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Abstract

Purpose: To evaluate the effects of a phytoestrogen extract of cowpea (Vigha unguiculata) on
malondialdehyde (MDA) and superoxide dismutase (SOD) levels, mitogen-activated protein kinase
(MAPK) activity, as well as proliferation of fibroblasts in ovariectomized rat vagina. This is with a view to
identify the optimal dose of a phytoestrogen supplement for use during the menopausal period of
women.

Methods: Wistar rats (Rattus norvegicus) were divided into five groups: negative control, ovariectomy,
and ovariectomy groups treated with 1.25, 2.5, or 5 mg/kg of cowpea extract, respectively. The three
doses were used to identify the optimal dose required to reduce vaginal oxidative stress and increase
fibroblast proliferation in ovariectomized rats. After treatment, the ovariectomized rat vagina was
assessed for SOD and MDA levels, MAPK activity, and fibroblast proliferation.

Results: Cowpea extract at a dose of 2.5 and 5 mg/kg caused significant reduction in SOD levels in the
vaginal tissue of rats compared with control (p < 0.05). In contrast, cowpea extract at 1.25 mg/kg
resulted in MDA levels similar to that of control rats (p < 0.05). Cowpea extract treatment had positive
effects on SOD and MDA levels and on fibroblast proliferation. Increase in SOD levels in rat vagina was
induced by increased MDA levels, which is characteristic of oxidative stress, while ovariectomy resulted
in decreased MAPK activity.

Conclusion: Overall, the cowpea extract has no significant effect on MAPK activity or fibroblast
proliferation. However, it has a significant effect on SOD and MDA levels and on fibroblast proliferation
at a dose of 2.5 mg/kg.
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INTRODUCTION and other symptoms. This condition usually

affects those who are > 45 — 55 years of age and
Menopause is an estrogen deficiency-related typically starts with irregular menstruation or
condition with several characteristics such as hot absence of menstruation [1]. Hypoestrogenemia
flashes, sweating, insomnia, vaginal dryness, in menopausal females also leads to a decrease
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in the antioxidant activity of estrogen, and
increases the formation of free radical molecules
or reactive oxygen species (ROS) [2]. The
formation of ROS then causes oxidative stress
characterized by increasing levels  of
malondialdehyde (MDA), which causes lipid
peroxidation [3]. Superoxide dismutase (SOD) is
an enzymatic antioxidant which protects cells
from oxygen free radicals by catalyzing the
conversion of radical anion superoxide to oxygen
molecules and hydrogen peroxide [4].

Hypoestrogenemia in menopausal females also
leads to a decrease in the antioxidant activity of
estrogen, and increases the formation of free
radical molecules or reactive oxygen species
(ROS) [2]. The formation of ROS then causes
oxidative stress characterized by increasing
levels of malondialdehyde (MDA), which causes
lipid peroxidation [3]. Superoxide dismutase
(SOD) is an enzymatic antioxidant, which
protects cells from oxygen free radicals by
catalyzing the conversion of radical anion
superoxide to oxygen molecules and hydrogen
peroxide [4].

Fibroblast cells play an important role in
maintaining vaginal elasticity by synthesizing
collagen reticular and elastic fibers and
carbohydrates such as a glycosaminoglycan,
proteoglycan, and  glycoprotein in the
extracellular matrix [7,8]. High-performance liquid
chromatography has shown that Vigna
unguiculata has a higher concentration of
genistein and daidzein than soybean [9,10]. This
study studied the effects of a phytoestrogen
extract of cowpea (Vigna unguiculata) on vaginal
tissue of ovariectomized rats, by evaluating SOD
levels, production of MDA, and fibroblast
proliferation.

EXPERIMENTAL
Sample preparation

The rats used in this research were chosen
according to several criteria based on previous
research [10]. Wistar rats (Rattus norvegicus)
were divided into five groups: negative control,
ovariectomy, and ovariectomy treated with 1.25,
2.5, and 5 mg/kg cowpea (Vigna unguiculata)
extract. Ovariectomy procedures were conducted
based on previous methods by Khajuria [11]. The
weight of the rats was measured with a digital
scale to calculate the dose of anesthetic. The
abdominal hairs of rats were removed and the
abdomen was scrubbed with ethanol. A
transverse peritoneal incision was made from the
centre of abdomen to the right side of the second
nipple (0.4 — 0.6 cm) using a size 11 scalpel.

Adipose tissue was removed when the incision
reached the cavum peritoneal until the uterine
tube and ovarium could be identified.

The same procedures were applied to the left
ovarium. Each organ was placed on a sterilized
dish, and the uterine tube was tied and the
ovarium was cut. The uterine tube was then
placed back into the cavum peritoneal. Skin and
muscle tissue were stitched together using
catgut. The peritoneum and muscle were stitched
using easily absorbed thread (3/10 ethicon
chromic sutures), while the skin was stitched
using non-absorbed thread (3/10 ethicon mersilk
sutures). The resulting scar was sterilized with
povidone iodine using aseptic techniques. After
ovariectomy, the rats were placed in a cage at
room temperature with controlled light (12 h dark,
12 h light) for 4 weeks with ad libitum feeding.
Cowpea (Vigna unguiculata) extract was then
administered orally to hypoestrogenic rats for 30
days.

This research was authorized by the Ethics
Committee of Medical Faculty’'s Health Research
of  Brawijaya  University  (approval  no.
556D/EC/KEPK/S2/10/2015). All  procedures
performed in studies involving animal subjects
were in accordance with the ethical standards of
the institutional and/or national research
committee and with the 1964 Declaration of
Helsinki and its later amendments [12].

Measurement of SOD levels

Rat vaginal tissue was weighed, washed with
phosphate-buffered saline (PBS), and
homogenized on ice in cold PBS (0.02 M, pH
7.4) using a homogenizer. Sonication was then
performed for 2 min with a 20% amplitude to
enhance the cell lysis process. The cells were
centrifuged for 5 min at 12,000x g, and SOD
levels were measured using a colorimetric assay
at 440 nm based on the manufacturer’s protocol
for the EnzyChrom Superoxide Dismutase Assay
Kit (BioAssay Systems, Hayward, CA, USA). In
this assay, superoxide (OZ’) is produced by the
xanthine oxidase (XO) reaction. The superoxide
reacts with cell viability WST-1 colorimetric
assay, resulting in a colored product that can be
detected at 440 nM.

Measurements were performed in 30 mL of
washing buffer diluted into 750 mL of deionized
water. SOD standard (3 U/mL) was obtained by
mixing 8 puL of SOD enzyme with 392 pL of
diluent. Each sample was transferred in 20 pL to
a different well. The working reagent was
prepared by mixing 160 pL of assay buffer, 5 pL
of xanthine, and 5 pL of WST-1. The working
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reagent was then transferred into each well,
followed by shaking of the plate to mix the
reagents. The diluted XO enzyme (1:2 in 20 pL)
was added to each well, followed by shaking of
the plate. The plate was incubated for 60 min at
room temperature (25°C), and the absorbance
was measured at 440 nM.

Determination of
levels

malondialdehyde (MDA)

The MDA assay was based on the chromogenic
reaction between N-methyl-2-phenylindole and
MDA at 45°C, resulting in a specific chromogen,
4-hydroxyalkenal, that was detected by
absorbance at 586 nM. This chromogen was
specifically produced in cells that underwent lipid
peroxidation. Rat vaginal tissue  was
homogenized in PBS and the MDA concentration
was measured using the fresh weight of vaginal
tissue of the protein homogenate. The MDA level
was measured using the BIOXYTECH MDA-586
spectrophotometric assay for MDA according to
the manufacturer’'s protocol (Percipio
Biosciences, Burlingame, CA, USA).

Evaluation of fibroblast
MAPK activity

proliferation and

Fibroblast proliferation and MAPK activity were
measured using immunohistochemical methods.
Fibroblast proliferation was evaluated using
proliferating cell nuclear antigen (PCNA) as a
primary antigen with incubation at 4°C overnight
with the appropriate antibody. Ultra Tek Anti-
Polivalent (Scytek, West Logan, UT, USA) was
used as a secondary antibody and was
incubated at room temperature for 10 min. Slides
of rat vagina tissue were first deparaffinized by
incubating the slides in xylene for 15 min (three
times). The tissue slides were then washed with
an alcohol series (100 %, 90 %, 80 %, 70 %, and
30 %) and distilled water for 5 min for each wash.
Each slide was then washed four times with
buffer (pH 7.4) and incubated with 3 % hydrogen
peroxide for 10 min. The anti-PCNA primary
antibody was applied and incubated at 4°C
overnight. Ultra Tek HRP (Ultra Tech, Merrick,
NY, USA) was applied and incubated for 10 min
at room temperature. Each step was followed by
four rinses in PBS.

Four drops (200 uL) of DAB Chromogen (Biocare
Medical, Pacheco, CA, USA) was added to the
DAB substrate tissue and the samples were
incubated for 5 — 15 min, depending on the
desired staining intensity. A permanent mounting
medium was applied to the coverslip. To
measure MAPK activity, the prepared tissue
slides were treated similarly to the

immunohistochemical method used for fibroblast
proliferation, but the primary antibody was anti-p-
ERKY:2 (Tyr 204): sc-101760 (Bioss, Woburn,
MA, USA). After mounting with entellan, the
MAPK activity and fibroblast proliferation were
measured using a light microscope at 400x
magnification.  Brown-colored, = DAB-positive
samples indicated MAPK activity, and samples
lacking MAPK activity were colored purple as a
result of Mayer’'s hematoxylin nuclear staining.

Statistical analysis

Statistical analysis was performed using one-way
analysis of variance followed by Tukey’s post hoc
tests, at a significance level of p = 0.05 and a
confidence level of 95 % (a = 0.05), using SPSS
16.0 for Windows software.

RESULTS

The SOD level in ovariectomized rats was almost
two-fold greater than that of the control rats, with
average concentrations of 3.26 U/ml and 1.97
U/mL, respectively. Administration of cowpea (V.
unguiculata) extract after ovariectomy resulted in
significant decreases in SOD levels at each
concentration relative to the untreated rats
(Figure 1). The lowest SOD level of 1.53 U/mL
was obtained from extract treatment with 5
mg/kg. The control group and all the treatment
groups showed similar SOD concentrations of
1.97, 2.17, 1.67, and 1.53 U/mL for P1, P2, and
P3 respectively with no significant differences.
Increasing concentrations of cowpea (V.
unguiculata) extract resulted in decreased SOD
levels.
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Figure 1: SOD levels were elevated significantly after
ovariectomy (p < 0.05). Treatment with cowpea (V.
unguiculata) extract resulted in decreased SOD levels
in a dose-dependent manner. K—, negative control; K+,
untreated ovariectomized rats; P1, treated with
cowpea (V. unguiculata) extract at 1.25 mg/kg; P2,
treated with 2.5 mg/kg ; and P3, treated with 5 mg/kg

Similar to the SOD levels, the MDA levels
showed a significant decrease after treatment
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with cowpea (V. unguiculata) extract (Figure 2).
Ovariectomy elevated the MDA levels to 0.57
UM, almost two-fold greater than in the control
group. Cowpea (V. unguiculata) extract
significantly decreased the MDA levels after
ovariectomy compared with the ovariectomy
group (K+), and produced levels similar to those
of the control group. The Ilowest MDA
concentration of 0.24 uM was obtained using a
cowpea (V. unguiculata) extract treatment of 2.5
mg/kg.
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Figure 2: Effect of cowpea (V. unguiculata) extract
treatment on malondialdehyde (MDA) levels (p <
0.05). The greatest decrease was observed after
treatment with 2.5 mg/kg. K-, negative control; K+,
untreated ovariectomized rats; P1, treated with 1.25
mg/kg; P2, treated with 2.5 mg/kg; and P3, treated
with 5 mg/kg

Ovariectomy resulted in a decrease in MAPK
activity (Figure 3) from 59.99% (K-) to 46.3%
(K+). The highest level of MAPK activity was
obtained with cowpea (V. unguiculata) extract
treatment at a dose of 2.5 mg/kg (62.05%).
However, in general, there were no significant
differences among the groups. Therefore, it was
probable that ovariectomy did not directly affect
MAPK activity.

The administration of cowpea (V. unguiculata)
extract at all doses did not affect the survival of
fibroblasts on ovariectomized rats. Based on the
results shown in Figure 4, ovariectomy resulted
in a significant decrease in fibroblast proliferation
to 48.15%. Treatment with cowpea (V.
unguiculata) extract at dose of 2.5 mg/kg
resulted in fibroblast proliferation values of 70.14
and 69.19 % for the P2 group and K- group
respectively. Overall, there were no significant
differences among the treatments and controls.

DISCUSSION

In this study, ovariectomy caused a significant
increase in SOD levels compared with controls.
The increase in SOD levels in rat vaginas was
accompanied by elevated levels of MDA, a

marker of ROS formation. A previous study by
Wiyasa reported a similar increase in SOD levels
at 28 days post-ovariectomy [13]. Elevated SOD
levels were also shown in osteoporosis post-
menopause rats [14]. Cu,Zn-SOD is believed to
have an important role as a major antioxidant
defense enzyme [14]. Consistent with this
possibility, Birben et al reported that this enzyme
acts as a primary antioxidant preventing free
radical formation by terminating the reaction and
transforming free radicals into more stable
compounds [15]. Estrogens has been found to be
a potent antioxidant, which reduces oxidative
physiological stress [15], while estrogen
deficiency accelerates the aging process in
women. Moreover, Al-Baghdadi et al reported a
gradual increase in MDA levels resulting from
ovariectomy in mice, which showed that estrogen
loss led to oxidative stress [4].
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Figure 3: Effect of extract treatment on MAPK activity.
(A) Immunohistochemistry using p-ERKY2 MAPK
antibody. No MAPK activity was observed in cells with
blue color, and those with MAPK activity exhibited a
brown color (400x magnification). (B) The
quantification of areas showed that MAPK activity
decreased after ovariectomy and increased after the
administration of cowpea (V. unguiculata) extract.
There were no significant differences among the
groups. K-, negative control; K+, untreated
ovariectomized rats; P1, treated with 1.25 mg/kg; P2,
treated with 2.5 mg/kg; and P3, treated with 5 mg/kg
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Figure 5: Efffect of extract treatment on fibroblast
proliferation. (A) Fibroblast cells that showed no
proliferative activity are indicated by blue color, while
cells with proliferative activity have a brown color
(400x magnification). (B) Quantification of cells that
showed proliferation activity. Proliferation of fibroblasts
decreased significantly after ovariectomy. Treatment
with cowpea (V. unguiculata) extract significantly
increased fibroblast proliferation at all doses. K-,
negative control; K+, untreated ovariectomized rats;
P1, treated with 1.25 mg/kg ; P2, treated with 2.5
mg/kg ; P3, treated with 5 mg/kg

Cowpea (V. unguiculata) is a source of various
isoflavones such as genistein, quercetin, and
daidzein, which have antioxidant and anti-
inflammatory properties [10]. Isoflavones have
similar molecular structures as 17( estradiol, and
they also have estrogenic activity. These
compounds bind directly to the same receptors
as endogenous estrogen, resulting in an
estrogenic effect [16]. Ozacmak and Sayan
reported that 173 estradiol and progesterone
treatment reduced the MDA levels in rat brains
after ovariectomy [2]. Furthermore, estrogen
suppresses free radical formation, because 17f3-
estradiol treatment decrease MDA levels in the
brains of ovariectomized rats.

In a manner similar to SOD levels, MDA levels
decreased significant post-ovariectomy
increases. This result was consistent with
previous reports [13,14], which showed that MDA
levels gradually increased post-ovariectomy. This
indicates that the loss of estrogen may increase
oxidative stress levels [17]. Administration of
cowpea (V. unguiculata) extract at all doses
resulted in significant reductions in MDA levels.
This study also showed significant decreases in
MDA levels after each treatment, with the lowest
MDA level produced after treatment with 2.5

mg/kg /day. Moreover, the dose of 1.25 mg/kg
/day decreased the MDA level to the same level
as that of normal rats. This result is also
consistent with previous studies, which showed
that treatment with cowpea (V. unguiculata)
extract reduced MDA levels in the heart [10] and
blood serum [18].

Heart MDA levels were also significantly
decreased in hypoestrogenic rats treated with
cowpea (V. unguiculata) extract [19]. A similar
result was reported by Ojwang, who reported that
cowpea (V. unguiculata) extract doses of 0.5 and
2.5 mL/kg in rats resulted in decreased MDA
levels [20]. It was therefore expected that
cowpea (V. unguiculata) extract treatment at 2.5
mg/kg was the optimal dose for prevention of
lipid peroxidation. Furthermore, isoflavone
supplementation with 100 mg of soya and 500
mg of calcium carbonate for 6 — 12 months
significantly decreased MDA levels in the serum
of menopausal women [19].

Both ERa and ERp can bind to isoflavones, with
ERPB having the stronger affinity. ERB therefore
plays a pivotal role in the ovarium system,
cardiovascular system, and brain [18]. Another
mechanism of isoflavone control of MDA levels
involves the hydroxyl group of the isoflavone,
which acts as a hydrogen donor from the
phenolic group to the peroxide radical [18].
Radical phenoxyl stability resulting from the

reaction prevents the propagation of lipid
peroxidation [14]. Therefore, free radical
reactivity can be controlled, and radical

antioxidants formed from the reaction will be
decreased [13].

The MAPK signal transduction pathway works
extracellularly, as well as intracellularly from the
receptor to the genome. MAPK transduction
signals can be affected by various conditions
such as infection, pathogens, injury, temperature,
dryness, irradiation, and pollution. Quercetin
administration can affect MAPK pathway
components, especially ERK, which is stimulated
by growth factor signaling [20]. Quercetin has
been reported to effectively reduce the quantity
of phosphor-ERK1/2 protein [21]. Furthermore,
MAPK signal transduction has been influenced
by the quercetin content of cowpea (V.
unguiculata) extract that was used in this study.
Furthermore, fibroblast proliferation was also
affected by treatment with cowpea (V.
unguiculata) extract. Genistein, also known as
one of the active compounds of cowpea (V.
unguiculata), has been previously reported to
affect proliferation of the mammary gland [16].
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Phytoestrogens have an effect similar to
synthetic  estrogen or drugs (hormone
replacement therapy), which affect human health
through genomic and non-genomic effects [2].
The isoflavone effect of cowpea (V. unguiculata)
extract during menopause involves the
proliferation of the vaginal epithelium. Genistein
in cowpea (V. unguiculata) extract is similar to
endogenous estrogens, but with a weak
estrogenic effect. Genistein interacts with ERs to
saturate the receptors, preventing binding of
endogenous estrogens to the receptor. Genistein
induces the effects of endogenous estrogens in
menopausal women who have low levels of
estrogen by binding to ER-a in the vagina [3].

Genistein also directly binds to the estrogen a
stromal receptor, which activates a paracrine
component involving the epidermal growth factor
(EGF). EGF activation induces the activation of
tyrosine kinases in the epithelium, and EGF and
tyrosine kinase activate protein kinases in the
cell cytoplasm. The activated kinases are
MAPKSs, which become the main activation and
translation signals for protein synthesis required
for mitosis of epithelial cells, and leading to
epithelial cell proliferation. Furthermore, genistein
can also repair the chromatin structure in the
ERa promoter, contributing to ERa reactivation.
Finally, genistein consumption can prevent
cancer development and breast tumor growth in
ERa-negative rats.

CONCLUSION

This study has shown that cowpea (V.
unguiculata) extract has a positive
phytoestrogenic effect. Treatment with this

extract significantly decreases SOD and MDA
levels, but not MAPK activity or fibroblast
proliferation. These findings suggest an optimal
concentration of cowpea (Vigna unguiculata)
extract of 2.5 mg/kg is required to reduce SOD
and MDA levels.
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