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Abstract
Background: Given the relationship of vitamin D deficiency with insulin resistance syn-
drome as the component of polycystic ovary syndrome (PCOS), the main aim of this
study was to compare serum level of 25- hydroxyvitamin D [25(OH)D] between PCOS
patients and normal individuals.

Materials and Methods: A cross sectional study was conducted to compare 25(OH)D
level between117 normal and 125 untreated PCOS cases at our clinic in Arash Hospi-
tal, Tehran, Iran, during 2011-2012. The obtained levels of 25(OH)D were classified as
follows: lower than 25 nmol/ml as severe deficiency, between 25-49.9 nmol/ml as defi-
ciency, 50-74.9 nmol/ml as insufficiency, and above 75 nmol/ml asnormal. In addition,
endocrine and metabolic variables were evaluated.

Results: Among PCOS patients, our findings shows 3(2.4%) normal, 7(5.6%) with
insufficiency, 33(26.4%) with deficiency and 82(65.6%) with severe deficien-
cy, whereas in normal participants, 5(4.3%) normal, 4(3.4%) with insufficiency,
28(23.9%) with deficiency and 80(68.4%) with severe deficiency. Comparison of
25(0OH)D level between two main groups showed no significant differences (p=
0.65). Also, the calcium and 25(OH)D levels had no significant differences in pa-
tients with overweight (p=0.22) and insulin resistance (p=0.64). But we also found
a relationship between 25(OH)D level and metabolic syndrome (p=0.01). Further-
more, there was a correlation between 25(OH)D and body mass index (BMI) in
control group (p=0.01), while the C-reactive protein (CRP) level was predominantly
higher in PCOS group (p<0.001).

Conclusion: Although the difference of 25(OH)D level between PCOS and healthy wom-
en is not significant, the high prevalence of 25(OH)D deficiency is a real alarm for public
health care system and may influence our results.

Keywords: Polycystic Ovary Syndrome, 25-Hydroxyvitamin D, Calcium
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Introduction

Polycystic ovarian syndrome (PCOS) is known
as one of the most common endocrine disorder-
sand affects 5-10% of women that is characterized
by hyperandrogenism and chronic anovulation.
PCOS as a multi-dimensional syndrome influenc-
es various systems. Infertility, irregular menses,
acanthosis nigricans, insulin resistance, and hir-
sutism are known as some of symptoms of PCOS
(1). Also, it has some long term consequences
such as hypertension coronary artery diseases and
type II diabetes. Therefore, PCOS seems a real di-
lemma for gynecologists and endocrinologists to
reveal its basic phathophysiology and offer a rea-
sonable treatment.

There are many evidence showing the relation-
ship between serum level of 25- hydroxyvitamin
D [25(OH)D] and PCOS. Furthermore, the strong
association between PCOS and insulin resistance
indicates that insulin directly influences ovarian
function (2), while impaired glucose tolerance and
insulin secretion have been shown to be associated
with vitamin D deficiency (3). Additionally, recent
data have suggested that both calcium and vitamin
D supplements may improve insulin sensitivity in
PCOS women (4).

There are suggestions that calcium has impor-
tant role in activation and maturation of oocyte in
animals (5); therefore, abnormalities in calcium
metabolism may play an important role in patho-
genesis of PCOS.

In this study, we tried to investigate the cor-
relation between vitamin D levels and PCOS in
our population in order to make a decision about
screening programs or supplement therapy in
PCOS patients. Also, we aimed to find a correla-
tion between body mass index (BMI), hyperandro-
genism and metabolic syndrome with serum level
of 25(OH)D in PCOS patients.

Materials and Methods

This cross sectional study and was performed
on 242 women, 125 patients with PCOS and 117
healthy individuals, during 2011-2012. All women
in 16-44 age group (reproductive age) were re-
cruited from our clinic in Arash Hospital, Tehran,
Iran, consecutively. PCOS was diagnosed based
on the presence of two of following Rotterdam
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criteria: oligo and/or anovulation, clinical and/or
biochemical signs of hyperandrogenism, and poly-
cystic ovaries in ultrasound, meaning presence of
12 or more follicles measuring 2-9 mm in diameter
in each ovary and/or ovarian volume more than 10
cm?. The main problems of PCOS patients who at-
tended our clinic were abnormal uterine bleeding
and infertility.

A healthy woman was defined as woman in re-
productive age with regular cycles. They came to
our clinic for annual check-up, or their partners
had male fertility problems. Women with con-
genital adrenal hyperplasia, hyperprolactinemia,
hyperparathyroidism, and androgen secretory
tumors were excluded using specific laboratory
tests to verify the concentrations of 17 OH pro-
gesterone, dehydroepiandestronsulfate (DHEA-
S), and prolactin. Furthermore, women who
used medications suspicious to affect carbohy-
drate metabolism or calcium/vitamin D concen-
trations during 6 months prior to the study, who
had a history of chronic disease or endocrino-
phaties, and who had a history of smoking or
drug abuse were excluded. All participants were
living in Tehran, Iran, and they had no history of
calcium or vitamin D supplementation.

A morning blood sample was taken after 12
hours fasting during the follicular phase (3-5 days
of spontaneous or progesterone-induced menstrual
cycle). The levels of calcium, vitamin D, insulin,
high density lipoprotein- cholesterol (HDL-C),
fasting blood sugar (FBS), triglyceride (TG), thy-
roid stimulating hormone (TSH), prolactin, testos-
terone, dehydroepiandrosterone sulfate (DHEAS),
and C-reactive protein (CRP) were measured. All
samples were obtained during fall and winter sea-
sons.

The PCOS patients were divided into two sub-
groups as follows: metabolic syndrome group
(n=39) and non-metabolic syndrome group
(n=86). The metabolic syndrome was defined
by the National Cholesterol Education Program
(NCEP) and the adult treatment panel III (ATP
III) after observing three of the four following
criteria: systolic blood pressure >130 mmHg and
diastolic blood pressure >85 mmHg, TG level
>150 mg/dl, HDL <50 mg/dl, fasting glucose
>100 mg/dl, and waist circumference >88 cm.
Also, we used the homeostatic model assessment



of insulin resistance (HOMA-IR) to evaluate in-
sulin resistance based on the following formula:
fasting plasma glucose (mmol/L)*fasting plasma
insulin (uU/L) divided by 22.5.

Next 25(OH)D was measured using enzyme-
linked immunosorbent assay (ELISA, IDS,
Boldon, UK) with normal range of 75-100 nmol/
ml with 5.4 coefficient of variation (CV). Fur-
thermore, insulin (2.0-25.0 plU/ml), prolactin
(2.8-29.2 pg/ml), TSH (0.1-4 mlIU/ml), total
testosterone (0.14-0.9 ng/ml), and DHEAS (up
to 5.8 ug/ml) concentrations were measured us-
ing ELISA (Monobind, USA). Fasting glucose
(<100 mg/dl), TG (<150 mg/dl), HDL (>40 mg/
dl), calcium (8.3-10.5 mg/dl) and CRP (<8 mg/ml)
concentrations were determined using photometry
(Parsazmoon, Iran). Hyperandrogenism was de-
fined as the clinical presence of hirsutism (Ferri-
man-Gallway score >8), acne or alopecia and/or
elevated androgen levels, meaning as testosterone
level above 0.9 ng/ml and/or DHEAS level above
5.8 pg/ml. The measurement of 25(OH)D concen-
tration was done using serum assay and at least 1
cc of patient’s serum was stored in freezer (-40°C)
for maximum 30 days.

25(0OH)D Concentration in PCOS Women

The approval was obtained from the Ethic Com-
mittee of Endocrinology and Metabolism Re-
search Institute, Tehran University of Medical Sci-
ence, Tehran, Iran, and an informed consent was
obtained from all participants.

Statistical analysis

We used Kolmogorov-Smirnov test (K-S test) for
evaluating data distribution. To analyze differences
between groups, Student’s t test was used for nor-
mally distributed samples and nonparametric Mann-
Whitney U-test was appliedfor abnormally distrib-
uted samples. Relationship between variables were
evaluated using Pearson’s correlation coefficient. All
analyses were performed by SPSS version 16 (SPSS
Inc., Chicago, IL, USA). A value of p<0.05 was con-
sidered as statistically significant.

Results

Totally, all data were collected from 125 PCOS
patients and 117 healthy women. The mean age was
27.85 in PCOS group and 30.82 in normal subjects.
Also, the mean weight in PCOS and healthy women
were 83.08 and 82.97, respectively. Table 1 shows
the means of various factors in two main groups.

Table 1: Comparison of different biological and biochemical values between two main groups

PCOS Non-PCOS P value

Mean = SD Mean = SD
Age (Y) 28.2+8.4 30.82+7.12 0.02
BMI (kg/m?) 25.92+4.71 2441 +3.88 0.01
FBS (mg/dl) 90.33 £ 16 90.99 +9.47 0.61
TG (mg/dl) 119.41 £ 66.73 111.12+49.72 0.77
HDL-C (mg/dl) 48.24 £ 13.7 47.7+9.49 0.82
Ca (mg/dl) 9.34+0.92 9.43 +0.69 0.88
CRP (mg/ml) 1.77+1.97 1.50 +2.08 <0.001
Testosterone (ng/ml) 0.82 +0.37 0.82+0.41 0.46
TSH (mIU/ml) 2.55+2.02 2.30+1.87 0.163
DHEAS (pg/ml) 1.59 +0.80 1.47+0.76 0.18
Insulin (uIU/ml) 16.66 +17.3 15.34+11.19 0.96
Prolactin (ng/ml) 15.96 £10.2 16.55 +9.45 0.41
25-OH vitamin D (nmol/ml) 8.92+6.43 9.29+7.35 0.41

BMI; Body mass index, FBS; Fasting blood sugar, TG; Triglyceride, HDL; High density lipoprotein, CRP; C-reactive protein, TSH; Thyroid

stimulating hormone and DHEAS; Dehydroepiandrosterone sulfate.

Int J Fertil Steril, Vol 9, No 1, Apr-Jun 2015 3



Moini et al.

We stratified level of 25(OH)D as follows:
lower than 25 nmol/ml as severe deficiency, be-
tween 25-49.9 nmol/ml as deficiency, 50-74.9
nmol/ml as insufficiency, and above 75 nmol/
ml as normal (6). Among PCOS patients, our
findings shows that 3 (2.4%) normal, 7 (5.6%)
with insufficiency, 33 (26.4%) with deficiency
and 82 (65.6%) with severe deficiency, where-
as in normal participants, 5 (4.3%) normal, 4
(3.4%) within sufficiency, 28 (23.9%) with de-
ficiency and 80 (68.4%) with severe deficiency.

Totally, 162 women (66.9%) had severe defi-
ciency, 61women (25%) had deficiency and 11
women (4.5%) had insufficiency, whereas only
8 women (3.3%) were normal. Comparison be-
tween two main groups showed no statistically
differences. The mean of calcium was 9.34 mg/
dl in PCOS subjects and 9.43 mg/dl in normal
group. None of them implied statistical signifi-
cant differences. Table 2 shows the relation-
ships between 25(OH)D and other parameters
in PCOS and non-PCOS groups.

Table 2: The correlation of vitamin D and other biochemical levels between two main groups

25-hydroxyvitamin D

PCOS group Non-PCOS group
R P OR R P OR
BMI -0.63 0.50 -0.02 0.10 0.25 -0.13
FBS -0.56 0.55 -0.06 -0.05 0.52 0.23
TG -0.08 0.36 0.24 0.18 0.04 -0.14
HDL-C -0.10 0.25 -0.08 -0.16 0.06 0.00
Ca -0.01 0.90 0.08 0.10 0.24 0.19
CRP -0.06 0.52 -0.08 -0.03 0.69 -0.05
Testosterone -0.05 0.55 -0.04 0.00 0.95 0.19
TSH 0.06 0.49 0.09 0.03 0.66 -0.07
DHEAS 0.00 0.99 0.22 0.17 0.92 0.01
Insulin -0.11 0.23 -0.11 0.00 0.94 -0.07
Prolactin 0.06 0.51 -0.17 -0.14 0.10 -0.31

BMI; Body mass index, FBS; Fasting blood sugar, TG; Triglyceride, HDL; High density lipoprotein, CRP; C-reactive protein, TSH; Thyroid
stimulating hormone, DHEAS; Dehydroepiandrosterone sulfate, P; P value, R; Pearson correlation coefficient and OR; Odd ratio.
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We chose consecutive patients in our clinic, and
the age and BMI values were different between
two main groups in final analysis. We used logis-
tic regression to control confounding factors and
in this analysis, PCOS was not correlated with
25(0OH)D level (OR: 1, 95% CI=0.97- 1, p=0.65,
Fig.1).

Furthermore, in PCOS group, 39 women be-
longed to metabolic syndrome group, while86
women belonged to non-metabolic syndrome
group. The mean of 25(OH)D and calcium con-
centrations were 28.15 nmol/ml and 9.27 mg/dl in
the metabolic syndrome group in comparison with
22.57 nmol/ml and 9.39 mg/dl in the non-meta-
bolic syndrome group, indicating no significant
difference between two sub-groups (p,,=0.18,

p,=0.35). Also, in control group, the levels of
Ca and 25(OH)D showed no statlstlcally differ-
ence (p,,,=0.59, p.=0.17). But in total popula-
tion of our study, there was a relationship between
metabolic syndrome and the level of 25(OH)D
(p,;,=0.01, p,=0.35). According to BMI, 59 out of
125 PCOS patients (47.2%) were lean, 39 patients
(31.2%) were overweight, and 27 women were
obese (21.6%). The mean of calcium and vitamin
D concentrations were 25.57 nmol/ml and 9.33
mg/dl in normal weight women, 24.34 nmol/ml

35|
30 |
25 |

Number of women

30 40 50 60

25(0OH)D Concentration in PCOS Women

and 9.34 mg/dl in overweight women, and 15.29
nmol/ml and 9.39 mg/dl in obese women with pre-
senting no significant differences between these
sub- groups(pVltD 0.87, p.=0.52). Although, the
level is lower in obese women. In control group,
the level of 25(OH)D is significantly lower in
obese women (p_,,=0.01, p . =0.47). In total popu-
lation, the level of 25(OH)D showed no significant
correlation with BMI (p=0.22).

We had 62 patients with insulin resistance in
PCOS (HOMA-IR >2.5) group and the mean of
their 25(OH)D and calcium concentrations were
25.08 ng/ml and 9.32 mg/dLrespectively. Be-
sides, 63 women were non-insulin resistant with
the mean of 23.95 ng/ml for 25(OH)D level and
9.38 mg/ml for calcium level, showing there were
no significant differences between these two sub-
groups (p,,,=0.37, p.,=0.74).

A total of 30 patients had hyperandrogenism and
the mean of their calcium and 25(OH)D concen-
trations did not differ significantly with the related
values of non-hyperandrogenism sub-group.

C-reactive protein, as an inflammatory factor,
was measured and showed no correlation with
25-hydroxyvitamin D levels; however, it was sig-
nificantly higher in PCOS patients.

20 |
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Fig.1: Distribution of 25(0OH)D level in women.
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Discussion

In overall, the most prominent point in our
study was the high percentage of moderate to se-
vere 25(OH)D deficiency in over than 70% of our
population. It seems that this high prevalence in-
fluenced other aspects of our study. This propor-
tion is lower in other studies, like 26.7% in PCOS
patients in Germany (7), 2.9% in Austria (8), 27%
in Caucasian infertile women (9), and 64.9% for
female population in Iran (10).

Animal researches have demonstrated the role
of calcium in oocyte activation and maturation
(5) and hypothesized that disturbances in calcium
homeostasis may mediate the pathogenesis of
PCOS. In our study, there was a high incidence
of 25(OH)D deficiency in both PCOS and normal
groups. Although the PCOS group had lower lev-
els of calcium and 25(OH)D, the difference was
not considerable. Also, Yildizhan et al. (11) evalu-
ated 100 patients with PCOS and found no correla-
tion between 25(OH)D level and PCOS, but they
suggested a negative correlation between BMI and
25(OH)D levels. In our study, this negative cor-
relation was found only in control group. It may
be due to confounding effects of other factors such
as higher rate of insulin resistance and metabolic
syndrome in PCOS group.

In another study from Hahn et al. (7) who evalu-
ated 120 PCOS patients, there was a significant
negative correlation between 25(OH)D levels and
BMI, but there was no difference in calcium level.
In addition, Asheim et al. (12) studied consecu-
tively 76 PCOS women and 30 healthy ones and
found lower levels of 25(OH)D in morbidly obese
women.

25(0OH)D deficiency has diverse effects in hu-
man bodies. There is evidence that demonstrate a
correlation between 25(OH)D and insulin resist-
ance. Although the mechanisms underlying these
associations are not fully understood (13, 14),
vitamin D has some effects on beta-cell function
and may have a beneficial effect on insulin action
by stimulating the expression of insulin receptors
(8). In a study by Hahn et al. (7), they showed that
25(OH)D was associated with higher BMI values
and body fat. In severely obese patients, Manco et
al. (15) has illustrated that the fat mass is the best
predictor for serum level of 25(OH)D. However,
the mechanisms mediating these finding remain
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unclear.

Despite these facts, in this study, the level of
25(0OH)D did not differ significantly between two
sub-groups (obese and non-obese), in total. It may
be due to high percentage of severe vitamin D
deficiency in our subjects that influenced our out-
comes.

Furthermore, our result imply a negative corre-
lation between metabolic syndrome and 25(OH)D
level which is in agreement with mentioned mech-
anisms of 25(OH)D. According to study of Wehr
et al. (8) which included 205 PCOS women, they
found a strong association between low serum
levels of vitamin D and the metabolic syndrome.
Also, we saw a positive correlation between TG
and 25(OH)D levels in PCOS group (p=0.002). It
may be due to the common nutritional sources, but
this result has not been reported in other articles
and needs more precise studies.

Another study in Iran also shows that 64.9% of
women in Tehran have mild to moderate 25(OH)
D deficiency (11). Also, several studies from the
Middle East have implied high prevalence of vi-
tamin D deficiency in this area (16-19). Possible
explanation for high proportion of vitamin D defi-
ciency is different level of sun exposure as a result
of urban life style or different levels of calcium in-
take. Low-calcium, high-phytate diets, pregnancy,
and winter-related reduced sunlight exposure have
been reported as probable causes (16).

Furthermore, many studies have reported nega-
tive correlation between 25(OH)D level and HO-
MA-IR (8, 11, 20). 25(OH)D is believed to have
some roles in insulin release, expression of insulin
receptors, and suppression of cytokines that are
possible mediators for insulin resistance (21). But
in this study, although the HOMA-IR (as insulin
resistance) was higher in severe deficient group,
the difference was not statistically significant. It
may be due to the small sample size or high per-
centage of deficiency in all groups.

Whereas obesity and insulin resistance aggra-
vate hyperandrogenism (7), there are no signifi-
cant differences in testosterone and DHEAS lev-
els between PCOS and non-PCOS women in our
study. Therefore, the correlation between 25(OH)
D and testosterone levels in our PCOS group is not
reliable. Perhaps this result can be due to the fact
that we didnot measure the sex hormone binding



globulin (SHBG) and free androgen index (FAI) in
this study. Some data revealed a significant corre-
lation between levels of 25(OH)D with SHBG and
FAI (7, 20). The total androgen level is not signifi-
cantly higher in PCOS groups. Some PCOS stud-
ies in Iran have reported 20-40% hyperandrogen-
ism in native population with PCOS (22, 23) and
some other studies from Middle East have found
lower androgen levels than expected (24). But we
need to reevaluate the androgen level of our PCOS
patients in another study with different methods of
measurement.

Besides, in our study, PCOS group showed
higher levels of CRP level and BMI that have been
known as risk factors for cardiovascular disease
(CVD), leading to elevated risk of CVD and/or
stroke in this population. Women with PCOS are
characterized by a prothrombotic state, as reflect-
ed by increased plasminogen activator inhibitor-
1(PAI-1) activity and fibrinogen concentration.
The inflammatory markers such as CRP together
with low heart rate explain high fibrinogen lev-
els in women with PCOS (25). In other studies,
this elevation has been also reported (26, 27). In a
study by Li et al. (20), they reported that 25(OH)D
concentration was negatively correlated with CRP.
However, in this study, we did not find this correla-
tion (e.g. higher level of CRP in sever vitamin D
deficiency group).

There are increasing evidence indicating the role
of vitamin D deficiency as a risk factor for multiple
sclerosis (28), type 1 diabetes (29), CVD (30), and
several malignant tumors (31). So, this pandem-
ic of 25(OH)D deficiency is an alarm for public
health care system and implies an emergent need
to interfere. Consequently, we should try to change
people’s life style and to design practical plans for
food fortification and screening programs. Our
study had some limitations such as relatively small
sample size and no information available with re-
spect to dietary calcium intake.

It seems that there is an emergent need for sup-
plement therapy and screening programs among
our women in reproductive age-PCOS and -non-
PCOS groups. Although we did not find any dif-
ference in 25(OH)D level between two groups in
our study, high prevalence of vitamin D deficiency
may influence these results and a clinical trial with
vitamin D supplement therapy can be the next step
of our study.

25(0OH)D Concentration in PCOS Women

Conclusion

The first aim of the study was to find a relation-
ship between vitamin D deficiency and PCOS,
whereas the final result implicates to not only an
association between vitamin D and metabolic syn-
drome, but also a real peril of pandemic of severe
vitamin D deficiency which is considered as real
threats for women of reproductive age. Although
a direct association between PCOS and vitamin D
was not found, it may need another study after the
correction of vitamin D level.
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Comparison between Unilateral and Bilateral Ovarian
Drilling in Clomiphene Citrate Resistance Polycystic
Ovary Syndrome Patients: A Randomized Clinical
Trial of Efficacy
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Abstract
Background: Laparoscopic ovarian drilling (LOD) is an alternative method to induce
ovulation in polycystic ovary syndrome (PCOS) patients with clomiphene citrate (CC)
resistant instead of gonadotropins. This study aimed to compare the efficacy of unilateral
LOD (ULOD) versus bilateral LOD (BLOD) in CC resistance PCOS patients in terms of
ovulation and pregnancy rates.

Materials and Methods: In a prospective randomized clinical trial study, we included
100 PCOS patients with CC resistance attending to Al-Zahra Hospital in Rasht, Guilan
Province, Iran, from June 2011 to July 2012. Patients were randomly divided into two
ULOD and BLOD groups with equal numbers. The clinical and biochemical responses
on ovulation and pregnancy rates were assessed over a 6-month follow-up period.

Results: Differences in baseline characteristics of patients between two groups prior
to laparoscopy were not significant (p>0.05). There were no significant differences
between the two groups in terms of clinical and biochemical responses, spontane-
ous menstruation (66.1 vs. 71.1%), spontaneous ovulation rate (60 vs. 64.4%), and
pregnancy rate (33.1 vs. 40%) (p>0.05). Following drilling, there was a significant
decrease in mean serum concentrations of luteinizing hormone (LH) (p=0.001) and
testosterone (p=0.001) in both the groups. Mean decrease in serum LH (p=0.322)
and testosterone concentrations (p=0.079) were not statistically significant between
two groups. Mean serum level of follicle stimulating hormone (FSH) did not change
significantly in two groups after LOD (p>0.05).

Conclusion: Based on results of this study, ULOD seems to be equally efficacious as BLOD
in terms of ovulation and pregnancy rates (Registration Number: IRCT138903291306N2).

Keywords: Bilateral, Unilateral, Ovarian Induction, Polycystic Ovary Syndrome
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Introduction

The most common cause of anovulatory infer-
tility is polycystic ovary syndrome (PCOS) (1-4).
Induction of ovulation with clomiphene citrate
(CC) is the first line of treatment in these patients

(1, 5-8). CC resistant is defined as failure to ovu-
late after receiving a maximum dosage of 150 mg
per day for five days beginning on the third day of
menstrual cycle (1, 9) Laparoscopic ovarian drill-
ing (LOD) is an alternative method to induce ovu-
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lation in these patients instead of administration of
gonadotropins (1, 2, 10-14). Despite minimal mor-
bidity associated with this method, LOD has some
benefits. The benefits consist of the elimination of
cycles monitoring, decreasing the risk of ovarian
hyperstimulation syndrome (OHSS), multifetal
pregnancy associated with gonadotropins (2, 14-
21), as well as occurring spontaneous ovulation in
some patients without further treatments (16). Two
disadvantages of LOD are the probability of tubo-
ovarian adhesion (TOA) (12, 22-31) and risk of
premature ovarian failure (POF) (24, 25). Reduc-
ing the potential damage to ovarian surface epi-
thelium (OSE) leads to a significantly decreased
risk for TOA and POF (24, 25). A few studies have
compared unilateral LOD (ULOD) and bilateral
LOD (BLOD) and concluded that ULOD is equal-
ly efficacious as BLOD in inducing ovulation and
achieving pregnancy besides minimizing the risk
of adhesion and POF (24, 25, 32-34). Therefore,

changing the usual method of LOD for both ova-
ries to only one ovary may minimize those risks.
This study was done prospectively to compare the
efficacy of ULOD versus BLOD in CC resistant
patients in terms of ovulation and pregnancy rates.

Materials and Methods

This prospective parallel randomized clinical trial
was conducted in Al-Zahra Hospital in Rasht, Gui-
lan Province, Iran, from June 2011 to July 2012.
Among PCOS women attending the infertility
clinic with CC resistant ovaries, 121 patients with
CC resistance PCOS were initially examined. Be-
fore laparoscopy, five patients had other endocrine
abnormally, four patients had mechanical factors
abnormally such as unilateral or bilateral tubal
blockages in hysteroscopy (HSC), seven patients
had concomitant male infertility, and five patients
refused to participate in the study; therefore, 100 pa-
tients were included in this study (Fig.1).

121 CC resistance PCOS patients

Excluded (n=21)

Not meeting inclusion criteria (n= 16)
Declined to participate (n=5)

100 patients with PCOS with CC resistant ovaries

50 patients underwent BLOD

50 patients underwent BLOD

Two patients with tubal disease during
laparoscopy and three patients with missed
follow-up visit were excluded

Two patients with tubal disease during
laparoscopy and three patients with missed
follow-up visit were excluded

45 patients were included to analysis

45 patients were included to analysis

Fig.1: Flowchart of randomized clinical trial for comparing ULOD versus BLOD in CC resistance PCOS patients.
ULOD; Unilateral laparoscopic ovarian drilling, BLOD; Bilateral laparoscopic ovarian drilling, CC; Clomiphene citrate and PCOS; Polycystic

ovary syndrome.
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Given that few studies have been done in this
field, this study was considered as a pilot study
after considering the attrition coefficient, so an
equal number (n=50) were allocated to each
ULOD (group I) and BLOD (group II) groups.
PCOS patients were diagnosed based on pres-
ence two out of three Rotterdam 2003 criteria,
including: oligomenorrhea and/or anovulation,
hyper androgenism (biochemical or clinical)
and PCOS. We used transvaginal ultrasound to
diagnose PCOS, after ruling out other causes,
like congenital adrenal hyperplasia (CAH),
Cushing syndrome, administration of andro-
gen, and androgen secreting tumor (AST). CC
resistant is defined as failure to ovulate after
receiving a maximum dosage of 150 mg per
day for five days beginning on the third day of
menstrual cycle (1, 9). All patients had normal
hysterosalpingography and their partners had
normal spermiogram using criteria of World
Health Organization (WHO). Also all patients
had normal uterus in ultrasound scan. Normal
uterus was defined as normal size and shape
with regular endometrium without any polyp
or myoma. According to laparoscopic findings,
patients with evidence of tubo-peritoneal dis-
eases, such as tubal obstruction and peritoneal
adhesion to tubes or ovaries and endometriosis
were also excluded. Among 50 patients in group
I undergoing ULOD, two patients were exclud-
ed because of tubal disease diagnosed during
laparoscopy, and three patients were excluded
due to the missed follow-up visit. Among 50
patients in group II, one patient was excluded
because of endometriosis diagnosed during lap-
aroscopy, and 4 patients were excluded due to
the missed follow-up visit. Finally 45 patients in
each group were included for analysis (Fig.1).
The cycles of all patients were oligomenorrhea
or amenorrhea.

This study was approved by the Ethics Com-
mittee of Guilan University of Medical Scienc-
es, Guilan, Iran. All patients provided a written
informed consent before entering the study. A
randomization list was generated using blocked
sample randomization. The permuted block
randomization method was used in order to
give a block size of four. Assignment proceeds
by randomly selecting one of the orderings and

ULOD vs. BLOD in CC Resistant PCOS Women

allocating the next block of subjects to groups
according to the specific sequence. Prior to the
laparoscopic procedure, all the patients were
tagged in the changing room before entering
the operation room by an operating room (OR)
nurse, in a blocked randomization design, and
the surgeon were not aware of the type of the
tag, before entering the operation room.

All 100 PCOS patients with CC resistance
were randomly assigned into ULOD (group 1)
and BLOD (group II) groups. The group I, right
ovary, and group II, both ovaries, underwent
electrocauterization. We chose right ovary in
ULOD because most of the studies have con-
cluded that ovulation occurs more frequently
(about 55% of the time) in the right ovary as
compared with the left one, and oocytes from
the right ovary have a higher potential for preg-
nancy (35). Besides the probability of adhesion
is more in left ovary than right one (31). For all
patients, triple puncture laparoscopy was done
by a gynecologist. After establishing tubal pa-
tency with methylene blue, LOD was performed
using unipolar diathermy needle (Karl Storz,
Germany). The penetration was about in depth
of 8 mm, a setting of 60W, and 5 points per
ovary. Ovaries were cooled by normal saline
immediately after cauterization, and about 300-
500 ml of normal saline was left in pelvic cavity
for prevention of adhesion. In the cases of any
complications during surgery such as anesthetic
problems or injury to organs, the operation was
discontinued and the cases were dropped out of
the study. The variables, including: age, infer-
tility duration, cycle characteristic (oligomen-
orrhea or amenorrhea), body mass index (BMI),
follicle-stimulating hormone (FSH), luteinizing
hormone (LH), and testosterone level on day 3
of spontaneous or induced menstruation, were
assessed before and after laparoscopy.

The day after laparoscopy, the women were
asked to keep their menstrual calendar. If the pa-
tients started a menstrual period within 6 weeks af-
ter LOD, a blood sample for measurement of LH,
FSH and testosterone levels was taken on days 2-3
of menstrual cycle. If spontaneous menstruation
did not occur within 6 weeks, an intramuscular
injection of 100 mg progesterone (Iran hormone,
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Iran) was prescribed. After excluding pregnancy,
on days 2-3 of menstrual cycle, hormonal meas-
urements were done.

Ovulation was assessed on day 21 by measure-
ment of progesterone in patients who had spon-
taneous menstruation. Progesterone level >3 ng/
mL is considered as ovulation. If there was no
ovulation as evidenced by progesterone level or
lack of menstruation, the patients was advised
to use CC with starting dose of 50 mg/day up
to 150 mg/day from days 3-7 that was moni-
tored by ultrasound. Patients were followed-up
until they conceived or 6 mount after LOD. The
clinical, defined as menstrual resumption, spon-
taneous or induced, and biochemical, defined as
FSH, LH and free testosterone levels before and
after surgery, responses on ovulation and preg-
nancy rates were measured. In this study, preg-
nancy was defined as detection of fetal heart on
transvaginal ultrasound.

Statistical analysis

Data were analyzed in IBM SPSS software,
version 11.5. (SPSS, SPSS Inc., Chicago, IL,
USA). We used descriptive and analytic statis-
tics. For numeric variables, data were described
as mean and standard deviation, while for cat-
egorical variables, data were shown as number
and percentage. For statistical analysis, inde-
pendent t test (two-tailed) was used to compare
mean values between two groups, while paired
t test was used to compare mean values of FSH,
LH, and testosterone levels before and after
LOD. Also Fisher’s exact test was used to com-
pare relative proportions of variables between
two groups. Differences were considered sig-
nificant at p<0.05.

Results

Total of 100 patients with PCOS who under-
went LOD were included in this study. These
patients were divided into two groups of ULOD
or BLOD equally. Among 50 patients in group |
undergoing ULOD, two patients were excluded
because of tubal disease diagnosed during lapa-
roscopy, and three patients were excluded due to
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the missed follow-up visit. Among 50 patients
in group II undergoing BLOD, one patient was
excluded because of endometriosis diagnosed
during laparoscopy, and 4 patients were exclud-
ed due to the missed follow-up visit. Finally 45
patients in each group were included for analy-
sis (Fig.1).

The baseline characteristics of the women in
two groups are shown in table 1. There were no
significant differences between patients of two
groups in terms of clinical and endocrinologic
characteristics and cycle history. After LOD, 30
(66.7%) of patient in group I and 32 (71.1%) in
group II had spontaneous menstruation within 6
weeks. But this difference was not statistically
significant (p=0.820). To induce menstrual pe-
riod, an intramuscular injection of 100 mg pro-
gesterone was prescribed for remaining women
(Table 2).

The ovulation rate after the first menstruation
(spontaneous or induced) was assessed with
mid-lutealprogesterone level. Overall 27 (60%)
patients in group I and 29 (64.4%) patients in
group II had spontaneous ovulation. CC was
used by starting dose of 50 mg/day up to 150
mg/day for 5 days from third day of cycle, while
the findings showed that 11 (24.4%) women in
group I and 11 (24.4%) women in group Il ovu-
lated successfully.

There were no significant differences between
two groups in term of spontaneous (p=0.82) or
CC-induced (p=0.70) ovulation (Table 2). Four-
teen women (31.1%) in group I and 18 women
(40%) in group II were pregnant within 6 month
of follow-up visit, but this difference was not
statistically significant. In both groups, after
LOD, means serum levels of LH (p=0.0001)
and testosterone (p=0.001) were decreased sig-
nificantly.

Also there were no significant differences in
means serum levels of LH (p=0.322), testos-
terone (p=0.079) and FSH (p=0.758) between
two groups after drilling (Table 3). Two cases
in group II were aborted after detection of fetal
heart and one case of triplet was seen in group I.
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Table 1: Baseline characteristics of 90 CC-resistant PCOS patients prior to laparoscopy

Screening parameter Group I (n=45) Group II (n=45) P value
Clinical

Mean age (Y) 27.60 £ 4.25 28.02 +£4.27 0.644
Mean of infertility duration (Y) 3.04+2.78 4,11 £2.61 0.064
Mean of menarche (Y) 12.86 £ 1.84 12.64 £1.70 0.649
BMI (%)

>30 35.6% 48.9% 0.286
<30 64.4% 51.1%

Cycle history (%)

Amenorrhea 20% 13.3% 0.573
Oligomenorrhea 80% 86.7%

Endocrinologic: (mean)

LH (IU/L) 11.1£0.6 114+14 0.601
FSH (IU/L) 5.7+1.7 58+25 0.840
Testosterone (pg/ml) 1.7+0.8 1.9+1.3 0.455

CC; Clomiphene citrate, PCOS; Polycystic ovary syndrome, BMI; Body mass index, LH; Luteinizing hormone and FSH; Follicle stimulating
hormone.

Table 2: Clinical response on ovulation and pregnancy rates in 90 CC-resistant PCOS patients after laparoscopy

Group I Group I1 P value
n (%) n (%)
Menstrual resumption
Spontaneous 30 (66.7) 32(71.1) 0.820
Induced 15 (33.3) 13 (28.9)
Ovulation rate
Spontaneous 27 (60) 29 (64.4) 0.828
Induced 11 (24.4) 11 (24.4) 0.715
Pregnancy rate 14 (31.1) 18 (40) 0. 350

CC; Clomiphene citrate and PCOS; Polycystic ovary syndrome.
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Table 3: Comparison among mean serum levels of FSH, LH, and testosterone before and after LOD

Mean serum level Before LOD After LOD P value

FSH (IU/L) Unilateral 5.7+1.7 5.7+2.1 0.940
Bilateral 58+25 6+2.6 0.577

T test p value 0.840 0.758

LH (IU/L) Unilateral 11.1£0.6 6.1+34 <0.001
Bilateral 114+14 7£25 <0.001

T test p value 0.601 0.322

Testosterone (pg/ml) Unilateral 1.7+0.8 1.2+0.75 0.001
Bilateral 1.9+13 1.5+1.7 0.001

T test p value 0.455 0.079

LOD; Laparoscopic ovarian drilling, LH; Luteinizing hormone and FSH; Follicle stimulating hormone.

Discussion

In this study, we have evaluated the effect of ULOD
versus BLOD on the ovulation and pregnancy rates
of 90 CC resistant PCOS patients. We found that
there are no significant differences between groups
in terms of ovulation and pregnancy rates.

PCOS women who are CC resistant can be treat-
ed with gonadotropins, but there are risks of OHSS
and multiple pregnancies in this method. Also gon-
adotropines are expensive and time-consuming
treatment requiring intensive monitoring. Surgical
therapy is an alternative method for ovulation in-
duction in these patients to overcome the disad-
vantages of gonadotropins (1, 2, 9, 14, 36, 37).
Ovarian wedge resection surgery was an accepted
method of ovulation induction over 40 years (38).
However, it was abandoned because of adhesion
formation (39-41). LOD was first described by
Gjonnaess in 1984 (42).

The mechanism of LOD is similar to ovarian
wedge resection surgery. Destruction of androgen-
producing ovarian tissue leads to a decrease in the
peripheral conversion of androgen to estrogen.
Decreased serum levels of androgen and LH and
increased FSH level have been demonstrated af-
ter ovarian drilling (40, 43, 44). A change in en-
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docrine function converts the androgen-dominant
intrafollicular environment to estrogenic one (45).
It affects ovarian-pituitary feedback mechanism
(46), so both local and systemic effects may in-
duce ovulation in these patients. Due to ovulation
and pregnancy success rates, mentioned in various
studies, LOD is an accepted method for ovulation
induction in CC resistant PCOS patients (25).

Two important potential adverse effects of LOD
are peri-ovarian adhesions and reduced ovarian
function (47, 48). The rate of peri-ovarian adhe-
sion is very different in various studies, from 19 to
43%, and with greater damage to the ovaries, the
risk become higher (42, 49-51). Furthermore POF
is another concern of LOD that is dependent on the
number of puncture made (>4-6) (52). Therefore,
the risk of peri-ovarian adhesion and the rate of
POF can be minimized by decreasing the number
of punctures (24, 25).

The idea of ULOD instead of BLOD for mini-
mizing these two side effects was first introduced
by Ballen and Jacobs (53). They showed that
ULOD can result in bilateral ovarian activity due
to local cascade of growth factors, such as insulin-
like growth factor-1 (IGF-1), which interacts with
FSH, leading to a decrease in the serum LH con-
centration (53, 54).



Nowadays BLOD is a standard method of LOD.
Few studies compared ULOD and BLOD and con-
cluded that ULOD is as effective as BLOD and
minimizes the risk of adhesion and POF (24, 25,
31-34, 54, 55).

In this study, after performing LOD, we found
significant decreases in serum levels of LH and tes-
tosterone in both groups that were similar in both
groups. Also there were no significant differences
between groups in terms of ovulation and pregnancy
rates. Youssef and Atallah (25) in 2007 evaluated 87
patients with ovulation failure as a result of PCOS
who were randomly allocated into ULOD (n=43)
and BLOD (n=44). In patients who ovulated after
drilling, there was a significant fall in serum LH con-
centration, while ovulation, pregnancy and miscar-
riage rates were similar between both groups. Roy et
al. (24) in 2009 evaluated the effect of ULOD versus
BLOD in 22 patients. The clinical and biochemical
responses on ovulation and pregnancy rates over a
1-year follow-up period were compared. They also
evaluated tubo-ovarian adhesion rate during cesarean
section or a second-look laparoscopy. They found no
significant differences between two groups in terms
of clinical and biochemical responses, ovulation and
pregnancy rates, and tubo-ovarian adhesions. They
concluded that ULOD may be a suitable option in
CC resistant infertile patients of PCOS which can re-
place BLOD with the potential advantage of decreas-
ing the chance of adhesion formation. Abdelhafeez
etal. (55) in 2013 reported that ULOD is as effective
as BLOD in terms of restoration of regular menstrual
pattern and ovulation rate. Sunj et al. (31) in 2013
represented that the results of applied method can be
improved when using less thermal energy in volume-
adjusted ULOD in comparing to BLOD.

Conclusion

Based on the results of this study, ULOD seems
to be equally efficacious as BLOD in terms of ovu-
lation and pregnancy rates.
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Abstract
Background: There are still many questions about the ideal protocol for letrozole (LTZ)
as the commonest aromatase inhibitor (Al) used in ovulation induction. The aim of this
study is to compare the ultrasonographic and hormonal characteristics of two different
initiation times of LTZ in clomiphene citrate (CC) failure patients and to study androgen
dynamics during the cycle.

Materials and Methods: This randomized clinical trial was done from March to No-
vember 2010 at the Mashhad IVF Center, a university based IVF center. Seventy infertile
polycystic ovarian syndrome (PCOS) patients who were refractory to at least 3 CC treat-
ment cycles were randomly divided into two groups. Group A (n=35) receiving 5 mg
LTZ on cycle days 3-7 (CD3), and group B (n=35) receiving the same amount on cycle
days 5-9 (CDS5). Hormonal profile and ultrasonographic scanning were done on cycle
day 3 and three days after completion of LTZ treatment (cycle day 10 or 12). Afterward,
5,000-10,000 TU human chorionic gonadotropin (hCG) was injected if at least one fol-
licle >18 mm was seen in ultrasonographic scanning. Intrauterine insemination (IUTI) has
been done 36-40 hours later. The cycle characteristics, the ovulation and pregnancy rate
were compared between two groups. The statistical analysis was done using Fisher’s
exact test, t test, logistic regression, and Mann-Whitney U test.

Results: There were no significant differences between two groups considering pa-
tient characteristics. The ovulation rate (48.6 vs. 32.4% in group A and B, respec-
tively), the endometrial thickness, the number of mature follicles, and length of
follicular phase were not significantly different between the two groups.

Conclusion: LTZ is an effective treatment in CC failure PCOS patients. There are no
significant differences regarding ovulation and pregnancy rates between two differ-
ent protocols of LTZ starting on days 3 and 5 of menstrual cycle (Registration Number:
IRCT201307096467N3).
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Introduction

Clomiphene citrate (CC) is known as one of the
oldest drugs that has remained the standard choice
for ovulation induction (1). CC has been an appro-
priate, non-expensive, and highly effective agent

for inducing ovulation since 1963 (2). However,
it certainly has not been successful in all patients;
about 15-20% of women do not ovulate on CC,
labeled as CC-resistant group (3). There are also
other problems reported about CC, such as the an-
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ti-estrogenic mucosal and endometrial changes (2)
that lead to higher rate of abortion and miscarriage
in ovulatory women (3, 4).

Letrozole (LTZ), the prominent drug in the aro-
matase inhibitor (Al) family, has been introduced
as a new choice for ovulation induction in the past
decade, especially in polycystic ovarian syndrome
(PCOS) patients who have failed to respond to CC.
LTZ also seems to be very efficient in pregnancy
rates, equivalent to injectable gonadotropins, at
lower cost and with fewer adverse effects (5).

Furthermore, there are extra advantages for
LTZ-therapy in comparison to CC, including:
normal negative feedback mechanism for fol-
licle-stimulating hormone (FSH) in the brain,
more mono-follicular cycles, no negative anti-
estrogenic effects on the endometrial and cer-
vical mucus, lower risk of ovarian hyperstimu-
lation syndrome (OHSS), and lesser need for
cycle monitoring (6).

By reviewing the literature, we found 2000 arti-
cles published related to CC since 1963, whereas,
there is only about 200 articles published related to
LTZ since 2000 (7).

Since LTZ is a new agent in the era of ovula-
tion induction, there are several questions regard-
ing the best protocol for administering. The usual
doses for LTZ are mentioned as 2.5 and 5 mg.
Doses higher than 5 mg per day for 5 days may
result in persistence of aromatase inhibition that
is followed by low estrogen level for normal en-
dometrial development by the time of ovulation.
Some researchers have suggested different LTZ
protocols as follows: single dose of 20 mg given
on cycle day 3, extended dose for up to 7-10 days,
and step-up protocol including an escalating dose
of 2.5 mg on day 3 along with 10 mg on day 6. The
suggested starting day of LTZ administration is on
cycle days 3-7 (6).

Hormonal profile of LTZ cycles in infertility lit-
erature is a nowadays matter of challenge. It has
been shown that LTZ can induce a marked de-
crease in plasma concentrations of estradiol (E,)
and estrone, with approximately no effect on other
steroidal hormones. No accumulation of andro-
gens, androgen precursors, luteinizing hormone
(LH), FSH, thyroid-stimulating hormone (TSH) or
renin was reported in pharmacodynamics studies
of LTZ (4, 8).
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On the other hand, Garcia-Velasco et al. (9) in
2005 found significantly elevated follicular fluid
levels of testosterone and androstenedione with
LTZ therapy during ovarian stimulation for in vitro
fertilization (IVF). Another study has reported sig-
nificant higher LH, testosterone, androstenedione,
and postovulatory progesterone (P) levels in LTZ
treated patients compared to natural cycles (10).
Also, in another research, some minor changes
have been found in follicular phase hormonal pro-
files (P, LH, and E,) compared to natural cycles

(11).

It seems that there are many unknown aspects of
using aromatase inhibitors for ovulation induction.
Thus, it is reasonable to do more studies. The aims
of our study were to evaluate the cycle character-
istics, including: follicular phase length, endome-
trial thickness, monofollicular response, and preg-
nancy rate, of LTZ in CC failure PCOS patients in
order to compare fixed dose of LTZ between cycle
days 3 and 5 and to evaluate the hormonal changes
during these two protocols.

Materials and Methods

Based on Rotterdam criteria, 70 PCOS patients
were enrolled in this randomized clinical trial. A
written informed consent was taken from all wom-
en participating in this study. The diagnosis of
PCOS was made when two of the following three
criteria existed: oligomenorrhea or amenorrhea,
clinical hyperandrogenism, and polycystic ovaries
on ultrasonography. The inclusion criteria were as
follows: i. Previous diagnosis of PCOS according
to Rotterdam criteria, ii. Age between 20-30 years,
iii. No previous history of ovarian surgery and iv.
lack of ovulation with CC in at least 3 previous cy-
cles (lack of follicle >18 mm on ultrasound scan).
The exclusion criteria were as follows: i. No other
infertility factors, ii. Exposure to cytotoxic drugs
and iii. Pelvic radiation therapy. The study was
performed from March to November 2010 at the
Mashhad IVF center, a university based infertility
center.

The patient’s age, her partner’s age, duration of
infertility, type of infertility (primary and second-
ary), history of previous intrauterine insemination
(IUT) cycles, pattern of ovary (PCO and non-PCO),
pattern of menstruation (regular, oligo-menorrhea
and amenorrhea), body mass index (BMI) and ba-
sal LH/FSH ratio were recorded for each patient.
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The patients were randomly assigned into days 3-7 (CD3), and group B (n=35) receiv-
two groups: Group A (n=35) receiving 5 mg ing the same amount on cycle days 5-9 (CD5)
LTZ (Letrofem; Iran Hormone, Iran) on cycle (Fig.1).

70 PCOS infertile patients CC failure
with no other infertility factor

US-scanning and blood sampling, E,,
testostrone, and androstendione
concentrations, on cycle day 3

Randomly assigned

LTZ 5 mg started on cycle day 3 (n=35) LTZ 5 mg started on cycle day 5 (n=35)
One patients
discontinued Rx

US scanning and blood test on US scanning and blood test on
cycle day 10 cycle day 12

At least one follicle 218mm after
5000 IU hCG, IUI 36 hours later

Fig.1: PCOS; Polycystic ovary syndrome, CC; Clomiphene citrate, E
IUI; Intrauterine insemination.

,» Estradiol, LTZ; Letrozole, hCG; Human chorionic gonadotropin and
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Both groups underwent a vaginal ultrasono-
graphic (US) scan (probe 7.5 MHz; Ultrasonix,
USA) and a blood analysis just before the first dose
of LTZ and three days after the last dose of LTZ
therapy. US scanning were continued if indicated.

By observing at least one follicle >18 mm,
the patient was considered ovulatory and 5,000
-10,000 IU human chorionic gonadotropin (hCG)
was injected followed by a single IUI 36-40 hours
later. Pregnancy was documented by observing fe-
tal pole 2 weeks after missed period.

The number of follicles >18 mm and the endo-
metrial thickness were measured on US scanning.
The length of follicular phase and the hormonal
levels of LH, E, testosterone, and androstendione
were registered for all the patients before and three
days after completion of LTZ.

We used t test, chi-square, Fisher’s exact test,
and Mann-Whitney U test by SPSS (SPSS Inc.,
Chicago, IL, USA) version 12.0 for statistical
analysis. A p value less than 0.05 was considered
significant. A comparison was done between de-
mographic characteristics in ovulatory (n=28) and
anovulatory patients (n=41). Follicle numbers,
endometrial thickness, follicular phase length and
pregnancy rate were compared between CD3 and
CD5 patients. The hormonal levels were com-
pared between two groups before and after receiv-
ing LTZ. The hormonal levels were compared in
ovulatory and anovulatory patients before and af-
ter treatment. This study was approved by Ethical
Committee of Mashhad University of Medical Sci-
ences.

Results

The total number of recruited PCOS patient in
this study was 70 (n=35/each group). There was
no significant difference between two therapeu-
tic groups considering patient’s characteristics,
like: age, duration of infertility, pattern of ova-
ry, BMI, and basal LH/ FSH ratio (Table 1).

The ovulation rate (presence of at least 1 folli-
cle >18 mm during ovarian stimulation) in CD3
and CDS5 groups were 48.6% (17/35) versus 32.4%
(11/35), respectively, whereas the difference was
not statistically significant (p=0.17).

The age, duration of infertility, pattern of ovary,
BMI, and basal LH/FSH ratio were not statistically
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significant difference between ovulatory and ano-
vulatory patients (Table 2).

By comparing the basal androgen level, we
found that the patients with a successful ovulation
as compared to anovulatory patients had a signifi-
cant lower androstenedione (94.76 + 59.42 vs.
181.95 + 239.58 ng/dl, p=0.02) and testosterone
(33.76 £ 13.26 vs. 42.10 + 18.90 ng/dl, p=0.02)
levels before treatment (Table 3).

The E, concentration was similar between
ovulatory and anovulatory patients before the
treatment (56.66 + 29.02 vs. 65.54 + 26.93 pg/
ml, respectively, p=0.32), but it was significant-
ly higher in ovulatory patients after treatment
(118.35 £ 72.89 vs. 56.18 £ 46.13 pg/ml respec-

tively, p=0.01, Table 3).

There was no significant difference between two
therapeutic protocols regarding the cycle charac-
teristics. Thus, follicular phase length (14.1 + 3.8
in CD3 and 14.7 £ 1 days in CD5 patients), en-
dometrial thickness (8.0 £ 1.16 mm in CD3 and
7.8 £ 1.3 mm in CD5 patients) and mono-follicular
response (76% in CD3 and 82% in CDS5 patients)
were similar between groups (p>0.05, Table 4).

Between two groups, testosterone significantly
increased during the treatment (36.55 £ 34.55 ng/dl
for CD3 and 24.71 + 28.20 ng/dl for CD5, p<0.01
for both). Although this increase was higher in
CD3 patients, there is no statistically significant
difference between two groups (p=0.15, Table 5).

Androstenedione was also increased during
treatment course (75.72 = 151.92 ng/ml for CD3
and 119.50 £ 116.27 ng/dl for CDS5, p=0.01 for
both). Although this increase was higher in CD5
patients, there is no statistically significant differ-
ence between two groups (p=0.21, Table 5).

The E, pattern was different between the groups.
Although there was a significant increase in the
CD3 patients, (the change from baseline=31.24 +
75.05 pg/ml, p=0.03), there was a decrease among
the CDS5 (the change from baseline=-8.96 + 42.64
pg/ml, p=0.24). So, E, changes in two protocols
showed statistically significant difference (p=0.01,
Table 5).

The positive clinical pregnancy outcome was
also higher in CD3 patients (12.1% in CD3 versus
9.4% in CDS5 patients), but the difference was not
statistically significant (p~1, Table 6).
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Table 1: Basic and demographic characteristics in study groups

Variable Treatment group P value
CD3 CD5

Age (Y) 253+ 44 25.6+3.5 0.777

BMI (kg/m?) 27.0+3.8 26.4+4.81 0.674

Types of infertility Primary 31 (91.2%) 34 (97.1%) 0.356
Secondary 3 (8.8%) 1(2.9%)

Pattern of ovary PCOS 24 (68.6%) 23 (65.7%) 1
non-PCOS 11 (31.4%) 12 (34.3%)

Familial history of PCOS Yes 1 (2.9%) 3 (8.6%) 0.614
No 34 (97.1%) 32 (91.4%)

LH /FSH (mIU/ml) 1.35+2.43 1.94 £ 191 0.082

TSH (pu/ml) 2.95+3.03 3.29+4.17 0.376*

PRL (ng/ml) 24.5+41.38 29.2 +65.43 0.672°

The number of previous treatment cycles 1.09 £ 0.39 1.25+0.52 0.096°

CD3; Cycle day 3, CD5; Cycle day 5, BMI; Body mass index, PCOS; Polycystic ovary syndrome, LH; Luteinizing hormone, FSH; Follicle-
stimulating hormone, TSH; Thyroid-stimulating hormone, PRL; Prolactin and 2, Mann-Whitney U test results.

Table 2: Basic and demographic characteristics in ovulatory and non-ovulatory patients

Variable Treatment group P value
Ovulatoty Anovulatory
N=28 N=41
Age (Y) 2540+3.4 23.75+0.54 0.971
BMI (kg/m?) 26.51+4.61 26.76 + 4.34 0.870
Types of infertility Primary 28 (100%) 37 (90.5%) 0.303
Secondary 0 (0%) 4 (9.5%)
PCO pattern in ovary by ultrasonography PCOS 20 (71.0%) 32 (78.0%) 0.600
non-PCOS 8 (29.0%) 9 (22.0%)
Familial history of PCOS Yes 1 (4.0%) 2 (5.0%) 0.303
No 27 (96.0%) 39 (95.0%)
LH (mIU/ml) 10.17+£7.37 10.30 + 6.49 0.942
FSH (mIU/ml) 7.18£3.62 6.28 £2.73 0.267
Menstrual pattern(n) Oligo-menorrhea 25 (90.5%) 28 (72.3%) 0.096
Amenorrhea 3 (9.5%) 13 (27.7%)

BMI; Body mass index, PCOS; Polycystic ovary syndrome, LH; Luteinizing hormone and FSH; Follicle-stimulating hormone.
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Table 3: Comparison of follicular phase testosterone, androstendione, and estradiol dynamics in CD3 and CD5 patients, before and

after treatment

Hormone Blood sample Ovulatory Anovulatory P value
Testosterone (ng/dl) Before treatment 33.76 + 13.26 42.10 £ 18.90 0.02

After treatment 63.41 +30.22 69.29 +37.15 0.52
Androstendione (ng/dl) Before treatment 94.76 + 59.42 181.95 +239.58 0.02

After treatment 176.35+90.92 289.159 £207.78 0.00
Estradiol (pg/ml) Before treatment 56.66 +29.02 65.54 +26.93 0.32

After treatment 118.35 +72.89 56.18 +£46.13 0.01

CD3; Cycle day 3 and CD5; Cycle day 5.
Table 4: Comparison of some cycle parameters in CD3 and CD5 patients

Cycle characteristics CD3 CDS P value
Follicular phase length (day) 14.1+3.8 147+1 0.093
Endometrial thickness (mm) 8.0£1.16 7.8+1.3 0.721
Monofollicular response 13 (76%) 9 (82%) 0.322

(among ovulatory patients)

CD3; Cycle day 3 and CD5; Cycle day 5.

Table 5: Comparison of follicular phase testosterone, androstendione, and estradiol dynamics in CD3 and CD5 patients

Type of hormone Group  Before treatment After treatment Difference P value

Testosterone (ng/dl) CD3 36.00 + 15.49 72.55 +35.94 36.55 +34.55 0.147
CD5 43.87£24.10 68.59 +39.88 24.71 £28.20

Androstendione (ng/dl) CD3 153.24 £ 176.29 228.96 £ 116.63 75.72 +151.92 0.209
CD5 169.78 +244.52 289.28 +232.78 119.50 +116.27

Estradiol (pg/ml) CD3 64.00 +29.36 95.24 +76.94 31.24 +75.05 0.012
CD5 64.03 +£25.55 55.06 +31.96 -8.96 + 42.64

CD3; Cycle day 3 and CD5; Cycle day 5.
P values were calculated for the differences in hormonal values between CD3 and CD5.
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Table 6: Comparison of cycle outcome in CD3 and CD5 groups

CD3 CD5S P value
Ovulation rate (at least one follicle more than 18 mm)  Positive 17 (48.6%) 11 (32.4%) 0.174
Clinical pregnancy Positive 4 (12.1%) 3 (9.4%) 1

CD3; Cycle day 3 and CD5; Cycle day 5.

Discussion

In two different protocols of LTZ starting on
cycle days 3 and 5, there were no significant
differences in follicular phase length, endome-
trial thickness, monofollicular response, and
pregnancy rate.

Als were originally developed for the treat-
ment of advanced breast cancer (12); however,
it has been also introduced as reproductive med-
icine by Mitwally and Casper (7). They showed
that LTZ was effective in inducing ovulation in
women with PCOS. LTZ is rapidly and com-
pletely absorbed from gastrointestinal (GI) tract
with absolute bioavailability of 99.9%. The ter-
minal elimination half-life in plasma is about 2
days and the maximal suppression of estrogen
concentration is achieved in 48-78 hours after
single oral dose administration.

Since only a decade has passed since the in-
troduction of LTZ in the field of ovarian stim-
ulation, there is still debate about the optimal
protocol to use. The dosage of LTZ, therefore,
differs between studies. The majority of re-
searchers have used 2.5-5.0 mg LTZ daily based
on the dosage used for the treatment of patients
with breast cancer (12). In one study, the ef-
fect of a single dose of 20 mg LTZ on cycle day
3 was compared to 2.5 mg on cycle days 3-7,
which was not significantly different in preg-
nancy rate (13). In another study, 7.5 mg LTZ
for 5 days was compared to 150 mg CC that was
proved to be more efficacious in terms of ovula-
tion and pregnancy rates (14).

The duration of stimulation in most studies was

similar to CC, namely 5 days in the early follicular
phase, although longer stimulation for 10 days has
been also tested (15).

To induce ovulation, FSH is necessary in the
early phase of the cycle to recruit and to select
follicles. In ovulation cycles by gonadotropins,
the earlier time for FSH administration is started
during the cycles (prior to the selection phase) and
more follicles are then recruited (11).

CC is usually administered on day 5 of men-
struation. This is based on the theory that on
cycle day 5, a physiologic decrease in FSH con-
centration provides the means for selection of
the dominant follicle. Initiation of the drug on
cycle day 2 induces earlier ovulation which is
analogous to the physiologic events of the nor-
mal menstrual cycle. In one study, ovulation and
conception rates and pregnancy outcome were
similar when CC treatment started anywhere
between cycle days 2 and 5 (16). In another
study, CC was started on cycle days 3, 4, 5, or
7 in IVF cycles. The researchers concluded that
protocol of cycle day 5 had more oocytes recov-
ered, fertilized and transferred (17). In another
study, CC commenced on day 1 of the menstru-
al cycle rather than day 5 resulted in more rapid
follicular growth and higher pregnancy rate in
IUI cycles (18). Treatment with CC was asso-
ciated with higher rate of pregnancy if started
early (days 1 through 5 than 5 through 9) in the
menstrual cycle in the study by Dehbashi et al.

(19).

Based on experiences on CC, the starting day
for LTZ in most studies has been found on day 3
of spontaneous or induced menstruation. In one
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study, 5 mg LTZ administered on cycle days
1-10 showed higher pregnancy rate compared
to same amount administered from cycle days
1-5 (1). In another study, they compared the ef-
fect of 2.5 mg LTZ administered on cycle days
2-6 to placebo and their findings showed 33.3%
ovulation rate compared to 0.00% for the pla-
cebo (20).

In our study, we compared the cycle charac-
teristics for two different starting days including
cycle days 5 and 3 in CC resistant PCOS patients
who developed no dominant follicle during their
previous cycles with CC, examined by ultrasound
scanning. Our findings did not show significant
difference in ovulation rate between CD3 and CD5
groups. The overall ovulation rate was 40.6%. The
monofollicular response showed no significant dif-
ferences between two groups. In different stud-
ies, this rate has been reported between 33.3%
(20) to 84.4% (21).

In our study, the endometrial thickness was
not significantly different between CD3 and
CD5 groups. The overall endometrial thickness
in both groups was 7.9 mm compared to 11.2
mm in a study by Bedaiwy et al. (11) and 7.1
mm in a study by Al-Fozan et al. (14).

There was 4 (12.1%) clinical pregnancies in
CD3 group and 3 (9.4%) in CD5 group. The total
pregnancy rate was 10.8%. The pregnancy rate in
cycles of LTZ treatment in literature is 5.6% (20)
to 40.6% 9 (22).

In our research, we studied the hormonal dynam-
ics as well. In both groups, testosterone and an-
drostenedione concentrations were increased from
baseline three days after termination of LTZ treat-
ment. The change from baseline was 30.5 ng/dl for
testosterone and 98.7 ng/dl for androstenedione. It
could be realized that the patients with lower se-
rum androgens level would get more benefit from
LTZ treatment.

Serum E, concentration was increased from
baseline for 31.2 pg/ml in CD3 group and de-
creased for 8.96 pg/ml in CD5 group. This dif-
ference should be related to E, secretion from
the ovum.

Reviewing the pharmacokinetic studies of
LTZ, there was no effect on plasma concentra-
tion of testosterone and androstenedione after
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single doses of 0.1-5 mg (8). On the other hand,
Garcia-Velasco et al. (9) have shown a signifi-
cant increase in intrafollicular androgen levels
in IVF cycles treated by LTZ. Cortinez et al.
(10) have also shown an increase in serum an-
drogen level and a decrease in E, levels on the
last day of LTZ treatment compared to natural
cycle.

In our study, the androgen levels were in-
creased significantly 3 days after termination of
LTZ, days 10 and 12 for CD3 and CDS5 groups,
respectively. The follicular phase length was
shown in both groups for about 14 days, and
high androgen level at the time of conception
was also considered.

PCOS patients experience a higher incidence
of miscarriage, preterm delivery and low birth
weight infants (23) that has been attributed to
hyperandrogenic state of this syndrome, indi-
cated by many authors (24-26). The other ef-
fect of hyperandrogenism in PCOS pregnant
patients at the early embryonic stage has been
proposed as a developmental etiology for PCOS
in female fetus (27).

Therefore, it seems logical that an increase in
androgen level after receiving LTZ in hyperan-
drogenic PCOS patients at the time of conception
should become a major concern.

Although we have not measured free androgen
index (FAI) in our patients, but our finding showed
that anovulatory patients in both groups had signif-
icantly higher basal androgen levels and this was
in accordance with Imani et al. (28), in which they
proved FAI as an important predictor of ovulation
in CC protocol.

Conclusion

LTZ is an alternative treatment in PCOS pa-
tients. Two different protocols of LTZ starting
on cycle days 3 and 5 showed no significant dif-
ferences in follicular phase length, endometrial
thickness, monofollicular response, and preg-
nancy rate. Androgen levels were significantly
increased after treatment. Lower basal andro-
gen levels showed significantly better result.
More studies are needed to evaluate different
initiation day, length, and dose for LTZ admin-
istration.
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Abstract
Background: Anti-Miillerian hormone (AMH) is secreted by the granulosa cells of
growing follicles during the primary to large antral follicle stages. Abnormal levels of
AMH and follicle stimulating hormone (FSH) may indicate a woman’s diminished abil-
ity or inability to conceive. Our aim is to investigate the changes in serum AMH and FSH
concentrations at different age groups and its correlation with ovarian reserves in infertile
women.

Materials and Methods: This cross-sectional study analyzed serum AMH and FSH lev-
els from 197 infertile women and 176 healthy controls, whose mean ages were 19-47
years. Sample collection was performed by random sampling and analyzed with SPSS
version 16 software.

Results: There were significantly lower mean serum AMH levels among infertile
women compared to the control group. The mean AMH serum levels from different
ages of infertile and control group (fertile women) decreased with increasing age.
However, this reduction was greater in the infertile group. The mean FSH serum lev-
els of infertile women were significantly higher than the control group. Mean serum
FSH levels consistently increased with increasing age in infertile women; however
mean luteinizing hormone (LH) levels were not consistent.

Conclusion: We have observed increased FSH levels and decreased AMH levels with
increasing age in women from 19 to 47 years of age. Assessments of AMH and FSH levels
in combination with female age can help in predicting ovarian reserve in infertile women.

Keywords: Anti-Miillerian Hormone, Follicle Stimulating Hormone, Infertility,
Women, Age
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Introduction

One of the main causes for infertility is decreased
ovarian reserve. Ovarian reserve is the number of
good quality oocytes that remain within the ovaries.
As a woman’s age increases, her ovarian reserves
decline (1-5). This decline may also result from au-
toimmune, genetic and iatrogenic conditions (6). In

addition, autoimmune endocrinopathies, radiation
therapy, or pelvic surgery may lead to decreased
ovarian reserve (7-9). There are different tests to
diagnose reductions in ovarian reserve such as el-
evated serum follicle stimulating hormone (FSH)
levels on days 2 or 3 of the menstrual cycle FSH
is mostly used in routine laboratories), low ovar-
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ian volume, an antral follicle count of <5 per ovary,
low inhibin B levels, and <5 oocytes retrieved during
an assisted reproductive technology (ART) cycle. A
new test for the assessment of decreased ovarian re-
serve analyzes anti-Miillerian hormone (AMH) levels
(10-14). AMH, a member of the transforming growth
factor superfamily, is secreted in the human ovary by
granulosa cells of primary growing follicles until the
early antral stage (15-19). In females AMH regulates
the growth of primary follicles by inhibiting further
recruitment of other follicles during folliculogenesis
(20). Serum AMH levels decline with increasing age
in women and the levels are undetectable after meno-
pause (21). Serum levels of AMH decrease prior to
any increase in baseline FSH. FSH mostly indicates
follicular maturation during the previous two weeks
when gonadotropin follicles become sensitive. How-
ever AMH levels indicate pre-antral follicles to the
post-primary pool that pass through stages before fol-
liculogenesis (22-24).

Few studies have assessed the levels of FSH and
AMH at various ages in infertile women, therefore
our aim was to investigate the changes in serum con-
centrations of AMH and FSH at different ages and its
correlation with ovarian reserves in infertile women.

Materials and Methods

This cross-sectional study was performed at the
Research Center of Infertility, Shahid Sadoughi Uni-
versity, Yazd, Iran between May 2010 and September
2012. We assessed serum AMH and FSH levels on
days 2 or 3 of the menstrual cycles of 197 infertile
women with problem decreasing ovarian reserve
and 176 healthy controls, without decreasing ovarian
reserve and age 19-47 years, who were admitted to
infertility clinic to investigate infertility. Inclusion cri-
teria were: no history of gynecological surgical proce-
dures, presence of a regular menstrual cycle, no signs
of hyper-androgenemia, and normal sonographic
appearance of the ovaries. Infertile women were ex-
cluded if they were using fertility drugs or had any
autoimmune, genetic, or iatrogenic conditions, auto-
immune endocrinopathies, radiation therapy or pelvic
surgery, or polycystic ovary syndrome as these factors
have been shown to alter serum AMH levels (6-10).

Patients were stratified into the following age cat-
egories: <25, 25-29.9, 30-34.9, 35-39.9, 40-45 and
>45 years. Ethical approval for the study was received
from the Women’s and Medical Ethics Committee.
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This approval allowed for measurement of serum
AMH levels in stored routine clinical samples without
the need for the patient’s written permission in order
to produce an age-related normal range data for AMH
levels. All 197 patients and 176 healthy controls were
asked to provide their consent in order to link their
AMH results with IVF outcome.

Serum AMH levels were assessed in serum by
the enzyme linked immunosorbent assay (ELISA)
method (Beckman Coulter, USA). The sensitivity of
the assay is 0.08 ng/ml with a reference range of 12.6
ng/ml. Inter- and intra-assay coefficients of variation
(CV) are <7.7% and <5.8%, respectively. Luteinizing
hormone (LH) and FSH levels were assessed in se-
rum by the electrochemiluminescent immunoassay
(ECLIA) method (Cobas, England). The assay sen-
sitivity for FSH is <0.1 mIU/ml with inter- and intra-
assay CVs of <7.7% and <5.8%, respectively. Sam-
ple collection was performed by random sampling at
days 3-5 of a spontaneous menstrual cycle. The serum
was separated one hour after sampling and frozen at
-20°C until assayed.

Data analysis

The data were presented as mean + standard de-
viation as calculated in each group by SPSS soft-
ware version 16 (SPSS Inc., Chicago, IL, USA).
The student’s t test was used to assess differences
between mean values of AMH, FSH and LH in the
infertility and control groups with a confidence
level of 95% and p value <0.05.

Results

Table 1 shows the mean AMH, FSH and LH levels
according to the six age categories. Overall there was
a significantly lower mean AMH serum level in in-
fertile women compared to the control group (Fig.1,
p=0.002). Although the mean serum AMH Ilevels
consistently decreased with increasing age in both the
infertile and control groups, the reduction seen in the
infertile group was more (Fig.2, p<0.05). Overall, the
mean FSH serum level in infertile women was signifi-
cantly higher than the control group (Fig.1, p=0.03).
Mean serum FSH levels consistently increased with
increasing age in both the infertile and control groups.
However, this increase was higher in the infertile
group (Fig.3, p<0.05). The mean LH serum level in
infertile women was higher than the control group
(Fig.1, p=0.32). The mean LH serum level in both
groups with increasing age was not consistent (Fig.4).
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Table 1: Changes in anti-Mullerian hormone (AMH), follicle stimulating hormone (FSH) and luteinizing hormone (LH) serum
concentrations for different ages of women in the infertile and control groups

Age (Y) Infertile Fertile P value
Mean + SD Mean + SD
n=197 n=176
BMI (kg/m?) 27+2 27+6
19-47 Total sample AMH (ng/ml) 0.32+0.2 1.85+0.19 0.002
FSH (mIU/ml) 21.36 £4.28 9.79 £4.38 0.03
LH (mIU/ml) 11.68 +2.05 8.66£2.16 0.32
n=17 n=15
BMI (kg/m?) 28+ 3 27+5
<25 AMH (ng/ml) 0.55+0.16 2.04+0.21 0.000
FSH (mIU/ml) 17.27 +£2.36 5.02+4.39 0.002
LH (mIU/ml) 9.2+1.25 5.54+£1.23 0.2
n=29 n=27
BMI (kg/m?) 26+2 27+ 4
25-29.9 AMH (ng/ml) 0.39+0.23 2.06 +0.24 0.001
FSH (mIU/ml) 20.41 +4.49 6.7+3.35 0.04
LH (mIU/ml) 12.32 +2.54 8.98 +1.35 0.27
n=38 n=32
BMI (kg/m?) 28+ 1 26+7
30-34.9 AMH (ng/ml) 0.41+0.21 1.91+0.17 0.000
FSH (mIU/ml) 29.3+3.24 13.21+5.26 0.02
LH (mIU/ml) 14.76 + 1.81 9.39+2.49 0.35
n=22 n=57
BMI (kg/m?) 27+5 28 +1
35-39.9 AMH (ng/ml) 0.34+0.18 1.78 £0.21 0.000
FSH (mIU/ml) 2748 +5.62 7.02 +1.66 0.004
LH (mIU/ml) 12.38£2.53 6.89 +£3.39 0.55
n=61 n=31
BMI (kg/m?) 28+ 6 26+3
40-44.9 AMH (ng/ml) 0.29+0.25 1.72+0.26 0.032
FSH (mIU/ml) 29.32 £3.59 13.23+6.34 0.023
LH (mIU/ml) 7.224+23 6.32+2.12 0.34
n=30 n=14
BMI (kg/m?) 27+2 28 +4
>45 AMH (ng/ml) 0.25+0.22 1.35+0.14 0.012
FSH (mIU/ml) 32.54+6.42 17+£532 0.043
LH (mIU/ml) 10.61 +1.87 834+243 0.21

BMI; Body mass index.
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Discussion

In this study infertile women had higher FSH
levels and lower AMH levels than fertile women.
The range of AMH observed in infertile women
was <1 whereas in the control group it was approx-
imately 1 to 3. Mean serum AMH levels steadily
decreased with increasing age in the age range of
19 to 47 years. In addition, mean FSH level ap-
proximately increased with increasing age in this
range (19 to 47 years) and was attributed to re-
duced ovarian reserve. Since AMH are produced
by preantral and antral follicles (15-18, 24, 25),
hence with increasing age, levels of pre-antral fol-
licles decrease, causing a reduction in the amount
of AMH. Thus, lower levels of AMH and higher
FSH show declining ovarian reserve. Increased
levels of FSH and decreased AMH can be con-
sidered as a marker for reduced fertility potential.
This fluctuation on the third day FSH levels makes
it difficult to predict ovarian reserve. Hence, the
most appropriate factor for the assessment of ovar-
ian reserve is an evaluation of AMH levels, which
are independent of the cycle.

We observed good correlation between serum
AMH and FSH levels with ovarian reserve. These
results supported those of previous studies in terms
of the connections between low AMH serum levels
and poor ovarian response (26, 27). Several stud-
ies examined decreased AMH with age. Seifer et
al. (25) reported that mean AMH levels decreased
steadily with increasing age, in the range from 24
to 50 years, which was similar to the results of the
current study.



La Marca et al. (28), in a study on 277 healthy
women (aged 18-50 years) reported that serum
AMH levels progressively declined with increas-
ing age. Mulders et al. evaluated serum AMH lev-
els in 98 infertile and 48 healthy control women.
They reported that serum AMH levels decreased
over time in both infertile and healthy control
women, which was similar to the results of our
study (29).

Conclusion

With increasing age AMH levels decrease due to
reduced ovarian reserves. Hence AMH can be used
as a marker for the assessment of ovarian reserves
in the follicular and luteal phases.
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The Outcomes of Intracytoplasmic Sperm Injection and
Laser Assisted Hatching in Women Undergoing
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Abstract
Background: We sought to determine the association between factors that affected clini-
cal pregnancy and live birth rates in patients who underwent in vitro fertilization (IVF)
and received intracytoplasmic sperm injection (ICSI) and/or laser assisted hatching
(LAH), or neither.

Materials and Methods: In this retrospective cohort study, the records of women
who underwent IVF with or without ICSI and/or LAH at the Far Eastern Memorial
Hospital, Taipei, Taiwan between January 2007 and December 2010 were reviewed.
We divided patients into four groups: 1. those that did not receive ICSI or LAH,
2. those that received ICSI only, 3. those that received LAH only and 4. those that
received both ICSI and LAH. Univariate and multivariate analyses were performed
to determine factors associated with clinical pregnancy rate and live birth rate in
each group.

Results: A total of 375 women were included in the analysis. Oocyte number (OR=1.07)
affected the live birth rate in patients that did not receive either ICSI or LAH. Mater-
nal age (OR=0.89) and embryo transfer (ET) number (OR=1.59) affected the rate in
those that received ICSI only. Female infertility factors other than tubal affected the rate
(OR=5.92) in patients that received both ICSI and LAH. No factors were found to affect
the live birth rate in patients that received LAH only.

Conclusion: Oocyte number, maternal age and ET number and female infertility fac-
tors other than tubal affected the live birth rate in patients that did not receive ICSI
or LAH, those that received ICSI only, and those that received both ICSI and LAH,
respectively. No factors affected the live birth rate in patients that received LAH only.
These data might assist in advising patients on the appropriateness of ICSI and LAH
after failed IVF.
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Introduction

Since the introduction of assisted reproductive tech-
nology (ART), in vitro fertilization (IVF) has enabled
countless couples to achieve pregnancy. However,
failure to conceive after multiple attempts with dif-
ferent methods imparts a significant emotional and fi-
nancial burden on patients (1-4). It has been estimated
that up to 85% of embryos do not implant (5, 6). Many
attempts have been made to identify factors that can
predict the success of [VF and it is generally accepted
that female age, duration of subfertility, baseline fol-
licle stimulating hormone (FSH) levels, and number
of oocytes are predictors of pregnancy after IVF (7,
8). In our prior study, we have identified that the num-
ber of embryos transferred, the presence of ovarian
hyperstimulation syndrome, female infertility factors
other than tubal factors, and embryo quality were cor-
related with the failure to achieve birth emphasizing a
successful singleton at term (BESST) (i.e., the single-
ton, term gestation and live birth) (9, 10). Other stud-
ies have shown that IVF success is associated with the
diagnosis after an infertility workup, the number of
previous unsuccessful IVF attempts, and a prior suc-
cessful pregnancy; however, no truly useful model for
predicting the success of IVF exists (11).

Depending on the reasons for infertility in a particu-
lar couple, numerous techniques such as intracyto-
plasmic sperm injection (ICSI) and assisted hatching
(AH) have been developed to increase the probabil-
ity of pregnancy and a live birth (5, 12, 13). ICSI is
typically used for male factor infertility and in cases
where eggs cannot easily be penetrated by sperm.
Despite the concern for genetic abnormalities, it is a
proven technique for achieving successful pregnancy
and live birth (14, 15). It is well known that a pro-
portion of euploid embryos fail to implant because of
hatching difficulties (15) and AH involves artificial
disruption of the zona pellucida with the intent of in-
creasing implantation potential (16). Many methods
have been developed to disrupt the zona pellucida and
laser AH (LAH) has been found to be more effective
in some subgroups of patients (12, 17). However, a
recent analysis by Myers et al. (18) has concluded that
there is relatively little high-quality evidence to sup-
port the choice of specific interventions.

The purpose of this study was to determine the
association of factors that affected the clinical preg-
nancy and live birth rates in patients that underwent
IVF who received both ICSI and LAH, neither ICSI
or LAH, or only ICSI or LAH.
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Materials and Methods

In this retrospective cohort study the outcomes of
women who underwent IVF with or without ICSI at
the Far Eastern Memorial Hospital, Taipei, Taiwan
between January 2007 and December 2010 were
reviewed. Cases in which estradiol levels exceeded
50 pg/mL on the second day of the menstrual cycle
were excluded. The study was approved by the Re-
search Ethics Review Committee of the Far Eastern
Memorial Hospital. Due to the retrospective nature of
the study the requirement for informed consent was
waived.

Causes of reduced female fertility included tubal
causes, endometriosis, anovulation, polycystic ovary
syndrome (PCOS), decreased ovarian reserve, uterine
disorders, age >35 years (advanced maternal age) and
unidentified reasons. Females might have had one or
multiple factors. Male causes of infertility were de-
creased sperm concentration (<2x107/ml), decreased
sperm motility (<50%) and azoospermia. Patients
with one or more of the following criteria underwent
ICSI: 1. fertilization rate below 50% in a prior IVF
attempt and 2. male factor infertility. In cases of azoo-
spermia, sperm for ICSI was obtained by microsurgi-
cal epididymis sperm aspiration (MES) or testicular
sperm extraction (TESE). Patients with one or more
of the following criteria underwent LAH: 1. zona pel-
lucida >15 um, 2. maternal age over 38 years and 3. at
least three failed IVF attempts.

LAH was performed in a standard manner. Briefly,
a 1.48 um infrared diode laser (OCTAX Laser Shot™
System, Medical Technology Vertriebs-GmbH, Ger-
many) in a computer-controlled non-contact mode
was used. After positioning the embryo, the laser was
focused at the equatorial level of the zona pellucida. A
pulse length of 2.8 ms was used and the LAH proce-
dure was performed until 25% of the zona pellucida
was drilled.

The method of ovulation induction used in the
study center was previously published (9). In brief,
gonadotropin-releasing hormone agonist (Supremon,
Aventis Pharma Deutschland, Frankfurt, Germany)
was administered from the third day of the menstrual
cycle via nasal spray, daily, in 4 doses of 200 ug. FSH
(Gona-F, Serono, Geneva, Switzerland), 150-225 IU,
was administered daily from the fifth day of the men-
strual cycle via subcutaneous injection into the abdo-
men. Luteinizing hormone (LH) and estradiol levels
were measured from the seventh day of the cycle, and
transvaginal ultrasonography was performed every



two days in order to adjust dosages until complete fol-
licular growth was achieved. When appropriate folli-
cular growth was detected, 10000 IU of human chori-
onic gonadotropin (hCG, Pregnyl, NV Organon, Oss,
The Netherlands) was injected and oocyte retrieval
was performed 35 hours later. At four hours after oo-
cyte retrieval, IVF was carried out, with or without
ICSI. Two to five days later, embryos at the 4-cell to
blastocyst stage were transferred; the remainder were
frozen and stored in liquid nitrogen.

Pregnancy was defined as a BhCG level greater than
50 mIU/mL 14 days after day 2 embryo transfer (ET).
Clinical pregnancy was defined by the ultrasound
observation of fetal cardiac activity. We defined live
birth as the birth of a newborn, irrespective of the du-
ration of gestation that exhibited any signs of life.

For analysis, patients were divided into four groups:
1. those that did not receive either ICSI or LAH, 2.
those that received ICSI only, 3. those that received
LAH only and 4. those that received both ICSI and
LAH.

Statistical analysis

For comparability among the four groups we used
one-way analysis of variance (ANOVA) for normally
distributed continuous variables and the chi-square
test for categorical variables. If the data was non-
normally distributed, Kruskal-Wallis tests were used
to determine the difference among the four groups.
When significance among group differences were
apparent, multiple comparisons of means were per-
formed using the Bonferroni procedure with type-I er-
ror adjustment. Parametric variables were represented
as mean and standard deviation (SD) and categorical
data were represented by number (n) and percentage
(%). Nonparametric variables were represented as
median (inter-quartile range). Univariate logistic re-
gression analysis was performed to analyze the odds
ratio (OR) of significant factors associated with suc-
cessful pregnancy and live birth. Variables having a p
value <0.05 in the univariate analysis were selected
and evaluated by multivariate logistic regression mod-
els with the conditional forward selection method. All
statistic assessments were two-sided and evaluated at
the 0.05 level of significance. Statistic analyses were
performed using SPSS 15.0 statistics software (SPSS
Inc., Chicago, IL, USA).

Results

After applying the inclusion and exclusion criteria,
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a total of 375 women who underwent IVF between
January 2007 and December 2010 were included in
the analysis. The mean age of patients was 34.1 £4.7
years, and the mean age of their partners was 37.3 +
5.4 years. Intotal, 121 patients (32.2%) did not receive
either ICSI or LAH, 176 patients (46.9%) received
ICSI only, 22 patients (5.9%) had LAH only, and
56 patients (14.9%) underwent both ICSI and LAH.
The demographic and clinical characteristics of the
patients are shown in table 1. There were significant
differences in the age of partners, age of the patients,
duration of infertility, the reason for infertility (tubal
factor, other female factors, and male factor), number
of previous IVF courses, oocyte number, and embryo
number among the four groups (p<0.05).

In total, 179 (47.7%) women became pregnant. Of
these, 126 (33.6%) had subsequent live births. The
results of the univariate and multivariate analyses
for factors that affected clinical pregnancy rate are
shown in tables 2 and 3, respectively. Multivariate
logistic regression indicated that only advanced ma-
ternal age affected clinical pregnancy rate in those that
did not receive either ICSI or LAH (OR=0.87, 95%
CI: 0.78 to 0.96, p=0.005). In patients that received
ICSI only, advanced maternal age (OR=0.93, 95%
CI: 0.86 to 0.99, p=0.044), female factors other than
tubal (OR=3.37, 95% CI: 1.26 to 19.05, p=0.016)
and embryo number (OR: 1.10, 95% CI: 1.03 to 1.18,
p=0.007) affected the clinical pregnancy rate. In pa-
tients that received LAH only, only embryo number
(OR=3.26, 95% CI: 1.24 to 8.57, p=0.017) affected
the clinical pregnancy rate. In those that received both
ICSI and LAH, only male factor (OR=0.32, 95% CI:
0.11 t0 0.97, p=0.044) affected the clinical pregnancy
rate.

The results of univariate and multivariate analyses
of factors influencing the live birth rate are shown
in tables 4 and 5, respectively. Multivariate logis-
tic regression analysis indicated that oocyte number
(OR=1.07, 95% CI: 1.01 to 1.13, p=0.031) affected
the live birth rate in patients that did not receive either
ICSI or LAH. In patients that received ICSI only, ad-
vanced maternal age (OR=0.89, 95% CI: 0.82 to 0.96,
p=0.004) and ET number (OR=1.59, 95% CI:1.05 to
2418, p=0.027) affected the live birth rate. In patients
that received both ICSI and LAH, female factors other
than tubal affected the live birth rate (OR=5.92, 95%
CI:1.14 to 30.73, p=0.016). No factors were found to
affect the live birth rate in patients that received LAH
only.
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Table 1: Patient demographic clinical characteristics (n=375)

Total Neither ICSI or ICSI LAH Both ICSI and P value

(n=375) LAH (n=121) (n=176) (n=22) LAH (n=56)
Age of partner (Y)' 37.30 £ 5.40 36.54 +5.34 37.10+£5.47 3748+3.94 39.49+536™ 0.007*
Age of patient (Y)' 34.08 £ 4.66 33.43+4.08 33.43+4.77 35.81+4.46 36.83+4.50™ <0.001*
Duration of infertility (Y)> 4 (2,6) 4(2,6) 3(2,5.5) 42,7 6(4,10) ™ <0.001*
Cause of infertility?
Tubal factor 83 (22.1) 46 (38.0) 25 (14.2)° 5(22.7) 7 (12.5)° <0.001*
Female factors other than 96 (25.6) 35(28.9) 33 (18.8) 9 (40.9)* 19 (33.9) 0.020*
tubal (e.g., endometriosis,
PCOS, uterine disorders)
Male factor 136 (36.3) 15 (12.1) 97 (55.1)° 1 (4.5 23 (41.D) <0.001*
Combined female 23 (6.1) 5(4.1) 13 (7.4) 209.1) 3(5.4) 0.634
and male factors
Previous IVF course? 0(0,1) 0(0,0) 0 (0, 0) 0 (0, 0) 0 (0, 1.5)™ 0.021*
Oocyte number? 9(4,14) 8(4,13) 10(5.5,15)  6.5(2, 14)* 6 (4, 12) 0.005%*
Embryo number? 5@3,9) 42,9 6 (3, 10) 4(1,7) 4(3,6) 0.045%
ET number? 32,4 3(2,4) 33,4) 3(1,4) 3(2,4) 0.110
Reason for ICSI
Maternal age >35 years 138 (40.2) 0 94 (64.3) 0 44 (82.6) NA
Fertilization rate <50% 61 (17.8) 0 39 (25.8) 0 22 (42.3) NA
in prior IVF attempt
Male factor 121 (35.3) 0 98 (64.9) 0 23 (44.2) NA
Reason for LAH
Maternal age >38 years 63 (16.9) 0 0 18 (81.8) 45 (80.4) NA
Zona pellucida >15 pm 23 (6.2) 0 0 8(36.4) 15 (26.8) NA

ET; Embryo transfer, ICSI; Intracytoplasmic sperm injection, IVF; In vitro fertilization, LAH; Laser assisted hatching, PCOS; Polycystic ovary
syndrome, *; Indicates a significant difference,p<0.05, *; Indicates a statistically significant difference between the indicated group and
the group that did not receive ICSI or LAH group, *; Indicates a statistically significant difference between the indicated group and the ICSI
group, §; Indicates a statistically significant difference between the LAH and both ICSI and LAH groups, p values are based on *; ANOVA,
2; Kruskal-Wallis test and 3; Chi-square test.

Data are presented as mean * standard deviation, number (percentage), or median (interquartile range).

Pair-wise multiple comparisons between groups were determined using Bonferroni’s test with a=0.008 adjustment.
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Table 2: Results of univariate analysis for factors that affected clinical pregnancy rates in the four groups

Neither ICSI or LAH

OR (95% CT)

ICSI

OR (95% CI)

LAH

OR (95% CI)

Both ICSI and LAH

OR (95% CI)

Age of partner (Y)

Age of female (Y)

Duration of infertility (Y)
Tubal factor (no vs. yes)
Female factors other
than tubal (no vs. yes)
Male factor (no vs. yes)

Multiple factors (no vs. yes)

Previous IVF course

Oocyte number

Embryo number

ET number

0.90 (0.84- 0.97)*

0.87 (0.76- 0.96)*

0.95 (0.83-1.07)

1.58 (0.74-3.34)

0.95 (0.43-2.09)

1.55 (0.52-4.59)

1.98 (0.32-12.30)

1.05 (0.87-1.28)

1.09 (1.02-1.15)*

1.09 (1.01-1.18)*

1.55 (1.05-2.27)*

0.98 (0.93-1.04)

0.89 (0.83-0.95)*

0.97 (0.87-1.08)

1.56 (0.67-3.64)

420 (1.63-10.78)*

0.64 (0.35-1.18)

0.30 (0.09-1.02)

0.56 (0.35-0.97)*

1.07 (1.02-1.11)*

1.14 (1.06-1.22)*

1.64 (1.19-2.27)*

0.83 (0.65-1.07)

0.94 (0.77-1.15)

0.89 (0.67-1.18)

0.59 (0.08-4.50)

7.88 (1.01-56.12)*

1.08 (0.93-1.26)

1.13 (0.93-1.38)

3.26 (1.24-8.57)*

0.95 (0.86-1.05)

0.97 (0.86-1.09)

1.00 (0.87-1.14)

0.45 (0.08-2.56)

3.29 (0.98-11.03)

0.32 (0.11-0.97)*

1.66 (0.14-19.39)

0.89 (0.65-1.22)

0.98 (0.90-1.07)

0.95 (0.83-1.09)

1.36 (0.79-2.33)

Cl; Confidence interval, ET; Embryo transfer, ICSI; Intracytoplasmic sperm injection, IVF; In vitro fertilization, LAH; Laser assisted hatching,
OR; Odds ratio and *; Significance: p<0.05.

Table 3: Results of multivariate analysis for factors that affected clinical pregnancy rates in the four groups

Neither ICSI or LAH

OR (95% CI)

ICSI

OR (95% CI)

LAH

OR (95% CI)

Both ICSI and LAH

OR (95% CI)

Age of female (Y)

Female factors other than

tubal (no vs. yes)

Male factor (no vs. yes)

Embryo number

0.87 (0.78-0.96)*

0.93 (0.86-0.99)*

3.37 (1.26-19.05)*

1.10 (1.03-1.18)*

3.26 (1.24-8.57)*

0.32 (0.11-0.97)*

Cl; Confidence interval, ICSI; Intracytoplasmic sperm injection, IVF; In vitro fertilization, LAH; Laser assisted, OR; Odds ratio and *; Signifi-

cance: p<0.05.
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Table 4: Results of univariate analysis for factors that affected live birth rate in the four groups

Neither ICSI or LAH

OR (95% CT)

ICSI

OR (95% CI)

LAH

OR (95% CI)

Both ICSI and LAH

OR (95% CI)

Age of partner (Y)

Age of female (Y)

Duration of infertility

Tubal factor (no vs. yes)

Female factors other than
tubal (no vs. yes)

Male factor (no vs. yes)

Multiple factors (no vs. yes)

Previous IVF course

QOocyte number

Embryo number

ET number

0.94 (0.87-1.01)

0.91 (0.83-1.01)

0.92 (0.81-1.06)

0.73 (0.35-1.55)

1.57 (0.68-3.61)

1.31 (0.42-4.11)

0.95 (0.15-5.91)

0.93 (0.74-1.16)

1.07 (1.01-1.13)*

1.06 (0.98-1.14)

1.47 (0.99-2.19)

0.96 (0.90-1.03)

0.87 (0.80-0.94)*

0.94 (0.83-1.07)

0.56 (0.23-1.34)

3.55 (1.18-10.69)*
0.57 (0.29-1.12)

1.39 (0.37-5.28)

0.54 (0.28-1.04)

1.06 (1.02-1.11)*

1.12 (1.04-1.19)*

1.84 (1.23-2.73)*

0.82 (0.64-1.06)

0.86 (0.69-1.07)

0.92 (0.69-1.22)

1.05 (0.14-8.02)

4.08 (0.60-27.65)

0.67 (0.04-12.27)

1.05 (0.91-1.21)

1.04 (0.87-1.24)

1.97 (0.87-4.42)

0.92 (0.82-1.03)

0.89 (0.78-1.02)

0.87 (0.74-1.03)

1.33 (0.23-7.58)

7.23 (1.46-35.84)*

0.25 (0.77-0.79)*

1.03 (0.09-12.12)

0.88 (0.62-1.25)

1.02 (0.93-1.12)

1.01 (0.88-1.14)

2.23 (1.12-4.25)*

Cl; Confidence interval, ET; Embryo transfer, ICSI; Intracytoplasmic sperm injection, IVF; In vitro fertilization, LAH; Laser assisted hatching,

OR; Odds ratio and *; Significance: p<0.05.

Table 5: Results of multivariate analysis for factors that affected live birth rate in the four groups

Neither ICSI or LAH

OR (95% CI)

ICSI

OR (95% CI)

LAH

OR (95% CI)

Both ICSI and LAH

OR (95% CI)

Age of female (Y)
Female factors other than
tubal (no vs. yes)

Oocyte number

ET number

1.07 (1.01-1.13)*

0.89 (0.82-0.96)*

1.59 (1.05-2.41)*

5.92 (1.14-30.73)*

Cl; Confidence interval, ET; Embryo transfer, ICSI; Intracytoplasmic sperm injection, IVF; In vitro fertilization, LAH; Laser assisted hatching,

OR; Odds ratio and *; Significance p<0.05.
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Discussion

The results of this study showed that different
factors affected the clinical pregnancy rate and live
birth rate in patients who underwent IVF that re-
ceived ICSI and LAH, neither ICSI or LAH, and
ICSI or LAH only. In patients that received LAH
only, only embryo number (OR=3.26, 95% CI:
1.24 to 8.57, p=0.017) affected the clinical preg-
nancy rate, and in those that received both ICSI
and LAH only male factor (OR=0.32, 95% CI:
0.11 to 0.97, p=0.044) affected the clinical preg-
nancy rate. Furthermore, in patients that received
only ICSI, advanced maternal age was associated
with a decreased chance and ET number with an
increased chance of live births; in patients that did
not receive either ICSI or LAH oocyte number was
associated with an increased chance of live birth.

Numerous attempts have been made to develop
models that predict the success or failure of IVF,
though few have been shown to be successful (11).
While studies have clearly indicated that factors
such as female age and baseline FSH levels are
predictive of pregnancy after IVF, it remains dif-
ficult for physicians to advise patients on how to
proceed after an IVF failure.

ICSI is commonly used to treat male factor in-
fertility and in cases where the sperm cannot
penetrate the egg. We have found that in patients
that received only ICSI, only ET number was as-
sociated with an increased chance of having a
live birth. Though ICSI has increased pregnancy
and live birth rates in patients undergoing IVF,
concerns remain regarding chromosomal abnor-
malities and some authors consider the procedure
over used (19, 20). Tan et al. (21) compared the
outcomes of IVF-ET (IVF) and ICSI in non-male
infertility patients with low numbers of oocytes re-
trieved and reported that the rates of fertilization,
normal fertilization, complete fertilization failure,
cleavage, good embryo, implantation, and clinical
pregnancy did not differ between the groups. The
authors concluded that ICSI did not improve clini-
cal outcomes in non-male infertility patients with
a low number of oocytes retrieved. Hodes-Wertz
et al. (22) studied the use of ICSI in couples who
previously underwent ICSI at another institution
and found that stringent criteria for ICSI did not
compromise clinical outcomes and concluded that
ICSI was over used.

Effectiveness of ICSI and Assisted Hatching

We found that LAH alone was not associated
with an increased live birth rate, but that the use
of both ICSI and LAH was associated with an in-
creased live birth rate in cases when female infertil-
ity factors other than tubal were not present. While
AH and LAH are commonly used, a recent review
by Hammadeh et al. (16) observed that routine use
of AH was not appropriate as no evidence of a uni-
versal benefit existed and the procedure was not
without potential risks. Ali et al. (17) reported that
LAH was beneficial for women <36 years of age,
embryos with a thin zona (<16 pm), and for those
with repeated IVF failures. It was not beneficial
for women >37 years of age or in cases in which
the zona was >17 um. Mansour et al. (23) reported
a benefit of AH in patients with a poor prognosis
such as those with two or more failed IVF cycles,
poor embryo quality, and women >38 years of age.
Petersen et al. (24) reported that for patients with
repeated implantation failures, the implantation
rate in those who received laser-thinned embryos
was significantly higher (10.9%) than in those
whose embryos were not laser-thinned (2.6%).
This difference, however, was not seen in patients
with only one previous implantation failure. A re-
cent systematic review by Carney et al. (25) ex-
amined the effectiveness of AH and concluded
that the increased chance of achieving a clinical
pregnancy by AH only just reached statistical sig-
nificance. The data did not support an increase in
live birth rate. In our study, LAH did not increase
the pregnancy or live birth rates. However, in table
3 LAH did increase the clinical pregnancy rate as
related to embryo number. Combined with ICSI,
in table 3 the results showed that in cases where
infertility of the couple was caused by male factor,
the clinical pregnancy rate increased significantly.
Thus the use of assistance should be considered
according to the special circumstances of each
couple.

There are some limitations in this study that
should be considered. First, this was a retrospec-
tive study, with a heterogeneous patient popula-
tion. In addition, the numbers of patients in the
subgroup that received only LAH was small.

Conclusion

The results of this study indicate that the chance
of a live birth in patients undergoing IVF and ICSI
and/or LAH vary with the causes of infertility. Oo-
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cyte number, maternal age and ET number and
female infertility factors other than tubal have
affected the live birth rate in patients that did
not receive ICSI or LAH, those that received
ICSI only and those that received both ICSI and
LAH, respectively. No factors affected the live
birth rate in patients that received LAH only.
These data might assist in advising patients
on the appropriateness of ICSI and LAH after
failed IVF.
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Abstract

Background: We conducted this prospective study to evaluate the prognostic significance
of uterine and ovarian artery Doppler velocimetry in clomiphene citrate (CC) cycles.

Materials and Methods: A total of 80 patients with unexplained infertility were given
100 mg/day of CC from day 3 to day 7 of their cycles in this current prospective study. On
cycle day 3, before administration of CC, each patient underwent Doppler transvaginal ultra-
sonography. The Doppler velocimetries of the right and left uterine and ovarian arteries were
recorded and analyzed in association with demographic and clinical parameters.

Results: TheThere were 6 out of 80 patients who became pregnant, the overall pregnancy
rate in this population was 7.5% for the current study. The cases were divided into two
groups according to whether they became pregnant or not. Demographic characteristics
showed no statistically significant differences between these groups (p>0.05). However,
the duration of infertility did show statistically significant differences between the groups.
Doppler velocimetry was not statistically significantly different between the two groups.

Conclusion: Doppler velocimetry of the uterine and ovarian arteries is not a factor in the
prognosis for pregnancy in CC cycles.
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Introduction

Clomiphene citrate (CC) is an agent that has
been used since the 1960s for ovulation induction.
In appropriately selected anovulatory women, CC
successfully induces ovulation in about 70-80% of
cases; among these women the overall cycle fe-
cundability is approximately 15% (1). CC is gen-
erally used as the first step in treating early stage
endometriosis, anovulation that is related to unex-
plained infertility and borderline male factor infer-
tility with decreased requirements for close moni-
toring (2). CC acts on the central nervous system as
an anti-estrogen and increases the pulse frequency
of follicle stimulating hormone (FSH) and lutein-

izing hormone (LH), in order to induce ovulation.
This anti-estrogen effect also has negative impacts
on the endometrium and cervical mucus (3, 4).

Factors that affect pregnancy rates in CC cycles
have been reported in previous studies. The ages
of the women, longer duration times of their infer-
tility and decreased ovarian reserves have been de-
scribed as factors that indicate poor prognosis for
pregnancy in CC cycles (5). The diameter of the
leading follicle on the day before human chorionic
gonadotropin (hCG) administration and the endo-
metrial thickness (ET) have also been evaluated in
relation to the success of CC cycles (6).
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In addition, Doppler velocimetry studies have
been conducted to evaluate the changes in blood
flow in the uterus and ovaries during the normal
menstrual cycle (7, 8). Ng et al. (9) reported their
findings on the effects of Doppler velocimetry on
the blood supply to the entire endometrium and the
sub-endometrial region. These authors evaluated
the role of endometrial and sub-endometrial vas-
cularity in women who underwent frozen-thawed
embryo transfer (FET) cycles and found that nei-
ther of these blood flow measures was a good pre-
dictor of pregnancy in FET cycles. Nakai et al.
(10) also discussed their findings on uterine artery
Doppler velocimetry in cycles stimulated by CC.
Their study found lower endometrial perfusion.

The current study evaluated the effectiveness of
Doppler velocimetries of the uterine and ovarian
arteries as a predictor of successful pregnancy in
CC cycles.

Materials and Methods
Study design and participants

This interventional, cross-sectional study was
undertaken from May 2013 to June 2013 in the
Department of Obstetrics and Gynecology, Divi-
sion of Infertility and Gynecological Endocrinol-
ogy at Dr. Zekai Tahir Burak Women’s Health
Education and Research Hospital. This is a tertiary
referral research hospital located in the central re-
gion of Turkey. It is a government-supported hos-
pital where most of the health services are offered
free of charge.

Ethical considerations

The study was designed according to the Hel-
sinki Declaration (11) and all patients gave written
informed consent. The study was also approved by
the Ethics Research Committee of Dr Zekai Tahir
Burak Women’s Health Education and Research
Hospital (Ankara, Turkey).

Data collection

Women who had had unexplained infertility (pri-
mary or secondary) for at least one year were in-
cluded in the study. A total of 80 women received
oral CC, 100 mg daily, from day 3 to day 7 of their
menstrual cycles. All of the cases received regu-
lar ultrasound monitoring for follicle growth and
ET through transvaginal ultrasonography on day
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12 of their cycles and again every other day until
the leading follicle reached 17-23 mm, triggered
by hCG. Transvaginal Doppler velocimetry wave-
forms were also obtained from the bilateral uterine
and ovarian arteries of each patient for analysis.
The ultrasound examinations, performed on day 3
of the menstrual cycle while the patients were in
the lithotomy position used color Doppler sonog-
raphy with a 7.5 MHz pulse endovaginal Doppler
system for blood flow analysis (Aloka Co., Tokyo,
Japan). The women’s bladders were emptied be-
fore their examinations. The uterine artery was lo-
cated laterally to the isthmic region of the uterus
and the ovarian artery was found at the lateral pole
of the ovary near the infundibulopelvic ligament.

The following factors that affected patients’ risk
levels were recorded: age, infertility type, duration
of infertility, gravidy, parity, number of pregnancy
losses, number of living children, ET, cycle day 3
serum FSH, LH and estradiol (E,) levels, uterine
and ovarian artery Doppler velocimetries, num-
ber of antral follicules, dominant follicle sizes and
pregnancy. The Doppler velocimetries measured
were the right side uterine and ovarian artery pul-
satility index (PI) and resistance index (RI) in ad-
dition to the left side uterine and ovarian artery PI
and RI.

The cases were divided into two groups accord-
ing to whether patients achieved pregnancy or not.
At the end of the study, a total of 6 (7.5%) patients
were pregnant. Pregnancy was determined by pos-
itive B-hCG and a visible intrauterine gestational
sac.

Statistical analyses

The primary outcome measure was a clinical
pregnancy. Continuous variables were not normal-
ly distributed and recorded as median (interquar-
tile range) unless otherwise indicated. The normal
distribution of the variables was analyzed by the
Kolmogorov-Smirnov test. Statistical comparison
was carried out by Chi-square (), Mann-Whitney
and independent sample t tests where appropriate.
The sample size was determined according to the
results of the central limit theorem (12). Statisti-
cal analysis was performed using the Statistical
Program for Social Sciences (SPSS, Version 15.0,
Chicago, IL, USA). The two-tailed value of p<0.05
was considered statistically significant.



Results

The demographic and clinical characteristics of
the cases are shown in table 1. The study included
80 patients who had had unexplained infertility for
at least one year. The pregnancy rate was 7.5%.
The mean age of the cases was 26.83 + 4.95 years
for the group that achieved pregnancy and 27.45
+ 5.53 years for the group that did not (p=0.789).
There were 54 (67.5%) cases of primary infertility.
The median (min-max) gravidy and parity of the
cases were 0.41 (0-3) and 0.23 (0-2), respectively.

Doppler Velocimetry in CC Cycles

The infertility type (primary or secondary) showed
no statistically significant differences between the
groups in terms of pregnancy rate (p=0.640). The
mean duration of infertility was 2.58 £ 0.80 years for
the group that achieved pregnancy and 3.93 + 2.34
years for the group that did not. These values showed
statistically significant differences between the
groups (p=0.007). The ET on day 3 of the cycle
was 1.83 = 0.98 mm in the group that achieved
pregnancy and 2.37 = 1.02 mm in group that did
not, with no statistically significant differences
(p=0.241).

Table 1: The differences in demographic and clinical characteristics among the pregnant and non-pregnant groups

Pregnant group

Non-pregnant group P (95% CI)

n=6 n=74
Age (Y) X +SD 26.83 +£4.95 27.45+5.53 0.789 (-5.27- 4.02)
*Gravidy <1 69 6 0912
*Parity <1 73 6 0.732
Infertility type* 0.964
Primary 4 (66, 66) 50 (67.6)
Secondary 2(33,33) 24 (32.4)
Duration of infertility (Y) 2.58 +0.80 3.93+2.34 0.007 (-3.28-0.57)
ET (mm) 1.83 £0.98 2.37+1.02 0.241 (-1.41-0.32)
Antral follicle number 6.66+3.72 6.76 £3.15 0.947
Leading follicle (mm) 0.501
Right 16.50 + 6.44 15.16 +7.30
Left 15.16 £4.51 14.77 +4.82
FSH (mIU/ml) 6.47 +1.61 6.47+2.19 0.992 (-1.82-1.83)
LH (mIU/ml) 7.19+£5.32 5.75+£3.73 0.380 (-1.81-4.70)
E, (pg/ml) 55.81+18.72 46.34 +22.49 0.320 (-9.35-28.28)

Cl; Confidence interval, *; P values calculated by x? test, FSH; Follicle stimulating hormone, LH; Luteinizing hormone, E;

ET; Endometrial thickness.

Estradiol and
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The differences between the basal blood hor-
mone levels of the FSH, LH and E, values were
also not statistically significant between the
groups (p>0.05). However, the durations of in-
fertility of the two groups showed statistically
significant differences (p<0.007). The basal
follicle numbers were 6.66 + 3.72 for the right
ovary and 6.75 £ 3.15 for the left ovary in the
group that achieved pregnancy and 6.33 + 4.08
(right ovary) and 6.67 + 3.17 (left ovary) for the
group that did not. The mean diameters of the
leading follicle on the day that hCG was admin-
istered for the group that achieved pregnancy
was 16.50 + 6.44 mm and for the group that did
not achieve pregnancy it was 15.16 + 4.51 mm,
for the right ovary. For the left ovary, this value

was 15.16 = 7.30 mm in the group that achieved
pregnancy versus 14.77 + 4.82 mm in the group
that did not achieve pregnancy (p>0.05).

The measurement of Doppler velocimetry on
day 3 of the cycle was as follows: the right side
uterine artery mean (min-max) was PI: 3.33 +
2.40, RI: 1.14 £ 0.59, the right side ovarian ar-
tery was P1: 2.30 £ 1.97, RI: 1.11 + 0.87; the left
side uterine artery was PI: 3.11 + 1.91, RI: 1.21
+ 0.64 and the left side ovarian artery was PI:
3.29+2.31,RI: 1.10 + 0.72.

Table 2 shows the Doppler velocimetry val-
ues of the two groups. There were no statisti-
cally significant differences between the groups
(p>0.05).

Table 2: Doppler velocimetries of uterine and ovarian arteries among the pregnant and non-pregnant groups

Pregnant group

Non-pregnant group P (95% CI)

n=6 n=74
Right uterine artery PI 2.46 £ 0.66 3.40 +£2.48 0.294 (-2.98-1.08)
Right uterine artery RI 0.84 £1.16 0.85 £ 0.60 0.155 (-0.82-0.16)
Right ovarian artery PI 291+1.83 2.30+1.99 0.985 (-1.63-1.71)
Right ovarian artery RI 1.21+0.56 1.11 £0.90 0.420 (-0.63-0.85)
Left uterine artery PI 2.59+£0.94 3.16 +1.97 0.406 (-2.18-1.06)
Left uterine artery RI 1.04 £0.20 1.23 £0.66 0.883 (-0.73-0.35)
Left ovarian artery PI 3.29+1.87 3.29+235 0.763 (-2.02-2.01)
Left ovarian artery RI 0.97+1.12 0.98+0.70 0.985 (-0.77-0.48)

Cl; Confidence interval, PI; Pulsatility index and RI; Resistance index.
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Discussion

In this study we examined 80 women who had
unexplained infertility for at least one year with
the intent to evaluate the uterine and ovarian artery
Doppler velocimetries as predictors of a success-
fully achieved pregnancy. The patients received
oral CC, 100 mg daily, from day 3 to day 7 of their
menstrual cycles. At the end of the study, 6 (7.5%)
of'the patients had achieved pregnancy. We divided
the cases into two groups based on whether the pa-
tient had achieved pregnancy or not and found that
the demographic and clinical parameters showed
no statistically significant differences between
the groups. However, the differences between the
groups in terms of the durations of infertility were
statistically significant. The Doppler velocimetry
values also showed no statistically significant dif-
ferences between the groups.

Doppler velocimetry of the uterine, spiral and
ovarian arteries has been previously investigat-
ed in different types of cases, various phases of
the menstrual cycle, ovulation induction and in
early pregnancy. First, Kupesic and Kurjak (13)
reported that blood flow in the uterine, spiral
and ovarian arteries has a predictive value in
endometrial receptivity. Bassil et al. (14) have
also demonstrated that the RI values of the
ovarian artery are a good indicator of ovarian
inhibition and may be used to assess the optimal
timing for the beginning of human menopausal
gonadotrophin. In addition, Dickey et al. (15)
have found impedance of the spiral artery to be
a predictive parameter in the early development
of the embryo. Based on these findings, we de-
cided to conduct a study to evaluate the Doppler
velocimetry in CC cycles.

Nakai et al. (10) studied the Doppler velocimetry
values for spontaneous and stimulated menstrual
cycles in women with unexplained infertility and
found that the uterine blood flow was higher in
spontaneous cycles than in cycles stimulated with
CC.

In addition, Ragni et al. (16) evaluated 318 cases
that received mild controlled ovarian stimulation
(COS) and intrauterine insemination (IUI). They
assessed the vascularity of the dominant follicle
by Doppler ultrasound. These authors reported
that Doppler velocimetry of follicular vascularity
did not predict the chances for pregnancy in COS

Doppler Velocimetry in CC Cycles

and IUI cycles. The findings of the current study
were similar to this study; we have also believed
that Doppler velocimetry of the uterine and ovar-
ian arteries are not good predictors for achieving
pregnancy.

In a previous study, Ng et al. (17) reported that
the Doppler velocimetry values of uterine and
ovarian arteries showed no differences between
the early follicular phase and an ensuing CC chal-
lenge test.

Baruah et al. (18) designed a study with COS pa-
tients using letrozole or CC and studied the Doppler
velocimetry of the spiral arteries. The study found
that the letrozole group showed significantly low-
er impedance than the CC group and determined
that the Doppler velocimetry of spiral arteries was
a supportive tool for evaluating endometrial re-
sponse in the treatment of anovulatory polycystic
ovary syndrome patients with infertility.

Conclusion

We believe that Doppler velocimetries of the
uterine and ovarian arteries are not prognostic fac-
tors for pregnancy in CC cycles.
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Abstract

Background: Cytogenetic study of reproductive wastage is an important aspect in deter-
mining the genetic background of early embryogenesis. Approximately 15 to 20% of all
pregnancies in humans are terminated as recurrent spontaneous abortions (RSAs). The
aim of this study was to detect chromosome abnormalities in couples with RSAs and to
compare our results with those reported previously.

Materials and Methods: In this retrospective study, the pattern of chromosomal aber-
rations was evaluated during a six-year period from 2005 to 2011. The population under
study was 728 couples who attended genetic counseling services for their RSAs at Pardis
Clinical and Genetics Laboratory, Mashhad, Iran.

Results: In this study, about 11.7% of couples were carriers of chromosomal aber-
rations. The majority of abnormalities were found in couples with history of abor-
tion, without stillbirth or livebirth. Balanced reciprocal translocations, Robertsonian
translocations, inversions and sex chromosome aneuploidy were seen in these cases.
Balanced reciprocal translocations were the most frequent chromosomal anomalies
(62.7%) detected in current study.

Conclusion: These findings suggest that chromosomal abnormalities can be one of the
important causes of RSAs. In addition, cytogenetic study of families who experienced
RSAs may prevent unnecessary treatment if RSA are caused by chromosomal abnormali-
ties. The results of cytogenetic studies of RSA cases will provide a standard protocol for

the genetic counselors in order to follow up and to help these families.
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Introduction

Approximately 15 to 20% of all pregnancies in
humans result in recurrent spontaneous abortions
(RSAs) (1). There are different reasons for RSAs
including genetic abnormalities, maternal and pa-
ternal age, endocrine dysfunction, autoimmune
disorders, infectious diseases, environmental tox-
ins and congenital or structural uterine anomalies
(2). Chromosomal unbalance have important role

in abnormal early human development. Nearly, 50
to 60% of first-trimester spontaneous miscarriages
have abnormal karyotype (3). Although the fre-
quency of chromosomal abnormalities in couples
with RSA varies between populations, it has been
found higher frequency in the general population
(0.3-0.4%) (4, 5). Therefore, cytogenetic study of
the parent with history of RSAs is an integral part
of diagnostic clarification. Several cytogenetic
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investigations have been performed in various
countries to determine the pattern of chromosome
abnormalities in parents with fetal wastage. The
studies revealed that the prevalence of chromo-
somal anomalies varies from 2 to 8% in couples
who are affected by RSAs (6). Unequal crossing
over during meiosis can lead to chromosomal re-
arrangements producing gametes with unbalanced
chromosomal aberrations like duplications or de-
letions, therefore, structural chromosome abnor-
malities in parents can be the major cause of re-
current miscarriages (7). The clinical outcomes of
such unbalances generally are lethal to the devel-
oping embryo, leading to RSAs or early neonatal
deaths (8).

The objective of the current study was to deter-
mine the prevalence and types of chromosomal
anomalies in couples living in Northeast of Iran,
to compare our findings with those reported previ-
ously and to increase the awareness of physicians
and gynecologists about the frequency and nature
of chromosomal aberrations that contribute to re-
current miscarriages.

Materials and Methods

This retrospective study done over a 6-year pe-
riod from 2005 to 2011 included 728 couples with
history of abortions ranged 1-7 who were referred
to the Genetic Counseling Services in Pardis Clini-
cal and Genetics Laboratory (PCGL), Mashhad,
Iran. All patients gave a signed informed consent
and the study was approved by Ethics Committee
of PCGL.

All the referred couples were thoroughly exam-
ined, and detailed clinical and obstetric histories
were recorded in prepared forms. The age of the
couples, number of RSA and the possible exist-
ence of other causes for the abortion such as uter-
ine malformations, hormonal insufficiency, and
previously induced abortion(s) were investigated.

For conventional cytogenetic study, 5 ml periph-
eral blood from each subject was collected into
heparinized test tubes. Lymphocyte cultures were
initiated according to Moorhead et al. (9). Next
400 pl whole blood cells were cultured in 5 ml
RPMI 1640 medium (Gibco, USA), supplemented
with 20% (v/v) fetal bovine serum (FBS, Gibco,
USA) and 10 pg/ml phytohaemagglutinin (Gibco,
USA) at 37°C for 72 hours. Cultured cells were
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harvested by adding colcemid (Gibco, USA) for
10 minutes followed by treatment of hypotonic
solution (0.075 M KCI, Merck, Germany) for 15
minutes, and the treated cells were then fixed us-
ing Carnoy’s fixative (3:1 methanol-glacial ace-
tic acid; Merck, Germany). The karyotype of the
couples was prepared using G-banding technique
with trypsin and Giemsa staining (GTG) (10) and
C-banding technique with barium hydroxide (11).
Images of well-banded metaphases were obtained
using olympus photomicroscope (BX-40, Japan)
and were analyzed by CytoVision software (Ap-
plied Imaging, USA) at 400-550 band resolution.
Karyotyping of 30 metaphases was performed rou-
tinely, while in cases of mosaicism, 100 metaphase
spreads were analyzed. Karyotyping of each cou-
ple was carried out according to the International
System for Human Cytogenetics Nomenclature
(ISCN) 2009 (12).

Results

Couples’ ages ranged from 18 to 45, with a mean
of 29.6. As mentioned in table 1, 11.7% showed
abnormal karyotype. In 728 couples, we deter-
mined that 48 women and 37 men had chromo-
somal aberrations. Among chromosomal abnor-
malities, 52 structural and 7 numerical anomalies
were detected. In addition, there were 27 cases
with three types of polymorphic variants including
constitutional fragility of chromosome 16, peri-
centric inversion of chromosome 9, and prominent
satellites in chromosomes 13 and 15. There were
two instances where both members of a couple had
an abnormal karyotype (couples no.: 11, 12, 17,
and 18, mentioned in Table 1).

Table 2 shows the distribution of couples ac-
cording to the number of spontaneous abortions.
As mentioned, 51.6% had two miscarriages and
14.6% had only one miscarriage. The remaining
(33.8%) had 3 or more miscarriages. The structural
chromosomal abnormalities we encountered were
divided into balanced reciprocal chromosomal
translocations (37/85), Robertsonian translocation
(8/85) and inversions (7/85). Reciprocal translo-
cations were the most prevalent abnormality. In-
versions, marker chromosomes and Robertsonian
translocations were seen with a trend of decreasing
percentage, respectively. The highest percentage
of chromosomal aberration was seen in couples
with five or more RSAs.



Chromosomal Abnormalities and RSAs

Table 1: Cytogenetic study, number of abortions, and parental age in cases with structural abnormalities

Karyotypes Age No of abortions
Robertsonian translocations
1 45,XY,1(15;15)(q10;q10) 27 2
2 45,XX,t(13;14)(q10;q10) 30, 35 2,2
3 45,XY,4(13;14)(q10;q10) 22,25,37 2,2,3
4 45,XX,t(14;15)(q10;q10) 27,32 2,3
Reciprocal translocations
1 46,XX,4(2;15)(q25;q926.1) 28 2
2 46,XX,t(3;6)(q29;p21.1) 31 3
3 46,XX,t(1;3)(q22.2;q25.2) 27 2
4 46,XY,t(7;18)(p21.3;q12.2) 41 4
5 46,XX,t(4;7)(q34.3;q21.3) 37,42 4,5
6 46,XX,t(7;14)(q36;q24.3) 24 3
7 46,XX,t(12;22)(q10;q10) 30, 33 3,4
8 46,XY,t(12;22)(p11.2;p11.2) 34 2
9 46,XY,1(6;10)(p25;p11.2) 36 3
10 46,XX,t(10;21)(p21.1;q22.2) 25 2
11 46,XY,1(6;16)(q26;p12) 34 4
12 46,XX,t(6;16)(q26;p12) 26 4
13 46,XY,1(9;17)(q22.1;p13.1) 26 2
14 46,XY,1(4;20)(q32;p12) 34 3
15 46,XX,t(8;17)(q24.3;q21) 27 2
16 46,XX,t(3;7)(q22;q32) 34 3
17 46,XY,t(11;22)(q23;q11) 29, 39 2,5
18 46,XX,t(11;22)(q23;q11) 26 2
19 46,XX,t(15;20)(p10;p10) 29 2
20 46,XY,t(8;11)(p23;921) 45 5
21 46,XX,t(8;11)(p23;q21) 27 4
22 46,XY,1(16;22)(q23;q12) 27 2
23 46,XX,t(2;18)(p21;q11.2) 24 2
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Karyotypes No of cases Age No of abortions

24 46,XX,t(8;10)(q13;q22.2) 1 31 3

25 46,XX,t(13;20)(q22;p13) 2 18,22 1,2

26 46,XY,t(4;5)(q25;p15.2) 1 42 4

27 46,XX,t(5;6)(q34;p21.2) 1 27 2

28 46,XX,4(2;7)(q34;q34) 1 29 3

29 46,XX,4(2;7)(q37.1;q32) 1 37 4

30 46,XY,1(6;8)(p23;q12.2) 1 40 5

31 46,XX,t(10;12)(q23.2;921.3) 1 29 1

32 46,XY,t(4;6)(q23;q21) 1 35 3

33 46,XX,1(10;17)(p13;921.3) 1 36 7
Pericentric inversions

1 46,XX,inv(5)(p15.3q15) 2 27,37 2,2

2 46,XY,inv(10)(p14q21) 2 30,33 2,2

3 46,X,inv(Y)(p11.2q11.22) 3 24, 33,41 2,2,4
Numerical abnormalities

1 47,XYY 1 41 4

2 47,XXY/46,XY 2 27,36 1,2

3 45,X/46,XX/47,XXX 3 22,24,32 2,2,3

4 47, XXX 1 31 2
Polymorphic variants

1 46,XY,inv(9)(pl1q13) 11 18, 36 2,5

2 46,XX,inv(9)(pl1ql3) 9 20, 42 2,7

3 46,XX, Fragl6q21 2 25,31 2,3

4 46,XX/46,XX, Frag 16q21 1 28 2
13p* 2 28,31 1,2
15p* 1 20 1
Total 85 (11.7%)

t; Translocation, inv; Pericentric inversion, Frag; Constitutional fragility and p*; Prominent satellite.
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Table 2: Distribution of chromosomal abnormalities according to the number of spontaneous abortions

No. of RSAs
1 2 3 4 =5 Total

No. of couples 106 376 153 60 33 728
rob (no.) - 6 2 - - 7
rep 2 13 9 8 5 37
inv - 9 8 1 3 21
mar 3 13 2 1 - 19

% (couples) 4.7 11 15 15 21.2 11.7

RSAs; Recurrent spontaneous abortions, rob; Robertsonian translocation, rcp; Reciprocal translocation, inv; Pericentric inversion and mar;

Supernumerary marker chromosome.

Discussion

The prevalence of chromosomal aberrations
among PCGL referral couples was 11.7%,
which is similar to previous reports from Iran
(13, 14) and greater than reported by other au-
thors (Table 3) (13-19). The variable prevalence
in several studies might be related to the differ-
ent sample size and variable criteria used for
investigation of cases. It is also quite possible
that selective populations vary in the incidence
of carriers of chromosomal aberrations (20).

The ratio of abnormal female-to-male (1.3:1)
was not different from that found in most other
studies in Iran (13, 14) and other countries (15-
17). A possible explanation for this difference
is that chromosomal aberrations such as auto-
somal reciprocal translocations in male carri-
ers may cause severe meiotic disturbances and
spermatogenic arrest, but oogenesis usually is
conserved and results in production of gametes
with a high risk of presenting unbalanced chro-
mosomal abnormalities (21).

Among couples, 25.4% (185/728) had a sub-
sequent successful pregnancy outcome, which
is nearly similar to the report by Pal et al. (15)
in Malaysian couples and in contrast to a previ-

ous study where the incidence of a successful
pregnancy outcome in couples who had miscar-
riages has been reported to be nearly 70 % (22).
According to our results, the highest percent-
ages of abnormal karyotypes were related to
the couples experiencing recurrent miscarriages
without stillbirth or live birth outcome, 58/85,
68.2%. Majority of cases with RSA had only
one parent with chromosomal aberration.

Reciprocal translocations were the most fre-
quent chromosomal anomalies, 37/85, 43.5%
detected in the current study as has also been
reported in other studies (21). In the present
study, there were more subsequent miscarriag-
es among carriers of translocation, compared
to chromosomally-normal couples. Sugiura-
Ogasawara et al. (23) predicted a poorer prog-
nosis in carriers of translocation, with a higher
rate of subsequent miscarriages and lower rates
of viable pregnancies. One couple in the cur-
rent study included a 34-years old man and his
26-year wife (cases no. 11 and 12, mentioned
in table 1) with consanguineous marriage who
had four miscarriages. This couple had a bal-
ance translocation between the long arm of
chromosome 6 and short arm of chromosome
16 [46,XX(Y),t(6;16)(q26;p12)] (Fig.1). Unfor-
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tunately, chromosomal analysis of families of
the couple was unknown. They went through an
extensive genetic counseling, and prenatal diag-
nosis was also strongly recommended, because
there is a 50% chance of unbalanced transloca-
tion that will be inherited in every future gen-
eration from this family (24).

As we confirmed, numerical chromosomal
aberrations are less frequent among abnormal
couples with recurrent abortions, 7/85, 8.2%.
This type of aberrations are usually in the form
of sex chromosomal aneuploidy, and they oc-
cur in a low frequency (<0.15% of cases) (8).
The current study showed that the incidence
and distribution of chromosomal abnormalities
among Iranian couples with recurrent abortions
are comparable to that reported worldwide. The
prevalence and type of chromosomal abnor-
malities is similar to that seen in other reports.
Table 3 shows the similarity of distribution of

structural chromosomal rearrangements in our
study to that reported worldwide (14-19).

The role of polymorphic variants of chromo-
somes in RSAs has not yet verified. Autosomal
constitutional fragility of a particular chromo-
some site results in frequent breakages of this
point, but their role in the causation of miscar-
riages is very difficult to assess due to lack of
reliable data for their frequencies in normal
populations, indicting to be estimated very low
(25). Pericentric inversions with breakpoints
comparatively close to the centromere produce
large duplication deficiencies, i.e. severely un-
balanced gametes (26). It is not evident if this
inversion is related to pregnancy loss; however,
there are studies about association of inversion
9 with subfertility, recurrent abortions and ab-
normal phenotypes (27). The correlation be-
tween prominent satellite and recurrent abortion
is unknown (28).

Table 3: Distribution of chromosomal rearrangements in Iran and other countries

Country Authors Chromosomal No.of Abnormal rob% rcp% inv% mar %
abnormalities % couples cases

Iran (Mashhad) Current study 11.7 728 85 9.4 435 31.8 15.3
Iran (Tehran) Nirumanesh et al. (14) 12 100 13 23 30.7 30.7 15.5
Malaysia Pal et al. (15) 8.9 56 5 20 60 - 20
Pakistan Azim et al. (18) 53 300 16 12.5 31.2 313 25
France Turleau et al. (17) 4.6 413 27 20 36 28 16
Saudi Arabia Al Husain et al. (19) 6.7 193 15 6.7 66.7 133 6.7

Rob; Robertsonian translocation, rcp; Reciprocal translocation, inv; Pericentric inversion and mar; Supernumerary marker chromosome.
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Fig.1: Karyotyping of a couple with balanced translocation between chromosomes 6 and 16. 46,XX/XY,t(6;16)(q26;p12).

t; Translocation.

Conclusion

Present study confirmed that chromosomal ab-
normalities are common in Iranian couples having
recurrent miscarriages. We discussed the signifi-
cance of balance translocation, sex chromosome
aneuploidy, and inversion in couples with RSA.
These data would be useful for the physicians and
gynecologists for better management of the cou-
ples with chromosomal aberrations that lead to
their recurrent miscarriages. Therefore, it would
be reasonable to recommend chromosome analy-
sis to these couples.
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Abstract
Background: Establishment of viable pregnancy requires embryo implantation and pla-
centation. Ectopic pregnancy (EP) is a pregnancy complication which occurs when an
embryo implants outside of the uterine cavity, most often in a fallopian tube. On the
other hand, an important aspect of successful implantation is angiogenesis. Vascular en-
dothelial growth factor (VEGF) is a potent angiogenic factor responsible for vascular
development that acts through its receptors, VEGF receptor 1 (VEGFR1) and VEGFR2.
This study aims to investigate mRNA expression of VEGF and its receptors in fallopian
tubes of women who have EP compared with fallopian tubes of pseudo-pregnant women.
We hypothesize that expression of VEGF and its receptors in human fallopian tubes may
change during EP.

Materials and Methods: This was a case-control study. The case group consisted of
women who underwent salpingectomy because of EP. The control group consisted
of women with normal fallopian tubes that underwent hysterectomies. Prior to tu-
bal sampling, each control group subject received an injection of human chorionic
gonadotropin (hCQG) to produce a state of pseudo-pregnancy. Fallopian tubes from
both groups were procured. We investigated VEGF, VEGFRI and VEGFR2 mRNA
expressions in different sections of these tubes (infundibulum, ampulla and isthmus)
by reverse transcription polymerase chain reaction (RT-PCR) and quantitative PCR
(Q-PCR).

Results: RT-PCR showed expressions of these genes in all sections of the fallopian
tubes in both groups. Q-PCR analysis revealed that expressions of VEGF, VEGFRI
and VEGFR2 were lower in all sections of the fallopian tubes from the case group
compared to the controls. Only VEGFR2 had higher expression in the ampulla of
the case group.

Conclusion: Decreased expressions of VEGF, VEGFRI and VEGFR?2 in the EP group
may have a role in the pathogenesis of embryo implantation in fallopian tubes.

Keywords: Ectopic Pregnancy, Fallopian Tube, VEGF Receptor-1, VEGF Recep-
tor-2, Gene Expression
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Introduction

An ectopic pregnancy (EP) is a pregnancy com-
plication which occurs when an embryo im-
plants anywhere other than the intrauterine cav-
ity. EP is a major cause of maternal morbidity
and mortality in the first trimester of pregnancy
(1-3) and its incidence has increased in the last
two decades (4). Several risk factors for EP
have been identified thus far which include pel-
vic inflammatory disease (PID) following sexu-
ally transmitted infections (STDs), damage and
infection of the fallopian tubes, endometriosis,
history of tubal surgery and previous EP. More
than 95% of EPs occur in the fallopian tubes
(tubal pregnancy) (5). The majority are located
in the ampulla (80%), followed by the isthmus
and infundibulum, respectively (6).

Establishment of a viable pregnancy requires
implantation and placentation, both important
and critical processes (7). An important aspect
of successful implantation is the organization of
angiogenesis which is mediated by a number of
growth factors (8). Vascular endothelial growth
factor (VEGF) is a potent angiogenic factor pro-
duced by different tissues of the female repro-
ductive tract including the endometrium, ova-
ries (9, 10), trophoblast and corpus luteum (11).
VEGF is a major modulator of vascular growth,
remodeling and permeability in the endometri-
um, decidua, and trophoblast. It is responsible
for vascular development in the embryo (11-
15). In addition, VEGF stimulates endothelial
cell proliferation, promotes cell migration and
inhibits apoptosis. In mammals there are five
isoforms of the VEGF family: VEGFA, B, C, D
and placental growth factor (PLGF) (16). These
isoforms are produced as a result of alternative
splicing from VEGF mRNA (17). VEGFs act on
endothelial cells through their receptors. These
receptors include three receptor protein-tyros-
ine kinases (VEGFR1, VEGFR2 and VEGFR3)
and two non-protein kinase receptors (neuropi-
lin-1 and -2) (18). Different cytokines, growth
factors and gonadotropins modulate VEGF
expression. Factors such as fibroblast growth
factor-4 (FGF-4) (19), platelet-derived growth
factor (PDGF) (20), tumor necrosis factor-a
(TNF-a) (21), transforming growth factor-f
(TGF-B) (22), keratinocyte growth factor (KGF)
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(23), insulin-like growth factor-1 (IGF-I) (24),
interleukin-14 (IL-1p) (25) and IL-6 (26) result
in up-regulation of VEGF expression. In addi-
tion there are two important inducers of VEGF
expression, hypoglycemia and hypoxia (27).

Fallopian tubes play an essential role in suc-
cessful human reproduction. They provide an
appropriate environment for pre-implantation
development of the embryo and its transporta-
tion to the uterus (28). Previously, Lam et al.
(29, 30) have investigated the expression of
VEGF and its receptors (VEGFRI and VEGFR?2)
in normal human fallopian tubes and reported
expressions of VEGF, VEGFRI and VEGFR2 in
various regions of the fallopian tubes of fertile
women. Additionally, these researchers studied
the changes in mRNA expression throughout
the menstrual cycle. Also Amirchaghmaghi et
al. (31) showed the expression of VEGF and its
receptors (VEGFRI and VEGFR?2) in the endo-
metrium of women with recurrent miscarriage.

The exact causes of embryo implantation in
fallopian tubes during an EP are not definitely
known (32-34). On the other hand, VEGF plays
important roles in embryo implantation. Several
investigators (13-15) have reported that VEGF
expression in the endometrium and corpus lu-
teum may be regulated by ovarian steroids and
possibly beta human chorionic gonadotropin
(B-hCG). This is somehow similar to the ex-
pression of Toll like receptors (TLRs) and G
alpha(i2) in human endometrium and fallopi-
an tubes (35, 36). Evans et al. (37) report that
VEGF levels increase during the first trimester
of a normal pregnancy and show a positive cor-
relation with gestational age as well as B-hCG,
estrogen (E2), and progesterone levels. The
current research aims to study mRNA expres-
sions of VEGF and its receptors in fallopian
tubes with EP compared with fallopian tubes of
pseudo-pregnant women as the control group.

Materials and Methods
Tissue collection for genomic studies

All procedures were approved by the Ethics
Committee of Royan Institute and written in-
formed consent was obtained prior to sample col-
lections. All specimens were collected at the Arash
Women’s Hospital, Tehran, Iran.



Case group

In this case-control study, ten fallopian tubes
were obtained from women who underwent sal-
pingectomy because of EP.

Control group

Due to inaccessibility to normal fallopian
tubes of pregnant women as the control group,
we decided to investigate the fallopian tubes
obtained from women who underwent hysterec-
tomies because of benign gynecological condi-
tions that did not affect the tubes. All women
in the control group were fertile and had regu-
lar menstrual cycles with no evidence of any
pathological tubal disorders. To induce hormo-
nal conditions similar to a normal pregnancy,
each woman from the control group received
intramuscular injections of 5000 IU per injec-
tion of hCG. For this purpose, hCG was admin-
istered every 3 days beginning in the midluteal
phase before total abdominal hysterectomy, for
a 12-day period. This treatment creates a state
of pseudo-pregnancy which is harmless and has
been previously used by other research studies
(38, 39).

Sampling and processing

In order to ensure the integrity of tubal mor-
phology and function in the case group, we ex-
cised at least 1 cm away from the implantation
site of the embryo in the fallopian tube to avoid
collection of any embryonic or trophoblastic
tissues.

After obtaining required samples from both case
and control groups we cut each fallopian tube into
three regions - infundibulum, ampulla and isth-
mus. Then, each of these regions was divided into
small (1x1 cm) pieces and immediately placed in
RNAlater solution (Ambion, Huntington, UK) fol-
lowed by immediate immersion in liquid nitrogen
after which samples were stored at -80°C until pro-
cessing.

Total RNA extraction, cDNA synthesis and re-

verse transcription polymerase chain reaction
(RT-PCR)

Samples were removed from RNAlater and TRI

VEGF and VEGFRs Expression in EP

reagent (Sigma, Pool, UK) was used for total
RNA isolation. RNA concentrations were quan-
tified by spectrophotometric analysis.

First-strand ¢cDNA synthesis was performed
using oligodT primers and the Superscript II
Reverse Transcriptase System (Fermentas,
Sanktleon-rot, Germany). Briefly, reverse tran-
scription was performed according to the rec-
ommended method (incubation for 60 minutes
at 42°C and termination of the reaction by heat-
ing at 70°C for 5 minutes). cDNA was amplified
by RT-PCR using the prepared cDNA, forward
and reverse primers of human VEGF, VEGFRI,
VEGFR2 and f-actin (Metabion, Martinsried,
Germany), and Platinum Blue PCR Super Mix
(Invitrogen, Paisley, UK). Primer sequences
used in this study are shown in table 1. f-actin
was used as the housekeeping gene.

Cycling conditions were continued for 40
cycles as follows: 5 minutes at 95°C for initial
denaturation, followed by 39 cycles of 45 sec-
onds at 95°C, 45 seconds at 60°C and 45 sec-
onds at 72°C. Reactions were also amplified in
the absence of reverse transcriptase as negative
RT controls. Placenta samples were used as the
positive control (40) while molecular water
was used as the negative control. PCR products
were subjected to electrophoresis on 1.7% aga-
rose gel (Sigma, UK) that contained ethidium
bromide and photographed under ultraviolet
(UV) light.

Quantitative PCR (Q-PCR)

Q-PCR was used to quantify whether there was
any difference in VEGF and VEGFRs mRNA
expression levels in fallopian tubes of the case
and control groups. In this procedure we used
the prepared cDNA, Power SYBR Green Master
Mix (Applied Biosystems, UK) and primers of
human VEGF, VEGFRI, VEGFR2 and f-actin
(Table 1). All experiments included negative
controls with no cDNA. Each reaction of the
PCR plate contained 10 pl SYBR green, 6 pl
molecular water, 1 pl of each primer (20 pmol/
ul) and 2 pul cDNA. The amplification was per-
formed under the following conditions: 10 min-
utes at 95°C, 50 cycles at 95°C for 15 seconds
and 60°C for 60 seconds. Q-PCR was performed
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under standard conditions and all experiments
were run in triplicate. Relative VEGF and VEG-
FRs expression quantities were compared between
case and control groups. Q-PCR data were ana-
lyzed using the comparative cycle threshold (CT)
method (41). The difference in CT (ACT) was de-
termined as the difference between the number of
cycles required for amplification of the test gene
and the housekeeping gene, human f-actin. Then
AACT was calculated by finding the difference be-
tween case and control groups.

Differences in normalized expression values
between groups were analyzed using the analy-
sis of variance (ANOVA) statistical test. The
results were presented as mean + standard error
of mean (SEM). The level of statistical signifi-
cance was set at p<0.05.

Results

Reverse transcription polymerase chain reaction
(RT-PCR)

This study enrolled 20 women, 10 for the con-
trol and 10 for the case groups. The mean age of
the control group was 47.5 + 5.36 years which sig-
nificantly differed from the case group (36 £ 5.69
years). The age range was 42-56 years old for the
control group and 26-40 years for the case group.

RT-PCR showed that VEGF and VEGFRs mRNA
were expressed in all regions of the fallopian tubes
(infundibulum, ampulla and isthmus) in both case
and control groups (Fig.1). All amplified products
were at the predicted size of their respective genes.
There was no amplified product in negative con-
trol samples which was indicative of the absence
of genomic DNA contamination.

Quantitative PCR (Q-PCR)

The quantitative expression profiles of VEGF,
VEGFRI and VEGFR?2 in all regions of the fal-
lopian tubes in both groups are shown in figures
2-4. The results revealed that expressions of all
studied genes differed between the two groups and
were significantly higher in the pseudo-pregnant
women (control group) compared to the EP wom-
en (case group). As an exception, we observed
higher VEGFR?2 gene expression in the ampulla of
the case group.

The expression of VEGF was the highest in the
ampulla of the control group and infundibulum of
the case group compared to the other areas of the
same tube (Fig.2). In contrast to VEGFE, VEGFRI
and VEGR?2 expressions were highest in the am-
pulla of the case group and infundibulum of the
control group (Figs.3, 4).

Table 1: Sequences of primers used for quantitative polymerase chain reaction (Q-PCR)

Gene Forward primer (5°-3") Reverse primer (5°-3") Annealing Product  GenBank
temperature ('C) size (bp)  accession no.
VEGF TGCAGATTATGCGGATCAAACC TGCATTCACATTTGTTGTGCTGTAG 60 81 AB021221
VEGFRI1 CAGGCCCAGTTTCTGCCATT TTCCAGCTCAGCGTGGTCGTA 60 82 AF063657
VEGFR2 CCAGCAAAAGCAGGGAGTCTGT TGTCTGTGTCATCGGAGTGATATCC 60 87 AF063658
p-actin CAAGATCATTGCTCCTCCTG ATCCACATCTGCTGGAAGG 60 90 NM 001101

VEGF; Vascular endothelial growth factor, VEGFR1; VEGF receptor 1; VEGFR2; VEGF receptor and f3-actin; Beta actin.
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Fig.1: Expressions of vascular endothelial growth factor (VEGF) and its receptors, VEGF receptor 1 (VEGFR1) and VEGFR2, mRNA in the
infundibulum (Inf), ampulla (Amp) and Isthmus (Ism) of fallopian tubes. These genes were expressed in all parts of the fallopian tubes in

both case and control groups. There was no amplified product in negative control (C”) samples.
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Fig.2: Quantitative PCR (Q-PCR) results of vascular endothelial growth factor (VEGF) mRNA expression.

*; Significantly different expression between the two groups, #; Significantly different expression between different parts of the control
group, Amp; Ampulla, Inf; Infundibulum and Ism; Isthmus.

The level of statistical significance was set as at p<0.05.
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Fig.3: Quantitative PCR (Q-PCR) results of vascular endothelial growth factor receptor 1 (VEGFR1) mRNA expression.

*, Significantly different expression between the two groups, #; Significantly different expression between the ampulla and infundibulum
of the control group, $; Significant different expression between the isthmus and infundibulum of the control group, Amp; Ampulla, Inf;
Infundibulum and Ism; Isthmus.

The level of statistical significance was set as at p<0.05.
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*,; Significantly different expression between two groups, #; Significantly different expression between the ampulla and infun-
dibulum of the control group, $; Significantly different expression between the ampulla and infundibulum of the case group, €;
Significantly different expression between the ampulla and isthmus of the case group, Amp; Ampulla, Inf; Infundibulum and Ism;

Isthmus.
The level of statistical significance was set as at p<0.05.

Discussion

Embryo implantation is an essential process
that occurs in the early stage of pregnancy and
leads to the establishment of a functional placen-
ta and pregnancy. Successful embryo implanta-
tion depends on proper interactions between the
blastocyst and a receptive endometrium. For de-
velopment of a receptive endometrium, ovarian
hormones that include estrogen and progesterone
act on epithelial cells of the endometrium leading
to the establishment of an appropriate environment
which supports blastocyst development, attach-
ment and subsequent implantation events (42-44).
The processes of implantation and trophoblast in-
vasion are associated with growth of blood vessels
coincident with decidualization, improvement of
vascular membranes, and placenta formation (45).
These processes accompanied by the formation of
new blood vessels from pre-existing vasculature
(angiogenesis) (46) and establishment of the em-
bryonic vascular system (vasculogenesis) (47).

One of the key factors in regulation of angio-

genesis is VEGF. It has been suggested that VEGF
is an essential cytokine for embryo implantation.
This cytokine plays a crucial role in maternal-
fetal interactions as a local mediator which facili-
tates blastocyst implantation (37). Expressions of
VEGF and its receptor mRNAs are induced by
growth factors, cytokines and gonadotropins, and
depend on local conditions such as hypoxia (27).

Although many cellular and molecular events
during embryo implantation are unknown, how-
ever a study of these changes during normal hu-
man pregnancy is practically impossible because
of ethical limitations. On the other hand, most
women with EP undergo salpingectomy as treat-
ment. Thus, EP can be used as an accessible model
for human embryo implantation.

In the present study we investigated mRNA
expression levels of VEGF and its receptors in
fallopian tubes of women with EP (case group)
compared to a control group of pseudo-pregnant
women with normal fallopian tubes. Because of
ethical limitations, accessibility to fallopian tubes
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of normal pregnant women is impossible; therefore
we have injected hCG for the induction of pseudo-
pregnant conditions in control group women that
underwent hysterectomies (5). RT-PCR showed
that VEGF and VEGFRI, 2 mRNA expressed in
all regions of the fallopian tubes of both groups.
Q-PCR confirmed that the relative expression of
these genes was significantly higher in fallopian
tubes of pseudo-pregnant women compared with
fallopian tubes from case group women, with the
exception of VEGFR2 mRNA expression.

Previously, other studies investigated the
presence of VEGF and its receptors in normal
fallopian tubes. Lam et al. (29, 30) conducted
immunohistochemical analyses and showed
that VEGF, VEGFRI and VEGFR2 expressed
at the protein level in the infundibulum, am-
pulla and isthmus of fallopian tubes in fertile
women throughout the menstrual cycle. Using
semi-quantitative RT-PCR, they observed that
VEGF, VEGFRI and 2 mRNA expressions were
highest in fallopian tubes in the periovulatory
stage. Expressions in the ampullary and infun-
dibular regions were higher than the isthmus.
In addition, they reported a significant positive
correlation between serum follicle stimulating
hormone (FSH) and luteinizing hormone (LH)
concentrations and VEGF and VEGFRI mRNA
expressions in normal fallopian tubes. They hy-
pothesized that VEGF in human fallopian tubes
might play important roles related to early re-
productive events, which occur predominantly
in the ampulla during the peri-ovulatory phase
when serum FSH and LH concentrations were
high.

The finding of the present study in pseudo-preg-
nant women was consistent with a study by Lam
et al. (30) who observed the highest expressions of
VEGF and VEGFRI in the ampullary and infun-
dibulary regions, respectively.

A study of VEGF family gene expression in EP
conducted by Lam et al. (29), researched the im-
plantation site of fallopian tubes with EP compared
to other regions of same fallopian tube. In the pre-
sent study we excluded the implantation site. In
their study (29), VEGF and VEGFRs mRNA ex-
pressions increased at the implantation site of the
fallopian tube with the EP compared to the rest of
the same fallopian tube. The current study differed
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from the study by Lam et al. in the samples used
for comparison. They compared the expression of
these genes at the implantation site and other sec-
tions of same fallopian tube with EP. The current
study collected fallopian tubes from normal wom-
en who received hCG to mimic the hormonal sta-
tus of a normal pregnancy (pseudo-pregnant state)
as the control group. (29).

Lower gene expression of VEGF and its recep-
tors in the EP group compared to pseudo-pregnant
women from the control group might be due to the
effect of hCG on VEGF and VEGFRs expressions.
The result of a study by Lam et al. (30) showed
that mRNA expression of VEGF and its receptors
in normal fallopian tubes was positively correlated
with serum sex hormone concentrations.

Another potential explanation for the difference
in gene expression between the case and control
groups in the present study might be the differenc-
es in age between the studied women. The mean
age of the control group was 47.5 years, whereas
the case group was 36 years. The increased VEGF
and VEGFRs mRNA expression in the control
group might be secondary to changes in sex hor-
mones, cytokines and growth factor expressions in
older women (48, 49).

Despite limited studies with regards to VEGF gene
expression, several studies investigated the concen-
tration of VEGF in sera of pregnant women. Evans
et al. (37) stated that maternal serum VEGF concen-
trations increased during the first trimester of preg-
nancy. In a study by Wheeler et al. (50) maternal se-
rum VEGF concentrations remained elevated up to
week-20 of pregnancy and was positively correlated
with placental volume at mid-pregnancy, as well as
to placental and fetal weight at delivery. Daniel et al.
(51) reported that serum VEGF levels up-regulated
in women with EP compared to those who had in-
trauterine pregnancies, although there was only bor-
derline significance between tubal EP and failed in-
trauterine pregnancy.

Conclusion

Our results suggest that expressions of VEGF and
VEGFRs mRNAs are lower in fallopian tubes that
contain EP compared with normal fallopian tubes
that receive hCG. Further studies are required with
larger sample sizes that include a group of fertile
women in the periovulatory phase.
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Abstract
Background: In fertility studies, it has been shown that transforming growth factor §
(TGFp) and interlukin 10 (IL-10) play very important roles in implantation, maternal im-
mune tolerance, placentation and fetal development, and the release beginning of release
for fetal and postnatal death. The present study aims to determine the effects of the post-
mating administration of neutralizing antibodies against IL-10 and TGFp, which signifi-
cantly impact pregnancy in females and the conception rates in mice via assessments of
blood serum and uterine fluid concentrations of IL-2, IL-4, IL-6, IL-10, IL-17, interferon
v (IFNy), Tumor necrosis factor a (TNFa), and TGFp.

Materials and Methods: In this experimental study, 21 BALB/c strain female mice
were mated and randomly divided into three groups. The mice in the first group
were selected as the control group. The second group of animals was injected with
0.5 mg of anti-IL-10 after mating, while those in the third group were intraperi-
toneally injected with 0.5 mg of anti-TGFf. The animals in all groups were de-
capitated on the 13™ day after mating and their blood samples were taken. The uteri
were removed to determine pregnancy. The mice’s uterine irrigation fluids were also
obtained. We used the multiplex immunoassay technique to determine the cytokine
concentrations in uterine fluid and blood serum of the mice.

Results: We observed no intergroup difference with respect to conception rates. A comparison
of the cytokine concentrations in the uterine fluids of pregnant mice revealed higher TGFf
concentrations (p<0.01) in the second group injected with the anti-IL-10 antibody compared
with the other groups. There was no difference detected in pregnant animals with regards to
both uterine fluid and blood serum concentrations of the other cytokines.

Conclusion: Post-mating administration of anti-IL-10 and anti-TGFf antibodies in mice
may not have any effect on conception rates.

Keywords: Pregnancy, Mouse, Cytokine
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Introduction

The maternal immune system plays an important
role in establishment of pregnancy. It is generally
believed that cellular immune response is inhibited
while humoral immune response becomes domi-
nant during gestation. In this regard, Treg cells and
their secreted cytokines such as interlukin 10 (IL-
10) and transforming growth factor B (TGFP) may
have important roles.

The significant role played by Treg lymphocytes
during pregnancy has been first shown in mice in
2004. Treg cells can be detected in lymph nodes
that drain the uterus as early as two days after mat-
ing. It is also argued that there is an increase in the
number of these cells within the days following
mating in mice (1). Many different mechanisms
have been suggested for the immunosuppressive
effect of Treg lymphocytes. IL-10 and TGFp are
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known to increase during this immunosuppres-
sion. IL-10 and TGFp play very important roles
in conception rates and the pregnancy period (2).

For a pregnancy, IL-10 and its receptors must be
found in the endometrium and decidual cells in early
pregnancy under normal conditions. This cytokine
leads to the proliferation of decidual cells and the se-
cretion of Tumor necrosis factor o (TNFa) due to the
autocrine effect, while also causing a maternal im-
mune response due to the paracrine effect (3).

TGFB is known to play a role in providing maternal
immune tolerance during implantation and in in vitro
regulation of various implantation-related molecules
such as vascular endothelial growth factor (VEGF),
matrix metallopeptidase 9 (MMP-9), insulin-like
growth factor-binding protein 1 (IGFBP-1), and leu-
kemia inhabitory factor (LIF) (4, 5). Early embryonic
deaths or postpartum deaths have been reported in
TGEFp knockout mice (6). Other studies demonstrate
mRNA expression in TGFp type 1 and type 2 recep-
tors in rat endometria during the estrous cycle and in
early pregnancy, claiming that functional TGF sig-
nals are linked to the beginning of implantation and
trophoblast invasion (7, 8).

Mating triggers a temporary inflammatory response
in the uterus, particularly for reasons related to semi-
nal plasma, which might start with blastocyst hatch-
ing and continue to implantation. This response is be-
lieved to originate from the immunopermissive effect
of the lymphocytes in the uterus. Specific factors in
the seminal vesicles such as TGFp trigger cytokines
and chemokines such as granulocyte macrophage
colony-stimulating factor (GM-CSF) in the uterine
epithelium and leukocytes in mice (9, 10). In this con-
text, mating is also argued to cause immunomodula-
tion in the long run. Prior to implantation, the embryo
needs a suitable cytokine environment for survival.
In particular, IL-10 with immunosuppressive activity
has a role in the emergence of a mating-induced in-
flammatory response (11). Robertson et al. (12) have
reported that IL-6 and GM-CSF levels also increased
after mating.

The Treg lymphocyte population increases in re-
gional lymph nodes and in the uterus of females
exposed to seminal plasma as a result of mating.
This increase is believed to play a role in the de-
velopment of fetal immune tolerance prior to im-
plantation. Moreover, TGFf-involved immune de-
viation and antigenic stimulation should exist for
this reaction to take place. This process requires

Int J Fertil Steril, Vol 9, No 1, Apr-Jun 2015 66

both sperm and seminal plasma in the same en-
vironment (9, 13). The present study aims to de-
termine the effects of post-mating administration
of antibodies developed against IL-10 and TGFf
with roles in conception and continuation of preg-
nancy upon conception rates in mice. The blood
serum and uterine fluid concentrations of IL-2, IL-
4, IL-6, 1L-10, IL-17, interferon y (IFNy), TNFa,
and TGFp cytokines are also analyzed.

Materials and Methods
Animals

Female BALB/c mice, 3-4 months old, that
weighed 25-30 g were used in this experimental
study. The animals were obtained from the Ex-
perimental Research Center at Firat University.
During the study period, the animals were kept in
cages of seven animals per cage and were exposed
to a light regimen of 12 hours dark and 12 hours
light. They were given free access to food and
water. The maintenance and care of experimental
animals complied with the National Institutes of
Health Guidelines for the Humane Use of Labora-
tory Animals or those of our Institute. A report was
obtained from the Ethics Board for Experimental
Animals of Firat University to conduct the study
(FUHADEK No: 28/24.03.2010).

Treatment groups

One male mouse was placed in each cage and the
animals’ mating was monitored. Only females with
vaginal plugs or those with spermatozoa in vaginal
smears were considered to be mated females. The
floors of all cages were covered with black material
to facilitate the detection of vaginal plug formation.
Vaginal plug monitoring was carried out at 2 hour
intervals. This method was the preferred technique
to avoid missing the vaginal plugs as an indication
that mating had occurred. Then, the animals were
randomly placed into three groups.

The animals in group 1 (n=7) were intraperito-
neally injected with 0.5 ml of saline solution im-
mediately after the detection of vaginal plugs or
spermatozoa in vaginal smears.

The animals in group 2 (n=7) were intraperito-
neally injected with 0.5 mg of monoclonal mouse
anti-IL-10 antibody (eBioscience) immediately af-
ter the detection of vaginal plugs or spermatozoa
in vaginal smears (14).



The animals in group 3 (n=7) were intraperito-
neally injected with 0.5 mg of monoclonal mouse
anti-TGFp antibody (GeneTex) immediately after
the detection of vaginal plugs or spermatozoa in
vaginal smears (14).

The animals in all groups were decapitated 13
days after the detection of vaginal plugs or sper-
matozoa in vaginal smears. Before decapitation,
their intracardiac blood was taken. Blood samples
were centrifuged at 3000 rpm for 5 minutes and
the resultant sera were stored at -80°C until as-
sayed. The uteri of the decapitated animals were
removed to identify whether they were pregnant.

Collection of uterine fluid

After the animals were killed, their uterine fluid was
obtained as described by Harris et al. (15) and Orsi et
al. (11). Accordingly, the cornua of the removed uteri
were ligatured and then irrigated with mineral oil to
collect uterine fluids. We used 1 ml of mineral oil for
irrigation purposes. Subsequently these samples were
microcentrifuged at 9000 rpm for 5 minutes to remove
cell debris. The resultant uterine fluids were kept at
-80°C until the measurements were carried out.

Cytokine analyses

The IL-2, IL-4, IL-6, IL-10, IL-17, IFNy, TNFa,
and TGFP concentrations in blood serum samples
and uterine fluids obtained from the animals were
determined by multiplex immunoassay (Procar-
ta® Cytokine Assay Service, Diax, Italy) based on
XxMAP® technology. The multiplex assay is a test
capable of a large number of simultaneous meas-
urements. It is used in cases of small volumes of
sera. All cytokines tested with immunoassay mul-

Effects of Anti-IL-10, Anti-TGFR on Conception Rates

tiplex analysis can be made with a single plate. Since
TGFp kits can only determine the active form of
TGEFB, acid assays have been performed to separate
the active form of TGFp in the samples. A separate
plate was used for TGF3 measurements (16).

Statistical analysis

The chi-squared test was used to compare inter-
group conception rates while the Kruskal-Wallis
test was performed to compare intergroup cytokine
concentrations. In cases where the test showed sig-
nificance, the Mann-Whitney U test was employed to
determine the significance level. All statistical analy-
ses were performed using SPSS 11.5 software.

Results

Table 1 summarizes the conception rates on day
13 after mating in the light of the data obtained.
No intergroup difference was detected in terms of
conception rates (p>0.05).

A comparison of the cytokine concentrations in
the uterine fluids from conceived animals revealed
a significantly higher TGFf concentration in group
2 injected with the anti-IL-10 antibody (12.30 +
2.67 pg/ml) compared to the other groups (p<0.01,
Table 2). However, no significant difference was
found between conceived animals with regard to
the concentrations of other cytokines both in uter-
ine fluid and blood serum (p>0.05, Tables 2 , 3).

Statistical computations were not performed for
intergroup comparisons because the number of
non-conceived animals was low in all groups. No
comparison could be made between the cytokine
concentrations of conceived and non-conceived
animals due to the same reason.

Table 1: Distribution of pregnancy rates according to groups

Group 1 * Group 2 * Group 3 *
Pregnancy Pregnancy Pregnancy
Positive Negative Positive Negative Positive Negative
N (%) N (%) N (%) N (%) N (%) N (%)
6 (85.71) 1(14.29) 5(71.43) 2 (28.57) 5(71.43) 2 (28.57)

No significant differences between groups (p>0.05), *; N=7.
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Table 2: Distribution of uterine fluid cytokine concentrations according to groups

Cytokine Group 1 Group 2 Group 3
(pg/ml) (n=T7) (n=7) (n=T7)
Pregnancy Pregnancy Pregnancy P

+ - + - + -

(n=6) (n=1) (n=5) (n=2) (n=5) (n=2)
IL-2 4.33+0.49 4.0 3.30+£0.49 4.5 2.80 +£0.20 3.0 -
IL-4 3.83+0.65 4.0 4.00 £0.77 3.0 3.80+0.37 35 -
IL-6 550+1.12 5.0 5.00+£0.89 5.5 4.80+0.97 4.5 -
IL-10 3.33+0.21 3.0 4.30+0.44 4.25 5.20+0.97 35 -
IL-17 7.33+0.71 6.0 7.00 +0.32 7.00 6.40 +1.02 6.0 -
IFNy 38.83 £5.87 53.0 48.17+3.32 48.75 49.00 +4.37 60.5 -
TNFa 4.67+0.49 6.0 4.60 £ 0.51 4.5 3.90+0.40 4.75 -
TGFp 4.66 +0.33° 6.0 12.30 £ 2.67° 17.5 5.50+0.61° 4.75 *

-; No significant differences between groups (p>0.05).
b The difference between different letter-carrying averages is significant, *; P<0.01, IL; interlukin, IFNy; interferon y, TNFa; Tumor necro-
sis factor a and TGF; transforming growth factor B.

Table 3: Distribution of serum cytokine concentrations according to groups

Cytokine Group 1 Group 2 Group 3
(pg/ml) (n=T7) (n=T7) (n=T7)
Pregnancy Pregnancy Pregnancy p

+ - + - + -

(n=6) (n=1) (n=5) (n=2) (n=5) (n=2)
IL-2 6.17 +1.04 14.0 4.4+043 6.5 541+222 3.75 -
IL-4 10.92 +£5.29 31.0 7.00 +1.17 9.0 9.34+13.17 6.5 -
IL-6 63.11 £7.88 87.0 38.40 £25.05 12.0 74.80 £ 17.44 127.75 -
IL-10 5.0+0.73 4.0 4.8+0.2 4.0 52+0.58 35 -
IL-17 287.73 £ 11.12 195.0 170.90 + 56.58 168.5 218.80 +27.60 396.0 -
IFNy 26.33£5.12 18.0 2420+4.0 19.0 5.33+5.21 14.75 -
TNFa 31.25+8.52 14.5 39.33+£12.33 325 19.50 = 4.84 14.5 -
TGFB 2403.08 £410.56  2830.5 3798.50 £ 962.25 4177.5 2287.60 £710.70 4147.25 -

-; No significant differences between groups (p>0.05), IL; interlukin, IFNy; interferon y, TNFa; Tumor necrosis factor a and TGFj; trans-
forming growth factor B.
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Discussion

Studies that examine the role of cytokines in repro-
ductive processes have argued that IL-10 has a role
in fertility, implantation, maternal immune tolerance,
placentation, and fetal development (3), while the
same roles are also played by TGFp and fetal or post-
partum deaths are claimed to occur due to the defects
in its release (6).

Immunosuppressive 1L-10 and TGFpB secreted
by Treg cells during pregnancy inhibit the effector
functions of activated leukocytes (17, 18). Slager
et al. (19) have reported a considerable decrease in
implantation rates after the neutralizing antibodies
specific for TGFB-2 were injected into the cavity of
mouse blastocysts 3.5 days after mating. After one
day in culture, embryos were transferred to pseudo-
pregnant females. In order to evaluate the physiologic
roles of IL-10, BALB/c mice were continuously
treated with neutralizing anti-IL-10 antibodies from
birth until the eighth week as follows: three times per
week mice received 0.2 mg/injection for week one,
0.5 mg/injection for week two, and 1.0 mg/injection
for weeks three through eight. As a result, their en-
dogenous IFNy and TNFa levels increased (20). In
a study aimed at eliminating the protective effects of
Treg cells in pregnant mice (14), anti-IL-10 antibod-
ies were used as a 1 mg single intraperitoneal dose.
Very high abortion rates were observed in the animals
injected with these antibodies. In the same study, the
researchers blocked TGF in pregnant animals by us-
ing neutralizing antibodies administered as a single 1
myg intraperitoneal dose. They observed high abortion
rates in these animals as well, although not as high as
in the groups treated with anti-IL-10 antibodies. This
result has demonstrated the importance of TGFf and
particularly IL-10 secreted by Treg cells during preg-
nancy in protecting the allogeneic fetus. The results of
the present study were not consistent with the results
of these studies. These differences might arise from
issues such as the method antibody administration,
breed discrimination, and dosage.

There are certain publications asserting views that
are contrary to those presented above. For instance, Ri-
jhsinghani et al. (21) have treated pregnant mice with
anti-IL-10 monoclonal antibodies to neutralize IL-10.
As aresult they found that this treatment did not affect
pregnancy duration and there were no adverse effects
on fetal development. However, certain problems in
the newborn at later stages were observed. It has been
reported that in early pregnancy and during implanta-
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tion, inflammatory responses develop in endometrial
tissues of IL-10 null mutant mice following mating
despite inadequate 1L-10. The implantation rates in
these animals and survival rates of their newborns are
higher when compared with normal mice. Thus, these
studies have claimed that IL-10 is not required in
mice for maternal immune tolerance and for a healthy
pregnancy. In the present study, we observed that the
post-mating anti-TGFP and anti-IL-10 treatments in
mice did not have any effect on conception rates. In
this respect, the data obtained were consistent with the
results reported in the above mentioned studies.

Conflicting results have been obtained in various
studies with regard to the impacts of anti-IL-10 and
anti-TGFf treatments on the formation and continu-
ation of pregnancy. Nevertheless, fetal formation and
survival requires the development of maternal immu-
notolerance during pregnancy and this requires an im-
munosuppressive environment, also including 1L-10
and TGFp. At this point, neutralizing antibodies that
develop against IL-10 and TGF may adversely af-
fect the formation and continuation of pregnancy by
suppressing the functions of the cytokines in question.
Studies have been conducted by researchers oppos-
ing this hypothesis such as Rijhsinghani et al. (21)
and White et al. (22) that failed to mention whether
the antibodies used sufficiently neutralized IL-10 and
TGEFB. They also varied in their methods used as well
as the number and types of their subjects. Research-
ers who proposed positive opinions about the subject
used different concentrations of anti-IL-10 and anti-
TGFp during pregnancy. No study has been found on
the post-mating use of these antibodies.

In the present study, despite the lack of any statis-
tical difference, the blood serum TNFa and TGFp
concentrations were found to be higher in the group
treated with anti-IL-10 antibodies compared with the
other groups, whereas 1L-2, IL-4, IL-6, IL-10, and
IL-17 were lower in this group. Even though there
was no statistical difference, this result could be inter-
preted to demonstrate that treatment of these antibod-
ies in mice partially influenced blood serum cytokine
concentrations in pregnant animals. However, since a
limited number of animals were used in the study for
ethical reasons we could not compare cytokine con-
centrations in conceived and non-conceived animals.
Hence, we did not have any findings on this topic.
Similar interpretations also apply to the group treated
with anti-TGFp antibodies and could be extended to
comparisons of both uterine fluid and blood serum
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cytokine concentrations between conceived and non-
conceived animals.

One of the main objectives of reproductive biol-
ogy is a healthy early pregnancy and, in particular,
implantation period. The present study has aimed at
demonstrating the importance of IL-10 and TGFp in
the formation of pregnancy and attempted to prevent
pregnancy formation in mice by the post-mating use
of neutralizing antibodies developed against these cy-
tokines. In this way, this study also aimed to obtain
data to develop a new immunocontraceptive method
to control reproduction. However, in our study, we ob-
served that either post-mating anti-TGFf and or anti-
IL-10 treatments in mice did not influence conception
rates. Therefore, we concluded that it would be useful
to support these results with further studies that use a
greater number of subjects and/or other species.

Conclusion

In the present study, we observed that cytokine
concentrations obtained from the uterine fluid
were significantly lower than the blood serum cy-
tokine concentrations in all groups. However, our
results were consistent with the findings of Orsi
et al. (11) and these conclusions should be con-
sidered by studies that aim to determine cytokine
concentrations and their effects in organs with lu-
men, such as the uterus. The lower cytokine con-
centrations in uterine fluid compared with blood
serum could be attributed to the fact that cytokine
concentrations might have been diluted during the
irrigation process.
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Abstract
Background: Endometriosis is a common, benign, oestrogen-dependent, chronic gy-
naecological disorder associated with pelvic pain and infertility. Some researchers have
identified nerve fibers in endometriotic lesions in women with endometriosis. Mesen-
chymal stem cells (MSCs) have attracted interest for their possible use for both cell and
gene therapies because of their capacity for self-renewal and multipotentiality of differ-
entiation. We investigated how human umbilical cord-MSCs (hUC-MSCs) could affect
nerve fibers density in endometriosis.

Materials and Methods: In this experimental study, hUC-MSCs were isolated from
fresh human umbilical cord, characterized by flow cytometry, and then transplanted into
surgically induced endometriosis in a rat model. Ectopic endometrial implants were col-
lected four weeks later. The specimens were sectioned and stained immunohistochemi-
cally with antibodies against neurofilament (NF), nerve growth factor (NGF), NGF
receptor p75 (NGFRp75), tyrosine kinase receptor-A (Trk-A), calcitonin gene-related
peptide (CGRP) and substance P (SP) to compare the presence of different types of nerve
fibers between the treatment group with the transplantation of hUC-MSCs and the control
group without the transplantation of hUC-MSCs.

Results: There were significantly less nerve fibers stained with specific markers we
used in the treatment group than in the control group (p<0.05).

Conclusion: MSC from human umbilical cord reduced nerve fiber density in the treat-
ment group with the transplantation of hUC-MSCs.

Keywords: Endometriosis, Mesenchymal Stem Cells, Nerve Fibers, Immunohistochemistry
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Introduction

Endometriosis is defined as the presence of
tissues which somewhat resembles endometrial
glands and stroma outside the uterine cavity,
most commonly implanted over visceral and
peritoneal surfaces within the female pelvis.

Endometriosis exhibits disturbances of cellular
proliferation, cellular invasion and neoangio-
genesis (1). Although the exact prevalence of
endometriosis in the general population is not
clear, the prevalence in women of reproductive
age is estimated to range between 10 and 15%
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(2). Endometriosis is a chronic, benign, oestro-
gen-dependent multifactorial and gynaecologi-
cal disease, with pain being the most common
and specific symptom. To date, the cardinal
treatments for endometriosis are medical and
surgical therapies. Pain symptoms may persist
despite seeming adequate medical or/and surgi-
cal treatment of the disease (3).

Stem cell therapy as a promising and unprec-
edented strategy has the potential to be more
effective than single-agent drug therapies (4).
Mesenchymal stem cells (MSCs) are especially
well suited for cell therapy owing to their abil-
ity to differentiate into different lineages and
secrete a number of cytokines (5). Human um-
bilical cord-MSCs (hUC-MSCs) have become
strong candidates for a cell-based therapy be-
cause of their key characteristics of long-term
self-renewal and capacity to differentiate into
diverse tissues. In addition, they can be easily
obtained and cultured without raising ethical is-
sues (6), as well as being an excellent alterna-
tive to bone marrow as a source of MSCs for
cell therapies (6, 7). Furthermore, hUC-MSCs
are a subset of primitive stem cells. HUC-MSCs
neither induce teratomas nor result in acute re-
jection after being transplanted into non-im-
mune-suppressed animals (8). In various animal
disease models, transplantation of hUC-MSCs
was reported to improve neurobehavioral func-
tions following ischemic stroke (9), ameliorate
mouse hepatic injury (10), and show effec-
tiveness in apomorphine-induced rotations in
a rodent model of Parkinson’s disease (6, 11).
Nevertheless, currently little is known about the
application of hUC-MSCs to endometriosis.

Some researchers have identified nerve fibers
in endometriotic lesions in women with en-
dometriosis (12-14). Berkley et al. (15) and
Oosterlynck et al. (16) have reported that en-
dometriotic implants developed a sensory and
sympathetic nerve supply both in rats and in
women, similar to that of the healthy rat uterus.
The present study demonstrated the existence of
a much greater density of nerve fibers in deep
infiltrating endometriosis than in peritoneal en-
dometriotic lesions (17). These nerve fibers in
endometriotic lesions could possibly exert their
functions on the pathogenesis or symptoms of
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As a consequence, we established surgically
induced endometriosis in a rat model to inves-
tigate the effects of the hUC-MSCs transplanta-
tion on nerve fibers and the pathogenesis of the
disease.

Materials and Methods
Generation and administration of hUC-MSC

The study protocol was approved by the Re-
search Ethics Committee of Qilu Hospital of
Shandong University (Shandong, P. R. China).
HUCs (n=10, clinically normal pregnancies)
were excised and washed in a 0.1 mol/L phos-
phate buffer saline (PBS, pH=7.4, Gibco-BRL,
Grand Island, NY, USA) to remove excess blood
(6). The cords were dissected and the blood
vessels were removed. The remaining tissues
were cut into small pieces (1-2 mm?®) and placed
in plates with low-glucose Dulbecco-modified
Eagle medium (L-DMEM, Gibco-BRL, Grand
Island, NY, USA), supplemented with 10% fe-
tal bovine serum (FBS, Gibco-BRL, Grand Is-
land, NY, USA), 2 ng/mL vascular endothelial
growth factor (VEGF, R&D Systems, Minne-
apolis, MN), 2 ng/mL epidermal growth factor
(EGF, R&D Systems, Minneapolis, USA), 2 ng/
mL fibroblast growth factor (FGF, R&D Sys-
tems, Minneapolis, USA), 100 U/mL penicil-
lin, and 100 pg/mL streptomycin (Gibco-BRL,
Grand Island, USA). Cultures were maintained
at 37°C in a humidified atmosphere with 5%
CO,. The media were changed every 3-4 days.
Adherent cells proliferated from individual ex-
planted tissues 7-12 days after initiating incuba-
tion. At this time, the small tissue pieces were
removed from the culture and the adherent fi-
broblast-like cells were cultured to confluence,
which subsequently took 2-3 weeks in culture.
The cells were then trypsinized using 0.25%
trypsin (Gibco-BRL, Grand Island, USA) and
passaged at 1x10* cells/cm? in the medium de-
scribed above. The cells were used after five or
more passages.

Cell surface antigen phenotyping

Fifth- to seventh-passage cells were collect-
ed and treated with 0.25% trypsin. The cells



were stained with either fluorescein isothiocy-
anate-conjugated or phycoerythrin-conjugated
monoclonal antibodies in 100 uL PBS for 15
minutes at room temperature, as suggested by
the manufacturer. The antibodies used were
against human antigens cluster of differentia-
tion 34 (CD34), CD29, CD44, CD45, CD105,
and CD106 (SeroTec, Raleigh, NC, USA). Cells
were analyzed using flow cytometry (Cytom-
eter 1.0, CytomicsTM FC500, Beckman Coul-
ter Inc., USA). Positive cells were counted and
compared to the signal of corresponding immu-
noglobulin isotypes.

Differentiation capacity

To investigate the differentiation potential of the
fibroblast-like cells, the fourth passage cells were
cultured under conditions appropriate for inducing
the differentiation of each lineage.

Cells were seeded at a density of 2x10* cells/
cm?and the differentiation media were changed
every 3-4 days. The osteogenic differentiation
medium consisted of L-DMEM supplemented
with 10% FBS, 0.1 uM dexamethasone, 50
mM B-glycerol phosphate, and 0.2 mM ascor-
bic acid (Sigma-Aldrich, St. Louis, MO, USA).
The adipogenic differentiation medium consist-
ed of high-glucose DMEM supplemented with
0.25 mM 3-isobutyl-1-methylxanthine, 0.1 uM
dexamethasone, 0.1 mM indomethacin (Sigma-
Aldrich, USA), 6.25 pg/mL insulin (PeproTech,
UK), and 10% FBS. Cells were kept in the nor-
mal growth medium served as the control.

Animal model and cell transplantation

All animal procedures were conducted in ac-
cordance with the institutional guidelines of
Qilu Hospital of Shandong University (Shan-
dong, P. R. China). Adult female Wistar rats,
weighing 180-210 g, were housed in cages in
an air-conditioned room at 25 +1°C with a 12
hours dark/light cycle. The oestrous stage was
monitored daily by vaginal smear every morn-
ing, beginning at least 2 weeks before surgery
and continued until the day of death. Only rats
with a regular 4-day cycle both before and after
surgery were used. Surgically induced endome-
triosis in a rat model was done as previously
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described (18) and surgery was done under
aseptic precautions. Rats in estrus were anes-
thetized with 3% pelltobarbitalum natricum
(Solarbio, Beijing Solarbio Science & Technol-
ogy Co., Ltd. China) at a dose of 0.2 mL /200 g
by means of intraperitoneal injection. A midline
abdominal incision exposed the uterus, and a
1-cm segment of the middle of the left uterine
horn was removed and placed in warm sterile
saline. Four pieces of uterine horn (=2x2 mm)
were cut from this segment and sewn with 4.0
nylon sutures around the alternate cascade mes-
enteric arteries that supply the caudal small in-
testine, starting from the caecum. The incision
was closed in layers, and the rats were allowed
to recover from anesthesia under close obser-
vation. Hereafter the endometriosis model rats
were randomly divided into two groups (12 rats
each), namely the treatment group and the con-
trol group. Two weeks later, the treatment group
received hUC-MSCs by injection of 1x10°cell/
mL normal saline into the tail vein every 5 days
for 15 days. Meanwhile, the control group only
received the same volume of normal saline.
Four weeks later, ectopic implants were collect-
ed and fixed in 10% neutral buffered formalin
for 18~24 hours.

Immunohistochemistry

We examined the presence of different types
of nerve fibers in endometriotic implants in a rat
model by immunohistochemistry using highly
specific markers. We used neurofilament (NF),
nerve growth factor (NGF), NGF receptor p75
(NGFRp75), tyrosine kinase receptor-A (Trk-
A), calcitonin gene-related peptide (CGRP) and
substance P (SP) to differentiate types of nerve
fibers.

These implants were fixed with formalin, pro-
cessed and embedded in paraffin according to a
standard protocol. Each section was cut at 4 um
and mounted onto slides. These sections were
routinely stained with haematoxylin and eosin
(H&E, Gibco-BRL, Grand Island, NY, USA)
staining. For immunohistochemistry, the slides
were submitted to antigen retrieval by boiling
in citrate buffer (0.01 mol/L, pH=6.0) for 15
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minutes using a micro-wave oven.

Endogenous peroxidase activity was prevent-
ed by incubating in 0.3% hydrogen peroxide for
15 minutes. Nonspecific binding was blocked
by 10% goat serum (Zhongshan Golden Bridge
Biotecnology Co., Ltd., China) for 20 minutes
at room temperature. The sections were immu-
nostained overnight at 4°C using antibodies for
monoclonal mouse anti-NF (dilution 1:150; Ab-
cam, UK), a highly specific marker for myeli-
nated nerve fibers, as follows: polyclonal rabbit
anti-NGF (dilution 1:200; Abcam, UK), mono-
clonal mouse anti-NGFRp75 (dilution 1:200;
Abcam, UK), polyclonal rabbit anti-TrkA (di-
lution 1:500; Abcam, UK), polyclonal mouse
anti-SP (dilution 1:250), and polyclonal rabbit
anti-CGRP (dilution 1:300, Abcam, UK), which
are sensory fiber markers, and they can be pre-
sent in both Ad and C nerve fibers. The slides
were washed and incubated with horseradish
peroxidase-conjugated secondary antibody at
room temperature for 30 minutes.

Peroxidase activity was visualized by expo-
sure to diaminobenzidine tetrahydrochloride
solution (DAB kit, Zhongshan Golden Bridge
Biotecnology Co., Ltd., China) for 3-5 minutes.
The sections were then washed, counterstained
with hematoxylin for 1 minute, dehydrated, and
mounted with coverslips. We used normal rat
skin as a positive control as it reliably contains
myelinated and unmyelinated nerve fibers ex-
pressing NF, NGF, NGFRp75, Trk-A, SP, and
CGRP.

Quantification of nerve fiber density

The images were captured using an Olym-
pus DP72 camera (Tokyo, Japan). The assess-
ment of the mean density of nerve fibers was
performed by Image Pro Plus software (Media
Cybernetics, MD, USA). The integrated opti-
cal density (IOD) and area of the images were
calculated using Image Pro Plus software. The
area was divided by integrated optical density
to obtain the mean density of nerve fibers. All
lighting conditions and magnifications were
held constant. Moreover, the investigator was
unaware of the experimental groups from which
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the slices were obtained.

Statistical analysis

The results were expressed as the mean + SD.
All analyses were performed using the SPSS
(SPSS Inc., Chicago, IL, USA) version 17.0. The
comparison between two groups was performed
using non-parametric 2-tailed t test (Mann-Whit-
ney test). Statistical significance was defined as a
p value of less than 0.5.

Results

After several passages, adherent cells from
UC could form a monolayer of typical fibro-
blastic cells. Flow cytometry results showed
that UC-derived cells shared most of their im-
munophenotype with MSCs, including positive
expression for stromal markers (CD29, CD44,
CD105, and CD106), but negative expression
for hematopoietic markers (CD34 and CDA45)
(Fig.1A, B).

MSC differentiation was assessed using the
fourth passage cells. When being induced to
differentiate under osteogenic conditions, MSC
congregation increased with increasing induc-
tion time and formed a mineralized matrix, as
confirmed by alizarin red staining (Fig.1C).
Most of the MSC-like cells became alkaline-
phosphatase-positive by the end of 14 days
(Fig.1D). No mineralized matrix was observed
in the control cells kept in the normal growth
medium. The spindle shape of the MSCs flat-
tened and broadened after 1 week of adipogenic
induction. Small oil droplets gradually ap-
peared in the cytoplasm. By the end of the sec-
ond week, almost all cells contained numerous
oil-red-O-positive lipid droplets (Fig.1E). The
control cells maintained in the regular growth
medium did not stain positive for oil red O.

The mean density values of nerve fibers are
given in table 1. Nerve fibers stained with kinds
of special markers in ectopic endometriotic le-
sions were shown in figure 2. In summary, there
were significant differences (p<0.05) in the
mean density of nerve fibers in endometriotic
implants stained with most of the specific mark-
ers which we used between the treatment group
and the control group.
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Fig.1: HUC-derived MSC-like cells in passaged cultures. Immunophenotype (A) and H&E staining of UC-derived MSC-like cells (B). Osteo-
genic differentiation as indicated by the formation of mineralized matrix shown by alizarin red staining (C) and alkaline phosphatase ex-
pression (D). Adipocytic differentiation was noted by the presence of broadened morphology and formation of lipid vacuoles (E) (positive

oil-red O staining). Scale bars=80 pum.

hUC; Human umbilical cord, MSCs; Mesenchymal stem cells, H&E; Haematoxylin and eosin and CD; Cluster of differentiation.

Table 1: Quantitative assessment of the endometrial mean nerve fiber density stained against
different neural markers in model rat with endometriosis

Marker

Treatment group (n=12)
Mean = SD (range)

Control group (n=12)
Mean = SD (range)

NF

NGF
Trk-A
NGFRp75
CGRP

SP

0.40 + 0.20 (0.19~0.90)
0.27 +0.23 (0.00~0.77)
0.19 + 0.11 (0.00~0.44)
0.24 +0.13 (0.00~0.55)
0.32 + 0.35(0.08~1.08)

0.24 % 0.11 (0.00~0.45)

1.50+ 1.27* (0.33~4.28)
1.23+ 0.72%* (0.39~2.59)
1.64+ 0.95%* (0.26~3.74)
0.99+ 1.04* (0.17~4.07)
1.45+ 1.58% (0.33~5.64)

1.32+ 1.23** (0.15~5.18)

Data are represented by mean density + SD.
NF; Neurofilament, NGF; Nerve growth factor, Trk-A; Tyrosine kinase receptor-A, NGFRp75; NGF re-
ceptor p75, CGRP; Calcitonin gene-related peptide, SP; Substance P, *; P<0.01 and **; P<0.001.
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Fig.2: Nerve fibers in ectopic endometriotic lesions. A. Nerve fibers stained with NF from the control group without the transplantation
of hUC-MSCs. B. Nerve fibers stained with NF from the treatment group with the transplantation of hUC-MSCs. C. Nerve fibers stained
with NGF from the control group. D. Nerve fibers stained with NGF from the treatment group. E. Nerve fibers stained with Trk-A from the
control group. F. Nerve fibers stained with Trk-A from the treatment group. G. Nerve fibers stained with NGFRp75 from the control group.
H. Nerve fibers stained with NGFRp75 from the treatment group. I. Nerve fibers stained with CGRP from the control group. J. Nerve fib-
ers stained with CGRP from the treatment group. K. Nerve fibers stained with SP from the control group. L. Nerve fibers stained with SP
from the treatment group. Scale bars represent 50 um in A-R (magnification x200). Black arrows represent nerve fibers and yellow arrows
represent endometrial glands.
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Discussion

NF as a highly specific marker for myelinated
nerve fibers stains Aa, AP, Ay, Ad and B fibers.
Both SP and CGRP are sensory nerve fiber markers
that can be present in both Ad and C nerve fibers.
In the present study, statistically significant differ-
ence was observed in the mean density of the NF-
immunoactive nerve fibers between the treatment
and control groups. Lower number of nerve fibers
stained with NGF, TrkA, and NGFRp75 existed
in the treatment group than in the control group.
The mean densities of the CGRP- and SP- immu-
noreactive nerve fibers were lower in the treatment
group, which indicates that the sensory nerve fib-
ers were reduced. To sum up, our results showed
that there were less nerve fibers stained with most
of the specific markers used in this study in the
treatment group compared with the control group.

It is believed that rich innervation in en-
dometriosis may be involved in pain genera-
tion (17, 19). Patients with the highest pain scores
displayed significantly more neural invasion into
endometriosis than those with lower pain scores
(20). Therefore, less innervation may ameliorate
the symptoms of disease. Tokushige et al. (21)
reported that the nerve fiber density in peritoneal
endometriotic lesions from women with endome-
triosis who were on hormone treatment with pro-
gestogens and combined oral contraceptives was
statistically significantly lower than in perito-
neal endometriotic lesions from untreated women
with endometriosis. In the present study, our re-
sults showed that there was lower number of nerve
fibers in the treatment group, which is consistent
with the findings of previous studies.

The pathogenesis of endometriosis and patho-
physiological basis for endometriosis—associated
pain are still unclear. Endometriosis is believed to
be a chronic inflammatory state, with disturbances
of both cell-mediated and humoral immunity (16).
In women with endometriosis, the peritoneal fluid
has high concentrations of cytokines, growth fac-
tors, and angiogenic factors (16, 22-24), derived
from the lesions themselves; secretory products of
macrophages and other immune cells; and folli-
cular fluid after follicle rupture in ovulating
women. Once endometriotic lesions are formed,
they secrete several pro-inflammatory molecules
(23, 24).
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These nerve fibers in endometriotic lesions
probably play an important role in the patho-
genesis of pain and hyperalgesia. The nerve
endings of nerve fibers can potentially be
stimulated by many inflammatory substances,
including histamine, serotonin, bradykinin,
prostaglandins, leukotrienes, interleukins (ILs),
acetylcholine, VEGF, tumor necrosis factor-a
(TNF-a), epidermal growth factors, transform-
ing growth factor-f (TGF-B), platelet-derived
growth factor and NGF. Many of the above sub-
stances can be secreted by macrophages as well
as from endometriotic lesions (25, 26), and are
found in high concentration in the peritoneal
fluid of endometriosis patients. Moreover, mac-
rophages and their products may play important
roles in the growth and repair of nerve fibers.
The growth of nerve fibers is regulated by many
substances, including NGF, brain-derived neu-
rotropic factor (BDNF) and VEGF, and the syn-
thesis of these substances is also affected by
macrophage activities.

HMSC:s, first described by Fridenstein et al. (27)
in 1974, have extensive proliferative potential and
the capacity to differentiate into various cell types.
The bone marrow has been considered as the
major source of MSCs. Transplantation of bone
marrow-MSCs (BM-MSCs), however, may not be
acceptable because of the variations in cell num-
bers and the proliferative potential of these cells
from different donors (28). Other sources of MSCs
have been considered and currently the presence
of MSCs has been confirmed in the placenta, am-
niotic fluid, peripheral blood, lungs and teeth (29).
Because there are large numbers of MSCs in neo-
nates (30), human umbilical cords may be an ideal
source for these cells. Supporting their potential as
a source of cells, MSCs have been isolated from
human umbilical cord (9, 27, 31). MSCs are poor
antigen-presenting cells and do not express major
histocompatibility complex class Il or costimula-
tory molecules. HMSCs suppress T-lymphocyte
proliferation induced by cellular or non-specific
mitogenic stimuli and inhibit the response of
naive and memory antigen-specific T cells to their
cognate peptide (32). HMSCs altered the cytokine
secretion profile of dendritic cells (DCs), naive
and effector T cells [T helper 1 (T(h)1) and T(h)2],
and natural killer (NK) cells to induce a more anti-
inflammatory or tolerant phenotype (33). MSCs
have potent anti-inflammatory effects in multiple



disease states (34). Some researchers have reported
that MSCs administered by intravenous injections
potently inhibit systemic levels of inflammatory
cytokines and chemokines in the serum of treat-
ed animals (35). In addition, MSCs were able to
modulate the immune system through the release
of anti-inflammatory cytokines, prostaglandin E2
in many models (36). Aggarwal and Pittenger (33)
reported that through the interactions of hMSCs
with the various immune cells, hMSCs could in-
hibit or limit inflammatory responses and promote
the mitigating and anti-inflammatory pathways.
They demonstrated that when hMSCs are pre-
sent in an inflammatory environment (such as that
artificially created by activating DCs, macrophag-
es, NK cells, or T cells using various stimuli), they
may alter the outcome of the on-going immune
response by altering the cytokine secretion profile
of DC subsets (DC1 and DC2) and T-cell subsets
(TH1, TH2, or TRegs), thereby resulting in a shift
from a proinflammatory environment toward an
anti-inflammatory or tolerant cell environment.

There was significantly lower number of nerve
fibers stained with specific markers we used in
the treatment group than in the control group.
Endometriosis is a benign oestrogen-dependent
inflammatory disease and hUC-MSCs could at-
tune inflammatory effects of inflammatory factors
such as cytokines, growth factors, and angiogenic
factors. Other underlying mechanisms such as
the differentiation of hUC-MSCs and/or the par-
acrine mediator secreted by hUC-MSCs may be
also involved. A recent study also suggested that
hUC -MSCs may serve as a promising treatment
approach to ameliorate endometrial damage (37).
Our study was the preliminary exploration of hUC
—MSC treatment with endometriosis. The exact
mechanism and outcome of hUC-MSCs remain to
be elucidated in future studies.

Conclusion

We demonstrated that hUC-MSCs could reduce
nerve fibers density in the treatment group and
may provide a new potential therapeutic modality
to endometriosis.
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Abstract
Background: Due to high prevalence of infertility, increasing demand for infertility
treatment, and provision of high quality of fertility care, it is necessary for healthcare
professionals to explore infertile couples’ expectations and needs. Identification of these
needs can be a prerequisite to plan the effective supportive interventions. The current
study was, therefore, conducted in an attempt to explore and to understand infertile cou-
ples’ experiences and needs.

Materials and Methods: This is a qualitative study based on a content analysis ap-
proach. The participants included 26 infertile couples (17 men and 26 women) and 7
members of medical personnel (3 gynecologists and 4 midwives) as the key inform-
ants. The infertile couples were selected from patients attending public and private
infertility treatment centers and private offices of infertility specialists in Isfahan
and Rasht, Iran, during 2012-2013. They were selected through purposive sampling
method with maximum variation. In-depth unstructured interviews and field notes
were used for data gathering among infertile couples. The data from medical per-
sonnel was collected through semi-structured interviews. The interview data were
analyzed using conventional content analysis method.

Results: Data analysis revealed four main categories of infertile couples’ needs,
including: i. Infertility and social support, ii. Infertility and financial support, iii.
Infertility and spiritual support and iv. Infertility and informational support. The
main theme of all these categories was assistance and support.

Conclusion: The study showed that in addition to treatment and medical needs, infertile
couples encounter various challenges in different emotional, psychosocial, communica-
tive, cognitive, spiritual, and economic aspects that can affect various areas of their life
and lead to new concerns, problems, and demands. Thus, addressing infertile couples’
needs and expectations alongside their medical treatments as well as provision of psycho-
social services by development of patient-centered approaches and couple-based interven-
tions can improve their quality of life and treatment results and also relieve their negative
psychosocial consequences.
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Introduction

Infertility is a stressful experience and com-
plicated crisis for infertile couples (1, 2) which
can coincide with various social, psychological,
physical and financial stresses (3). Researchers
have compared the stress induced by infertility
with the feeling when losing a child or a spouse
(4). Infertility was defined, in the International
Conference of Infertility in Bangkok in 1998, as
a global health problem with physical, psycho-
logical and social dimensions (5). The preva-
lence of infertility ranges from 5 to 30% in dif-
ferent countries (6). The prevalence of primary
infertility has been reported as 24.9% among
Iranians in 2004. In addition, about a fourth of
Iranian couples have experienced primary infer-
tility at some point in their lives (7).

Inability to achieve pregnancy is usually cou-
pled with low confidence, depression, sexual
problems, feeling of shame or guilt, lack of
communication with friends and family mem-
bers and occupational challenges. These condi-
tions can be deteriorated in different socio-cul-
tural contexts, especially when being concurrent
with medical, emotional and communicative
challenges triggered by infertility (8). Infertil-
ity can negatively affect social, personal and
marital relations that results in a mental imbal-
ance leading to divorce (6). The socio-cultural
context can be an important factor in one’s con-
ceptualization of and response to, infertility (9).

Nowadays, there are tremendous changes in
family values, but parenthood has still been an
undeniable importance for women and men (10).
Infertility carries much social stigma in many
communities, leading to many social problems
for infertile couples (11). In Iranian culture, in-
fertility coincides with numerous psychological
and social challenges, especially for women,
and affects all aspects of infertile couples’ life
(10, 12), including their emotional, psychologi-
cal, physical and social performances (11).

Diagnosis and treatment of infertility is usu-
ally coupled with noticeable stress (13). As-
sisted reproductive technology (ART) has been
regarded as one of the most stressful infertil-
ity treatment method. The application of these
technologies is coupled with emotional and
physical burden and a high level of depression
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and stress (1, 14, 15). Thus, infertility and its
treatment are considered as significant medical
issues affecting quality of life of infertile cou-

ples (11, 16).

Various studies have demonstrated that in-
fertile couples have a variety of needs (12, 15,
17-20) that require emotional support, profes-
sional psychosocial services, couple-centered
interventions and patient-centered approaches
(21). Due to the diversity of needs and problems
of infertile patients, this necessitates to identify
and address infertile patients’ needs along with
their regular medical treatments. Provision of
fertility care based on patients’ needs and ex-
pectations (patient-centered fertility care) is
considered as one of their fundamental right
(22). Patient-centered fertility care not only ful-
fills patients’ needs and expectations, but also
has significant clinical benefits such as improv-
ing patients’ quality of life and emotional health
as well as decreasing their distress (12, 15). In
addition, it is recommended to provide infertil-
ity treatment alongside patient-centered care
in order to promote patients’ well being during
treatment and increase treatment success rates
(23). To this end, healthcare professionals are in
a good position to sympathize with infertile pa-
tients during their treatment period and encour-
age them to express their experiences, needs
and concerns (24).

Different aspects of infertility have been stud-
ied in various quantitative research works in
Iran. However, qualitative studies are so lim-
ited and the nature of Iranian infertile couples’
needs has not been completely justified yet.
Exploration of infertile couples’ viewpoints on
their needs can be a prerequisite for planning
effective supportive treatment interventions (3,
24, 25) for fulfilling these needs and improving
treatment capabilities of healthcare profession-
als. On one hand, need is a complicated phe-
nomenon and is rooted in the cultural, social
and economic context of communities (26). On
the other hand, quantitative approaches lack the
required capability for providing a detailed de-
scription of the phenomena and patients’ view-
points. Thus, qualitative researches seem to be
appropriate for exploration of needs and expe-
riences regarding fertility care (15). They also
offer exclusive capability to provide a deeper



understanding of phenomena (27). In addition,
they can provide descriptions of life experienc-
es, human interpretations and perceptions in the
respective cultural and social contexts (27, 28).
Thus, considering the existing gap, the current
qualitative study has been conducted in an at-
tempt to explore and understand infertile cou-
ples’ experiences and viewpoints with regard to
their needs.

Materials and Methods
Participants and data gathering methods

This study was part of a larger sequential
exploratory mixed methods research with the
purpose of identifying infertile couples’ needs,
development and validation of a tool for meas-
uring couples’ needs. The first phase of this
mixed methods research was a qualitative study
with a content analysis approach. The main pur-
pose of this qualitative phase was exploration of
infertile couples’ needs and identifying the pri-
mary items of the needs assessment tool. The
second phase of the research was a quantitative
study aimed at validation of the needs assess-
ment tool. Part of the data obtained from quali-
tative interviews with infertile couples and key
informants was reported in this paper. Another
part of the data obtained from qualitative inter-
views with 17 infertile couples was reported in
another published paper (22).

This study was conducted in settings and
places, like a state-run infertility center in an
university hospital, private offices of infertility
specialists and private infertility centers in Isfa-
han and Rasht, Iran, during 2012-2013, where
infertile couples were accessible. Due to insig-
nificant of the study population in qualitative
research projects (29), there was no limitation
for places as research setting for the current
study. Participants of the study included 26 in-
fertile couples.

The researchers interviewed each infertile
couple using a couple-based approach. This
approach is appropriate because infertility is a
condition involving the two partners in a joint
relationship (30). A dyadic approach were ap-
plied for 17 couples to establish a better inter-
action between spouses and interviewer, while
to provide a clearer picture of couples’ needs
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and viewpoints. Due to husbands’ busy sched-
ules (n=3), their unwillingness to participate in
the interviews (n=4), becoming ill at the time of
interview (n=2) and only wives (n=9) as repre-
sentatives of the couples were individually in-
terviewed.

In addition, interviews with seven medical
professionals (3 gynecologists and 4 midwives)
as key informants were carried out to obtain
more comprehensive and deep information re-
garding infertile couples’ needs that may be
overlooked by couples. Interviews were carried
out in infertility care centers or the private of-
fices.

Infertile couples were selected through pur-
posive sampling method with maximum vari-
ation, including different causes of infertility,
different types of infertility (primary and sec-
ondary), a wide range of age, at different stages
of infertility treatment and different durations
of infertility. The inclusion criteria for infertile
couples were as follows: at least one year af-
ter marriage, confirmation of their infertility by
the specialist, Iranian nationality, proficiency
in Farsi, willingness to participate in the study,
no history of mental disorders (during last 12
months) or physical disabilities and ability to
express their feelings and experiences. Also the
medical personnel were selected through pur-
posive sampling method and their inclusion cri-
teria were as follows: willingness to participate
in the study, adequate experience in infertility
treatment, and caring for infertile couples. All
participants were interviewed in one or two ses-
sions lasting approximately 20 to 60 minutes.

In-depth, unstructured interviews and field notes
were used for data gathering among infertile cou-
ples. The general question of the research posed
for the infertile couples was "Tell me about your
infertility experiences and the problems (concerns)
you have encountered in this regard." In propor-
tion to the received answers, explorative questions
were asked for expansion of findings such as, "Can
you mention some more examples? and What does
that mean?". Demographic information were also
asked in addition to questions related to the experi-
ence of infertility, such as: age, gender, education,
causes of infertility and its duration, number of
children in couples with secondary infertility, type
of treatments received, etc. Researchers also used
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field note-taking for data gathering to this end, the
first author attended the infertility treatment clinics
and infertility specialists’ offices so as to observe
the interaction between patients, their families and
medical personnel.

Semi-structured interviews with medical person-
nel were carried using questions extracted from
main subjects and ideas mentioned by infertile
couples in their interviews. Some of the questions
asked during interview sessions with the medical
personnel were the following: "In your opinion,
what issues and problems are infertile couples
facing?", "What problems are these couples fac-
ing during diagnosis and treatment procedures?",
"What are their most significant needs?", "What
solutions do you recommend for fulfilling their
needs?", "Is the quality of behavior of medical
team important for motivating patients to continue
their treatment process?", "Are patients usually
complaining about the presence of other patients
in the office during their check-up time?", and
"What is your idea on this?".

Interviews and field note-takings were continued
up to data saturation. All interviews were conduct-
ed in Farsi by the first author and then translated
into English. All interviews were recorded, tran-
scribed verbatim, and then analyzed concurrently.
The interview data were analyzed using conven-
tional content analysis.

Data analysis

Drawing on steps recommended by Graneheim
and Lundman (31), the following procedure was
employed for analysis of the collected data: i.
Transcribing all interviews immediately after each
interview, ii. Reading the whole transcription for
general comprehension of the content, iii. Deter-
mining the number of meaning units and primary
codes, iv. Categorizing similar primary codes in
more comprehensive categories and v. Determin-
ing the latent content (themes) in the data.

Trustworthiness of data

To ensure the credibility, feedback was ob-
tained from participants (member checking) and
the number of interviews with some participants
was increased. To increase the transferability of
findings to other settings and groups, participants
with various experiences in the realm of the sub-
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ject under study and with maximum variation were
selected. Also, confirmability and dependability of
findings were established through peer checking,
peer debriefing, reviewing of transcripts by some
participants, researchers’ interest in the phenom-
enon under study and their prolonged engagement
in data.

Ethical considerations

This study were confirmed by the Ethical Com-
mittee of Isfahan Universtiy of Medical Sciences,
Isfahan, Iran. Also, prior to interviews, participants
were made aware of the objectives of the research
and an informed consent was obtained. Oral and
written permissions were obtained from them for
recording their interviews and they were assured
that the gathered data would only be used for re-
search objectives. It was also announced to the
participants that they could withdraw the research
anytime they wish and their information would re-
main confidential during and after the research.

Results

Out of 26 couples (n=43) participating in the
study, females’ age ranged 20 to 47 with a mean
age of 31.36, while males’ age ranged 25 to 55
with a mean age of 36.5. Out of 7 members of
medical personnel, two were female, one was
a male gynecologist and four were midwives.
Twenty couples (76.9%) had primary infertil-
ity and the rest experienced the secondary type.
Duration of the couples’ infertility ranged 1 to
21 years (Mean: 4.44 years) and their treatment
ranged 1 month to 20 years. Infertility was of
female-related in 15 couples, of male-related
in 5 couples and of mixed causes in 4 couples.
Moreover, two couples had unexplained infer-
tility. All couples with secondary infertility, ex-
cept one who had no children (with a history of
still birth in 28" week of the first pregnancy in 3
years ago), had one child. Educational level of
female and male participants ranged from sec-
ondary school to higher education (university).

Data analysis yielded four main categories of in-
fertile couples’ needs including: i. Infertility and
social support, ii. Infertility and financial support,
iii. Infertility and spiritual support and iv. Infertil-
ity and informational support. Assistance and sup-
port constituted the main theme of all the catego-
ries (Table 1).
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Table 1: Themes, categories and sub-categories

Theme Categories

Sub-categories

Infertility and social support

Infertility and financial support

A need for assistance and support

Infertility and spiritual support

-Spouse’s support
-Familial and social support
-Efficient medical insurance

-Support from authorities of governmental
and non-governmental agencies

-Hope in God

-Communication with God

Infertility and informational support -Need to information on disease

- Need for educating and preparing the
family and society

Infertility and social support
Spouse’s support

A demand for mutual understanding between
husband and wife, their emotional support for one
another, the compassion and love shared between
them, encouraging persistence with treatment, ac-
companying each other during the treatment and
respect for spouse’s opinion about the method of
treatment were among the instances emphasized
by participants in their interviews. It can be in-
ferred from the most participants’ statements that
spouse’s full support can be encouraging and can
inspire self-confidence, security and equanimity
in the onerous path of infertility experience. One
of the women (couple number: 15) stated in this
regard:

I was so upset when I found out about my prob-
lem. I felt so desperate and completely hopeless. |
really needed my husband’s support. Fortunately,
my husband was there by my side supporting me.

This woman’s husband added:

I didn’t want her to think that I am pretending
in front of her. In our marriage the most important
things for me are her health and peace of mind. I
have already told her many times and am telling
her now, that we have no problem. She should not
get disappointed. This is surely God’s will not to
have any kids for now.

As the burden of infertility falls principally on
women, they are mainly involved in infertility di-
agnosis and treatment processes; therefore, female
participants showed a greater need for the spouse’s
accompaniment during the treatment process.
Most of female participants preferred their spouse
by their side when attending infertility clinics. One
of the participants (couple number: 1) stated in this
regard:

I like to have my husband by my side to empa-
thize and support me when coming to clinic, but
men do not like to sit somewhere idle, they are
very impatient and always in rush to get back to
work.

This woman’s husband added:

She is right, it is difficult to be alone. I know
that she needs my support, but I am so busy and
not able to leave my office to accompany her for
coming to the clinic in the morning. When I have
to be here, [ would do my best. But she must to
understand my work condition.

But some of the female participants had no ten-
dency for having their husband by their side during
the whole process of treatment. One of the partici-
pants (woman number: 24) said in this regard:

I would like my husband to be with me in some
places. But also I prefer not to involve him in some
certain places. Sometimes I think I can decide bet-
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ter when [ am alone. Because I think it is my prob-
lem. It is better not to inform him initially. I will
break the news to him little by little and I believe
this makes it easier to get his acceptance. Hope-
fully, he will response positively.

"They don’t let husbands into the doctor’s office
as they send three women together and they say
that men are 'namahram'’ (i.e. men or women other
than one’s blood relatives and spouse). Islam bans
any relationship with a Namahram person that in-
volves seeing any part of the body except the face,
hands and feet. Therefore, I didn’t come with my
wife anymore." one of the men (couple number:
10) said and tried to explain why he did not ac-
company his wife to gynecologist’s office. Also
this man’s wife added:

Anyhow, doctor’s office is far away from where
we live, so it gets dark by the time we get back home.
As he said, he refuses to accompany me, so I had to
ask my sister to be with me to avoid being alone.

One of the gynecologists participating in the
study said:

This is one of the major problems we are all
facing in this regard. This is due to overloaded
doctors’ office. We are not like developed coun-
tries where the government mandates that only 4
patients must be visited in an hour. If I visit four
patients in an hour, I would be at my office until
next day. Therefore, [ must visit patients in group
of four per office visit.

Another gynecologist stated in this regard: "I be-
lieve this is necessary and this is considered as pa-
tient’s right. Scientifically speaking, both men and
women need to be visited in their first referral. But
this is impossible due to overloaded doctor’s of-
fice." Another participant (couple number: 4) men-
tioned why her husband refused to accompany her
to the gynecologist’s office, although she admitted
that she didn't like him to do so:

My husband supports me financially during the
treatment, but he prefers not to be with me during
the visits. He thinks that this is a women issue to
handle and I must do it by myself.

This woman’s husband added:

A gynecologists’ office is always full of patients,
and there is not enough room to sit, even for preg-
nant women. To be honest, men should not be there.
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Although most of the participating couples as-
serted that infertility had no negative effect on
their interpersonal relations with their partner,
they believed their attempts for having a baby
were to ease the loneliness they felt, to preserve
the sweetness of their life, to strengthen their re-
lationship and to value loyalty and faithfulness of
their spouses. This was more evident in infertile
women as they saw the continuation of infertility
and a childless life as a threat to their marital life
and a trigger for separation and divorce. One of the
participants (couple number: 5) said: "I had always
the feeling of fear that my husband would decide
to marry another woman because I couldn’t get
pregnant. I used to have this fear". This woman’s
husband said:

I don’t know how these thoughts came to her
mind. [ have told her several times that I love my
life. I believe that, it’s God’s will to have a kid or
not.

Some of the female participants (couples num-
bers: 12, 14, 15, and 17) also believed that if the
infertility problem could not be treated and they
would have no children of their own, the husbands
should understand their ever-greater needs for
pregnancy, child bearing or having children for
easing their loneliness. They also should cooper-
ate and agree on alternative solutions such as do-
nated embryo or adoption. In this regard, some of
husbands disagreed with oocyte or egg donation
and adoption. Some also chose adoption over egg
donation. Some also said that they had not thought
about these and had no idea. Some women (wom-
en numbers: 8, 20 and 22) also were not willing to
adopt any kids or receive any donated oocyte or
embryo. One of the gynecologists said:

Something must be done in this regard, so receiv-
ing embryo and oocyte of someone else become
more understandable. One of the current problems
is that assisted reproductive methods such as egg
donation or gestational surrogacy are not cultur-
ally accepted for infertile couples or their families.

Familial and social support

Other important points in participants’ experi-
ences were as follows: i. Sympathy and emotional
support provided by their family, friends, and so-
ciety, ii. Respect for couples’ privacy, iii. Encour-
agement for continuation of treatment, iv. Offer-



ing hope, v. Social acceptance and vi. Vocational
support for the employed infertile couples. Due
to judgment made by others and families, espe-
cially those of husband’s, their direct and indirect
interventions, the social stigma attached to infer-
tile patients, discouragement and hopelessness in
continuing the treatment, most of the patients (who
were mainly women) tried to restrict their social
relations and tell white lies in response to others’
curiosity with regard to their infertility."Currently,
my husband and I have tried to limit our relation-
ship with his family for this issue, once in every
two or three months." one of the couples (couple
number: 20) said in this regard. One of the male
participants (couple number: 11) stated:

Others used to ask me whether we had problem
to get pregnant, but I reply that there was no prob-
lem and we did not want to have any kids. As we
are living independently, we don’t let others inter-
fere with our privacy to cause further problems.

Two of female participants (couples numbers:
16, 23) whose infertility was male-related stated
that they preferred to let their husband’s family
know about the cause of the problem to remove
any doubts for infertility. One of the male partici-
pants (couple number: 10) who had an interesting
opinion stated:

Our families know that our problem is female
related infertility. I wanted them to know the true
cause of the problem. Otherwise, they would doubt
me and think it’s my fault. I didn’t want them to
have such an idea about me.

"I don’t know. It was his idea and I had to tell our
families the truth. Although it was a bit difficult for
me, my husband wants the other do not blame him
for infertility," this man’s wife mentioned.

The life of infertile couples is affected consid-
erably by reactions and behaviors of families and
friends. Unnecessary interventions and some be-
haviors, like pity, made by families annoy the cou-
ples (especially women), disrupt their equanim-
ity and often destabilize their relationships. "We
expect family and acquaintances to show less pity
and to refuse to say such things, ‘they have no kids,
or our brother does not have any children yet,’ that
is so annoying," one of participants (couples num-
ber: 13) mentioned. "I think family support is very
important. Both families of the husband and wife
should participate in this issue. They should not
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look for someone to blame," one of the participat-
ing gynecologists stated.

Few couples also expressed their satisfaction and
happiness with the supportive and positive role of
their families in encouraging them to continue the
treatment, maintain their equanimity during the
treatment and bear the problems until achieving
their goal.

Some couples were annoyed by the behavior and
negative approach toward infertility that exerted
by the society. "I heard from one of my students’
parents saying that they should not enroll their kids
in so-and-so0’s class as she is nervous and impatient
with kids (tearful eyes)," one of the participants
(couple number: 8) stated in this respect. "It is not
like this at all. Both my wife and I love children
dearly. Although we do not have any children, it
doesn’t mean that we treat people and their chil-
dren badly," this woman’s husband added.

As women are more involved in infertility treat-
ment process, the employed women were con-
cerned to leave the office in order to participate
in treatment programs. "l am unable to leave the
office, easily. This is also one source of stress and
anxiety," one of the participants (woman number:
24) stated in this regard.

Infertility and financial support

Enormous expenses of infertility diagnosis and
treatment, the long and iterative nature of these
processes and patients’ financial limitations were
among patients’ gravest concerns that were under-
lined frequently in their interviews. Most of the
participants counted the enormous expenses and
their financial problems as the cause of delayed
commencement, or probable discontinuity of treat-
ment procedures in the case of failed initial efforts.
A demand for financial support from family and
acquaintances, insurance companies, as well as co-
operation from governmental authorities and non-
governmental entities were emphasized repeatedly
in participants’ statements and field notes taken
during the study. One of the couples (couple num-
ber: 9) in this regard mentioned:

We mostly borrow some money for our treat-
ment. We are not in a good financial condition.
Nobody in our families could help us. In short, au-
thorities should support more those who are in bad
financial situation.
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One of the gynecologists participating in the
study said:

I think one of the major problems is their finan-
cial challenges. We witness patients who practi-
cally sell their houses and get large loans, so they
can pay for infertility treatment expenses.

Another couple (couple number: 3) said: "We
wish infertility were treated like special diseases
and would get the same degree of attention. We
wish insurance would pay for the treatment and
medical expenses." "Government should help and
pay for part of treatment cost. It would be great if
we could have an infertility committee like Emdad
Committee." Another couple (couple number: 5)
mentioned.

Infertility and spiritual support

A need for a superior power (God), faith in God’s
will, connection with God and asking for His help
were among other issues which were emphasized
by most of participants. One of couples (couple
number: 6) said in this regard: "We are sure that
we are under supervision of God compassion. We
have faith in God’s will. We are satisfied with His
will and decision. Doctors are just a means that
will help us." Another female participant (couple
number: 7) added:

Iused to cry and be severely depressed, but pray-
ing gives me hope and helps to imagine myself
having a kid. I ask God to help me to tolerate not
having the child. Praying can lift me into a new
lightness of heart.

"I believe it is not late at all. My wife is not too
old to have a kid. Anyhow, we have faith in God’s
will. First God and then the doctor will help us.
Nothing happens if God does not give us any kids,"
added by this woman’s husband. With regard to
the significance of infertile couples’ religious and
spiritual values, one of the midwives participating
said:

All people live with hope. Trusting God and
prophets can help the patients a lot in their life.
It might be better to have a religious counselor in
infertility centers, so these couples could receive
some religious consultation before and after treat-
ment, so they may find some peace.

Some of the participants believed that their in-
fertility was a kind of divine trial and they should
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be satisfied with God’s will and should not be un-
grateful as God knows their interest better. Some
also viewed infertility as a divine punishment for
their past ungratefulness. "I was not interested in
kids when I was single. [ sometimes think my hus-
band’s infertility is a kind of punishment by God,"
one of the participants (woman number: 23) men-
tioned. "We tell ourselves we may have committed
a sin that is why we have such problems. Perhaps
God is testing us," another couple (couple number:
2) mentioned.

Infertility and informational support

The other issue emphasized in participants’ in-
terviews was a demand for obtaining comprehen-
sive information from the medical and treatment
teams during diagnosis and treatment of infertil-
ity. Educating society with regard to infertility
and new available treatments were other aspects
of the issue emphasized by participants. Patients’
inadequate knowledge on the nature of the condi-
tion, the outcomes of a diagnostic and treatment
method and ignorant behavior of medical teams to
patients’ questions were mentioned by participants
as the current problems in the treatment process.
Educating and providing information to patients
lead to their trust and cooperation during the treat-
ment. "We are so unhappy because they refuse to
explain what the problem is, what the cause is, how
long the treatment takes, or how hopeful we can
be on the success of treatment. We have to search
the web to find some answers," one of the couples
(couple number: 2) mentioned in this regard. An-
other couple (couple number: 3) said:

If the doctor gives some information about our
condition, we would worry less. Sometimes medi-
cal personnel answer some questions may cross
our mind. But the answers are uttered too fast that
we don’t understand a word they are saying.

One of midwives participating in this study rec-
ommended as the following on the necessity of in-
formation dissemination and training on infertility:

It may be better to have informative and training
courses for the youth on the issue of infertility, its
preventive methods and treatment in universities.
It is not a bad idea to acquaint the youth with this
phenomenon before marriage.

One of the gynecologists participating in the
study said:



This must be cultivated in our culture. Educa-
tional movies should be made and broadcast in
public media for expanding the general knowledge
on this issue. People should know that, due to the
scientific progress made recently, there is no such
thing as infertility anymore, but there are solutions.

Discussion

The current study is the first qualitative study
trying to explore the Iranian infertile couples’
needs. A close overview of the research findings
from interviews showed that a need for support
and assistance is among infertile couples’ main de-
mands, so that they can cope with the stress caused
by infertility. This need includes four main catego-
ries as follows: i. Infertility and social support, ii.
Infertility and financial support, iii. Infertility and
spiritual support and iv. Infertility and informa-
tional support.

The findings of the study showed that spouse’s
support is one of the main sources of support for
patients, especially for female infertile patients.
Even when family and acquaintances fail to play a
supportive and positive role, spouse’s empathy, af-
fection, loyalty and adequate support can provide
the necessary emotional support for the partner to
keep her/his hope alive and to be confidence in
order to continue the treatment program. Results
obtained by Akizuki and Kai’s study on Japanese
infertile women suggested that partner’s support
plays a vital role and decreases the need for oth-
ers’ support (32). Abbasi-Shavazi et al. (33) real-
ized that the infertile women who were supported
by the good behavior of their husbands during the
treatment processes, despite having no children,
could manage their life and activities more effi-
ciently. Infertile couples need each other’s support
to better cope with their issue, so if one partner
evades his/her responsibilities, the other partner
who is usually the woman (not always) would be
hurt (34).

Another interesting finding in this study was
attitudes expressed by most participants about
spouse’s accompaniment during diagnosis and
treatment of infertility. As mentioned in the re-
sults section, in Iran, like other developing coun-
tries, treatment of infertility is mainly taken up by
women without taking the causes of infertility into
consideration. This issue adds to their burden of
responsibility and increases their physical and psy-
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chological stress (35). Thus, most female partici-
pants considered spouse’s accompaniment as an
important source of support, and interpreted their
spouse’s absences as: busyness, lack of enough
space in clinics (especially in gynecologists’ of-
fices), socio-cultural limitations, the great number
of patients attending these centers and time limita-
tions for patient visit. To encourage and improve
men’s cooperation in infertility treatment pro-
grams, effective policies are required for remov-
ing cultural, religious, ethical and social barriers
rooted in the society. Apart from basic facilities,
persistence, more supervision by national health
care authorities, adequate staff training, facilitat-
ing flexibility in clinics organization and educating
the society are also required.

Considering the significance of spouse’s sup-
port and its effect on the relationship between the
couples as well as the stress induced by infertility
(especially in women), infertility should be con-
sidered as an issue involving both men and women
in clinical settings (36). Thus, healthcare profes-
sionals should consider an infertile couple as a
unit and pave the way for husbands’ participation
in diagnostic-treatment programs. These programs
help husbands to change their views and interests
and facilitate their cooperation during the treat-
ment process and consequently improve the rela-
tionship between the wife and the husband (37).

The other finding of the current study was cou-
ples’ various viewpoints on donated embryo and
oocyte, gestational surrogacy, and adoption. This
challenge is rooted in cultural and religious be-
liefs and attitudes of participants. This is in keep-
ing with the findings obtained by previous studies
conducted on this subject (12, 38).

The findings of the current study also showed the
support from the family, acquaintances and society
as the other important need, expressed by the in-
fertile couples. Evidence has shown that positive
social interactions and socio-emotional support
have a salutary effect on infertile couples’ psycho-
somatic health, ultimately leading to a decrease
in the negative impacts of stress. In addition, they
psychologically adapt better and take a proper
action against infertility and accept the situation
more easily (4, 36, 39). Adequate social support
and understanding from family and friends help
infertile men and women feel better about them-
selves, establish a better relationship with others,
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and respond better to the treatment (4, 40). Evi-
dence has shown that women more than men tend
to have social support. The results of other stud-
ies have shown that family support affect infertil-
ity stress in women, directly and indirectly. Fam-
ily support not only decreases social problems of
infertility, but also leads indirectly to a decrease
in infertility stress in four aspects of communica-
tive problems, sexual problems, non-acceptance
of a childfree lifestyle and a need for parenthood
(36). 1t is also worth to note that people tend to
have their family and friends’ support for adapt-
ing to the issue of infertility. Some others tend to
hide their infertility and want to receive no support
from others (41).

Due to the specific cultural and social structure
in Iran, the issue of infertility takes a deeper mean-
ing in the Iranian social context. Hence, the role of
different tribes, acquaintances and friends proves
to be significant and even vital, in infertile cou-
ples’ life (20). To this end, the findings of our study
indicated that most infertile couples, especially in-
fertile women, preferred to keep their infertility is-
sue as a secret and avoid mentioning it, especially
to their in-law’s family. This finding is consistent
with those obtained by other studies (12, 20, 33).
Mollaiy nezhad et al. (42), have mentioned that the
responsibility of infertility is on women’s shoulder
in most of the communities and her infertility is
usually rebuked by her in-law family. This issue
ultimately leads to the concern that woman’s in-
fertility is an adequate cause for divorce and man’s
marriage with another woman.

In addition, the current study showed that some
of the participants had to tell the truth to their in-
law families due to financial dependence, living
with them, avoidance of misjudgment and hus-
band’s request. It is noted that some of the partici-
pants confirmed the positive role of their families
in giving hope, providing financial support and
consolidating couple’s relationship. This has also
been reported in the study conducted by Khoda-
karami et al. (20).

The findings of the present study showed that the
overlap between office hours and treatment sched-
ule with required arrangements for paid and medi-
cal leave are among concerns for some infertile
couples who hold an office job. This issue jeopard-
ized some patients’ job position as well. The re-
sults obtained in India also indicated that many of
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employers were not much familiar with infertility.
Thus, employers need to acquaint themselves with
special needs of employees dealing with infertility
and arrange the required facilities, such as flexibil-
ity in their work schedule in order to attend the
treatment programs (43).

Other significant concerns during treatment were
enormous treatment expenses and inefficacy of the
insurance program for their treatment. Due to fi-
nancial challenges, some of couples were forced to
postpone their treatment or worried about its con-
tinuation. In countries where treatment expenses
are mainly paid by the patients, financial problems
usually play the most effective role in patients’ de-
cision whether to continue or abort their treatment
program (44). Most of the couples deal with many
financial problems as a part of infertility treatment
programs that are not usually covered by insurance
agencies. These results are consistent with those
obtained by other studies (12, 20, 42). Most of
diseases are covered by insurance, but infertility
expenses are exceptions to insurance coverage and
such discrimination is unfair (43). In this regard,
the participated infertile couples requested support
from the health care system and governmental au-
thorities and non-governmental agencies. Patients
participating in the study conducted by Fahami et
al. (12) had similar requests as the participants of
current study.

The results obtained in this study showed that spir-
itual and religious beliefs played an important role in
infertile couples’ equanimity and could be considered
as a source of support for their adaptation with infer-
tility stress. The results obtained by other studies also
indicated that religious beliefs effectively decreased
the stress of infertile couples (12, 38).

The results of the present study also showed
that information support is considered as another
requirement of infertile couples. This has also
been reported in the study conducted by Akizuki
and Kai (32). Evidence has shown that healthcare
providers sometimes tend to underestimate and to
ignore a patient’s need for information acquisition
(45). Inefficiencies in providing information force
patients to obtain information from other sources
such as Internet, books or other patients. While
providing adequate information to patients by the
medical team is considered as patients’ natural
right, it ultimately results in gaining patients’ trust
and satisfaction and reducing stress of infertile



couple (12).

Another finding of the present study was the ne-
cessity of educating society and attempting to raise
the awareness about infertility and the new treat-
ment methods. One of the main reasons why peo-
ple surrounding an infertile couple do not know
how to treat them is due to their unawareness about
different aspects of infertility (40). Educating the
society and infertile couples’ families can reduce
the psychological burden of these couples (20).

There are some strong points in the current
study. Firstly, it studied both infertile men and
women and did not focus solely on infertile wom-
en. In comparison with individual interviews, we
used a dyadic approach and conducted interviews
with husband and wife in a joint session that is of
great value in infertility-related studies as infertil-
ity is a dyadic issue and not an individual one (30).
Secondly, all interviews were conducted by an
interviewer (the first author), while analysis was
carried out by all four researchers, adding to the
credibility of the research findings (46). Thirdly, to
attain more comprehensive information on infer-
tile couples’ needs, several key informants, such as
gynecologists and midwives who had experience
with infertile couples, were also interviewed.

A few limitations need to be mentioned. First, as a
dyadic approach was used in the interviews with par-
ticipants, identification of gender differences with
regard to the needs experienced by infertile men and
women was not possible. Despite the fact that many
findings indicate that women, in comparison with
their husbands, bear greater negative impacts due to
infertility (30), more studies are required to identify
infertile men and women’s needs, individually, by
conducting dyadic and individual interviews with
infertile couples. Second, due to the qualitative na-
ture of the present study, purposive sampling of par-
ticipants and the limited number of participants, the
results of this study cannot be applied to all Iranian
infertile couples. Further studies including a larger
number of participants categorized in terms of their
gender, age, type of infertility, different stages of
treatment and different outcomes of treatment are
recommended to assess the needs of these patients
as per above criteria.

Conclusion

This study described the four main categories of

Infertile Couples’ Support Requirements

infertile couples’ needs, part of their challenges and
concerns and necessity for cooperative assistance
and support. Considering the complete descrip-
tions provided on infertile couples and their needs,
the health care professionals and authorities ought
to attempt to provide support and consultative pro-
grams suiting the infertile couples’ needs. Also it is
required to encourage the quality improvement of
the healthcare services by development of patient-
centered approaches and couple-based interven-
tions so as to reduce infertile patients’ psychologi-
cal stress induced by fertility problems.
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Abstract
Background: The current study aimed to evaluate the effects of phosalone (PLN) as an
organophosphate (OP) compound on testicular tissue, hormonal alterations and embryo
development in rats.

Materials and Methods: In this experimental study, we divided 18 mature Wistar
rats into three groups-control, control-sham and test (n=6 per group). Animals in
the test group received one-fourth the lethal dose (LD50) of PLN (150 mg/kg),
orally, once per day for 45 days. DNA laddering and epi-fluorescent analyses were
performed to evaluate testicular DNA fragmentation and RN A damage, respectively.
Serum levels of testosterone and inhibin-B (IN-B) were evaluated. Testicular levels
of total antioxidant capacity (TAC), total thiol molecules (TTM) and glutathione
peroxidase (GSH-px) were analyzed. Finally, we estimated sperm parameters and
effect of PLN on embryo development. Two-way ANOVA was used for statistical
analyses.

Results: There was severe DNA fragmentation and RNA damage in testicular tissue
of animals that received PLN. PLN remarkably (p<0.05) decreased testicular TAC,
TTM and GSH-px levels. Animals that received PLN exhibited significantly (p<0.05)
decreased serum levels of testosterone and IN-B. Reduced sperm count, viability, motil-
ity, chromatin condensation and elevated sperm DNA damage were observed in the test
group rats. PLN resulted in significant (p<0.05) reduction of in vitro fertilizing (IVF)
potential and elevated embryonic degeneration.

Conclusion: PLN reduced fertilization potential and embryo development were attributed
to a cascade of impacts on the testicles and sperm. PLN promoted its impact by elevating
DNA and RNA damages via down-regulation of testicular endocrine activity and antioxi-
dant status.

Keywords: Phosalone, DNA Fragmentation, /n Vitro Fertilization, Sperm, Testicular Tissue
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Introduction

Phosalone (PLN) or O-diethyl-s-(6-chloro-1-3
ben 30X030l-2(3H)-O-methyl) phosphorodithiote
is known as an organophosphate (OP) compound
used as a replacement for dichlorodiphenyltrichlo-
roethane (DDT) in the agriculture and domestic
animal fields (1). OP compounds exert their toxic

impacts by blocking acetyl cholinesterase (an en-
zyme which dissipates acetyl choline) activities,
which in turn result in accumulation of excessive
amounts of acetyl choline in nervous tissue (2-4).
Although these compounds have been known for
their effect on the nervous tissue, several reports
indicate that OP combinations adversely impact
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the genital system in both males and females. Last-
ly we have shown that glyphosate (an OP agent)
reduced sperm quality and promoted energy de-
pendent degeneration in germinal cells (5). Pre-
vious reports showed that the OP agents diazinon
and malathion down-regulated expression of gene
coding proteins involved in protein transcription
(6, 7). Fattahi et al. (8) reported that administra-
tion of diazinon resulted in remarkable decreases
in gonadotropin synthesis in rats and this mecha-
nism significantly down-regulated testicular endo-
crine activity.

It has been shown that OP compounds par-
tially exert their pathological impacts via pro-
motion of oxidative stress in reproductive tissue
(9,10). Accordingly, OP agents increase oxi-
dants by disrupting enzymatic and/or non-enzy-
matic antioxidant defenses as well as enhancing
high energy consumption coupled with inhibi-
tion of oxidative phosphorylation (5, 9). In ad-
dition, oxidative stress may cause degenerative
alterations in sperm cells due to the high levels
of polyunsaturated fatty acids (PUFA) in their
plasma membrane (11). Imbalanced generation
of oxidants affects the integrity of the sperm’s
DNA by causing elevated frequencies of single
strand DNA (SS-DNA) and double-strand DNA
(DS-DNA) breaks (12).

However, the effect of PLN on testicular tissue,
sperm parameters and in vitro fertilization (IVF)
potential are unknown. Thus, we have aimed to es-
timate the effect of PLN on RNA and DNA dam-
ages in testicular tissue. The semen quality, sperm
DNA fragmentation and IVF potential of sperm
were analyzed. We also sought to analyze the tes-
ticular level of glutathione peroxidase (GSH-px),
total antioxidant capacity (TAC) and total thiol
molecules (TTM) in order to clarify any pathologi-
cal alterations in testicular antioxidant capacity as
well as illustrate the relationships of these factors
with testicular degeneration and semen quality fol-
lowing PLN administration.

Materials and Methods
Chemicals

We obtained technical grade (9.8% purity) PLN
[O, O- diethyl-s-(6-chloro-1-3 ben 30XO3ol-
2(3H)-O-methyl) phosphorodithiote] from Azma
Chemical Ltd. (Tehran, Iran). Acridine-orange
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staining powder (Merck, Germany) and 3% hydro-
gen peroxide were purchased from Elim Teb Lab-
oratory Kits Co., Ltd. (Urmia, Iran). The Ransol
Detection Kit (Rondax Lab., Crumlin, BT 29, UK)
for the GSH-px assay was also purchased from
Elim Teb Laboratory Kits Co., Ltd. (Urmia, Iran).

Animals and experimental design

To follow-up the current experimental study, 18
Wistar rats (200-220 g) were obtained from the
animal resource of the Faculty of Veterinary Medi-
cine, Urmia University. The animals were accli-
matized for one week and had free access to food
and water. The experimental protocols were ap-
proved by the Ethical Committee of Islamic Azad
University, Urmia Branch in accordance with the
Principles of Laboratory Animal Care.

The animals were randomly divided into three
groups: control, control-sham and test. The animals
in the control group received no chemical, whereas
animals in the control-sham group received corn
oil (1 cc daily by oral gavages). Lethal dose (LD,
values were determined by the Probit method (13).
Animals in the test group received one fourth the
LD, of PLN (150 mg/kg dissolved in 1 cc corn oil)
by oral gavages daily for 45 days (14).

Histological analyses

After 45 days the animals were weighed and
euthanized by a special CO, device (Uromadaco,
Iran). The testicular tissues were dissected free
from surrounding tissues under high magnifica-
tion (x40) stereo zoom microscope (model TL2,
Olympus Co., Tokyo, Japan) and their weight was
recorded. Dissected testes samples were washed
with chilled normal saline and half of the speci-
mens were fixed in Bouin’s fixative and kept for
further histological analyses. The remaining sam-
ples were immediately frozen and stored at -70°C
for further biochemical analyses. Sections (5-6
pum) were stained with iron-Weigert Hematoxylin
(Pajohesh Asia, Iran) for detection of germinal cell
nuclei in the testis. The histological slides were
analyzed under light microscope at two magnifica-
tions (X400 and x1000). The tubular differentia-
tion (TDI), repopulation (RI) and spermiogenesis
(SPI) indices were evaluated from 20 sections of
each sample. The results for percentage of tubules
with positive TDI, RI and SPI were reported.



Fluorescent analyses for RNA damage

RNA damage was assessed based on the Dar-
zynkiewicz method (15). In brief, the testes were
washed out with ether alcohol and cut by a cry-
ostat (8 pm). The prepared sections were fixed by
different degrees of alcohol for 15 minutes. Then,
sections were briefly rinsed in 1% aqueous acetic
acid followed by washing in distilled water. The
specimens were subsequently stained in acridine-
orange (Sigma Aldrich, Germany) for 3 minutes
and re-stained in phosphate buffer, followed by
fluorescent color differentiations in calcium chlo-
ride. The degenerated cells were characterized by
loss of RNA and/or by a faint red stained RNA.
The normal cells were marked with bright red
RNA close to the nucleolus. In order to reduce the
bias problems, 20 sections for each sample were
analyzed. We used an epi-fluorescent microscope
(Model GS7, Nikon co., Japan) for imaging and
analysis of the slides.

Assessment of serum levels of testosterone and
inhibin-B (IN-B)

After 45 days the blood samples were collected
directly from the heart and allowed to clot at room
temperature for 1 hour. Samples were centrifuged
at 3000xg for 10 minutes to obtain the serum. The
serum samples were stored at -80°C for subse-
quent assays. Testosterone was assessed by a com-
petitive chemiluminescent immunoassay kit (DRG
Co, Germany). The serum level of inhibin-B (IN-
B) was evaluated by an enzyme immunometric as-
say using a commercial kit (Pishtaz Teb, Iran).

DNA laddering test

In order to examine for the presence of any
DNA damage, we performed the qualitative DNA
fragmentation assay on the frozen testis samples
as previously described (16). Briefly, 0.2-0.3 g of
frozen testis samples (pooled from at least 4 rats)
from each individual group was homogenized in
3 ml lysis buffer (0.1 M tris-HCI/10 mM EDTA
that contained 0.5% Triton X-100, pH=8.0). Fol-
lowing a short centrifugation (1200xg, 5 minutes
at 4°C), the pellets were treated with a mixture that
contained buffer-saturated phenol, chloroform and
isoamyl alcohol (25:24:1, v/v/v). After centrifuga-
tion (1500xg, 10 minutes at 4°C), the supernatants
were treated with a chloroform-isoamyl alcohol
mix (49:1, v/v) to remove protein and fatty ma-

Effect of Phosalone on Testis and Embryo Development

terials. Thereafter, to precipitate DNA, the solu-
tion was mixed with pre-chilled ethanol (absolute)
and sodium acetate (3.5 M, pH=4.0), respectively.
DNA samples were washed with ethanol (66%)
and re-dissolved in buffer that contained tris-HCl
(0.1 M) and EDTA (20 mM). DNA fragmentation
was analyzed by loading the extracted DNA sam-
ples onto an agarose gel (1.6%) that contained eth-
idium bromide and electrophoresis was conducted
at 60 V for 75 minutes. DNA fragmentation was
imaged using a Gel Doc 2000 system (Bio-Rad).

Evaluating epididymal sperm characteristics

The epididymis was carefully separated from
the testicles under a x20 magnification under a
stereo zoom microscope (model TL2, Olympus
Co., Tokyo, Japan). The epididymis was divided
into three segments: caput, corpus and cauda. The
epididymal cauda was trimmed and minced in
5 mL Ham’s F10 medium. After 20 minutes the
minced epididymal tissue was separated from the
released spermatozoa. The sperm count was per-
formed according to standard hemocytometric lam
method as described previously by Pant and Sriv-
astava (17). We performed eosin-nigrosin staining
to evaluate sperm viability. The sperm with stained
head pieces were considered nonviable. Aniline-
blue staining was performed in order to analyze
the sperm chromatin condensation. For this pur-
pose, we prepared 20 smeared slides from each
sperm sample of animals from different groups.
The percentage of dead sperm was compared be-
tween different groups.

Evaluating sperm motility

In order to evaluate sperm motility, the World
Health Organization (1999) standard method for
manual examination of sperm motility was used
(18). Briefly, sperm samples were diluted (1:8) in
Ham’s F10 prior to examination. A total of 20 pl of
the sperm sample was placed on the sperm examina-
tion area and examined by a x10 magnification loop.
Only the motile sperm with forward progression was
counted within ten boxes and recorded. Finally, mo-
tility was evaluated based on the following equation:

Motility (%)= [motile sperm/motile+non-motile sperm]*100

Evaluating sperm DNA damage
To evaluate DNA double-strand breaks, air
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dried slides were stained with an acridine-orange
staining kit (Sigma Co., St. Louis, MO, USA) af-
ter which the cover-slip was placed on the slides.
The slides were evaluated on the same day using
an epi-fluorescent microscope (model GS7, Nikon
co., Japan). In all preparations at least 100 sperma-
tozoa were evaluated at x40 magnification. Sper-
matozoa with green fluorescence were considered
to have native DS-DNA, the spermatozoa with
yellow fluorescence were marked as having part-
ly denatured SS-DNA (PSS-DNA), and with red
fluorescence as completely denatured SS-DNA.
Percentages of green, yellow, and red spermatozoa
were assessed and compared between the groups.

Sperm processing for in vitro fertilization

Samples that contained spermatozoa were pre-
pared from the sperm suspensions as mentioned
earlier. The samples were incubated at 37°C under
5% CO, (CO, Incubator, LEEC, England) for 3
hours. Then, as previously described, 0.1 ml from
superficial sperm and/or 0.1 ml from sediment
sperm of suspensions in one tube were added to
150 pl of tissue culture medium (TCM) that con-
tained the oocytes (19).

Collection of oocytes and insemination

Eight mature female rats were injected subcuta-
neously with 7.5 U pregnant mare’s serum (Neth-
erlands) 48 hours prior to an intra-peritoneal in-
jection of 100 IU human chorionic gonadotropin
(hCG, Teikoku Zohki Co., Korea). Rats were eu-
thanized with a special CO, device 24 hours after
the hCG injection. The oviducts were removed and
the ampullar portion was placed into a plastic dish
that contained phosphate buffered saline (pH=7.2).
The oocytes in the cumulus masses were dissected
out of the oviducts and introduced into TCM 199
(Sigma Co., USA). A drop of medium with 2 oo-
cytes was allocated with a 10 pl sperm suspension
(total: 80000 sperm) and incubated at 37°C in 5%
CO,.

Assessment of fertilization ratio and embryonic
development

For this purpose, the appearance of pronuclei
and polar bodies were checked under x200 mag-
nification using an inverted microscope (model
NA100, Nikon CO., Japan). After 24 hours the
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two-cell embryo rate was assessed. /n vitro embry-
onic development was evaluated at 120 hours by
phase-contrast microscopy (model IX50, Olympus
CO., Germany). Intact, fragmented and/or lysed
embryos which did not develop were recorded as
"arrested embryos". In the present study, the rate
of cell lyses was recorded as follows: type I: fully
lysed, necrotic and/or fragmented embryos, type
II: embryos with partially lysed/fragmented blas-
tomeres and type III: embryos with some lysed/
fragmented blastomeres and/or cytoplasmic vesi-
cles (20).

Assessment of serum total antioxidant capacity
(TAC)

To determine the effect of PLN on oxidative
stress, TAC of the testicular tissue from the control-
sham and test groups were measured. The assess-
ment was performed based on the ferric reduction
antioxidant power (FRAP) assay (21). Briefly, at
low pH (acetate buffer, 300 mM, pH=3.6), reduc-
tion of the Felll-TPTZ complex to the ferrous form
would produce an intensive blue color measurable
at 593 nm. The intensity of the complex follow-
ing addition of the appropriate volume of serum
to the reducible solution of Felll-TPTZ is directly
related to the total reducing power of the electron
donating antioxidant. An aqueous solution of Fell
(FeSO,.7H,0) and appropriate concentration of
freshly prepared ascorbic acid are used as blank
and standard solutions, respectively.

Measurement of serum total thiol molecules
(TT™M)

The total sulthydryl level in testicular tissue was
measured according to a method by Hu and Dil-
lared (22). Briefly, 0.3-0.4 g of the testes samples
were homogenized in ice-cold KCI (150 mM) after
which the mixture was centrifuged at 3000xg for
10 minutes. Thereafter 0.5 ml of the supernatant
was added to 0.6 ml tris-EDTA buffer (tris base
0.25 M, EDTA 20 mM, pH=8.2) followed by the
addition of 40 ul DTNB (10 mM in pure methanol)
in a 10 ml glass test tube. The final volume of the
mentioned mixture was made up to 4.0 ml by extra
addition of methanol. After incubation for 15 min-
utes at room temperature, the samples were cen-
trifuged at 3000xg for 10 minutes and ultimately
the absorbance of the supernatant was assessed at
412 nm.



Assessment of glutathione peroxidase (GSH-px)

For this purpose, the testicular tissue was washed
three times with 0.9% NaCl solution and 1.15%
KCI was liquefied to the amount of 9 ml for each
tissue. The homogenate of the tissues was prepared
with a Teflon end on homogenizer (Elvenjem Pot-
ter, Newton, CT) and centrifuged at 4000 rpm for 5
minutes. The GSH-px activity was evaluated using
a commercial Ransol measurement kit (Rondax-
lab., Crumlin, BT 29, UK).

Statistical analysis

Statistical analyses were performed using SPSS
software version 13.00. The comparisons between
groups were made by analysis of variance (two-
way ANOVA) followed by the Bonferroni post-
hoc test. A p value <0.05 was considered signifi-
cant. All values were expressed as mean + SD.

Results

Phosalone (PLN) reduced the total body and tes-
ticular weights

At the end of the study, observations demon-
strated that the administration of PLN significant-
ly (p<0.05) reduced the total body and testicular
weight gains compared to control and control-
sham groups. The testicular to body weight ratio
in PLN-administered animals showed a remark-
able (p<0.05) decrease compared to control and
control-sham groups. No significant differences
(p>0.05) were observed for total body and testicu-
lar weight gains between control and control-sham
animals (Fig.1A-B).

Phosalone (PLN) administration resulted in his-
tological damages in testicular tissue

Histological analyses showed that the PLN-
administered animals exhibited highly degen-
erated testicular tissue, an elevated percentage
of tubules with arrested spermatogenesis (10.32
+ 4.31%), severe edema in connective tissue
and atrophied seminiferous tubules. Distribu-
tion of the Leydig cells remarkably (p<0.05)
decreased and the percentage of hypertrophied
Leydig cells increased per one mm? of the inter-
stitial tissue (Fig.2A-C). The PLN-treated ani-
mals showed an increased percentage of tubules
with negative TDI, RI and SPI versus control
and control-sham groups. No histopathological
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alterations were observed in control-sham ani-
mals. The data for histomorphometric analyses
are presented in table 1.

A

1.2

a
0.8 1
b
0.6 1
0.4
0.2 1
0 " .
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a
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0.8
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0.1 |
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Fig.1: Effect of phosalone (PLN, 150 mg/kg) on (A) total testicular
weight (TW) and on (B) testicular to body weight (BW) compared
to control and control-sham groups. Data are mean + SD.

2 No significant and ®; Significant differences (p<0.05) between
data for PLN-administered group with control and control-sham.
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Fig.2: Cross-section from testis. (A) Control group. (B) Control-sham group: Note the normal seminiferous tubules with normal spermato-
genesis. (C) and (D) Phosalone (PLN)-induced group: severe edema in connective tissue associated with tubular atrophy. Note the semi-
niferous tubules with negative tubular differentiation index (TDI) (magnified in figure C) and tubular depletion (TD) close to the capsule
(magnified in figure D). Haematoxylin and eosin (H&E) staining (x400).

Table 1: Histomorphometric alterations in different groups

Control Control-sham PLN-induced
T.D (um) 234.48 +20.36* 228.52 +19.07* 188.21 +18.88°
G.E.H (um) 136.17 +20.15* 137.8 £ 15.62¢ 106.07 £9.21°
Negative TDI (%) 1420+2.07* 16.18 + 1.66* 34.50 +£4.52°
Negative RI (%) 11.09 & 1.04¢ 13.17 £0.98* 28.74 +6.01°
Negative SPI (%) 9.58 +2.00? 8.33+1.26* 37.94 +3.03%

PLN; Phosalone (150 mg/kg), T.D; Tubular diameter, G.E.H; Germinal epithelium height, TDI; Tubular differentiation index, RI; Repopula-

tion index, SPI; Spermiogenesis index and *®; Significant differences (p<0.05) between PLN-induced group with control and control-sham
groups (n=6 for each group).
Data are mean + SD.

Int J Fertil Steril, Vol 9, No 1, Apr-Jun 2015 98



Phosalone (PLN) significantly decreased serum
levels of testosterone and inhibin-B (IN-B)

The serum levels of testosterone and IN-B sig-
nificantly (p<0.05) reduced in PLN-treated ani-
mals versus control and control-sham groups.
No significant alterations were observed in se-
rum levels of testosterone and IN-B in the con-
trol-sham group compared to control animals

(Fig.3).

A
6,
5 a a
E 4
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£ 3
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2
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160
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S 100
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Fig.3: Effect of phosalone (PLN, 150 mg/kg) on serum levels of
testosterone (A) and inhibin-B (IN-B) (B) compared to control and
control-sham groups (n=6 rats for each group). Data are mean
+ SD.

2 No significant and ®; Significant differences (p<0.05) between
data for PLN-administered group with control and control-sham.
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Exposure to phosalone (PLN) elevated the DNA
and RNA damage in testicular tissue

Agarose gel electrophoresis was performed to ex-
amine for apoptotic DNA laddering. An accumula-
tive dose of PLN after 45 days resulted in DNA deg-
radation as characterized by a smear shape (Fig.4).
Comparing the bands in the control group (lane 2,
two relatively high molecular weight bands) with
those in the PLN-treated group indicated that in the
animals which received PLN, there was no proper
high molecular weight DNA (lane 4). Epi-fluores-
cent analyses for RNA damage showed that chronic
administration of PLN resulted in severe RNA dam-
age in spermatocytogenesis and spermatogenesis
cell lineages (Fig.5A-C). Accordingly, the animals
that received PLN showed a significantly (p<0.05)
higher percentage of seminiferous tubules with
damaged RNA content in germinal cells (Fig.5D).

Phosalone (PLN) reduced sperm quality

The PLN-administered animals showed a significant
(p<0.05) decrease in sperm count (48.25 + 6.21x10°)
compared to control-sham (63.51 + 3.70x10°) and
control (66.12 + 4.41x10°) groups. The animals in the
PLN-treated group exhibited a significantly (p<0.05)
higher percentage of dead sperms versus the con-
trol-sham and control animals. The percentage of
sperms with PSS-DNA and SS-DNA were remark-
ably (p<0.05) elevated in PLN-administered animals
in comparison to control and control-sham animals.
Moreover, the PLN-administered animals showed a
significant (p<0.05) reduction in the percentage of
sperms with condensed chromatin (Fig.6). The data
for sperm parameters are presented in table 2.

Marker Control Control-sham PLN-induced

Fig.4: Phosalone (PLN)-induced DNA fragmentation in testicular
tissue. PLN-induced DNA damage is shown as a smear shape in
lane 4. No clear DNA fragmentation was observed in control and
control-sham testicles, (DNA fragmentation assay).

Int J Fertil Steril, Vol 9, No 1, Apr-Jun 2015 99



Amniattalab and Razi

(percentage of tubules )
- N N
T 2 9

-

=
1

o

Control Control-sham  PLN-induced

Fig.5: Cross-section from testis. (A) Control group. (B) Higher magnification from normal seminiferous tubule. Note the normal RNA
content marked with bright, intensive fluorescent red in the germinal epithelium (yellow arrow). (C) Phosalone (PLN)-induced testis: re-
markable RNA damage was shown by the faint fluorescent reaction (green arrow). The germinal cells exhibited lower RNA content versus
normal cells in figure B. Epi-fluorescent analysis for RNA damage (A: x400 and B, C: x600). (D) Mean percentage of seminiferous tubules
with RNA damage in different groups (n=6 rats per group). Data are mean + SD.

2 No significant and ®; Significant differences (p<0.05) between data for PLN-administered (150 mg/kg) group with control and control-
sham groups.

Fig.6: A. Sperm with double-strand DNA (DS-DNA). B. Sperm with partly denatured single-strand DNA (PSS-DNA). C. Sperm with single-
strand DNA (SS-DNA). D. Nonviable sperm with stalned cytoplasm. E. Live sperm with colorless cytoplasm. F. Sperm with condensed chro-
matin. G. Sperm with immature chromatin condensation. A-C. Acridine-orange stain, D, E. Eosin-nigrosin stain and F, G. Aniline-blue stain.
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Table 2: Effect of phosalone (PLN) on sperm parameters in different groups

Control Control-sham PLN-induced
Count (x10°) 66.12 +4.41° 63.51 +£3.70° 48.25+6.21°
Viability (%) 83.45 + 11.10° 80.00 + 8.12° 40.15 + 6.45°
Motility (%) 85.12+£9.21* 82.35+10.12* 3441 +6.52°
Chromatin condensation (%) 86.42 + 6.74° 80.32 + 4.63¢ 38.64 £3.10°
DS-DNA (%) 82.32 £ 6.14¢ 81.11 +7.33° 38.21+5.12°
PSS-DNA (%) 10.07 £ 1.01* 12.31£2.10° 27.81+3.71°
SS-DNA (%) 8.33+0.78° 10.28 + 0.84¢ 34.63 +£2.01°

PLN; Phosalone (150 mg/kg), DS-DNA; Double-strand DNA, PSS-DNA; Partial single-strand DNA, SS-DNA; Single-strand DNA and *®; Sig-
nificant differences (p<0.05) between PLN-induced group with control and control-sham groups (n=6 for each group) in the same row.

Data are mean + SD.

Phosalone (PLN) reduced in vitro fertilizing
(IVF) potential

The results for IVF of oocytes by sperm col-
lected from PLN-administered animals were
remarkably (p<0.05) lower than control and
control-sham animals. Interestingly, the signifi-
cantly (p<0.05) higher percentage of 2-cell em-
bryos stopped division in animals that received
PLN and did not continue. Comparing the per-
centage of blastocysts between different groups
showed that the PLN-treated animals exhibited
a significantly (p<0.05) lower percentage of
blastocyst versus the control and control-sham
animals. No significant differences (p>0.05)

were observed between control and control-sh-
am animals (Fig.7). The data for IVF results are
presented in table 3.

Phosalone (PLN) reduced antioxidant status and
elevated oxidative stress

Observations demonstrated that the tissue lev-
els of TAC and TTM significantly down-regu-
lated in the PLN-administered group compared
to control and control-sham animals. Biochemi-
cal analyses for GSH-px revealed that the ani-
mals in the group that received PLN exhibited
a remarkable (p<0.05) decrease in testicular
GSH-px levels (Fig.8A-C).
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Fig.7: Embryonic development in (A) control, (B) control-sham and (C) phosalone (PLN)-induced animals. Control and control-sham groups
exhibited significantly higher normal blastocysts (red arrow). The PLN-induced animal exhibited remarkably higher type | (head arrow),
type Il (big head arrow) and type Il arrests (arrow).

Table 3: Effect of phosalone (PLN) on in vitro fertilizing (IVF) potential and embryo development

Control Control-sham PLN-induced

Total oocytes (NO) 203 277 281
Appropriate oocyte (NO) 170 162 63

Fertilized oocyte (NO) 148 146 37

2-cell embryos (%) 81.03 +7.14* 78.64+£5.17* 64.30 + 6.85*
Blastocysts (%) 54.28 £3.70° 4721 £4.01* 20.22 £2.90°
Arrested embryos (%) 42.51+£5.20* 48.63 +4.21* 68.33 £4.83°
Arrest type I (%) 4.21+£0.98° 4.68 £1.01° 27.35+4.43%
Arrest type II (%) 8.63+1.41° 7.36+1.33% 23.72 £3.10°
Arrest type 111 (%) 31.21+2.84° 28.40+£4.71° 18.70 +2.69°

25 Significant differences (p<0.05) between PLN-induced group with control and control-sham groups (n=6 for each group) in the same
row.
Data are mean * SD.
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Fig.8: Effect of phosalone (PLN) on tissue (A) total antioxidant ca-
pacity (TAC), (B) total thiol molecules (TTM) and (C) glutathione
peroxidase (GSH-px) compared to control and control-sham groups
(n=6 rats for each group). Data are mean + SD.

2 No significant and °; Significant differences (p<0.05) between data
for PLN-administered group with control and control-sham groups.
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Discussion

The results of the present study showed that
chronic administration of PLN resulted in severe
damages to testicular tissue. The animals that re-
ceived PLN had remarkable DNA fragmentation,
RNA damage and down-regulated intra-testicular
endocrine activities. The enzymatic and non-enzy-
matic antioxidant potentials were down-regulated
after 45 days. Finally, the PLN-administered ani-
mals exhibited a remarkable reduction in IVF out-
comes. PLN-treated animals showed significantly
higher embryonic arrests versus control and con-
trol-sham animals.

Previous reports indicated that chronic admin-
istration of different OP compounds (glyphosate,
diazinon and malathion) resulted in severe reduc-
tions in gonad weights in rats (5-7). Severe tes-
ticular damages were considered to be a possible
explanation for this impairment. Animals in the
PLN-treated group had a significant reduction in
total body weight gain. This alteration might be re-
lated to the effect of PLN on the central structures
involved in the control of feed intake such as the
ventromedian nucleus of the hypothalamus (23).

Previous reports showed that OP combinations
affected the spermatogenesis process and impact-
ed the male reproductive system via interruption
of endocrine activities (24, 25). In physiologic
conditions, the interactions between Leydig and
Sertoli cells promote the spermatogenesis process
(26). Accordingly, Leydig cells control the Sertoli
cell endocrine activities via synthesis of testoster-
one (26, 27). In this regard, PLN-treated animals
have shown a significant reduction in Leydig cell
numbers per one mm? of the interstitial tissue as
well as decreased serum levels of testosterone and
IN-B. We can suggest that PLN has influenced the
testicular endocrine status by decreasing distribu-
tion of Leydig cells, which in turn disrupted the
Leydig stimulatory impact on Sertoli cell endo-
crine interactions. The elevated testicular damages
such as negative RI, TDI and SPI reflect the func-
tional derangement of the Sertoli cells. The de-
creased testicular to body weight ratio in animals
that received PLN could be attributed to severe
degeneration of testicular tissue.

Because of the high concentration of unsatu-
rated fatty acids in mammalian germinal cells,
these cells are susceptible to oxidative stress (28,
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29). The produced oxidative stress results in
considerable damages at lipids, proteins, DNA
and RNA levels (12, 30, 31). In order to evalu-
ate the effect of PLN on testicular antioxidant
status, the testicular levels of TTM, GSH-px
and TAC have been analyzed. Observations
showed remarkable reductions in TTM, GSH-
px and TAC levels in PLN-treated animals
compared to control and control-sham groups.
The intracellular antioxidant enzymes GSH-px
and superoxide dismutase are known for the
first line of cellular defense that prevent oxida-
tive stress-induced damages (11, 28). GSH-px
plays an important role in maintenance of the
thiol-disulfide balance. Any lack in GSH-px
physiological interactions and/or reduction in
GSH-px synthesis will affect the enzymatic de-
fense line and ultimately promote damages on
biological macromolecules such as DNA and
RNA (11, 28, 32). Our analyses have shown el-
evated DNA fragmentation and RNA damage as
well as decreased testicular GSH-px levels in
PLN-administered animals. Increased apoptotic
DNA fragmentation and severe RNA damage
in PLN-treated animals enabled us to conclude
that remarkable depletion in GSH-px associ-
ated with decreased TTM level could promote
the oxidative stress-induced damages at DNA
and RNA levels.

It has been well established that sperm DNA
integrity is very important for its fertilizing
potential. The DNA integrity of sperm mainly
depends on its compaction after chromatin con-
densation processes (11, 33). The deficiency in
protamine expression and/or replacement with
nucleosomal histones caused by environmental
toxicants promotes DNA disintegrity because
decondensed DNA of the sperm are suscepti-
ble to free radicals (32). Our observations have
demonstrated that the percentage of sperms
with condensed chromatin decreased and there
was increased DNA damage in animals treated
with PLN. Therefore, we concluded that PLN
appended the sperm DNA disintegrity both by
affecting the chromatin condensation process
and by down-regulating antioxidant status.
More analyses showed that PLN administra-
tion resulted in diminished sperm motility and
viability. The sperm cell membrane contains
high amounts of PUFA which are susceptible
to exogenous free radicals (24). Therefore, it is
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logical to suggest that reduced sperm viability
reflects severe oxidative stress in PLN-admin-
istered animals. Beside reduced viability, the
PLN-induced oxidative stress can inhibit ax-
onemal protein phosphorylations (34, 35) and
consequently reduce sperm motility.

The cascade of events - PLN-increased per-
centage of dead sperms associated with elevat-
ed DNA damages, as well as immobility and
nuclear immaturity are able to enhance oxida-
tive stress. Accordingly, the damaged sperm are
considered as the sources of radicals (36). It has
been shown that incubation of abnormal and/or
damaged spermatozoa lead to oxidative dam-
ages at the DNA level in oocytes and embryos
(37). It is reported that oocytes have the ability
to correct small scale DNA damage upon ferti-
lization. If this increases above a certain level
it may be difficult for the oocyte to cope and
lead to fertilization failure or impaired embryo
development (38). In corroboration with this
finding we have observed that embryo devel-
opment significantly decreased in PLN-treated
animals. A possible explanation may be that the
increased oxidants (produced from abnormal
sperms) possibly led to remarkable DNA dam-
age in oocytes, which in turn resulted in lower
blastocyst generation. On the other hand, PLN
resulted in an elevated percentage of sperm
with abnormal chromatin condensation. Previ-
ous reports indicated that using sperm with de-
condensed DNA resulted in low in vitro embryo
development, particularly at the 2-cell embryo
level (38).Therefore, it could be suggested that
decreased embryo development in PLN-admin-
istered animals could be attributed to increased
damage at sperm levels such as reduced sperm
motility, viability, chromatin condensation and
increased DNA damage.

Conclusion

The results of the current study showed that
chronic exposure to PLN resulted in enhanced
DNA fragmentation and RNA damage in testicular
tissue and reduced testicular endocrine activities.
Our observations demonstrated that PLN exerted its
impact via down-regulation of the antioxidant status
and enhanced oxidative stress. Finally, we showed
that PLN-induced problems in sperm parameters re-
sulted in considerable embryo toxicity.
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Abstract

Background: To evaluate predictive factors of successful microdissection-testicular
sperm extraction (MD-TESE) in patients with presumed Sertoli cell-only syndrome
(SCOS).

Materials and Methods: In this retrospective analysis, 874 men with non-obstructive
azoospermia (NOA), among whom 148 individuals with diagnosis of SCOS in prior
biopsy, underwent MD-TESE at Department of Andrology, Royan Institute, Tehran, Iran.
The predictive values of follicle stimulating hormone (FSH), luteinizing hormone (LH),
and testosterone (T) levels, testicular volume, as well as male age for retrieving testicular
sperm by MD-TESE were analyzed by multiple logistic regression analysis.

Results: Testicular sperm were successfully retrieved in 23.6% men with presumed
SCOS. Using receiver operating characteristic (ROC) curve analysis, it was shown that
sperm retrieval rate in the group of men with FSH values >15.25% was 28.9%. This was
higher than the group of men with FSH <15.25 (11.8%).

Conclusion: Sperm retrieval rate (SRR) was 23.6% in men with presumed SCOS and
FSH level can be a fair predictor for SPR at MD-TESE. MD-TESE appears to be recom-
mendable in such cases (SCOS with high FSH concentration) with reasonable results.

Keywords: Follicle Stimulating Hormone, Luteinizing Hormone, Sperm Retrieval, Azoo-
spermia, Nonobstructive
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Introduction

For men with a zero sperm count (azoospermia),
testicular biopsy is done to determine if a blockage
is present (obstructive azoospermia), or if prima-
ry testicular failure [non-obstructive azoospermia
(NOA)] is the cause (1, 2). Primary testicular fail-
ure affects approximately 1% of the population and
10% of those seeking fertility evaluations (3, 4).

The general histological patterns of the patients
with non-obstructive azoospermia are hyposper-
matogenesis, maturation arrest and Sertoli cell—
only syndrome (SCOS) (4).

For many azoospermic men, in vitro fertiliza-
tion/intracytoplasmic sperm injection (IVF/ICSI)
has become the major reproductive treatment op-
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tion if testicular sperm can be retrieved (1). Micro-
dissection testicular sperm extraction (MD-TESE)
is an effective sperm retrieval procedure for men
with NOA due to higher sperm retrieval rate (5,
6). Based on microscopical scale, MD-TESE iden-
tifies the most advanced pattern, not necessarily
the predominant pattern of spermatogenesis in the
testis (5). In contrast to the predominant spermato-
genic pattern, the most advanced pattern appears
to affect sperm retrieval results.

The sperm retrieval rates (SRRs) by MD-TESE
for patients with hypospermatogenesis were 81 (7)
to 100% (8, 9) of attempts, whereas in those with
maturation arrest spermatozoa were retrieved in
only 44 (7) to 75% (8, 9) of MD-TESE attempts. In
SCOS patients, SRRs were between 22.5 (8) and
41% (7). Since sperm extraction is often scheduled
in addition to oocyte retrieval after ovarian stimu-
lation and monitoring, failed ME-TESE can have
significant emotional and financial implications
for the couples involved. So it would be valuable
to predict the success of sperm retrieval using non-
invasive parameters (5, 10).

Serum FSH is an indirect reflection of the sper-
matogenic function of the testis (5, 10). Clinically,
testicular volume is correlated with spermatogen-
esis. Age may also affect the outcome of sperm
extraction (10). Since one of the most frequent
histological patterns characterizing absence of
sperm is SCOS, the primary aim of this study was
to evaluate the outcomes of ME-TESE, primar-
ily the sperm retrieval, in patients with diagnosis
of SCOS in prior biopsy. We also analyzed the
predictive values of follicle stimulating hormone
(FSH), luteinizing hormone (LH) and testosterone
(T) levels, testicular volume, as well as male age
for retrieving testicular sperm by MD-TESE in
these patients.

Materials and Methods
Patients

In this a retrospective analysis, 874 men with
NOA, among whom 148 patients with diagnosis
of SCOS in prior biopsy, underwent MD-TESE at
Royan Institute, Tehran, Iran, between April 2008
and March 2009. Azoospermia was confirmed by
at least two semen analyses according to World
Health Organization (WHO) guidelines (11). We
excluded patients with karyotype abnormalities
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and Y chromosome microdeletion. Testicular vol-
ume was measured by physical examination using
an orchidometer. Analysis of serum FSH, LH, and
T levels was done by electrochemiluminescence
assay in the morning. The reference ranges for
FSH level is 1.0-10.5 mIU/mL, LH level is 1.0-
9.5 mIU/mL and T level is 2.0-12 ng/mL. The men
were divided into four main groups based on FSH
level in increments of 10 IU/mL as follows: i. <10
mlU/mL, ii. 10-20 mIU/mL, iii. 20-30 mIU/mL,
and iv. >30 mIU/mL. In other classification, the
patients were classified into two following sub-
groups based on the best cut point of FSH values
(see statistical analysis): i. the group with unsuc-
cessful sperm retrieval and ii. the group with suc-
cessful sperm retrieval. Approval was obtained
from Ethics Committee of Royan Institute for this
particular study, and participants provided a writ-
ten informed consent.

Microdissection testicular sperm extraction (MD-
TESE)

MD-TESE was performed under general an-
esthesia according to the technique previously
described by Schlegel (12). In brief, the scrotum
was incised along the scrotal raphe and testis was
opened from the mid-part. Using an operating mi-
croscope with X25-40 magnification, enlarged and
opaque seminiferous tubules were removed and
evaluated by one of our three expert lab techni-
cians in operating room. Each sample was placed
in a petri dish filled with 1 mL Ham’s F10 medium
(Biochrom, Germany), and was mechanically cut,
dispersed and examined under an inverted mi-
croscope (Nikon, Japan) at x400 magnification.
If no spermatozoa were seen, microdissection of
additional areas of that testicle and contralateral
testicle were carried out and subsequent samples
were taken. If no sperm was seen in the operat-
ing room, all testicular samples were subjected to
centrifugation at 3000 rpm with 5 mL Ham’s F10
and examined to determine the presence of even a
single sperm.

Statistical analysis

Descriptive statistics are presented as mean + SD
and percent. Student’s t test (Unpaired) was used
to compare mean age, while Mann-Whitney U test
was applied to compare testis volume as well as
FSH, LH and T levels for outcome of sperm re-



trieval. Multiple logistic regression analysis was
used to evaluate the association between FSH,
LH and T levels and success of sperm retrieval,
adjusting for potential confounding variables (tes-
ticular volume and age). Two tailed p values less
than 0.05 were considered statistically significant.
We performed receiver operating curve (ROC)
analysis for a final model. The area under a curve
(AUC) is a measure of predictive power called
concordance index which is generated to evaluate
the predictive accuracy of selected predictors on
probability of retrieving sperm. The value of 0.5
means that predictions are no better than random
guessing and the value of 1.0 indicates a (theoreti-
cally) perfect test (i.e., 100% sensitive and 100%
specific). Moreover, we used ROC analysis to de-
termine the best cut point of FSH level for out-
come of sperm retrieval, and sensitivity and speci-
ficity were measured 64.3 and 15.4%, respectively.

Results

Testicular sperm was successfully retrieved in
23.6% (35/148) of the patients with SCOS. Suc-
cessful rates for ICSI and clinical pregnancy were
57.1% (20/35) and 9%, respectively. The mean
values of age, testicular volume; as well as serum
FSH, LH and T levels were compared between
those patients with unsuccessful sperm retrieval
and the group with successful sperm retrieval.
There were no significant differences between two
groups (Table 1).

Predictive Factors of Successful MD-TESE

Findings were shown that there was an inverse
linear correlation between FSH and testicular vol-
ume (r=-0.37, p<0.001). Sperm retrieval rates in
the groups of men with FSH values of 10-20, 20-
30, and >30 mIU/mL were 39, 37, and 24%, re-
spectively, and this was higher than the group of
men with FSH<10 mIU/mL (10%), but this differ-
ence was not significant (p>0.05).

We performed multiple logistic regression
analysis with serum FSH, LH and T levels, tes-
tis volume and age to predict sperm retrieval
during MD-TESE. Adjusted association from
the model showed that chance of retrieving
sperm during MD-TESE cannot be predicted by
any variable.

Also we used ROC analysis to determine the
best cut point of FSH levels for outcome of
sperm retrieval. Our results showed that 15.25
was a cut point of FSH for sperm retrieval.
SRR in men with FSH>15.25 was 28.9% and in
men with FSH<15.25 was 11.8%. Odds of SRR
in men with FSH>15.25 was higher than men
with FSH<15.25 and was significant at level
10%. A logistic regression analysis based on
this cut point showed a fair prediction model
(AUC=0.68) for FSH (Fig.1). LH level, testos-
terone level, testicular volume and male age
cannot predict presence of sperm with MD-
TESE (Tables 2, 3).

Table 1: Values of age; testicular volume; as well as serum FSH, LH and T levels between two groups (the group with unsuccessful
sperm retrieval and the group with successful sperm retrieval)

Fail Success
Mean = SD CI (%95) Mean £+ SD CI (%95) P value
Age (Y) 33+6 31.9-342 33+5 31.7-35.6 0.64
Testicular volume (mL) 11+4.7 10.1£11.9 9.9+43 8.3-11.4 0.24
FSH (mIU/mL) 23.7+15.9 20.3-27.2 23.8+9.5 20-27.7 0.36
LH (mIU/mL) 9.5+9.1 7.5-11.5 8.6+74 5.6-11.6 0.89
T (ng/mL) 3.8+23 3.3-43 4.1+35 2.7-5.6 0.84

LH; Luteinizing hormone, T; Testosterone, FSH; Follicle stimulating hormone and Cl; Confidence interval.
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Fig.1: ROC curve of pertinent preoperative parameters to dis-
criminate successful and failed MD-TESE (AUC=0.68). ROC; Re-
ceiver operating characteristic, MD-TESE; Microdissection-tes-
ticular sperm extraction and AUC; Area under a curve.

Table 2: Baseline characteristics of men with NOA and SCOS

Serum FSH ( mIU/mL)

<15.25 >15.25
% 31% 69%
Male age (Y) 32+4 34+6
Mean FSH (mIU/mL) 11.2 29.4
Mean Testosterone (ng/mL) 4.6=+2.6 3.6£2.6
Mean LH (mIU/mL) 57+6.2 102+9.3
Avg. vol. of testis (mL) 12.8+4.1 9.6 £4.7

LH; Luteinizing hormone, T; Testosterone, SCOS; Sertoli cell-only
syndrome, NOA; Non-obstructive azoospermia and FSH; Follicle
stimulating hormone.

Table 3: Results of multivariable adjusted model of pertinent

variables
Variable P value OR (95%CI)
FSH (IU/mL)
<15.25 Reference group
>15.25 0.067 2.96 (0.92-9.4)
Male age (Y) 0.648 1.01 (0.94-1.1)
LH (mIU/mL) 0.224 0.96 (0.89-1.02)
T (ng/mL) 0.262 1.1 (0.92-1.3)
Testes size (mL) 0.103 0.9 (0.8-1.02)

*Adjusted OR represents the estimates from full model adjusted
for male age, testes size, LH; Luteinizing hormone, T; Testoster-
one, FSH; Follicle stimulating hormone levels, Cl; Confidence in-
terval and OR; Odds ratio.
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Discussion

MD-TESE has become a recognized procedure
for men with NOA. Simultaneous sperm extrac-
tiontesticular volume-ICSI exposes the couple to
an emotional burden, so it would be beneficial to
predict the success of sperm retrieval before treat-
ment. Diagnostic biopsy, hormones levels, volume
of testis and age are potentially predictive factors
for sperm retrieval (3).

The diagnosis of NOA can only be definitely
made on testicular biopsy, but the prognostic value
of random biopsy to detect sperm production in
these patients is unknown (3). Diagnostic biop-
sy has limited prognostic value for prediction of
sperm retrieval in MD-TESE. Tsujimura et al. (8)
reported that SRRs by MD-TESE for SCOS were
22.5%. Gul et al. (13) demonstrated that SRRs for
these patients were 27.6%. Okada et al. showed
that SRRs by MD-TESE for SCOS were 33.9% (9)
and Ramasamy et al. (7) reported excellent SRRs
of' 41% for SCOS. Our study showed that SRRs by
MD-TESE were 23.6% for SCOS.

An important serum parameter in the first years
of TESE was the FSH level. In general, the serum
concentration of FSH is inversely correlated with
impairment of spermatogenesis. Earlier studies
showed that elevated FSH levels were associated
with a low probability for the retrieval of sper-
matozoa in TESE (14), but Ramasamy et al. (6)
showed that after using MD-TESE, sperm retriev-
al was higher in NOA men with FSH>15 mIU/mL
than those men with FSH<15 mIU/mL. In other
study, Ramasamy et al. (15) showed that FSH
(and testicular volume) at the repeat MD-TESE
appeared to have predictive value to determine
the success of a second attempt. Our study con-
firmed the results of their study. The present study
showed sperm retrieval was higher in NOA men
with FSH>15.25 mlIU/mL than those men with
FSH<15.25 mIU/mL. Also we showed FSH could
be a fair predictor of sperm retrieval. Ramasamy et
al. (6) have described the reason of the conflicting
evidence between TESE and MD-TESE.

We also studied the effect of serum LH and T
levels on sperm retrieval, but these factors didn’t
have any effect on SRR. This is similar to the re-
sults of other studies (13, 16).

Clinically testicular volume is correlated with



spermatogenesis. Testicular volume has been
found to have poor predictive value for successful
TESE (10, 13, 14). Ramasamy et al. (6) reported
that testicular volume didn’t have predictive value
to determine the success of MD-TESE, but there
was an inverse linear correlation between FSH
and testicular volume. Our study confirmed that
study and showed that sperm retrieval rate was
also higher in smaller testis, but testicular volume
didn’t have predictive value to determine the suc-
cess of MD-TESE. Moreover, in this study, there
was an inverse linear correlation between FSH and
testicular volume.

Many studies have shown a relationship between
testicular histopathologic findings and testicular
sperm retrieval by TESE (14, 17). Histopathologic
finding are generally the most useful predictive
factor for successful TESE (6). However, it is still
controversial whether invasive examination such
as testicular biopsy should be performed due to
possible presence of inflammatory change, hema-
toma, fibrosis and devascularization of testes (3, 6,
9). On the other hand, MD-TESE has fewer post-
operative complications than random biopsy (10,
16). MD-TESE appears to be recommendable in
cases of atrophied testicles and elevated amount of
FSH concentration (16).

The p value for association between FSH (as
continuous variable) and sperm retrieval was 0.98.
Since FSH is a continuous variable, the odds of
sperm retrieval do not change significantly per unit
increase in FSH. This conclusion may be clinically
expected. So we tried to find a cut point which dis-
criminated sperm retrieval result extremely. ROC
analysis was used to find the best cut point for sen-
sitivity and specificity. The association between
categorical FSH and sperm retrieval was signifi-
cant at level of 10%. The p value is near 0.05 in
this case. The border p values may be due to sam-
pling errors or small sample size and need further
study with larger sample size to find the best cut
point.

Conclusion

Sperm retrieval rate was 23.6% in men with
SCOS and FSH can be a fair predictor of sperm
retrieval at MD-TESE. MD-TESE appears to be
recommendable in such cases (SCOS with high
FSH concentration) with reasonable results.

Predictive Factors of Successful MD-TESE
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Abstract

Background: Diabetes mellitus has a variety of structural and functional effects on the
male reproductive system. Diabetes results in reduced sperm parameters and libido. The
present study aims to investigate the effects of royal jelly (RJ) on reproductive param-
eters of testosterone and malondialdehyde (MDA) production in diabetic rats.

Materials and Methods: This experimental study was conducted on adult male Wistar
rats. The animals were divided into four groups (n=8 per group): control, RJ, diabetic and
diabetic treated with RJ. Diabetes was induced by intraperitoneal injection of 60 mg/kg
body weight (BW) of streptozotocin (STZ). RJ, at a dose of 100 mg/kg BW was given
by gavage. The duration of treatment was six weeks. After the treatment period the rats
were sacrificed. The testes were weighed and changes in sperm count, motility, viability,
deformity, DNA integrity and chromatin quality were analyzed. Serum testosterone and
MDA concentrations of testicular tissue were determined. Data were analyzed by one-
way ANOVA with p<0.05 as the significant level.

Results: STZ-induced diabetes decreased numerous reproductive parameters in rats. Tes-
ticular weight, sperm count, motility, viability and serum testosterone levels increased in
the diabetic group treated with RJ. There was a significant decrease observed in sperm
deformity, DNA integrity, chromatin quality, and tissue MDA levels in diabetic rats treat-
ed with RJ compared to the diabetic group (p<0.05).

Conclusion: RJ improved reproductive parameters such as testicular weight, sperm
count, viability, motility, deformity, DNA integrity, chromatin quality, serum testosterone
and testicular tissue MDA levels in diabetic rats.

Keywords: Diabetes Mellitus, Male Rat, Royal Jelly, Sperm
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Introduction

One of the major health problems in life is in-
fertility; male factors comprise approximately
30% of this problem (1). Several factors can affect
the spermatogenesis process and decrease sperm
quality and quantity. Diabetes mellitus, liver and
coronary heart diseases, air pollutants, chronic
smoking and vitamin deficiency affect spermato-

genesis (2). Diabetes leads to vacuolization in Ser-
toli cells, raises apoptosis in spermatogonia cells
and spermatocytes in seminiferous tubules of male
rats (3). According to research, male reproductive
dysfunctions in animal models of diabetes include
decreased semen quality, testicular weight, sperm
count and motility, and testosterone levels in ad-
dition to increased abnormal sperm and oxidative
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damage in the testes (4).

Oxidative stress has been described as an impor-
tant factor in many diseases such as diabetes (5). Al-
though the precise mechanism for diabetes mellitus
is not well understood, increased production of free
radicals is the major mechanism that causes damage
(6). Diabetes mellitus has an extensive and close as-
sociation with oxidative stress induced by exacerba-
tion of oxygen free radical formation. Hyperglyce-
mia is associated with increased oxidative stress and
leads to many complications in different tissues (7).
Evidence indicates that free radicals, membrane lipid
peroxidation and protein oxidation are increased in
diabetic patients and diabetic animals. The produc-
tion of reactive oxygen species (ROS) is a normal
physiological event in the testes. Excessive produc-
tion of ROS can be detrimental to sperm, being asso-
ciated with male infertility. The spermatozoa plasma
membrane contains a high amount of unsaturated
fatty acids. Therefore, it is susceptible to peroxida-
tive damage (8). The lipid peroxidation destroys the
structure of the lipid matrix of spermatozoa mem-
branes and disturbs sperm motility (9).

Royal jelly (RJ), a food item secreted by the
hypopharyngeal glands of worker honeybees is a
mixture that contains lipid, glucose, protein, vita-
mins and minerals. RJ is widely used as a commer-
cial medical product. Previous studies have shown
that RJ has many chemical and physical properties
such as anti-tumor, antioxidant, anti-inflammato-
ry and immune-modulatory functions in animals
(10). Estrogenic activity similar to other exog-
enous steroid hormones (11), higher testosterone
content and intensive spermatogenesis in hamster
testes (12), and increased serum testosterone lev-
els in heat-stressed male rabbits are reported for RJ
(13). Further, research has shown that alkaline and
water extracts of RJ have high scavenging ability
and antioxidative activity against active oxygen
species (14).

Another study has shown that RJ collected 24
hours after larval transfer has the strongest antiox-
idative action (15). Various in vitro experimental
models on rats have also proven the antioxidative
activity of RJ (16) and protection against oxida-
tive stress has been confirmed in experiments on
laboratory animals (17). The present study aims to
investigate the effect of RJ on reproductive param-
eters and malondialdehyde (MDA) levels of tes-
ticular tissue in diabetic male rats.
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Materials and Methods
Animals

In this experimental study, 32 healthy adult male
Wistar rats (200 = 10 g) were used. The animals
were obtained from the animal house at the Faculty
of Science, Urmia University. The rats were kept
under specific conditions on a constant 12-hour
light/dark cycle and at a controlled temperature of
21 + 2°C. They were fed with standard diet pellets
and allowed food and water ad libitum for an ac-
climation period of one week. The animals were
housed in polypropylene cages and maintained in
a strictly controlled environment. This study was
conducted in accordance with the Guidelines of
the Ethical Committee for Research on Laboratory
Animals at Urmia University.

Experimental design

We randomly divided 32 male Wistar rats into
four groups (n=8 per group): control [1 cc of dis-
tilled water (DW) day]; RJ (100 mg RJ/kg of BW/
day); diabetic (1 cc of DW/day) and diabetic treat-
ed with RJ (100 mg RJ/kg of BW/day).

Fresh RJ was obtained from a local beekeeping
association (Urmia, Iran) and stored at —20 °C until
use. The RJ was confirmed by an expert academic
member (Urmia University). RJ was dissolved in
distilled water and administered orally to the RJ
and diabetic treated RJ groups for 42 consecutive
days. The diabetic and diabetic treated RJ groups
were given a single intraperitoneal administration
of streptozotocin (STZ, S0130-500 MG, Sigma-
Aldrich Co, St. Louis, MO, USA) at 60 mg/kg
BW dissolved in 0.1 M citrate buffer, pH=4.6 (18).
At 72 hours after administration, the rats were al-
lowed to fast for 18 hours after which their blood
sugar levels were measured by tail puncture using
a glucometer (IGM-0002A, GP5EAKF09548).
Rats that had blood sugar levels above 300 mg/
dl were considered to be diabetic and included in
this study.

On the 42" day of treatment, the rats were sacri-
ficed by intraperitoneal injection of 80 mg ketamine
and a laparotomy was conducted. The testes and
epididymides were collected. The cauda region of the
epididymis was used for evaluation of sperm param-
eters. The right testes were processed for histopatho-
logical studies whereas the left testes were homogen-
ated for biochemical estimations of MDA.



Sperm count

Epididymal sperm were collected by slicing the
cauda region of the epididymis into small pieces in
1 ml human tubal fluid (HTF)+4 mg/ml bovine se-
rum albumin (BSA) and incubated for 30 minutes at
37°C in 5% CO, to allow the sperm to swim out of
the epididymal tubules. Sperm count was performed
with a hemocytometer. Results were expressed as
millions of sperm/ml. A few drops of the diluted
sperm suspension, as a sample, was transferred onto
a Neubauer’s improved counting chamber (depth:
0.1 mm) and allowed to remain for 5 minutes (19).

Sperm morphology

We evaluated sperm morphology by analyzing
sperm smears made from the left cauda epididy-
mides. An aliquot of the sample was used for prepa-
ration of the smears in order to evaluate deformities
to the spermatozoa (18). Eosin/nigrosin stain was
used to estimate spermatozoa morphology. To test,
one drop of eosin/nigrosin was added to the suspen-
sion and mixed gently. The slides were then viewed
under a light microscope at 400 magnification. A
total of 300 spermatozoa were analyzed on each slide
for abnormalities of the head and tail (19).

Sperm viability

To assess sperm viability, 10 pl of eosin/nigros-
in was added to an equal volume of spermatozoa
suspension. After 2 minutes of incubation at room
temperature, slides were viewed at x400 magni-
fication. Sperms with altered plasma membranes
appeared pink and those with intact plasma mem-
branes remained unstained. In each sample, 400
sperm cells were counted and the percentages of
sperm viability (ratio of sperm with intact/altered
plasma membranes) were calculated (19).

Sperm motility

The percentage of sperm motility was evaluated
visually by a light microscope (Olympus Co., To-
kyo, Japan) at x400 magnifications. For this pro-
cess, one drop of sperm suspension was placed on
a glass slide which was then covered with a lamel-
la. The number of sperm that had rapid progressive
forward movement (RPFM), slow progressive for-
ward movement (SPFM), circumferential motion
(CM) and those which remained motionless (ML)
were counted in several microscopic fields of vi-

RJ mproves Reproductive Parameters in Diabetic Rats

sion and the percentages of motile and non-motile
sperm were obtained. Motility estimates were ob-
tained from ten different fields in each sample (18).

Body and testes weights

Animals were weighed to monitor their gen-
eral health. The testes and epididymides were re-
moved. The testes were weighed and processed for
biochemical analysis.

Acridine orange (A0) DNA denaturation assay

The AO test is a simplified microscopic sperm
chromatin structure assay which reflects sperm
chromatin denaturation. A drop of the sperm sus-
pension was spread on the glass slides and allowed
to air-dry. All smears were fixed in methanol-
acetic acid at 1:3 v/v for 2 hours. The slides were
then stained with 2-3 cc of 19% AO solution in
phosphate citrate for 5 minutes, then rinsed with
deionized water. The sperm were evaluated by a
fluorescence microscope (Zeiss Company, Germa-
ny). Two types of staining patterns were identified-
green (double-stranded DNA) and yellow (single-
stranded DNA) sperm (20).

Aniline blue (AB) chromatin quality assay

A drop of spermatozoa suspension was spread on
glass slides and allowed to air-dry. All smears were
fixed in 3% glutaraldehyde in phosphate buffered
saline. The slides were then stained with 5% aque-
ous AB and mixed with 4% acetic acid (pH=3.5)
for 5 minutes. Sperm heads that contained imma-
ture nuclear chromatin stained blue whereas those
with mature nuclei did not stain. The percentage
of spermatozoa that stained AB was determined by
counting 400 spermatozoa (21).

Hormone assay

Blood serum was separated by centrifuge (3000
g for 15 minutes) and serum samples were directly
frozen at —70°C until biochemical analyses. Se-
rum testosterone concentrations were measured by
an electrochemiluminescence testosterone kit (De-
meditec Diagnostics GmbH, Kiel, Germany). The
amount of testosterone was expressed as ng/dL (22).

Malondialdehyde (MDA) level assay

Fresh tissue samples were minced and homoge-
nized under ice-cold conditions. The testicular tissues
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were homogenized into an ice-cold 1.15% solution of
KCl to obtain a 10% (w/v) homogenate. Then, 300
ul of 10% trichloroacetic acid (TCA) was added to
150 pl of the homogenized sample and centrifuged at
1000 rpm for 10 minutes at 4°C. The supernatant was
transferred to a test tube with 300 pl of 67% thiobar-
bituric acid (TBA) and incubated at 100°C for 25 min-
utes. After 5 minutes of cooling, a pink color appeared
because of the MDA-TBA reaction. Absorbance was
evaluated using a spectrophotometer (Pharmacia, No-
vaspec II, Biochrom, England) at wavelength of 535
nm (23). The level of lipid peroxides was expressed as
pmol MDA/mg protein.

Statistical analysis

Data were presented as mean + SEM and ana-
lyzed by one-way ANOVA followed by the Tukey
test using SPSS package (version 18) and p<0.05
as the significance level.

Results
Body weight (BW) and testes weight

The initial BW of the rats did not significantly dif-
fer between the groups. A significant difference in the
final BW of the rats was observed. The diabetic rats
showed reduced BW but diabetic rats treated with RJ
had a significant increase in BW (p=0.000, Table 1).

The testicular weights of the rats are shown in
table 1. Diabetes caused a statistically significant
decrease in testes weights compared to the control
group (p=0.000). The administration of RJ caused
an increase in testes weight compared to the con-
trol group. The testes/BW ratio revealed a signifi-
cant decrease in the diabetic group compared to
the control group. The group treated with RJ had
a significant increase in the testes/BW ratio. How-
ever, significant differences were not observed in
other groups (p=0.000, Table 1).

Sperm parameters

Diabetes caused a significant decrease in sperm
count compared with the control group (p=0.000).
Treatment with RJ significantly increased cauda
epididymal sperm count. However, administration of
RJ to treated diabetic rats significantly prevented the
STZ-induced negative effects on sperm count com-
pared with the diabetic group (p=0.000, Table 2).

There was a significantly lower percentage of
sperm viability in diabetic rats than those of con-
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trol and RJ groups (p=0.000). The diabetic group
treated with RJ showed a significant increase in
percentage of sperm viability in compared with the
diabetic group (p=0.000, Table 2, Fig.1).

The percentage of sperm deformity increased
significantly in the diabetic group compared with
the control and RJ groups (p=0.000). The diabetic
group treated with RJ showed a significant de-
crease in percentage of deformed sperm compared
with the diabetic group (p=0.000, Table 2).

In terms of sperm motility, RPFM decreased
significantly in the diabetic group when compared
with the control group (p=0.010). Furthermore,
SPFM and ML increased in the diabetic group.
Daily administration of RJ caused a significant in-
crease in sperm motility and type of RPFM com-
pared to the diabetic group (p=0.010, Table 3).

Acridine orange (AO) DNA denaturation

We observed a significant increase in the per-
centage of spermatozoa with DNA damage in the
diabetic group compared with the control and RJ
groups (p=0.010, Table 4, Fig.2).

Aniline blue (AB) chromatin quality

Treatment with RJ showed a markedly signifi-
cant decrease in the percentage of spermatozoa with
chromatin abnormalities (p=0.010, Table 4, Fig.1).

Testosterone level

Statistical analysis showed that intraperitoneal ad-
ministration of STZ to normal rats induced a signifi-
cant decrease in serum testosterone to 3.93 + 0.46
ng/dL versus 6.25 + 0.13 ng/dL in the control group
(p=0.000). Oral administration of RJ at 100 mg/kg
BW for 42 days to diabetic rats caused a significant
increase in serum testosterone levels compared with
the diabetic group (p=0.000, Table 5).

Malondialdehyde (MDA) levels

Diabetes induced lipid peroxidation in the testis
tissue as revealed by a significant rise of MDA in
the diabetic group compared with the control and
RJ groups (p=0.000). MDA contents in the diabetic
treated with RJ group were lower than those in the
diabetic group. Therefore, RJ administration caused
a partial decline of testis tissue MDA levels in the
diabetic group treated with RJ (p=0.000, Table 5).



RJ mproves Reproductive Parameters in Diabetic Rats

Table 1: Effect of oral administration of royal jelly (RJ) for 42 days on weight characteristics of male rats (n=8 per group)

Groups Initial BW (g) Final BW (g) Testis weight (g) Testis/BW ratio (%)
Control 1944+£491° 225.33+£2.73¢ 2.00+0.01°® 0.89+0.01°
RJ 193.9+6.43¢ 21247 +4.22¢ 2.04+0.08* 096+0.01°
Diabetic 206.7+9.79* 123.86 +6.07° 0.76 £0.07° 0.61+£0.02¢
Diabetic/RJ 192.6 +7.40% 17393 £6.73 ¢ 1.50+0.05°¢ 0.86+0.01¢

Data are presented as mean + SEM. Values with different letters indicate significant differences among groups at p<0.05. BW; Body weight.

Table 2: Effect of oral administration of royal jelly (RJ) on sperm parameters in male rats (n=8 per group)

Groups Count (10%/ml of suspension) Viability (%) Deformity (%)
Control 4970 +1.17° 88.89+£0.74 3.19+0.12¢°
RJ 50.08 +0.56 ® 85.15+3.58® 3.28+0.17¢
Diabetic 30.79 £ 1.11° 55.48 £3.33° 9.19£0.53°
Diabetic/RJ 49.00 £ 1.77* 71.44 £2.34¢ 434+0.57°

Data are presented as mean + SEM. Values with different letters indicate significant differences among groups at p<0.05.

Fig.1: Sperm with altered plasma membranes appeared pink whereas those with intact plasma membranes did not stain (EN x400).
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Table 3: Effects (%) of royal jelly (RJ) on sperm motility in male rats (n=8 per group)

Groups Sperm motility (RPFM)  Sperm motility (SPFM)  Sperm motility (CM) Sperm motility (ML)
Control 63.25+£1.69° 17.15+£0.64° 11.20+0.77 743 +045°

RJ 64.73 £0.71° 17.81 £0.81° 11.72 +0.69 * 10.02+0.67 ®
Diabetic 47.88+£6.01" 23.57+£0.79° 10.56 £0.83 * 10.89 +1.16°
Diabetic/RJ 59.36 £0.98 15.55+0.26* 13.88+0.97* 895+0.51°

Data are presented as mean + SEM. Values with different letters indicate significant differences among groups at p<0.05. RPFM; Rapid
progressive forward movement, SPFM; Slow progressive forward movement, CM; Circumferential movement and ML; Motionless.

Table 4: Effect of royal jelly (RJ)) on DNA damage and chromatin abnormalities of sperm in male rats (n=8 per group)

Groups AB* (%) AO* (%)
Control 10.33 £0.88*° 9.67+145°
RJ 10.67 £0.89 ° 10.33 +0.88 ¢
Diabetic 23.33+£2.03° 22.67+1.20°
Diabetic/RJ 14.67+1.20* 14.67+2.03

Data are presented as mean + SEM. Values with different letters indicate significant differences among groups at p<0.05.
AB; Aniline blue and AO; Acridine orange.

Fig.2: Diabetic treated royal jelly (RJ) group: 1. Sperm with normal DNA integrity showed green fluorescence and 2. Those with DNA dam-
age stained orange-red (AO x1000). AO; Acridine orange.
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Table 5: Effect of oral administration of royal jelly (RJ) for 42 days on serum testosterone hormone and malondialdehyde (MDA) levels
in male rats (n=8 per group)

Groups Testosterone (ng/dL) MDA (nmol/g tissue)
Control 6.25+0.13¢ 45513 +£7.40*

RJ 7.13+£0.24¢ 445,18 £4.73 ¢
Diabetic 3.93+046° 660.01 +12.61°
Diabetic/RJ 6.32+0.09 ¢ 52430+ 19.96

Data are presented as mean = SEM. Values with different letters indicate significant differences among groups at p<0.05.

Discussion

The current study sought to determine the effect
of RJ on reproductive parameters of diabetic male
rats. We observed increased testicular weight, sperm
count, sperm motility, number of viable spermatozoa
and serum testosterone levels and decreased MDA
level of testes tissue in the diabetic group treated with
RJ. To our knowledge, this was the first report on the
effect of RJ on diabetic male rats.

Diabetes decreased testicular weight and seminal
vesicles, induced male reproductive dysfunctions,
decreased serum testosterone levels and lowered
semen quality and quantity. It is well-known that
diabetes is positively associated with lowered
male fertility and sexual disturbances (2). Previ-
ous studies have indicated that the neuropathy and
vascular insufficiency caused by diabetes may be
related to sexual dysfunction (24). Male sexual
dysfunction in STZ-induced diabetic rats results
from the alterations of the pituitary—testicular tract
axis (25). Our results have clearly confirmed a de-
crease in testicular weight and serum testosterone
levels in STZ-induced diabetic rats.

It has been demonstrated that oral administra-
tion of RJ improves the physiological status and
a series of sperm parameters in heat-stressed male
rabbits (13). Our study also showed that oral ad-
ministration of 100 mg/kg BW of RJ to diabetic
male rats for 42 days caused an increase in testes
weight, viable sperm percentage, serum testoster-
one level and sperm motility, and decreased the
number of abnormal sperm in diabetic rats. These
results were attributed to the improvement of re-
productive parameters in diabetic male rats by RJ,
which was attributed to its antioxidant and estro-
genic activities.

Diabetes is considered an important endocrine

disease in the metabolism of carbohydrates. These
changes result in an increase in free radical for-
mation and LDL-oxidase production (6). Previous
study have reported that diabetes causes a marked
oxidative impact as evidenced by the significant
increase in testicular lipid peroxidation as well as
a significant decrease in testicular antioxidants, in-
cluding CAT and GSH-R activities and GSH con-
tent (26). A number of studies have reported that
intake of antioxidants and vitamins A, B, C, and
E can increase stability of the testicular blood bar-
rier and protect sperm DNA from oxidative stress
caused by active free radicals (27).

RJ contains vitamins E and C (14) which have
been reported to increase glutathione followed by de-
creased MDA levels in adult male rats (28). Vitamins
E and C, whose antioxidant roles have been proven
and shown to inhibit free radicals, induced damage
to sensitive cell membranes of the testis and reduced
lipid peroxidation in tissue estimation by MDA. Vi-
tamins E and C significantly decreased MDA levels
and increased glutathione levels (29). This study also
showed that MDA levels in the testes decreased in
diabetic rats treated with RJ. This effect could be at-
tributed to vitamins C and E in RJ.

Studies have shown a direct link between blood
sugar levels and sperm quality. In patients with
high blood sugar levels, the incidence of non-via-
ble sperm in seminal plasma is higher (6). Batch-
elder reported that RJ decreased blood sugar levels
via the insulin-like material and other compounds
(vitamins B3 and H and chromium). Also it has
been noted that RJ is capable of sustaining a high
level of blood sugar by participating in the oxidation
of glucose to procure energy via the insulin-like mate-
rial found in RJ. Furthermore, the insulin found in RJ
highly resembles the insulin found in mammals (30).
Therefore, our results have shown that RJ improved
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reproductive parameters and decreased MDA levels
in the testicular tissue of diabetic rats.

Conclusion

Oral administration of RJ to diabetic male rats de-
creased sperm deformity, DNA damage, chromatin
abnormalities and testicular tissue MDA levels and
increased testicular weight, sperm count, motility
and viability. Therefore, this study has suggested that
intake of RJ may be useful for diabetic patients who
suffer from sexual impotency, as RJ produces anti-di-
abetic activity and exhibits fertility enhancing proper-
ties in male diabetic rats.
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Abstract
Background: The aim of this study was to determine oxidative stress (OS) parameters
after testicular torsion/detorsion in adult rats.

Materials and Methods: In this experimental study, male adult Wistar rats were divided
into four groups, each consisting of seven animals: group I-one hour right testicular tor-
sion with subsequent orchiectomy, group II-one hour right testicular torsion followed
by detorsion, group Ill-unilateral right-sided orchiectomy without previous torsion and
group I'V-control. After 30 days, bilateral orchiectomies were performed in rats with both
testes and unilateral orchiectomies in rats with single testicles. Parameters of OS were
determined in testicular tissue and in plasma.

Results: Plasma concentrations of advanced oxidation protein products (AOPP) and
thiobarbituric acid reactive substances (TBARS) were higher (p<0.05 and p<0.01,
respectively), whilst the plasma concentration of the total sulfhydryl (T-SH)-groups
was lower (p<0.05) in group I compared to the control group. Group II had higher
plasma concentrations of AOPP compared to group IV (p<0.05), as well as signifi-
cantly increased TBARS and decreased T-SH-group levels compared to groups 11
(p<0.05 and p<0.01, respectively) and IV (p<0.01, for both parameters). There were
significant differences in OS markers between the ipsilateral and contralateral testis,
as well as significant correlations among levels of both plasma and tissue markers
of OS.

Conclusion: The increase in TBARS levels seen throughout the experimental period in-
dicated that OS development was caused by ischemia/reperfusion in the testicular tissue.
The oxidant-antioxidant system of the testicular tissue was altered during torsion as well
as detorsion.
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Introduction

Torsion of testis and spermatic cord is character-
istic for adolescent and younger males, and requires
emergency treatment. The incidence is 1:4000 in
males aged less than 25 years (1). Urgent surgical
treatment involves orchiectomy of the torsed testis
or detorsion and its preservation if, on surgical ex-
ploration, the testicle is still viable. The two most
important factors that determine testicular damage
are the duration and degree of spermatic cord tor-
sion (2, 3). The testis remains vulnerable to oxida-
tive stress (OS) mainly due to the abundance of
highly unsaturated fatty acids (4). Oxidative dam-
age is the result of an imbalance between oxidative
and antioxidative systems. It is suggested that the
primary source of reactive oxygen species (ROS)
are leukocytes that infiltrate testicular tissue, but
they may originate from spermatozoa as well (5).

Increased expression of E-selectin and various
cytokines is a stimulus for neutrophil accumu-
lation and a subsequent rapid ROS generation
(6). Oxidative phosphorylation in mitochondria
is impaired by ischemia that consequentially
leads to a decline in the level of cellular ATP
and to the preservation of mitochondrial car-
riers in a reduced state (7). It has been dem-
onstrated that reperfusion of the ischemic tis-
sue promotes generation of ROS, which arise
from activation of the xanthine oxidase system
in parenchymal cells or from leukocytes that
penetrate into interstitial tissue (8). Therefore,
the treatment by detorsion may further damage
the testis. Ipsilateral testis preservation leads
to ischemic-reperfusion damage of both testes,
primarily due to generation of ROS. Thus, rep-
erfusion is beneficial for the ipsilateral testis by
preventing ischemia-induced apoptosis and ne-
crosis, but at the same time it may be deleteri-
ous for the contralateral testis. Testicular tissue
is extremely susceptible to oxidative damage,
due to high rate metabolism and cell replica-
tion, which also affects the contralateral testis
(5). This may lead to functional impairment of
both testes and infertility. In more than 35% of
patients the spermatogram is abnormal and up
to 25% become infertile (9). Beside ROS gen-
eration, there are other various theories of the
mechanisms involved in sperm damage of both
testes after detorsion, such as formation of an-
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tisperm antibodies, neutrophil infiltration, and
decrease in contralateral blood flow.

ROS react with proteins, lipids, carbohy-
drates and nucleic acids leading to impaired
cell function and apoptosis. Unfortunately both
enzymatic [superoxide dismutase, glutathione
peroxidase, catalase (CAT)] and non-enzymat-
ic [glutathione (GSH), antioxidative vitamins]
antioxidative defenses are limited. Therefore
in pathologic conditions such as prolonged tes-
ticular torsion the damages can be irreversible

(10).

The aim of this study was to determine OS pa-
rameters after testicular torsion/detorsion in plas-
ma and both testes tissue of adult rats at 30 days
after the surgical procedure.

Materials and Methods
Experimental animals

We conducted an experimental study on 28 adult
male Wistar rats that weighed 150-190 g. Rats
were obtained from the Institute of Biomedical
Investigation, Faculty of Medicine, University in
Nis, Serbia. All animals were treated humanely
and the Ethical Committee of School of Medicine,
University of Nis, Serbia approved all animal pro-
cedures. Rats were housed in a temperature-con-
trolled room (23 + 1°C) on a 12-hour light and dark
cycle, with ad libitum to food and water.

Experimental design

We randomly divided 28 male Wistar rats into
four groups. The first group of rats was subjected
to one hour right testicular torsion with subse-
quent orchiectomy (group I). The second group
underwent right testicular torsion that lasted one
hour, followed by detorsion (group II). In the third
group, one hour after a scrotal incision, we per-
formed a unilateral, right-side orchiectomy with-
out previous torsion (group III). The fourth group
served as a control and was not submitted to any
surgical procedure (group 1V). Thirty days later,
bilateral orchiectomies were performed in the
rats of groups II and IV, and left orchiectomies in
groups I and II1.

Surgical procedure

All surgical procedures were performed under



general anesthesia induced by an intraperitoneal
one-shot injection of ketamine (8 mg/kg) and xy-
lazine (10 mg/kg). The skin of the scrotal area was
shaved and prepared with 10% povidone-iodine
solution. A mid-scrotal longitudinal incision was
performed for access to both testes. Torsion was
created by twisting the right testis for 720° in a
counterclockwise direction and maintained by fix-
ing the testis to the scrotum with a 6-0 nylon suture
passing through the tunica albuginea and dartos.
The testis was left on top of the incised region,
covered with a sterile gauze pad and kept moist
with normal saline while the rat was kept under
continuous anesthesia. After one hour of ischemia,
we removed the suture; the right testis was either
untwisted and removed or replaced in the scrotum
for reperfusion. After each surgical intervention,
the incision was closed by suture in two layers.
Rats were allowed water and food. After 30 days,
the rats were anesthetized and we removed their
testes for further investigations. Animals were eu-
thanized with an intracardiac barbiturate overdose
injection.

Analytical procedure

Venous blood from the abdominal aorta was
collected, centrifuged and stored at -20°C un-
til assay. Tissues were separately weighed and
homogenized in ten volumes of cold 0.01M
Tris-HCI buffer (pH=7.4) using an automatic
homogenizer. The homogenates were then cen-
trifuged at 20000 g for 15 minutes at 4°C. Clear
supernatants were used for measuring CAT ac-
tivity, thiobarbituric acid reactive substances
(TBARS) and GSH content. Tissue protein lev-
els were also quantified at this step according to
the method used by Lowry et al. (11).

We assayed the for the level of TBARS as a
measure of lipid peroxidation in plasma and tis-
sue according to the methods of Andreeva et al.
(12) and Ohkawa et al. (13). Malondialdehyde
(MDA) reacts with TBA under acidic condi-
tions at 95°C, forming a pink complex that ab-
sorbs at 532 nm.

The plasma advanced oxidation protein
products (AOPP) assay was performed as de-
scribed by Witko-Sarsat et al. (14). Each well
of a 96-well microplate was filled with 200 pL
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of supernatant diluted at a ratio of 1:5 in PBS
or chloramine-T standard solutions (0-100
umol/L). Afterwards, 10 pL of 1.16 M potas-
sium iodide (KI) was added followed by 20 pL
of acetic acid. The absorbance of the reaction
mixture was immediately read at 340 nm in a
microplate reader against a blank that contained
200 pL of PBS, 10 pL of KI, and 20 pL of acetic
acid. AOPP concentrations were expressed in
pmol/L of chloramine-T equivalents.

The CAT activity was determined by the spectro-
photometric method based on the ability of hydro-
gen peroxide to form a stable stained complex with
molybdenum salts (15).

Improved method for the determination of tis-
sue reduced GSH was based on the formation of a
color product, monitored at 412 nm after the addi-
tion of Ellman reagent (5, 5 -dithiobis-2-nitroben-
zoic acid) (16).

We determined the concentration T-SH groups
in plasma by using Ellman’s reagent (5, 5 -dith-
iobis-(2-nitrobenzoic acid), DTNB). Absorbance
was measured at 412 nm against blank samples
without DTNB and expressed as mol/L (17).

Statistical analysis

All data were expressed as mean and standard
deviation. Statistical analysis was performed using
SPSS 16.0 statistical software. Parametric group
data was compared using ANOVA with Tukey
post-hoc test and the Student’s t test. Correlation
significance was determined according to Pear-
son’s coefficient. p<0.05 was considered statisti-
cally significant.

Results

Levels of plasma markers of OS in each ex-
perimental and control group are shown in table
1. Compared to the control group, there were
higher concentrations of AOPP (p<0.05) and
TBARS (p<0.01) whereas the concentration of
T-SH-groups in plasma was lower (p<0.05) in
the torsion/castration group. group Il (torsion/
detorsion) had higher plasma concentrations
of AOPP compared to group IV (p<0.05), as
well as significantly increased TBARS and de-
creased T-SH-groups compared to both groups
III (p<0.05 and p<0.01, respectively) and IV
(p<0.01, for both parameters).
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Table 1: Markers of oxidative stress (OS) in rat plasma

Group I 11 v p
AOPP (umol/L)  46.88+1.58® 53.5+12.86° 37.07+15.2 35.39+5.77 0.050
CAT (U/L) 175.13 + 82.54 147.16 £ 101.25 24537 +57.07 23747+822  0.358

Plasma (mean £ SD)

TBARS (umol/L) 23.38 £4.22°

T-SH (umol/L) ~ 255.72+71.02°

28.54 + 6.52 ¢

17.6 £7.67 13.67+£2.73 0.004

217.84+£2421%% 327.57+8542 35426+57.77 0.006

2, P<0.05, ©; P<0.01 (vs. group IV). ¢; P<.0.05 and ¢ P<0.01 (vs. group 1), AOPP; Advanced oxidation protein products, CAT; Catalase, TBARS;
Thiobarbituric acid reactive substances and T-SH; Total sulfhydryl groups.

In figures 1-3, differences in markers of OS be-
tween ipsilateral and contralateral testis can be
seen. There were no statistically significant dif-
ferences between groups III and IV (sham oper-
ated and control rats). In group I, CAT activity was
higher in the contralateral testis (p<0.05) as well as
the concentrations of TBARS and GSH (p<0.01).
In the torsion/detorsion group, the levels of all
three markers were significantly lower in the con-
tralateral testis (p<0.05).

We observed significantly higher CAT activity
(p<0.05), TBARS concentrations (p<0.001) and
GSH levels (p<0.05) in the tissue of the ipsilat-
eral testis in group II which underwent detorsion
compared to group I where the torsed testis was
castrated after 1 hour. Compared to the control
group, all three OS markers increased in the tor-
sion/detorsion group: CAT (p<0.05), TBARS
(p<0.001) and GSH (p<0.01). TBARS and GSH
concentrations significantly increased in the tissue
of detorsed testis in group II compared to the sham
operated group III (p<0.001).

Similar results were obtained for the contralat-
eral testis. The concentration of TBARS signifi-
cantly increased when detorsion was performed 1
hour after torsion, but not castration (group II vs.
group I p<0.05). CAT activity increased in group |
compared to group III (p<0.01). TBARS concen-
tration was higher in group II than in both groups
I and IV (p<0.001).

We observed statistically significant correla-
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tions among levels of both plasma and tissue
markers of OS (Table 2). Plasma concentra-
tions of TBARS directly correlated with plasma
levels of AOPP (r=0.434, p<0.05) as well as
with CAT activity in the torsed testis (r=0.427,
p<0.05) and TBARS in the ipsilateral (r=0.598,
p<0.01) and contralateral (r=0.595, p<0.01 con-
tralateral) tissues of both testes. TBARS levels
in the ipsilateral testis were found to be nega-
tively correlated with the plasma concentration
of the T-SH-groups (r=-0.455, p<0.05). An in-
crease in TBARS levels in the right torsed tes-
tis was associated with increased CAT activity
(r=0.567, p<0.01) and GSH content (r=0.911,
p<0.001) in the same testis and TBARS levels
in the contralateral testis (r=0.659, p<0.001).
Similarly, we observed positive correlations be-
tween TBARS in the contralateral testis and the
other markers of OS in the tissue of the same
testis, CAT activity (r=0.648, p<0.001), GSH
levels (r=0.597, p<0.01), as well as with plasma
AOQOPP concentration (r=0.595, p<0.01) and GSH
quantities (r=0.580, p<0.01) in the torsed testis.
In both testes, ipsilateral and contralateral, two
markers of antioxidative capacity (CAT, GSH)
showed positive correlations (r=0.588, p<0.01;
r=0.615, p<0.001, respectively). The increase
in plasma AOPP concentration was associated
with the increase in CAT activity in the tissue of
the contralateral testis (r=0.540, p<0.01). These
data showed direct correlation between plasma
and tissue markers of OS in both testes.
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Fig.1: Concentration of glutathione (GSH) in testes tissues.
2, P<0.05 and ®; P<0.01 (ipsilateral vs. contralateral testis), ¢; P<0.01 (vs. group 1V) and ¢; P<0.001 (vs. group IIl).
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Fig.2: Concentration of catalase (CAT) in testes tissues.
2, P<0.05 (ipsilateral vs. contralateral testis), ®; P<0.05 (vs. group V), ¢; P<0.01 (vs. group Ill) and ¢; P<0.05 (vs. group I1).
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Fig.3: Concentration of thiobarbituric acid reactive substances (TBARS) in testes tissues.
2 P<0.05 (ipsilateral vs. contralateral testis), ®; P<0.05 and ¢; P<0.001 (vs. group V), ¢; P<0.001 (vs. group lIl), ¢; P<0.05 and f; P<0.001 (vs. group I1).
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Table 2: Correlation between plasma and tissue markers of oxidative stress (OS)

Plasma Ipsilateral testis Contralateral testis

AOPP CAT TBARS T-SH CAT TBARS GSH CAT TBARS GSH

AOPP 1 - -0.073  0.434 -0.266  0.095  0.357 0.223  0.540 0.595 0.384

p - 0.735  0.034 0.210  0.658  0.087 0.295  0.006  0.002 0.064

CAT r -0.073 - 0.041 0.065 0.207  0.108 0200 -0.137 0.114 -0.020

Plasma p 0735 - 0.850 0.761 0333  0.616 0.348 0.522  0.595 0.925

TBARS r 0434 0.041 - -0.350 0.427  0.598 0.400 0.203  0.469 0.115

p 0.034 0850 - 0.094  0.037  0.002 0.053  0.340 0.021 0.592

T-SH r -0266 0.065 -0.350 - -0.213  -0.455 -0.279  -0.063 -0.365 -0.029

p 0210 0.761 0.094 - 0.317  0.025 0.187  0.769  0.080 0.892

CAT r0.095 0207 0427 -0.213 - 0.567 0.588  -0.063 0.270 -0.101

p 0.658 0333 0.037 0317 - 0.004 0.002  0.769  0.201 0.640

Ipsilateral TBARS r 0357 0.108 0.598 -0.455  0.567 - 0911  0.338  0.659 0.116
testis

p 0.087 0.616 0.002 0.025  0.004 - 0.000  0.106  0.000 0.591

GSH r 0223 0200 0.400 -0.279  0.588 0911 - 0274  0.580 0.228

p 0295 0348 0.053 0.187  0.002  0.000 - 0.196  0.003 0.284

CAT r 0540 -0.137 0.203 -0.063  -0.063 0.338 0274 - 0.648 0.615

p 0.006 0522 0.340 0.769  0.769  0.106 0.196 - 0.001 0.001

Contralateral TBARS r 0.595 0.114  0.469 -0.365 0.270  0.659 0.580 0.648 - 0.597
testis

p 0.002 0595 0.021 0.080  0.201  0.000 0.003 0.001 - 0.002

GSH r 038 -0.020 0.115 -0.029 -0.101 0.116 0.228  0.615  0.597 -

p 0.064 0925 0.592 0.892  0.640 0.591 0.284  0.001  0.002 -

AOPP; Advanced oxidation protein products, TBARS; Thiobarbituric acid reactive substances, CAT; Catalase, T-SH; Total sulfhydryl groups
and GSH; Glutathione.

Int J Fertil Steril, Vol 9, No 1, Apr-Jun 2015 126



Discussion

Prolonged testicular torsion leads to testicular is-
chemia and high levels of free radical production (18).
An increase in ROS-induced OS has been shown in
testicular tissue following detorsion, indicating reper-
fusion injury (19). OS induces poor sperm function
since mammalian spermatozoa membranes are very
sensitive to oxidative damage. Leydig cell mitochon-
dria and microsomes of testes are known to contribute
significantly to an increased generation of ROS (20).
Ischemia also triggers the release of cytokines caus-
ing neutrophils to infiltrate testes and may represent
yet another good source of uncontrolled free radi-
cal generation for mediating the pathophysiological
consequences of temporary testicular ischemia (21).
Measured after different time periods of reperfusion-
one hour, 24 hours, 48 hours and one week, the in-
crease in MDA levels were maintained compared to
sham-operated controls (4). It has been reported that
after testicular detorsion OS increases and impairs
testicular functions, partially by disrupting the normal
structure of seminiferous tubules and by diminish-
ing the number of germ cells (22, 23). Thus, despite
testicular torsion being repaired before infarction and
necrosis, there is an occurrence of I/R injury that is a
classic inducer of OS. The cutoff point for the pres-
ervation of torsed testis is 12 hours. In experimental
animals permanent damage occurs after 4-6 hours,
but in humans it is not before 12 hours of torsion that
necrosis takes place (1, 9). If preserved, ischemic
damage to the torsed testis is followed by reperfusion
injury of both testes. In the first few hours the rapid
increase in ROS generation may be compensated by
natural antioxidative defenses, primarily GSH. Later,
other mechanisms such as inflammation and inflam-
matory cell infiltration become involved and damage
becomes irreversible (10).

Biochemical markers of OS are more sensitive in-
dicators of tissue damage and can be detected much
earlier than histological alterations. The most promi-
nent tissue alterations are due to lipid peroxidation.
Even if sperm count is not significantly impaired, in-
fertility may result from low motility or DNA dam-
age caused by OS (24). The time of reperfusion plays
an important role as a determinant of the extension of
reperfusion injury in both testes. Independent of tor-
sion time, after one hour of reperfusion the content
of GSH decreases and the CAT activity and levels of
TBARS begin to increase in both the ipsilateral and
contralateral testis (10, 25-27). After a short period of
time (4, 19), a month or even more than a month after
detorsion (28, 29), MDA levels drastically increase.
The results of present study have shown that preserva-

OS Induced by Testicular Torsion/Detorsion

tion of the detorsed testis increased oxidative damage
in the contralateral one. There was a significant dif-
ference in TBARS concentrations between both tor-
sion/castration (group I) and torsion/detorsion models
(group II) on one side, and the sham-operated (group
III) and control (group IV) groups on the other side.
Additionally, lipid peroxidation was more intense in
the contralateral testis when the detorsed testis was
preserved compared to the model where castration
was performed after one hour of ischemia. Increased
levels of AOPP and TBARS, and decreased levels of
T-SH-groups in plasma in both models of testicular
torsion suggested that ROS generated in the torsed
testis might have systemic effects including those on
the contralateral testis.

The reduced availability of cellular GSH becomes
a rate limiting factor for detoxification of oxygen
metabolites, most likely hydrogen peroxide and lipid
hydroperoxide. Simultaneously, an important accu-
mulation and release of oxidized GSH occurs which
causes further reduction of the GSH/GSSG ratio and a
shift of the cellular thiol redox state toward oxidation.
Ischemia that lasts for three hours or less increases
OS and diminishes antioxidative GSH to a level suf-
ficient to disrupt spermatogenesis. In the first hours
of reperfusion, the level of reduced GSH has been
shown to decrease. However after 48 hours its con-
centration was significantly above those observed in
control groups and the ischemic model (4, 30, 31). In
other short-term torsion/detorsion models (19), GSH
diminished in the ipsilateral testis, while plasma total
antioxidative capacity remained unchanged. In our
experiment, ischemia did not change GSH levels in
either of the testes. On the other hand, reperfusion sig-
nificantly increased the concentration of GSH in the
ipsilateral testis, which suggested an increase in anti-
oxidative defenses.

In our experiment, plasma CAT activity was un-
changed. Concerning testicular tissue CAT, we ob-
served an increase in its activity in the castrated testis
one hour after torsion, while in the contralateral testis
there were no alterations. This result implied that in
this model the contralateral testis was less affected
by ischemia of the ipsilateral testis compared to the
second model where detorsion was performed. In the
second model, CAT activity significantly increased in
the ipsilateral testis a month after detorsion due to in-
creased ROS levels. Other studies’ results were incon-
clusive; some confirmed the current study results (25,
30), whereas others had the opposite findings (26-29).

The correlations found between levels of various
markers of OS in both testes and plasma directly im-
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plicated a causal relationship between processes on-
going in torsed/detorsed testis and the effects on the
contralateral testis.

In this experimental study we have used adult rats
with the assumption that their testes are less vulnera-
ble to OS than testes of young rats. The second differ-
ence was the extended period of reperfusion (30 days)
and the evaluation of OS parameters in both plasma
and testes tissues.

Since reperfusion potentiates ROS generation and
subsequent impairment of both testes, a possible so-
lution could be ischemic preconditioning. Numerous
studies with various protocols have shown dimin-
ished testicular injury (25, 32). Preconditioning may
also be pharmacological: various antioxidative, anti-
inflammatory and immunosuppressive agents have
been proposed as beneficial in preserving male fertil-
ity after unilateral testicular torsion.

Conclusion

The increase in TBARS levels seen throughout
the experimental period indicated that ischemia fol-
lowed by reperfusion of testicular tissue caused OS.
The oxidant-antioxidant system of the testicular tissue
changed during torsion as well as detorsion.
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Abstract

Background: Use of cellular phones emitting radiofrequency electromagnetic field
(RF-EMF) has been increased exponentially and become a part of everyday life. This
study aimed to investigate the effects of in vitro RF-EMF exposure emitted from cellular
phones on sperm motility index, sperm DNA fragmentation and seminal clusterin (CLU)
gene expression.

Materials and Methods: In this prospective study, a total of 124 semen samples were
grouped into the following main categories: i. normozoospermia (N, n=26), ii. astheno-
zoospermia (A, n=32), iii. asthenoteratozoospermia (AT, n=31) and iv. oligoasthenotera-
tozoospermia (OAT, n=35). The same semen samples were then divided into two por-
tions non-exposed and exposed samples to cell phone radiation for 1 hour. Before and
immediately after exposure, both aliquots were subjected to different assessments for
sperm motility, acrosin activity, sperm DNA fragmentation and CLU gene expression.
Statistical differences were analyzed using paired t student test for comparisons between
two sub-groups where p<0.05 was set as significant.

Results: There was a significant decrease in sperm motility, sperm linear velocity,
sperm linearity index, and sperm acrosin activity, whereas there was a significant
increase in sperm DNA fragmentation percent, CLU gene expression and CLU pro-
tein levels in the exposed semen samples to RF-EMF compared with non-exposed
samples in OAT>AT>A>N groups, respectively (p<0.05).

Conclusion: Cell phone emissions have a negative impact on exposed sperm motility in-
dex, sperm acrosin activity, sperm DNA fragmentation and seminal CLU gene expression,
especially in OAT cases.
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Introduction

Nowadays, cell phone technology is an integral part
of everyday life, and its use will continue to grow as
their providers proceed to offer more liberal services
and newer, better products. Generally, a growing con-
cern for possible adverse effects of cell phones on hu-

man health has evoked a flurry of scientific activity.
Several studies have shown the association between
human health and exposure to radiofrequency elec-
tromagnetic field (RF-EMF), emphasizing on clini-
cal conditions as childhood leukemia, brain tumors,
neurodegenerative diseases and genotoxicity (1).
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RF energy is a type of non-ionizing radiation,
including electromagnetic radiation (EMR), pro-
duced by cell phones, but is not strong enough to
cause ionization of atoms or molecules. Cellular
phones emit low levels of RF in the micro-wave
range while being used. Although high-level of
RF causes adverse health effects through heating
body tissues, exposure to low-level RF does not
produce such effects. Several experimental studies
demonstrated that exposure to electromagnetic or
static magnetic fields had adverse effects on the
reproductive system (2).

De Iuliis et al. (3) demonstrated that RF-EMF
in both the power density and frequency range
of mobile phones enhances mitochondrial reac-
tive oxygen species (ROS) generation in human
spermatozoa that leads to decreased sperm motil-
ity and vitality, while stimulates DNA base adduct
formation and, ultimately sperm DNA fragmenta-
tion. Kang et al. (4) showed that cell phone radia-
tion may cause structural and functional injuries
of the testis, alter semen parameters, and reduce
epididymal sperm concentrations. In May 2011,
the international agency for research on cancer
(IARC) at World Health Organization (WHO) has
categorized the RF-EMF from mobile phones, and
from other devices that emit similar non-ionizing
electromagnetic fields, as a group 2B (possible)
human carcinogen (5).

Sperm DNA fragmentation in the male germ line
has been associated with impaired fertilization,
poor embryonic development and high rates of
miscarriage (6). Of course, the attention has been
focused on the environmental and genetic factors
that might be involved in the etiology of sperm
DNA damage. One of these factors growing rap-
idly is the increased exposure to RF-EMF emitted
from cell phones (7).

Clusterin (CLU), a 70-80 ku heterodimeric, di-
sulfide-linked glycoprotein is over-expressed in a
variety of tissues undergoing stress. CLU encod-
ing clusterin appears to be a potential pathophysi-
ologically gene having multiple functions related
to apoptosis, inflammation, proliferation, and dif-
ferentiation (8, 9).

This study aimed to assess the possible effects
of in vitro RF-EMF exposure emitted from cell
phones on sperm motility index, sperm DNA frag-
mentation and seminal CLU gene expression.
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Materials and Methods

In this prospective study, semen samples
were collected from 124 individuals presented
to Mansoura University Hospital, Mansoura,
Egypt, after Ethical Committee and Institu-
tional Review Board approval with informed
consent. Exclusion criteria were as follows:
smoking, leukocytospermia, varicocele and ab-
normal karyotyping. Semen samples were col-
lected by masturbation after an abstinence pe-
riod of 4-5 days according to WHO guidelines
(10). According to their semen analysis, they
were grouped into the following main catego-
ries: normozoospermia (N, n=26), asthenozoo-
spermia (A, n=32), asthenoteratozoospermia
(AT, n=31) and oligoasthenoteratozoospermia
(OAT, n=35).

Each semen sample were divided into two
portions, non-exposed (control) and exposed
(experimental). Experimental semen samples
were exposed to electromagnetic waves (EMW)
emitted from a commercially available cellular
phone (850 MHz frequency, maximum power
<1 W, specific absorption rates 1.46 W/kg) kept
at 10 cm distance for 60 minutes. Unexposed
semen aliquots were kept under the same condi-
tions without RF-EMW exposure at room tem-
perature to avoid the effect of temperature or
reactive oxygen species (ROS) formation on
semen parameters. After elapsed time, both ali-
quots were evaluated in terms of sperm motil-
ity, acrosin activity, sperm DNA fragmentation
and seminal CLU gene expression before and
immediately after exposure.

Sperm acrosin activity

It was assessed by gelatinolysis technique where
gelatin-covered slides were prepared by spreading
20 pl of 5% gelatin (Merck, Darmstadt, Germany)
in distilled water on the slides. The slides were air-
dried, stored at 4°C overnight, fixed and washed in
phosphate-buffered saline (PBS, Sigma-Aldrich,
St. Louis, MO, USA). Purified spermatozoa were
diluted 1:10 in PBS containing 15.7 mMol a-D-
glucose (Sigma-Aldrich, St. Louis, MO, USA).
Semen samples were incubated in a moist cham-
ber at 37°C for 2 hours. The halo diameter around
any 10 sperms was measured in phase contrast us-
ing an eyepiece micrometer (VWR, Radnor, PA,



USA). The halo formation rate was calculated/
slide as the percentage of spermatozoa showing
a halo after evaluating 100 spermatozoa (acrosin
activity index=halo diameterxhalo formation rate)

(11).
Sperm DNA fragmentation analysis

It was performed in fresh semen using flowcy-
tometry (DAKO-Cytomation, Glostrup, Denmark)
by a kit supplied by Coulter (Beckman Coulter,
Fulterton, CA, USA) based on the fluorescence
emission from individual sperm that was stained
with propidium iodide (PI) and excited at 488
nm with an argon laser. Semen samples were di-
luted with PBS (pH=7.4) to reach 2x10° sperm/
ml where 50 pl were incubated with 100 pl lysing
reagent for 15 seconds, and then 2 ml of PI were
added and mixed. After staining, flowcytometry
acquisition was performed where the intensity of
its fluorescence emission corresponds to the DNA
content. The analysis displays a constant and char-
acteristic bimodal non-artifactual DNA pattern
confirming the existence of two distinct popula-
tions. The main population is represented by a
peak followed by a shoulder which is the marginal
population representing a sperm group altered in
the nuclear condensation (DNA damage), yielding
unstable chromatin appearing more stainable. The
Percentage of sperm cells with DNA damage is au-
tomatically calculated by the flowcytometer after
acquisition of 5000 sperms (12).

CLU gene expression

Simultaneous isolation of total RNA and to-
tal proteins were done using Tri-Fast reagent kit
(PeqLab Biotechnologie GmbH, Germany). The
remaining DNA was digested using DNase I (Sig-
ma-Aldrich, St. Louis, MO, USA). The concentra-
tion of isolated RNA was determined spectropho-
tometrically at optical density of 260 nm. Ten pl
of each sample were added to 990 pl diethylpyro-
carbonate (DEPC)-treated water and quantified by
measuring the absorbance at 260 nm as follows:
RNA yield (ng/ml)=A260%40x%100 (dilution fac-
tor). Purity of RNA was assessed by gel electro-
phoresis through formaldehyde agarose gel elec-
trophoresis (Sigma-Aldrich, St. Louis, MO, USA)
and ethidium bromide staining (Sigma-Aldrich, St.
Louis, MO, USA) to show 2 sharp purified bands
representing 28S and 18S ribosomal RNA.

Effects of Cell Phone Radiation on Sperm Parameters

RT-PCR for extracted RNA

Semi-quantitative reverse transcription-poly-
merase chain reaction (RT-PCR) was performed
using ready-to-go RT-PCR beads for first cDNA
synthesis and PCR reaction (Amersham Bio-
sciences, Piscataway, NJ, USA) utilizing Molo-
ney-murine leukemia virus reverse transcriptase
(M-MuLV RT) and Taq polymerase to generate
PCR product from RNA template. Each bead is
optimized to allow the first strand cDNA synthesis
and PCR reaction to proceed sequentially as a sin-
gle tube, single step reaction.

Synthesis of cDNA

The following items were added to the tube con-
taining the beads: 2 pl the first strand primer, 3 pl
(30 pmol) PCR gene-specific primer (sense), 3 ul
(30 pmol) PCR gene-specific primer (anti-sense),
25 pl total template RNA containing 1 pg and 17
ul DEPC-treated water to reach a total volume of
50 pl. One tube was prepared as a negative con-
trol reaction to test DNA contamination. The de-
hydrated bead (without template and primers) was
incubated at 95°C for 10 minutes to inactivate
M-MuLV RT where 50 pl mineral oil was added
to overlay the reaction. The reactions were trans-
ferred to the thermal cycler in order to be incubat-
ed at 40°C for 30 minutes for synthesis of cDNA
followed by incubation at 95°C for 5 minutes to
inactivate reverse transcriptase and to denature the
template. The sequence of oligonucleotide primers
of clusterin gene were designed from GenBank se-
quences 5-CTTGATGCCCTTCTCTCCGTA-3"
(sense) and 5°-AACGTCCGAGTCAGAAGT-
GTG-3" (antisense), located at nucleotides 684 to
704 and 1194 to 1214 of CLU ¢cDNA. Thermal cy-
cling reaction was performed as follows: 30 cycles
of denaturation at 95°C for 1 minute, annealing at
55°C for 1 minute, extension at 72°C for 1 minute
and final extension at 72°C for 10 minutes. The
products were subjected to agarose gel electropho-
resis using 2% agarose, stained with ethidium bro-
mide, visualized via a light UV transilluminator,
(Clinx Science Instruments Co., Ltd, Shanghai,
China) and photographed.

CLU protein was analyzed by Western blotting
technique using rabbit anti-human CLU polyclonal
unconjugated primary antibody against - tubulin
as a control. Goat anti-rabbit IgG antibody conju-
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gated to horseradish peroxidase (HRP) was used
as secondary antibody. Colorimetric immunode-
tection of the protein was used as an enzyme
substrate (tetramethylbenzidine) that reacted
with the reporter enzyme (HRP) and precipitat-
ed into the conjugated antibodies. The bands on
the membrane were digitally photographed and
analyzed with Scion image release alpha 4.0.3.2
(Scion Corporation, Frederick, MD, USA) per-
forming bands detection and conversion to
peaks. Area under each peak was calculated in
square pixels and used for quantification. CLU
gene expression and CLU protein levels were
determined by calculating the ratio between the
square pixel values of the target bands in rela-
tion to the control bands.

Statistical analysis

It was performed using SPSS program version
17 (SPSS Inc., Chicago, IL, USA). The data were
expressed as mean = standard deviation (SD). The
statistical differences were analyzed using paired
t-student test for comparison between two sub-
groups. P<0.05 was set as significant.

Results

The mean sperm concentration values in the N,
A, AT and OAT groups were 54.34 + 5.0, 38.85
+ 4.04, 23.52 + 8.94 and 8.00 + 3.77 (106/ml),
respectively. The mean percentage values of
abnormal sperm belonging to the investigated
groups (A, AT and OAT groups) were 11.42 +
2.61, 10.04 + 3.7, 30.80 + 7.22, 39.68 + 5.6, re-
spectively. Sperm motility, sperm linear velocity,
sperm linearity index and sperm acrosin activity
were significantly decreased (p<0.05). Howev-
er, there is a significant increase in sperm DNA
fragmentation percent, CLU gene expression and
CLU protein levels in the exposed semen sam-
ples to RF-EMR compared with non- exposed
samples in OAT>AT> A>N groups, respectively
(p<0.05). Semen samples of N group demonstrat-
ed a non-significant decrease in sperm motility,
sperm linear velocity, sperm linearity index, and
sperm acrosin activity, whereas demonstrated a
significant increase in sperm DNA fragmentation
percent, sperm CLU gene expression and CLU
protein levels (p<0.05) compared with the non-
exposed samples (Table 1, Figs.1, 2).

Table 1: Estimated data in the exposed semen groups vs. non-exposed groups (mean * SD)

N (n=26)

Non-exposed Exposed

A (=32)

Non-exposed Exposed

AT (n=31) OAT (n=35)

Non-exposed Exposed Non-exposed Exposed

Sperm motility % 60.8 +4.5 56.5+42 309+54
Sperm linear velocity % 59.6+8.0 56.0+84 449+14.7
Sperm linearity index 79.0+7.0 76.7+6.8 64.9+10.2
Sperm acrosin activity 132+33 126+32 10024
CLU - RNA expression 04+0.1 0.6+0.1> 0.8+03
CLU -protein expression 0.6+0.2 0.8+0.5* 08+02
Sperm DNA fragmentation % 11.5% 30.8%" 18.8%

26.5+5.00  233+94 18.4+11.9° 17.7+10.9 12.7+7.9
39.1+12.8 255+11.7 20.67 £9.5* 23.8+13.6 16.6 9.4
56.5+8.9"  66.0+11.4 51.23+£9.7* 585+158 413+11.4°
83+2.0° 5.7+3.1 4.05+£25  25+£26 1.8+1.9°
1.5+0.6° 1.2+04 2.6+0.8° 1.8+£0.5 4.0+1.1°
1.4+04 1.9+04 4.1+£0.8° 32+0.7 5.6+2.1°
56.3%¢ 29% 71.0%¢ 40.0% 80%°

2; Significant difference compared with unexposed semen samples (p<0.05). ®; Significant difference compared with unexposed semen
samples (p<0.01), < Significant difference compared with unexposed semen samples (p<0.001), N; Normozoospermia, A; Asthenozoo-
spermia, AT; Asthenoteratozoospermia, OAT; Oligoasthenoteratozoospermia and CLU; Clusterin.
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Fig.1: CLU gene expression of non-exposed groups (right) and exposed group (left) to mobile phone radiation. Lanel; DNA marker, Lane
2; N group, Lane 3; A group, Lane 4; AT group, Lane 5; OAT group, and Lane 6; Negative control, N; Normozoospermia, A; Asthenozoo-
spermia, AT; Asthenoteratozoospermia, OAT; Oligoasthenoteratozoospermia and CLU; Clusterin.

Fig.2: CLU protein expression by Western blotting (40 kd) in non-exposed groups (upper right) and exposed groups (upper left). Internal
control; tubulin expression by Western blotting (50 kd) in the non-exposed groups (lower right) and exposed groups (lower left). Lane 1; N
group, Lane 2; A group, Lane 3; AT group, Lane 4; OAT group, N; Normozoospermia, A; Asthenozoospermia, AT; Asthenoteratozoospermia,

OAT; Oligoasthenoteratozoospermia and CLU; Clusterin.

Discussion

In the current study, semen exposure to RF-
EMF led to a significant decrease in sperm mo-
tility compared to non-exposed semen samples.
Previously, Fejes et al. (7) in an epidemiologi-
cal study have pointed negative correlation be-
tween cell phone use and various attributes of
semen quality, particularly sperm motility. This
was followed by an experimental study involv-
ing exposure of male mice to RF-EMF that re-
vealed a significant impact on the integrity of
both the mitochondrial and nuclear genomes

(13). Kilgallon and Simmons (14) demonstrated
that storage of mobile phones close to the testes
can decrease semen quality. Similarly, Erogul
et al. (15) reported decreased sperm motility in
the samples exposed to 900 MHz cell phone for
5 minutes where non-progressive and immotile
sperm populations were increased after expo-
sure. Agarwal et al. (16) confirmed such nega-
tive impact on semen quality correlating defects
in sperm count, motility, viability and normal
morphology, with longer duration of usage in-
dependent of the initial semen quality. Agarwal
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et al. (17) added that exposed spermatozoa to
mobile phone radiation for 1 hour leads to sig-
nificant declines in sperm motility and vitality
associated with increased cellular ROS genera-
tion coupled with decreased ROS-total antioxi-
dant capacity score.

Such a significant decline in sperm motility
was explained by intrinsic ROS generation re-
inforced with a significant increase in sperm
DNA fragmentation in the exposed semen sam-
ples compared to the unexposed one in in vitro
culture (18). Several lines of evidence suggest-
ed that oxidative stress (OS) plays a key role
in the underlying etiology. Spermatozoa are
sensitive to such stress as they possess limited
endogenous antioxidant protection while pre-
senting abundant substrates for free radical at-
tack in the form of unsaturated fatty acids and
DNA (19). Moskovtsev et al. (20) showed that
EMEF of cell phones may cause DNA breakage
in spermatozoa in a low-frequency EMF that
is likely due to stimulation of spermatozoa’s
plasma membrane redox system by ROS pro-
duction. De luliis et al. (3) added that RF-EMF
in both the power density and frequency range
of mobile phones enhances mitochondrial ROS
generation by human spermatozoa, decreasing
its motility and vitality while stimulating DNA
base adduct formation and, ultimately sperm
DNA fragmentation.

It has been suggested that spermatozoa are
particularly vulnerable to the induction of OS
by RF-EMF, while a decrease in sperm motility
and viability is expected to be linked to concen-
tration of superoxide anion in semen that can
oxidize sperm membrane phospholipids. In ad-
dition, these reported effects could be attributed
to thermal insult induced by RF exposure (18).
Aitken et al. (13) observed a significant impact
on the integrity of both the mitochondrial and
nuclear genomes after exposure of male mice
to RF-EMF. In contrast, McNamee et al. (21),
Tice et al. (22) and Stronati et al. (23) demon-
strated non-significant DNA damage in human
cells exposed to RF-EMF.

De Iuliis et al. (3) suggested that excess expo-
sure to RF-EMF emitted from mobile phones is
one of the key environmental factors involved
in the stimulation of sperm mitochondria that
results in producing high levels of ROS. Moreo-
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ver, such stress is known to induce functional
and structural lesions including loss of sperm
motility mediated by peroxidative damage to
the sperm plasma membrane, as well as to form
DNA base adducts in the sperm nucleus lead-
ing to DNA fragmentation (24). Agarwal et al.
(25) concluded that DNA damage due to EMW
is significant, but this damage may be the result
of cumulative effect of repeated exposure, not
revealed after short term exposures.

Exposure to emitted radiation from mobile
phones was demonstrated to have an up-regu-
lation of both CLU mRNA and its full length
protein in infertile semen samples compared
with the normozoospermic samples. Strocchi
et al. (26) hypothesized that increased levels of
CLU mRNA in morphologically normal cells
were due to cellular stress response in which
cells attempt to protect themselves from local
stress conditions. Therefore, increased CLU
expression could be explained by the physi-
ological defense to reduce cell damage and to
maintain cell viability during periods of expo-
sure exerted through CLU, ability to act as a
scavenger. Trougakos and Gonos (8) proposed
that CLU with its antioxidant properties is capa-
ble of protecting cells from apoptosis induced
by ROS. Strocchi et al. (27) supported the no-
tion that an increase in CLU expression may be
a physiological defense mounted to reduce cell
damage and to maintain cell viability during pe-
riods of increased OS.

Therefore, increased CLU expression was as-
sociated in parallel with increased sperm DNA
fragmentation and decreased sperm acrosin
activity being triggered by OS (28). It is sug-
gested that OS plays a key role in the under-
lying sperm DNA fragmentation as well as
acrosin activity. When ROS production by the
sperm’ mitochondria is excessive, the gamete’s
limited endogenous antioxidant defenses are
rapidly overwhelmed, and oxidative damage is
induced, leading to peroxidation of the sperm
acrosomal membrane and diminished acrosin
activity (29-32).

A point of limitation in this study is the inabil-
ity to assess the effects of multiple exposures in
addition to reversibility effects to know wheth-
er sperm affections are time related or not that
is needed for further work. Also, a future study



is suggested to be conducted on the comparison
of the effects of RF radiation between iPads and
cell phones on sperm motility, sperm DNA frag-
mentation and seminal CLU gene expression.

Conclusion

Cell phone emissions have a negative impact
on sperm motility, sperm acrosin activity, sperm
DNA fragmentation and CLU gene expression,
especially in OAT cases.
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Abstract
Pulmonary alveolar microlithiasis (PAM) is classified as an elective dysmetabolic thesau-
rotic pneumoalveolitis and characterized by the presence within the alveoli of the lungs
of myriad of tiny calculi. The classic presentation of the chest radiography is unmistak-
able with multiple small "sand-like" opacities diffusely involving both lung fields.

We present a case of male infertility for hypoposia and severe oligoasthenospermia in a
young patient with recurrent haematuria and small calcifications in the seminal vesicles
similar to pulmonary microliths. PAM was diagnosed on routine chest radiography, com-
puter tomography (CT), transbronchial biopsy and bronchoalveolar lavage (BAL).

Keywords: Seminal Vesicles, Microlithiasis, Oligoasthenospermia, Infertility, Pulmonary
Alveolar Microlithiasis
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Introduction

Pulmonary alveolar microlithiasis (PAM) (OMIM
265100) is a rare disease caused by the mutation of
the SLC34A2 gene, encoding the type IIb sodium-
phosphate co-transporter in alveolar type II cells.
It is characterized by the diffuse presence in the
pulmonary alveoli of microliths (calcified lamellar
deposits measuring 0.01-3 mm made of calcium
phosphate) and has a typical radiographic appear-
ance featuring diffuse "sand-like" micronodules (1,
2). The extension and severity of the disease can
best be assessed by high resolution computerized
tomography scan (HRCT). A radiological classifi-
cation of the disease, subdivided into four phases
of evolution, has been proposed (3).

PAM is present worldwide and at the most recent
review of the literature, a total of 576 cases had
been reported. As regards distribution in the conti-

nents, it has most frequently been described in Eu-
rope, followed by Asia, especially Asia Minor. The
nation with the highest number of reported cases
is Turkey, followed by Italy and then the United
States of America, India, Russia and Germany (4).

Cases of PAM are defined as "familial" when
two or more members of a family (usually two
or three, but exceptionally four, five or even six)
are found to be affected by the disease, and "spo-
radic" when family history is negative. Sporadic
cases are prevalent in the male sex, whereas fa-
milial cases are much more frequently observed in
females. The transmission of the disease is autoso-
mal recessive (5).

PAM is not easily described as regards its clinical
course, including the initial phase, evolution and
stabilization. The onset age varies from the neona-
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tal period to the geriatric. On the admission, more
than half the patients are asymptomatic, while oth-
ers complain dyspnoea, cough, chest pain, fever
or sputum, cyanosis and finger clubbing are also
reported. The illness may remain static as regards
both symptoms and radiographic findings, or it
may worsen over time, leading to pulmonary fi-
brosis, respiratory failure and chronic pulmonary
heart disease (4, 6).

In most of the cases of PAM described in the
literature, the disease is confined to the lungs and
similar lesions have almost never been described
in other organs and tissues. The only exceptions
are the following ones: pleura, sympathetic gan-
glia, epididymis, seminal vesicles and prostate (7-
12).

Calcifications have also been reported in other
organs, such as urinary and biliary tract, but they
do not seem to have the typical aspects of micro-
liths (11, 13-16).

Separate considerations should be made for tes-
ticular microlithiasis (TM), which is not rare, it has
a prevalence of 0.6-9% in the population and is
associated with 1% of idiopathic infertility cases.
Analyzing 15 subjects with diffuse bilateral TM,
Corut identified 2 patients with 2 rare variants in
the heterozygous state for SLC34A42: the first vari-
ant was a synonymous, the second was noncoding.
He also evaluated seven male patients with PAM,
but none had positive findings when investigated
for TM (1). These results seem to suggest a differ-
ent actiology for PAM and TM.

We report here a patient affected by microlithi-
asis of the seminal vesicles and severe oligoasthe-
nospermia associated with PAM.

Case Report

A 32-year-old male underwent medical inves-
tigations for recurrent haematuria. Chest X-rays
showed diffuse interstitial disease and the patient
was referred for a pneumology examination. He
denied ever suffering from respiratory troubles
and was a non smoker. Routine blood tests were
normal, as were spirometry and blood-gas analy-
sis. Close examination of the chest X-rays (Fig.1)
revealed a diffuse, fine, sand-like deposit involv-
ing both entire lungs, but especially the bases.
HRCT (Fig.2), broncho-alveolar lavage (BAL)
and transbronchial biopsy were performed that
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demonstrated the characteristic microliths. A ge-
netic study on the SLC3442 gene was not carried.
Screening by chest X-rays of the parents and two
brothers yielded negative results.

Fig.1: Chest X-ray: parenchyma puntiform shadows bilaterally dif-
fuse in lungs, predominantly in the middle and lower fields.

Fig.2: Chest HRCT: bilateral calcific micronodules diffusely involving
the parenchyma and diffuse interstitial pattern (septal thickening).
HRCT; High resolution computerized tomography scan.

Transrectal ultrasound showed minute calcifica-
tions of the seminal vesicles similar to those in the
lungs and a calcification in the prostate. The pa-
tient was married and after two years of infertility
despite complete unprotected sexual relations, he
underwent a spermiogram that revealed evidence



of hypofertility with a low volume of ejaculate (<
1 ml) and a sperm count ranging from 3x10° to
15x10%ml, with low levels of fructose in the semi-
nal plasma. Oligoasthenospermia and hypoposia
due to distal obstruction of the seminal tract were
diagnosed. Pelvic CT scans (Figs.3, 4) at the level
of the seminal vesicles confirmed the ultrasonogra-
phy (US) findings, demonstrating small radiopaque
areas resembling the pulmonary microliths and a
calcification in the prostate measuring 4 mm with
a different appearance from the microliths. The pa-
tient gave an informed consent for the case report.

Fig.3: Pelvic HRCT: microliths in the seminal vesicles.
HRCT; High resolution computerized tomography scan.

Fig.4: Pelvic HRCT: calcification in the prostate.
HRCT; High resolution computerized tomography scan.

An Unusual Sporadic Case of Oligoasthenospermia

Discussion

In this paper, we report the diagnosis of micro-
lithiasis in seminal vesicles and PAM in a patient
with recurrent haematuria, infertility and no res-
piratory symptoms.

For many years, the aetiology of PAM was a mat-
ter of debate, until the discovery of SLC34A42 gene
in 2006 (1). This finding raises a new question:
could PAM really be a systemic disease and its lo-
calization to the male genital tract cause infertility?
In 1967, O’Neill et al. reported a family pedigree
showing relative infertility in one male member af-
fected by PAM: he had only 2 children, in contrast
to numerous progeny of the other siblings. Since
he died at the age of 37 and no contraceptive prac-
tices were used, a large number of offspring would
be expected in that setting (17). Sandhyamani et al.
(18) reported a 27-year-old man with PAM and in-
fertility caused by focal bilateral testicular atrophy
related to seminal vesicle microliths. Chatterji et
al. (19) reported a 40-year-old male with PAM and
primary infertility caused by azoospermia. Kanat
et al. (9) reported a 37-year-old man with PAM and
epididymis and periurethral microliths causing ob-
structive azoospermia.

In the present case, small calcifications measur-
ing approximately 1 mm, similar in appearance
to those in the lungs, were diffusely distributed in
the seminal vesicles. A remarkably variable sperm
count with low level of fructose is considered as
typical findings in forms of oligoasthenospermia
due to distal obstruction of the seminal tract; there-
fore, it is assumed that there could be a correlation
between the microlithiasis of the seminal vesicle
and seminal data.

This clinical case is unusual inasmuch as it is
only the third case of association of microlithi-
asis of the lungs and seminal vesicles. Therefore,
it has prompted us to raise doubts about the ex-
clusive localization of microlithiasis in the pul-
monary alveoli, as has always been believed, and
to support the hypothesis that the disease could
be systemic or at any rate could also involve the
male genital apparatus leading to infertility. This
peculiar association needs to be further studied
and suggests the need to make a particularly close
examination of the chest X-ray in some cases of
male infertility.

If PAM is suspected, the best diagnostic sched-

Int J Fertil Steril, Vol 9, No 1, Apr-Jun 2015 139



Castellana et al.

ule is the association of BAL and HRCT, as the first
investigation can document the diagnosis, while
the second provides further information about the
degree of inflammation and/or fibrosis or calcifica-
tion of the interstices. Nevertheless, standard radi-
ography of the chest is quite reliable enough when
there is already a known case in the family.

Identification of the SLC3442 gene mutation
clinches the diagnosis. When the diagnosis is es-
tablished, the examination of the family of the in-
dex patient is mandatory (2).
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