s knowledge of PCOS.
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Abstract

Background: Women who undergo in vitro fertilization (IVF) cycles should successfully go via multiple stages (i.e.,
clinical pregnancy, no abortion under 12 weeks, no abortion under 20 weeks, and delivery) to achieve a live birth. In
this study, data from multiple 1\VVF cycles and its multiple stages were reanalyzed to illustrate the success factors as-
sociated with various stages of IVF cycles in a population of Iranian infertile women.

Materials and Methods: This historical cohort study includes 3676 assisted reproductive technology (ART) cycles.
Covariates take into account in this study were women’s age, type of infertility (primary, secondary), body mass index
(BMI), cause of infertility, history of abortion, duration of infertility, number of oocytes, number of embryos, fertilization
rate, semen factors (Spermogram) and having polycystic ovarian syndrome (PCOS) during IVF cycles. Joint modeling
was fitted to apply informative cluster size.

Results: Increasing age un women was associated with an increase in the BMI and a positive history of abortion and
PCOS, and also, an increase in the number of treatment cycles, while in men was associated with the negative sper-
mogram. With the increase in the number of treatment cycles, the result of the I\VF success decreased, but with the
increase in the number of embryos, fertilization rate and also, quality and / or quantity parameters of spermogram, we
encountered with an increase in the IVF success rate.

Conclusion: It seems that a joint model of the number of treatment cycles and the result of IVVF is a valuable statistical model

that does not ignore the significant effect of cycle numbers, while this issue is ignored usually in the univariate models.
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Introduction

According to the clinical and epidemiological definitions
of the World Health Organization (WHO), the prevalence
of primary infertility in Iran is 20.2 and 12.8%, in order.
Furthermore, the secondary infertility rate is 4.9% (1). In
recent years, lifestyle factors have been shown to play
an important role in reducing fertility and increasing the
use of assisted reproductive techniques (ART) (2). Since
infertility can change demographic patterns and have
economic, social, and health consequences, different
groups of sociologists, epidemiologists, and medical

researchers have focused on it (3). The increasing fame of
ART, the factor influencing its outcome and the matter of
success rate, has led researchers to model the success rate
of ART and recognize the factors affecting it in different
ways (4-6).

One of the first methods of ART was the “in vitro
fertilization (IVF)“ approach. The process of in vitro
fertilization (IVF) includes retrieving the oocytes from
the female and the sperm from the male and allowing
the sperm to fertilize the eggs in laboratory conditions.
Then, the embryo(s) is (are) transferred to the uterus,
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and hormones are administered to take place, an
implantation (7). A successful IVF must go through
several stages successfully [such as chemical pregnancy,
clinical pregnancy, non-spontaneous abortion (SAB), and
successful delivery] to lead a live birth.

It seems that, success at each stage of IVF can be a
predictive tool of the success likelihood of the next stage.
In addition, awoman’s different cycle relates to pregnancy
outcomes, and the female fertility outcome in the present
cycle is affected by the outcome of the previous ART
cycle. Thus, instead of just considering current cycle data,
we also need to consider previous cycle data (8).

ART data analysis methods range widely, from simple
binomial tests for intricate models, particularly IVF data.
Most ART data studies examine only parts of the data of
infertile women (9-12), while it is better to consider the
results of the treatments before this treatment. Pregnancy
outcomes are often related to a woman’s clinical
characteristics, making it more likely that women who have
previously experienced negative pregnancy outcomes (such
as preterm birth, stillbirth, or SAB) will also experience
negative fertility outcomes in their current pregnancy.
Consideration of early reproductive outcomes, as opposed
to just those connected to known pregnancies, is necessary
because of the vast range of reproductive outcomes that
can demonstrate such intra-woman grouping. A method
based on the principles of discrete survival analysis of IVF
data with many cycles and various failure kinds for each
individual was published by Maity et al. (13). Additionally,
the informative cluster size-a measure of the number of
cycles an infertile woman completes-relates to the success
or failure of the IVF outcome. So it is better to consider it
in the analysis to get more accurate results.

The size of the informative cluster is not taken into
account in the model of Maity et al. (13). In the present
study, a joint modeling of logistic (for outcome of IVF)
and Exponentiated exponential geometric regression
(EEGR) (for cluster size) was employed to predict the
variables affecting the binary outcome of success or
failure at various IVF cycle phases while managing the
informative cluster size.

Materials and Methods

The Ethics Board of Shahid Beheshti University of
Medical Science (Tehran, Iran) approved the present
study (IR.SBMU.RETECH.REC.1401.517) and Royan
Institute (EC/90/1086). All subjects provided informed
consent before the initiation of the treatment. Subjects
received assurances that no personal information would
be revealed.

Study patients and design

On 3676 cycles of infertile couples who were engaged
in ART therapy at the Royan Institute, (Tehran, Iran),
a referral infertility center, between April 2011 and
March 2015, a historical cohort study was carried out.
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Only women who had experienced embryo transfer
were included in this study. Trained nurses retrieved
all the study’s variables from the participants’ medical
records. At each of the four stages, the result variable was
success or failure: i. Clinical pregnancy (attendance of an
intrauterine gestational sac), ii. Abortion under 12 weeks
iii. Abortion under 20 weeks, and iv. Delivery (live birth).

Extracted data of women included age, number of
treatment cycles, body mass index (BMI), cause of
infertility, history of abortion, duration of infertility,
number of oocytes in the last cycle, number of embryos
transferred in the last cycle, presence of polycystic ovarian
syndrome (PCQOS) during IVF cycles, fertilization rate in
the last and spermogram (one score sperm-related factor)
were all taken into account as covariates in this study.

Statistical analysis

The outcome of each stage, including chemical pregnancy,
clinical pregnancy, SAB and delivery, was taken into account
as a binary response variable that signifies the success or
failure of each stage. The probability of success occurring
at a specific stage of the ART cycle could be related to the
stage, cycle number, and covariates of interest. Also, the
next response variable, which is the number of cycles, is
counted and because cycle numbers with disproportionately
many ones, we minus 1 in all them and use zero inflated
exponentiated EEGR for them. At first, a univariate model
was used, and then significant variables were entered into
a multiple model (for logistic and EEGR). Finally, the
significant variables of multiple models entered into the joint
model. The models were applied in accordance with Maity
et al. (13) model to determine the impact of covariates on the
binary and count outcomes as well as to calculate odds ratios
(OR) and 95% confidence intervals (ClI). The Statistical
Analysis Software (SAS) program version 9.4 “nlmixed”
procedures were used.

Results
Demographic data

This study comprised 3636 ART cycles. Following one to
three cycles, women were underwent embryos transfer. We
present the demographic data of all participants in Table 1.

Univariate models

Table 2 shows the univariate results about logistics and
EEGR models. As you can see in this Table, in logistic
model, cycle number had a positive significant effect on the
failure in each stage after ART [odds ratio (OR) confidence
interval (Cl 95%): 1.017 (0.988-1.047)]. Duration of
infertility had also a positive significant effect [OR (CI
95%): 1.025 (0.004-1.057)]. Although, variables such as
number of oocyte, fertilization rate and spermogram had
negative significant effect on the failure of each stage of the
cycle [OR (95% CI): 0.976 (0.940-1.012), 0.117 (0.061-
0.296), 0.134 (0.088-0.282), respectively].



Table 1: Demographics data of our participants

Variable Frequency (%) or mean = SD
Age (Y) 31.04 £5.02
BMI (Kg/m?) 26.91+4.10
Infertility type

Primary 2587 (70.4)

Secondary 893 (24.3)
Duration of infertility (Y) 5.83+4.26
Number of previous treatment 1.67+£1.75
History of abortion 0.23+0.63
PCOS 1193 (18.9)
Cause of infertility

Female 724 (20)

Male 1873 (51.8)

Both 357 (9.9)

Unknown 548 (15.2)

BMI; Body mass index and PCOS; Polycystic ovarian syndrome.

Table 2: The results of univariate logistic and EEGR models

Variable Logistic EEGR model
model
OR (95% CI) e#(95% CI)
Count process ZI Part
Age (Y) 1.017 1.519 0.996
(0.988-1.047)  (1.194-2.323)  (0.945-1.050)
Cycle number  1.505

(1.061-2.179)

Type of infertility

Primary
Secondary

BMI (kg/m?)

Ref

1.093
(0.812-1.474)

1.007
(0.975-1.040)

Cause of infertility

Female
Male

Both
Unknown

History of
abortion

PCOS

Duration of
infertility

Number of
oocyte

Number of
embryos

Fertilization
rate

Spermogram

Ref

0.874
(0.616-1.237)

1.172
(0.720-1.909)

0.611
(0.384-0.971)

1.030
(0.847-1.252)

1.122
(0.804-1.565)

1.025
(0.994-1.057)

0.976
(0.940-1.012)

0.971
(0.921-1.022)

0.117
(0.061-0.296)

0.134
(0.088-0.282)

0.529
(0.280-1.158)

0.995
(0.002-55.15)

1.169
(0.000-7847)

0.142
(0.073-1.684)

4.490
(0.168-16.314)

3.219
(3.040-9.815)

1.721
(1.602-1.864)

1.026
(0.171-6.128)

0.221
(0.013-3.760)

0.970
(0.932-1.008)

0.220
(0.110-3.220)

0.785
(0.637-0.968)

1519
(0.994-2.323)

0.347
(0.130-0.664)

0.989
(0.818-1.195)

1.615
(1.269-2.056)

5.226
(2.750-9.933)

2.278
(1.988-2.611)

0.029
(0.002-0.383)

0.928
(0.909-0.947

1.006
(0.981-1.031)

0.881
(0.546-1.002)

0.848
(0.740-0.972)

0.946
(0.857-1.046)

Mohammadi et al.

Age is directly associated with the cycle number [OR
(CI 95%): 1.519 (1.194-2.323)]. As well, the history of
abortion and PCOS had the same effect as age on cycle
number [OR (95% CI): 3.219 (3.04-9.815), 1.721 (1.602-
1.864), respectively]. However, Spermogram had a
negative effect on cycle number 0.785 (0.637-0.968).

In zero inflated parts of number cycle, BMI, PCOS, duration
infertility and fertilization rate had an opposite effect on having
only one cycle number. Moreover, the history of abortion and
the number of oocytes were resulted as positively responsible
variables than having only one cycle number [2.278 (1.988-
2.611), 1.026 (0.981-1.031), respectively].

Multiple models

The results of multiple model are shown in Table 3. In
this model, cycle number and duration of infertility had
a positive effect on failure in ART [OR (95% CI): 1.141
(1.071-1.282), 1.015 (0.976-1.054), in order], however
number of oocytes, fertilization rate and Spermogram had
an opposite effect [OR (95% CI): 0.995 (0.940-1.052),
0.333(0.147-0.769), 0.900 (0.840-1.113), respectively].

In the count part, age, history of abortion and PCOS had
a positive effect and Spermogram had a negative effect of
the cycle number. In zero-inflated part, history abortion
and the number of oocytes had a direct influence, although
BMI, PCOS, duration of infertility and fertilization rate
had a reverse influence.

Table 3: The result of multiple Logistic and EEGR model

EEGR; Exponentiated exponential geometric regression, OR; Odds ratio, Cl; Confidence

interval, ZI; Zero Inflated, and BMI; Body mass index.
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Variable

eb (95% ClI)

Logistic model
Cycle number
Duration of infertility
Number of oocyte
Fertilization rate
Spermogram
EEGR model
Count process
Age (Y)
History of abortion
PCOS
Spermogram
ZI Part
BMI (kg/m?)
History of abortion
PCOS
Duration of infertility
Number of oocyte
Fertilization rate
EEGR parameter
Random intercept standard deviation
Logistic part
Count part
Zero inflated part

1.141 (1.071-1.282)
1.015 (0.976-1.054)
0.995 (0.940-1.052)
0.333 (0.147-0.769)
0.900 (1.008-1.113)

1.370 (1.170-1.548)
1.569 (1.346-1.720)
1.103 (0.995-1.304)
0.140 (0.030-0.985)

0.465 (0.141-0.651)
1.576 (1.203-1.783)
0.090 (0.023-0.142)
0.938 (0.910-0.967)
1.049 (0.990-1.112)
0.882 (0.733-1.062)
12.511 (4.608)
Estimate (SE)
0.022 (0.012)

0.237 (0.106)

0.166 (0.073)

EEGR; Exponentiated exponential geometric regression, PCOS; Polycystic ovarian

syndrome, BMI; Body mass index, and Cl; Confidence interval.
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Joint modeling

Table 4 shows that estimations of all models that point
in the same direction. Parameters, including, age, history
of abortion and PCOS history, had a positive effect and
Spermogram had a negative effect on the cycle number
in count part of EEGR model. According to the results,
both parameter, abortion history and oocyte number, had
a direct relation and BMI, PCOS, duration of infertility
and fertilization rate had a reverse relation with the cycle
number in the ZI part. Also, in logistic part of our joint
model, cycle number and duration of infertility had
a positive effect on the ART failure and the number of
oocytes in the last cycle. In addition, fertilization rate and
Spermogram had a negative effect on them.

Table 4: The result of joint modeling
e? (95% CI)

Variable

Logistic submodel?®

Cycle number 1.282 (1.089-1.654)
1.009 (0.987-1.030)
0.403 (0.272-0.735)

0.217 (0.104-0.545)

Duration of infertility
Number of oocyte
Fertilization rate

Spermogram 0.535 (0.108-0.861)
EEGR submodel
Count process®
Age (Y) 1.367 (1.172-1.570)
History of abortion 1.876 (1.404-2.234)
PCOS 2.904 (2.185-3.211)
Spermogram 0.137 (0.032-0.428)

Zero inflation®

Intercept 0.0009 (0.0003-1.395)
BMI (kg/m?) 0.265 (0.140-1.090)
History of abortion 1.075 (0.405-3.607)
PCOS 0.076 (0.023-1.702)

Duration of infertility 0.555 (0.320-0.966)
1.049 (0.990-1.112)
0.882 (0.731-1.061)

12.511 (4.608)

Number of oocyte
Fertilization rate
EEGR parameter

Parameter Estimate (SE)  Wald statistic
(P value)

RISD: Logistic part 0.049 (0.009)

RISD: Count part 0.322 (0.041)

RISD: Zero inflated part 0.204 (0.023)

Correlation between a and b 0.421 (0.034) 12.38 (<0.001)
Correlation between a and ¢ 0.650 (0.101)  6.43 (<0.001)
Correlation between c and b 0.512 (0.045)  11.37 (<0.001)

RISD; Random intercept standard deviation, PCOS; Polycystic ovarian syndrome, CI;
Confidence interval, # Logistic submodel, ®; Count process, and ¢; Zero inflation.

The estimation of random intercepts in the models is
relatively high which implies the use of mixed model.
The correlation among the random intercepts of logistic
submodel and the count process was 0.421 (standard
error: 0.034). This means that cases with more number
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of cycles are more prone to experience failure in delivery
at some stages, from clinical pregnancy to delivery.
The correlation between the logistic and zero inflation
sections was 65% that shows a direct association between
having only one cycle number and failure in delivery. We
observed a positive and significant association between
the random effects of count process and zero inflation
section.

Discussion

There are several methods for modelling IVF data that
contain numerous cycles with various failure categories
(11). One way to obtain better estimates of the covariate
effects can be obtained by proposing the entire set of
IVF data for each woman as opposed to the conventional
method, which simply takes into account the first cycle or
models each IVF outcome independently.

Studies on this type of data, use informative cluster sizes
since it is thought that each infertile woman's cycle count
is related to the success or failure of IVF outcomes. Joint
modelling was used in this study. The number of cycles
and the odds that an IVF procedure will fail were found to
have strong positive relationships in this historical cohort
study on Iranian infertile women as well, indicating the
presence of informative cluster size (14).

Based on the joint modeling, our results show that, the
older awoman is, the more cycles are needed to conceive.
That is, pregnancy occurs earlier at younger ages due to
healthier eggs. In 2019, Ubaldi et al. (15), pointed out in
their article that the success of IVF decreases after the age
of 35, because maternal age is related to a decline in both
ovarian reserve and oocyte qualification. Previous studies
have found a strong correlation between women’s age and
fertility (16-20) which is in agreement with our finding.
Also, the history of abortion had a positive relationship
with the number of cycles of IVF. This result has been
proven in other studies. For example, in endometriosis
patients (21), and other types of patients undergoing an
IVF cycle (22-25). Having a history of abortion, which
may be due to genetic causes or different diseases such
as endometriosis, may lead to more I\VVF treatment cycles.

PCOS is one of the causes of infertility. According to
our findings, women with PCOS usually needed more IVF
treatment cycles to have the desired number of children.
Women with PCOS are more likely to miscarry both
after spontaneous and induced ovulation (12). Studies in
different years had results consistent with our study (26-
29). Of course, some studies had opposite results (8, 30).

In our study, we concluded that Spermogram, i.e. sperm
parameters, have a positive relationship with treatment
success. The reason is that the healthier sperm, will be
formed the healthier embryo, and the pregnancy will be
positive as a result. In another study, we see the same
result (31, 32).

About BMI, had positive relation to the number of cycles.
That means, overweight women need more cycles of IVF



treatment to reach a successful result, although there are
some studies have reported opposite results. Rittenberg et
al. (33) did a systematic review and meta-analysis in 2011
and also showed that BMI has a conflicting role in the
IVF outcome and in specific, there is inadequate evidence
to define how BMI affects live birth rates. But Veleva
et al. (34) concluded in 2008 that being underweight and
being overweight increases the chance of miscarriage in
IVF. Also, in 2022, Bellver (35) concluded that the IVF
result outcome and, overall successful pregnancies were
lower in the obese women than non-obese of them. In
2021, Chen et al. (36) linked BMI to gestational diabetes
mellitus (GDM) and gestational hypertension but not
embryo transfer outcomes following fresh embryo transfer
in women receiving their first IVF/ICSI treatment.

Data from multiple IVF treatment cycles were
used in this study, along with information about their
relationships. Due to the lack of a national registry,
past cycles that infertile women may have completed at
different infertility clinics were not included in this study.

Conclusion

In this study, we come to the conclusion that the number
of cycles or cluster size is informative and has a direct
effect on the treatment result.
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Guide for Authors

Aims and scope

International Journal of Fertility & Sterility is a peer review and 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 the 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) and the International Committee
of Medical Journal Editors (ICMJE).

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

A. Original articles

Original articles are scientific reports of the original research studies. The article consists of English Abstract
(structured), Introduction, Materials and Methods, Results, Discussion, Conclusion, Acknowledgements, Author’s
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
corresponding author of the review article must be one of the authors of at least three published articles appearing
in the references. The review article consists of English Abstract (unstructured), Introduction, Conclusion, Author’s
Contributions, and References (Up to 90).

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, Acknowledgements, Author’s Contributions, and References (Up to 90).

D. Short communications

Short communications are 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 subheading), Acknowledgements, Author’s Contributions, and References (Up to
30).

E. Case reports

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, Conclusion, Acknowledgements, Author’s Contributions, and References (Up to 30).

F. Commentary

Commentaries are short articles containing a contemporary issue that is relevant to the journal's scope and
also expressing a personal opinion or a new perspective about existing research on a particular topic. The
Commentary consists of English Abstract (unstructured), the body of the manuscript (should not hold heading or
subheading), Acknowledgements, Author’s Contributions, and References (Up to 30).

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

H. Imaging in reproductive medicine
Imaging in reproductive medicine should focus around a single case with an interesting illustration such as a photograph,
histological specimen or investigation. Color images are welcomed. The text should be brief and informative.

I. Letter to editors

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.

J. 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 to familiarize themselves
with Int J Fertil Steril format and content 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 Sample

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 manuscript 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 And Copyright Sample

Each manuscript 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).
Also, no manuscript would be accepted in case it has been pre-printed or submitted to other websites. |
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. It is 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 American or British (not a mixture) English usage and grammar. It is necessary to mention
that we will check the plagiarism of your manuscript by iThenticate Software. Manuscript should be prepared in
accordance with the "International Committee of Medical Journal Editors (ICMJE)". Please send your manuscript
in two formats Word and Pdf (including: title, name of all the authors with their degree, abstract, full text, references,
tables and figures) and Also send tables and figures separately in the site. 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 the 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 hames 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 other 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 institutional affiliation(s) of all the authors in English. Also, you must send the 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. Please
contact us via info@ijfs.ir in case of any changes (corrections, retractions, erratum, etc.).

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 after 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 should include 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 comply 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 approved
by WHO or www.clinicaltrials.gov. If you are reporting phase Il or phase Ill 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 the manuscript while their location should be mentioned in the main text.

Tables and figures:

If the result of your manuscript is too short, it is better to use the text instead of tables & 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.

Of Note: Please put the tables & figures of the result in the results section not any other section of the
manuscript.

Supplementary materials:

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
researchers. 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.
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