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Abstract

Objective: To observe the effect of vitamin C and E administration on endometrial thickness
and vascularity in clomiphene citrate stimulated endometrium

Method: Research design was randomized clinical trial. Both groups were stimulated with
clomiphene citrate. Treatment group was given vitamin C and E, while control group was
given placebo. Transvaginal ultrasound examination is used to assess endometrial thickness
and vascularity (resistance index/RI) in cycle day 2 and 12. The difference between two
groups is tested with independent t and Mann-Whitney test.

Result: A total of 38 subjects was included as research subjects. Endometrial thickness in
treatment and control group have cycle day 12 means of £8.89 and +5.9 mm, respectively. In
the first and latter group were found differences of 60.76% and 27.26%, respectively. Mann-
Whitney test showed very significant difference p=0.000 (p<0.05) between endometrial
thickness in treatment and control group. Endometrial vascularity between treatment and
control group have cycle day 12 Rl means of £0.51 and +0.52. In the first and latter group is
found differences of -13.52% and -11.07%. Independent t test showed no significant
difference p=(0.217) between treatment and control group.

Conclusion: Endometrium stimulated with clomiphene citrate and addition of vitamin C and
E is thicker compared to control group. No significant difference on endometrial vascularity
stimulated by clomiphene citrate with or without vitamin C and E.
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Introduction

The number of infertility patients increasingly rising. Most are caused by ovulation
disorders. Ovulation disorders occur in about 15% of couples infertility and become the cause
of infertility in about 40% of women." The main therapy for ovulation disorders are by giving
antiestrogen clomiphene citrate (CC), but it has adverse effects on the growth of the
endometrium. The endometrium is important to accommodate the conception. Many
obstetricians provide therapeutic vitamin C and E in an attempt to reduce the side effects of
the CC, but the basis of such therapy has not been widely discussed in the scientific thus
giving vitamin C and E are still bias.

Several factors that affect pregnancy outcomes in patients with infertility is ovarian
reserve, oogenesis pathology, and endometrial receptivity.? Endometrial receptivity quality
has been studied in several studies investigating the thickness, pattern, volume, and
vascularity of the endometrium. Endometrial thickness and vascularity are both needed to
give pregnancy outcomes.® Good endometrial thickness ranged from 7-16 mm. Endometrial
thickness <7 mm will reduce the likelihood of pregnancy with a pregnancy rate of 29.4%,
compared with normal endometrial thickness was 35.8%.* In the study by Wang et al.”, the
role of endometrial vascularity (spiral arteries) on the pregnancy rate can be evaluated using
non-invasive method that does not injure the endometrium, one of them with ultrasound.

Treatment of choice for induction of ovulation in anovulatory women with infertility is
commonly with antiestrogen CC.° Clomiphene citrate stimulates ovulation by binding to
estrogen receptors in various places around the reproductive organs and works as an estrogen
agonist or antagonist.” There are differences in ovulation rate and pregnancy in women
receiving CC, presumably due to prolonged antiestrogenic effect of CC on the receptivity of
the endometrium, cervical mucus, uterine, oocyte cells and granulosa blood flow.?
Clomiphene citrate will indirectly increase estradiol levels through the stimulation of the
growth of multiple ovarian follicles. Estradiol induces peroxidase activity in endometrium.’

There are studies that suggest endometrial thickness is thinner in women taking CC
compared with natural menstrual cycle, and this can affect the successful implantation.°
Endometrial thickness was significantly thinner in the proliferative phase of CC-treated
women than in control group, it was supported by some studies, but not in several studies.™*?
One of the factors that affect the endometrial thickness and vascularity is estrogen that
functions to promote angiogenesis in the endometrium by controlling the expression of
vascular endothelial growth factor factor (VEGF)."

In a healthy body, reactive oxygen species (ROS) and antioxidants are in balance. When
the balance is disrupted towards an excess of ROS, oxidative stress occurs.** There is a
relationship between oxidative stress and cytokine receptor expression in vascular smooth
muscle cells and endometrial cells.® ROS production associated with the presence of steroid
hormones such as estradiol. Estradiol will increase 200-fold in peroxidase activity,
principally due to the infiltration of eosinophils induced by estradiol. Production of hydrogen
peroxide (H,0,) increased in vitro and in vivo by the presence of estrogen.®

Histochemical studies showed the production of H,O, derived from superoxide anion
(O2¢) dysmutation derived from the oxidation of nicotinamide adenine dinucleotide
phosphate (NADPH), which is located in the apical plasma membrane of endometrial
epithelium. Hydrogen peroxide is probably involved in the formation of prostaglandins
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bioreactivity.'® Reactive oxygen species can cause tissue injury. Superoxide dismutase (SOD)
works to protect the ROS recovery. Evidence suggests ROS and recovery system plays an
important role in the reproductive function of a woman's uterus.” ROS are produced in the
human endometrium.'® Endometrium have copper-zinc SOD (Cu, Zn-SOD), located in the
cytosol, and manganese SOD (Mn-SOD), located in mitocondria.’®*® Both SOD enzymatic
function as the first step to protect cell from toxic ROS. Reactive oxygen species increase in
the secretion of the final phase of the endometrium, before menstruation, and decrease in the
decidua in early pregnancy. SOD activity is lower in late secretion phase endometrium,
where high activity is found in early pregnancy. These findings imply that SOD has an
important role in the stability of the human endometrium and the accumulation of ROS are
involved in the endometrium decay.™®

The body has antioxidant system as a protection against excessive ROS production. When
the balance between ROS and prooxidant protection mechanism shift toward excessive levels
of ROS, then there will be damage by free radicals (oxidative stress) and lipid peroxidation
are involved in the pathophysiology of various clinical circumstances.” Oxidative stress will
cause damage and decay of the endometrial lining.?

The presence of antiestrogen such as CC will cause a decrease in cell viability and
induces apoptosis.? Giving CC will trigger oxidative stress in the endometrium that interfere
the growth and angiogenesis of the endometrium. Antioxidants can prevent and abate the
effects of oxidative stress. In the study conducted by Cicek et al®®, it was found that
administration of vitamin E improve endometrial growth and angiogenesis through
antioxidant and anticoagulant mechanisms. According to a study conducted Al-Katib et al*,
vitamin C can improve endometrial growth through the mechanism of antioxidant and as a
cofactor in the synthesis of collagen in the extracellular matrix luteal. Vitamin C and E as an
antioxidant selected in this study because both have been long known as an antioxidant that is
proven to be safe at a cheap price. This study selects a combination of antioxidant vitamins C
and E because when combined will give potentiating effect due to the ability of vitamin C to
improve the function of vitamin E (a-tocopherol) by providing an electron donor to vitamin E
that will enhance the antioxidant effect. Research conducted by Mier-Cabrera et al*® showed
that vitamin E supplementation increases the growth of the glandular epithelium, blood vessel
development and endometrial VEGF expression. It is expected that the provision of the
antioxidant vitamins C and E to prevent oxidative stress, which in turn can improve the
receptivity endometrium.?

Research Methods

This research is an experimental study with a randomized controlled clinical trial design
with a double blinded, parallel design. The subjects were all women of reproductive age with
primary infertility, wants pregnancy, willing to basic infertility examination. Inclusion
criteria were:

1. Age 20-35 years
2. BMI between 18.5-24.9 kg/m?
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3. Ovarian volume <10 cm®
4. Endometrial thickness on transvaginal ultrasound examination day 2 <6 mm.

Every woman who met the inclusion criteria and are not included in the exclusion criteria,
get a detailed explanation of the research procedures and voluntarily signed a waiver willing
to participate in the study. Subjects were divided 2 groups and randomization block to make
each group had a comparable number of subjects.

Data analysis was performed with the independent t test, if the data are not normally
distributed then Mann-Whitney test is used. Data analysis was performed using SPSS for
Windows version 18.0 at the 95% confidence level with a value p<0.05.

Results

This research was conducted during February-May 2014. During the period obtained 38
research subjects who met the inclusion criteria consisted of 19 subjects of research for each
research group stimulated with CC were given vitamin C + E and the control group. The
study subjects were taken from patients came to Aster Assisted Reproductive Technology
Clinic. From the results obtained two groups of age, BMI, number of basal follicles,
endometrial thickness and vascularity (RI). All subjects performed the study treatment as
specified

Table 1 Subject Characteristics

Treatment
Characteristic CC stimulation + Vit C+E CC stimulation p value*
n=19 (%) n=19 (%)
Age (years)
20-25 4 21.1 3 10.5 0.239
26-30 5 26.3 10 52.6
31-35 10 52.6 7 36.8
Mean (SD) 29 (3.7) 30 (3.2)
Median 31 30
Range 23-35 23-35
Follicles
<6 0 0 2 10.5 0.146
>6-20 19 100 17 89.5
Mean (SD) 9(1.9) 9 (3.0)
Median 9.0 10.0
Range 6-12 5-15
BMI
<18,5 2 10.5 4 21.1 0.513
18,5-24,9 13 68.4 13 68.4
>24.9 4 211 2 10.5
Mean (SD) 22 (2.68) 21 (2.84)
Median 22.83 23.04
Range 17-26 17-25

* Chi square test

No significant difference for age range of both groups with p=0.239 (p>0.05), number of
basal follicles of both groups was p=0.146 (p>0.05) and the BMI range of both research
groups p=0.513 (p>0.05) (Table 1).
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Table 2 Comparison of Endometrial Thickness Between Treatment and Control Groups

CcC
Stimulation CC Stimulation p value*
+ Vit C+E
Day 2
Mean (SD) 5.5 (0.93) 4.89 (1.39)
Median 59 5.7
Range 2.9-6.3 2.0-6.2
Day 12
Mean (SD) 8.89 (1.77) 5.9 (1.87)
Median 9.5 54
Range 4.1-10.4 3.2-10.3
% thickness increase 60.76% 27.26% 0.000

* Mann-Whitney test

The mean endometrial thickness on CC stimulation cycle with Vitamin C+E is thicker on the
12" day of menstruation. The treatment group had a mean endometrial thickness +8.89 mm,
whereas the control group had a mean endometrial thickness of £5.9 mm.

In the treatment group obtained endometrial thickness increased by 60.76% and the
control group obtained endometrial thickness increased by 27.26%. There is a difference of
33.5% between the treatment group and the control group. Mann-Whitney test proves there is
a very significant difference, p=0.000 (p<0.05) between treatment and control groups. (Table
2).

Table 3 Comparison of Endometrial Vascularity Between Treatment and Control

Group (RI)
CC Stimulation + . .

Vit C+E CC Stimulation p value*
Day 2
Mean (SD) 0.59 (0.04) 0.59 (0.05)
Median 0.60 0.94
Range 0.5-1.68 0.8-1.68
Day 12
Mean (SD) 0.51 (0.04) 0.52 (0.03)
Median 0.50 0.52
Range 0.40-0.60 0.49-0.60
RI Difference 0.08 0.07 0.309

* Independence t test

The mean RI of endometrial vascularity in CC stimulation cycle with vitamin C+E is
lower on the 12" day of menstruation. The treatment group had a mean RI +0.51, whereas the
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control group had a mean RI of £0.52. In the treatment group difference of 0.08 is obtained
and the control group gained 0.07 difference. There is a difference of 0.01 between the
treatment group and the control group. From the results of independent t test shows no
significant difference with p=0.309 (p>0.05) (Table 3).

Discussion
Characteristics of Research Subjects

In this study, the characteristics of the subjects compared consisted of 19 patients were
measured age, BMI and the number of basal follicles. The mean age was 29 years in
treatment group and the control group was 30 years. The mean number of follicles in
treatment group and the control group were 9 units. The mean BMI was 22 in the treatment
group and the control group is 21. The two groups was not found significant differences in
the test of normality, so that research results can be compared (Table 1).

Endometrial thickness relationship on Clomiphene Citrate Stimulation with or without
Vitamin C+E

Endometrial thickness in stimulated CC group with vitamin C+E is thicker than CC alone
stimulated group. Clomiphene citrate alone stimulated group had thinner endometrial
thickness even some samples showed almost no increase in endometrial thickness. This is
consistent with the study conducted by Hayon et al.? stating antiestrogen (CC) will decrease
cell viability and induce apoptosis, then Amita et al®® study the molecular mechanisms that
states CC inhibiting endometrial epithelial cell proliferation is influenced by antiestrogenic
effect of CC on coregulator estrogen receptor a inhibits steroid receptor coactivator-1 in
endometrial epithelial cells. One of the alleged causes of thin endometrium in stimulated
cycles of CC is due to oxidative stress in vascular smooth muscle cells and endometrial cells.
Several other studies also obtain the thickness of the endometrium of women who get CC is
thinner than women with menstrual cycle alami.?’

This study shows that there is a significant increase in endometrial thickness between the
2" and the 12" day of menstruation. This result are consistent with research conducted by
Cicek et al® stating vitamin E improves endometrial growth and angiogenesis through
mechanisms of antioxidant and anticoagulant, Al-Katib et al** stated vitamin C improve
endometrial growth through the mechanism of antioxidant and as a cofactor in the synthesis
of collagen in the extracellular matrix luteal and Mier-Cabrera et al®® which states vitamin E
increases the growth of the glandular epithelium, blood vessel development and endometrial
VEGF expression. Afolabi stated that vitamin C+E repair cell membranes through SOD and
also improve endothelial capillary.?®

Endometrial thickness of the treatment group had a mean of £8.89 mm and in the control
group +5.9 mm. According to Dickey et al®®, chances of pregnancy will increase when the
thickness of the endometrium 9-10 mm or more and no pregnancy occurs when the
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endometrial thickness is only 6-8 mm or less before implantation.*® Clomiphene citrate rate
is 60-85%. Thicker endometrial thickness may increase the pregnancy rates of patients who
were stimulated by 30-40% .3 Clomiphene citrate results endometrial thickness thicker
allegedly due to oxidative stress caused by estrogen antagonist effects can be combated by
antioxidants. Oxidative stress occurs as a result of high levels of estradiol by multifollicles
stimulation. Oxidative stress causes damage to cell macromolecules including proteins and
DNA that disrupts the endometrium growth.* This is according to a study by Amita et al®
investigating the molecular mechanisms of CC inhibits endometrial epithelial cell
proliferation were affected estradiol. Kurosawa et al** also reported CC will stimulate
estrogen antagonist effects via the estrogen receptor a when the body is in high estradiol
levels. High estradiol levels are also caused by the decrease in SHBG capacity due to the CC
provision.** Sex hormone binding globulin binds free estradiol and maintain free estradiol
levels in the control of blood. Decreased SHBG will increase levels of free estradiol in the
blood. Vitamin E (tocopherol) may increase serum SHBG levels resulting in lower levels of
free estradiol, which in turn reduces the effects of estrogen antagonists indirectly.* Vitamin
E repair tissue growth and endometrial vascularity therefore angiogenesis and endometrial
growth defect can be repaired. Pregnancy rate is only 30-40% with CC stimulation, so that if
there is no pregnancy, suspicion arises when stimulation CC made back then would give
similar results, so the next option is the stimulation by aromatase inhibitors or
gonadotropin.?” Fecundability of gonadotropin-stimulated cycles is 14%, more than double
that is observed in CC-stimulated cycles (6%).%

Endometrial Vascularity Relationship on Clomiphene Citrate Stimulation With and
Without Vitamin C+E

Resistance index treatment group obtained slightly lower compared with the control
group, but with no significant difference. This is consistent with the study conducted by
Banerjee et al'® stating oxidative stress will disrupt vascular smooth muscle cells and
endometrial cells, endothelial damage or endometrial decidual cells that causes damage to the
molecules in the layer endometrium. Estrogen promotes angiogenesis in the endometrium by
controlling the expression factors such as VEGF.*® Clomiphene citrate disturbs proliferation
of endometrial epithelial cells were affected by antiestrogenic effects CC E2 on estrogen
receptor o coregulator steroid receptor that inhibits coactivator-1 on epithelial cells steroid
receptor coactivator endometrium.?® Capillary endothelial damage will cause damage to the
cell membrane so the RI increase.’”*® Mier-Cabrera et al® stated vitamin E increases the
growth of the glandular epithelium, blood vessel development and endometrial VEGF
expression. Vitamin E inhibits lipid peroxidation function in cell and membranes organelle,
lipoproteins and other tissue.*® Addition of vitamin E also prevents platelet adhesion in blood
vessels that can decrease RI in various organs target.?®

This study shows there is an increase in vascularity of the endometrium between the 2™
day and 12" day of CC stimulation performed with vitamins C+E compared with those not
given vitamin C+E, but not significantly. Significance difference between the studies with
other possible variations due to the individual response to the effects of CC as expressed by
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Yuval et al.® Rostami, Contart, Schild and Zaidi et al*>*® found no significant difference in RI
in pregnant and non-pregnant group.

Conclusion

CC-stimulated endometrial thickness with vitamins C+E are thicker than without vitamin

C+E (33.5%). CC-stimulated endometrial vascularity with vitamins C+E are not better than
without vitamin C+E (0.01).
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