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ABSTRACT

Background: PCOS is a condition with significant decrease in antioxidant with an increased risk of oxidative stress.
Antioxidant supplementation has been shown to improve insulin sensitivity in PCOS and may improve outcome of
management of PCOS. Objectives of this study were to determine the oxidative stress level of PCOS patients, to
assess the effect of antioxidant supplementation on the outcome of management of PCOS and to compare with a
control group.

Methods: The study was a single blind randomised control trial involving 200 patients with PCOS. The study was
conducted at Usmanu Danfodiyo University Teaching Hospital Sokoto. They were randomly divided into intervention
and control groups and base line serum levels of oxidative stress marker, antioxidant enzymes, vitamins and minerals
were determined. Antioxidant supplementation and placebo were given to the intervention and control groups
respectively. All the patients had ovulation induction with clomiphene citrate and were followed up for 6 months.
Outcome measures were clinical pregnancy or menstrual regularisation. Level of significance was <0.05.

Results: There was statistical significance in the serum levels of oxidative stress marker, antioxidant enzymes,
vitamins and minerals between the two groups (post intervention). Glutathione peroxidase (p = 0.001), superoxide
dismutase (p = 0.0001), catalase (p= 0.0369), melondialdehyde (p= 0.007), Vitamin A, Vitamin C, Vitamin E (p =
0.0001), zinc and copper (p = 0.0001). The clinical pregnancy outcomes were 22 (22%) versus 2 (2%); live births 18
(18%) versus 2 (2%) and menstrual regularisation 48 (48%) versus 46 (46%) in the intervention and control groups
respectively.

Conclusions: Antioxidant supplementation in this study significantly affected pregnancy rate in patients with PCOS.
Larger studies are suggested to revisit the conclusion of the Cochrane review that antioxidants supplementation had
no significant role in female infertility.
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INTRODUCTION It is also associated with cardiovascular risk factors

including obesity, insulin resistance, dyslipidemia,
Polycystic ovarian syndrome (PCOS) is one of the most endothellalz dysfunction and presence of metabolic
common endocrinopathies affecting women of child syndrome.” PCOS has been regarded as a chronic
bearing age and a major cause of anovulatory infertility. systemic disease instead of the simple local disease, and
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it is frequently associated with hyperandrogenaemia,
chronic inflammation and oxidative stress. 3

The mechanism underlying oxidative stress in PCOS is
not fully understood, but studies strongly suggest that
insulin resistance plays a pivotal role in the pathogenesis
of PCOS and encourages oxidative stress.* Oxidative
stress (OS) is caused by imbalance between pro- oxidant
and antioxidants.> This ratio can be altered by increased
levels of reactive oxygen species (ROS) and /or reactive
nitrogen species (RNS), or decrease in antioxidant
defence mechanism.® Reactive oxygen species are
produced mainly by the mitochondria and must be
constantly inactivated to avoid excess formation in order
to maintain normal cell function.” The ovaries, testes, and
uterus are particularly affected by ROS because they
contain the highest amount of mitochondria in the body
due to the need for ATP or energy in those processes.®
OS plays a critical role in the process of ovulation by
inducing apoptosis of luteal cells within the ovary which
perturbs the area in and around the ova and granulosa
cells that potentially decrease oocyte and embryo
viability. The imbalance of OS in the follicular fluid
environment of the ovaries can cause detrimental issues,
such as poor oocyte development, embryo development
and the overall outcome of pregnancy.®

Antioxidant enzymes such as catalase, superoxide
dismutase (SOD) and glutathione peroxidase (GPX) may
inactivate ROS and help protect oocyte and embryo.’
Oxidative stress can form through increased production
of ROS or due to deficiency of antioxidants.’
Antioxidants quench free radicals by becoming reduced.*®
A deficiency of antioxidants could be due to decrease
antioxidant intake, synthesis of antioxidant enzymes, or
increase antioxidant utilization.

There are two  categories of  antioxidants;
primary/enzymatic/natural and secondary/non-enzymatic/
synthetic. Enzymatic antioxidants include; SOD, catalase
and GPX. The non-enzymatic antioxidants include
vitamin E, vitamin C, beta carotene, lutein, a- lipoic acid,
selenium, lycopene, taurine, L- carnitine, co enzyme Q 10
etc.!! There are three SOD isoforms in eukaryotes;
manganese SOD (Mn- SOD), copper/zinc SOD (cu/zn -
SOD) and extracellular SOD (EC-SOD). Antioxidants
can be generated endogenously (enzymatic) or received
from foods or supplements (non- enzymatic).°

PCO is a condition with significant decrease in serum
antioxidant and vitamins levels and they are in an
increased risk of oxidative status.!? Antioxidant
supplementations has been shown to improve insulin
sensitivity and other health threatening conditions in
women with PCOS.*? There is paucity of data on
oxidative stress and antioxidant supplementation in
patients with PCOS especially in Africa. The aim of this
study was to determine the oxidative stress level of PCOS
patients and to assess the effect of antioxidant
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supplementation on the outcome of management of
infertility in these group of women.

METHODS

This study was a single blinded randomised controlled
trial involving 200 patients with PCOS who presented to
the Gynaecological Clinic at the Department of
Obstetrics and Gynaecology, Usmanu Danfodiyo
University Teaching Hospital (UDUTH), Sokoto,
Nigeria.

The study was carried out between January 2014 and
August 2017. The diagnosis of PCOS was based on the
Rotterdam criteria with women satisfying at least two out
of three of the following criteria:*®

Oligomenorrhoea /or amenorrhoea
Clinical /or biochemical sign of hyperandrogenism
Polycystic ovaries on ultrasonography.

The ultrasound criteria for polycystic ovaries was defined
as the presence of 12 or more follicles measuring 2 to 9
mm in diameter and or an increased ovarian volume
greater than 10 cm? on transvaginal ultrasound scanning.

Inclusion criteria

Patients that presented with anovulatory infertility due to
PCOS.

Exclusion criteria

e  Male factor infertility

e Tubal factor
hysterosalpingography)

e  Abnormal serum prolactin level

e Hypertension, Kkidney, liver or thyroid disease
patients

e Smokers

e Alcoholic beverage use

e Use of medications like anti diabetic, anti-obesity
drugs, insulin or vitamin and mineral supplements.

infertility (abnormal

The trial was approved by UDUTH Ethics Committee
and informed consent was obtained from participants.
The women were randomised into two groups by picking
one of two closed envelops. Within each envelop was a
paper inscription of odd or even number.

The odd numbers were for intervention group while the
even numbers were for the control group. The selection
of add or even number were for intervention or control
group was done by toss of coin. The two groups were
concealed after randomisation by writing the allotted
even or odd number on top of the trial sticker on the
patient’s folder. Only the researchers know who was for
which group.
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Two hundred patients with PCOS were recruited. One
hundred patients were given placebo (a capsule
containing ferrous fumerate 100 mg) while the other
hundred were given an intervention of a drug called
(Vitacap®) which contains vitamin A (Palmitate) 5000 iu,
vitamin B1 (Thiamine mononitrate) 5 mg, vitamin B6
(pyridoxine HCL) 2 mg, vitamin B12 (cyanocobalamin) 5
mg, Vitamin C 75 mg, Vitamin D3 (cholecalciferol) 400
iu, Vitamin E (d- alpha tecopheryl acetate) 15 mg,
Nicotinamide 45 mg, folic acid 1000 mcg, ferrous
fumerate 50 mg, dibasic calcium phosphate 70 mg,
Copper sulphate 0.1 mg, Manganese sulphate 0.01 mg,
Zinc sulphate 50 mg, Potassium iodide 0.025 mg and
Magnesium oxide 0.5 mg.

Both drugs were administered to both groups for six
months respectively which ended in April 2015 (period of
intervention). All the patients had ovulation induction
with clomiphene citrate 100 mg for five days started on
the second day of the menstrual cycle for up to six
months. The outcome measures were clinical pregnancy
or regularisation of menses. Those that achieved
pregnancies were followed up till the last delivery in
January 2016. The contact address and phone numbers of
the couples were obtained which resulted in few drop
outs, 2 from the intervention group and 3 from the control
group. The five drop-outs relocated to other states within
the country but still maintained phone contact all through
the follow up period. The babies were followed up for 18
months for any neurological problem till August 2017.

Chemicals and reagents

Analytical graded chemicals and reagents were used for
this research. Glutathione peroxidase kit (item number:
703102), superoxide dismutase Kit (item number:
706002), TBARS assay kit (item number: 10009055) and
catalase assay kit (item number: 707002) were all
products of Cayman Chemical Company, USA. Vitamin
A, C and E were all product of Lab Tech Chemicals,
India. DNPH reagent, thiourea, were all products from
Sigma Company, United States of America.

Equipment

Micropipette reader RT 2100 C Rayfo Life and
Analytical Science Company Limited, China was used to
take absorbance of analysis involving kits. Analysis of
minerals was carried out using Atomic absorption
spectrophotometer (AAS) AA240FS AAS (Varian
Medical Systems Inc. USA) while vitamin analysis was
carried out using Spectrophotometer (Optima sp-300),
United States of America.

Collection of serum samples

Under aseptic precautions 7 ml of blood was drawn in
plain vacutainer tubes from antecubital veins of the
subjects in the fasting state on day 2 of their menstrual
cycle. The collected blood was allowed to clot and then
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centrifuged at 4000 rpm for 10 minutes to clear
separation of serum. Serum thus extracted was divided
into three aliquot samples stored at -20°C for analysis of:
Glutathione peroxidase, Super oxide dismutase (SOD),
Catalase, Malondialdehyde, Vitamin (A, C and E) and
Minerals (Copper and Zinc). The blood collection for
analysis was done twice first pre- intervention and six
months later (post-intervention).

Determination of antioxidant status

Serum glutathione peroxidase (GPX) activity was
determined according to the method described by Paglia
and Valentine, using hydroperoxide as substrate.'*

The serum SOD enzymatic activity was determined
according to the method reported by Marklund.*> Serum
MDA levels was determined by the method of Niehans
and Samuel.® Lipid peroxidation was evidenced by
formation of thiobarbituric acid (TBA). Serum catalase
activity was determined using Cayman’s catalase assay
kit according to Johansson and Borg.t” Serum vitamin E
was assayed using the method of Hashim and
Schuttrnger.*® Ascobic acid (Vitamin C) was assayed by
the method of Natelson.'® Vitamin A was determined by
the method of Rutkowski et al.?°

Atomic absorption Spectrophotometer (AAS) model
AA240FS AAS (Varian Medical systems Inc. USA) was
used in the determination of Zn and Cu by the method of
Fick et al.

Statistical analysis

Results were expressed as mean+SEM by using Instat
Software (version 3.0) San Diego, USA. The Data was
subjected to analysis of variance (ANOVA) and Turkey’s
t-test was used for comparison of means between two
groups. The statistical significance level was set at P
<0.05.

RESULTS

All the subjects were within the reproductive age group
(18-35years). The mean ages of the intervention and
control subjects were 28.18+0.82 and 28.12+0.81
(values=SEM) respectively.

Majority of the subject’s educational level is above
secondary level 74% and 76% in the intervention and
control subjects respectively which make it easier for the
subjects to comprehend and accurately carry out the
instructions given. The anthropometric index showed that
the average BMI of the intervention and control subjects
was 27.9+0.85 and 29.47+0.82 (valuestSEM)
respectively.

It was observed from this study that secondary infertility

had more number of subjects, 66% as compared to 34%
of primary infertility in both groups.
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Table 1: Clinical presentation of the subjects.

Oligomenorrhoea 192 (96) 94 98
Amenorrhoea 158 (79) 74 84
Hirsutism 40 (20) 18 22
Acne 50 (25) 24 26
PCOS 200 (100) 100 100

Majority of the patients presented with oligomenorrhoea
and amenorrhoea comparatively in both study groups.
The clinical features of hyperandrogenism were few in
both study groups however; one hundred percent of
patients had diagnostic ultrasound morphology by Tran’s
vaginal ultrasound (Table 1).

Table 2: Pre-intervention antioxidant enzymes,
vitamins and minerals in subjects.

GPx

(nmol/min/mi) 15.52+0.54 15.27+0.42 0.4345
SOD (units/ug) 1.18+0.05 1.19+0.07 0.4888
CAT

(nmol/min/mi) 38.51+1.59 38.85+1.63 0.1207
MDA (W/ml) 3.91+0.05 3.99+0.05  0.1207
Cu (ug/L) 48.67+£3.32 47.2745.45 0.3782
Zn (ug/L) 30.05+0.88 30.26+£0.97 0.4112
Vit A (mg/dl)  7.26+0.33 6.96+0.29  0.1691
Vit C (mg/dl)  0.33+0.04 0.34+0.05  0.3529
Vit E (mg/dl) 2.5940.03 257+0.03 0.378

Values are expressed as meantSEM, GPx-glutathione
peroxidase, SOD: superoxide dismutase, CAT: catalase, Cu:
copper, Zn: zinc, Vit: vitamin.

The pre-intervention means oxidative stress marker and
antioxidants enzymes, vitamins and minerals are not
statistically significant between the two groups (Table 2).

There was a statistically significant difference in the
serum levels of the mean oxidative stress marker,
antioxidant enzymes, vitamins and minerals between the
intervention and the control group (Table 3).

Twenty-two pregnancies were recorded in the
intervention group (22%) while only 2 in the control
group (2%). All the 2 pregnancies in the control group
ended in live birth while 18 out of 22 in the intervention
group had live births (Table 4).

Four out of the 22 pregnancies achieved had miscarriages
3 were first trimester miscarriages ranging from 6 to 8
weeks while one was at 18 weeks following failed
emergency cerclarge application due to cervical
incompetence. Out of the remaining patients that did not
achieve pregnancy 48% and 46% observed that their
menses had become regular in intervention and control
group respectively (Table 4).
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Table 3: Post-intervention antioxidant enzymes,
vitamins and minerals in subjects.

G 22.36:0.37*  15.99:0.11 <0.001
(nmol/min/ml)

SOD (units/ug) 2.00£0.03* 1.22+0.02 <0.0001
SR 44.72+1.66*  38.36+1.97 <0.0369
(nmol/min/ml)

MDA (p/ml) 2.89£0.06*  3.75+1.61 <0.007
Cu (Hg/L) 103.30£3.85% 48.09+167 <0.0001
Zn (ug/L) 60.44£3.00*  30.24+0.89 <0.0001
VitA(mg/dl)  50.97+0.35*  7.25:0.35 <0.0001
VitC(mg/idl)  177+002*  0.37:0.02 <0.0001
VitE (mg/dl)  8.81+0.07*  2.56:0.02 <0.0001

*values differ from the non-intervention significantly at P<0.05;
Values are expressed as meantSEM; GPx: glutathione
peroxidase; SOD: superoxide dismutase; CAT: catalase; Cu:
copper; Zn: zinc; Vit: vitamin

In the patients with primary infertility, 8 achieved
pregnancy and all are in the intervened group while in
secondary infertility 16 achieved pregnancy with 4
coming from the control group. All the babies had normal
developmental  milestone  with no  neurological
developmental abnormality. One baby from the
intervention group died of severe malaria at 1 year 2
months.

DISCUSSION

Polycystic ovary syndrome is a major cause of
anovulatory infertility.?? Oxidative stress can have
detrimental effects on female fertility by affecting
ovulation, fertilization, embryo development and
implantation.?® Studies have shown high oxidative stress
in PCOS women compared to control.'??4% PCOS
produce significant reduction in serum antioxidant
Vitamins A, C and E when compared to control.*?
Antioxidant supplementation has been shown to improve
insulin sensitivity and other health threatening conditions
in women with PCOS.*? The present study assessed the
role of antioxidants supplementation in patients with
PCOS using three natural antioxidants, three vitamins,
two minerals and MDA as oxidative stress marker both
pre-intervention and post-intervention and compared the
outcome measures as in the methodology in the two
groups. The mean age of the study groups both in the
intervention and control group is comparably same,
28.18+0.82 and 28.12+0.81 (valuestSEM) respectively.
The BMI of the two groups and the clinical presentation
as seen in table 1 are almost the same; which makes a
good platform for comparing the outcome of the
intervention.

The mean serum level of MDA and mean serum levels of
antioxidants both enzymatic (GPx, SOD, CAT), non
enzymatics (Vit A, Vit C, Vit E), Zinc and copper were
not statistically different between the two groups at base
line (pre-intervention) as seen in Table 2. However,
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previous studies have demonstrated higher levels of
MDA and lower levels of the serum antioxidants in
patents with PCOS compared with control.>?427 |t is
therefore likely that the parameters observed at baseline
are comparatively to that observed in the infertile group
in previous studies.?:?

However, after intervention with Vitacap® which a
capsule formulation is containing various non-enzymatic
antioxidant and minerals as detailed in the methodology
there was statistical significant difference in the mean
serum levels of the oxidative stress marker (MDA) and
antioxidants (both enzymatic and non-enzymatic) and
minerals between the intervention and the control group
which may be attributable to the antioxidant
supplementation given to the intervention group. The
mean serum level of MDA was lower in the intervention
group compared to the control group (p = <0.007) and the
mean serum antioxidants (GPx, SOD, CAT, Vit A, Vit C,
Vit E) were all significantly higher than the control group
(Table 3).

The result of the study points to the fact that antioxidant
supplementation in the patients with PCOS may improve
their chances of achieving pregnancy or correct the
endocrinopathies associated with PCOS. The mean serum
level of GPx, SOD and CAT, may have been improved in
the intervention group perhaps because of the minerals
contained in the supplement which includes copper
sulphate, manganese sulphate and zinc sulphate being
that the enzyme function of these antioxidants need these
minerals as co enzymes.?>% Antioxidant supplementation
has also been shown to improve insulin sensitivity and
other health threatening conditions in women with
PCOS.1?

The outcome of intervention with antioxidants and
minerals in the study showed that 22% achieved
pregnancy with 18% live birth in the intervention as
against 2% respectively in the control group. This wide
variation may be attributable to the supplements received
by the intervention group. The significant pregnancy
outcome relative to control in the current study is similar
to the one obtained by Howard et al even though theirs
was on unexplained infertility but differ from other
randomised control trials which did not show significant
difference in pregnancy rates.?82°3! Most of the earlier
studies used either minerals or vitamins as their
supplement but in the current study a combination of
minerals, vitamins and other antioxidants were used
which may be responsible for the difference in outcome
even though the index study was on PCOS patients. The
antioxidant vitamins such as vitamins A, C, E and
minerals such as zinc and copper are important in
restoring and maintaining the oxidant and antioxidant
balance in blood and tissue.®* the multivitamins and
minerals ameliorates the oxidant changes probably
through its free radical scavenging in the blood, serum
and follicular fluids.3!

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

CONCLUSION

The study demonstrates that antioxidants
supplementation in patients with PCOS significantly
affected the pregnancy rates. A larger multicentre study is
suggested and a reassessment to revisit the conclusion of
the Cochrane review that antioxidant supplementation
had no significant role in female infertility.
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