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(Abstract \

Background: Menopause is characterized by increased oxidative stress and may be due to a decline in the levels of estrogen
(a natural antioxidant by itself). It can cause changes in the lipid composition of the blood and tissues, leading to enhanced
lipid peroxidation. Oxidative stress and lipid peroxidation play a major role in the pathogenesis of diseases associated with
menopause.

Objective: To assess the potential of Soybean phytoestrogen-rich extract to reduce the lipid peroxidation index in 4-vinyl
cyclohexane diepoxide (VCD)-induced menopause in Wistar rats.

Materials and Methods: Serum lipid profile, malondialdehyde (MDA), and total antioxidant status (TAS) were determined
in VCD-induced menopause in Wistar rats, following the administration of varying concentrations of Soybean phytoestrogen-
rich extract. Total lipids and lipid peroxidation index were calculated and compared with controls.

Results: Serum MDA levels increased while TAS levels decreased in VCD-induced menopause rats without Soybean phytoes-
trogen supplementation. In groups of rats that received supplementation, serum MDA levels decreased while TAS increased in
a dose-dependent manner from group 3 which received 200 mg/kg, to group 4 which received 400 mg/kg, and group 5 which
received 600 mg/kg. The differences in the mean were statistically significant (p<0.001) compared with the control. The lipid
peroxidation index was significantly higher in rats in group 2 (positive control) compared with group 1 (negative control). The
lipid peroxidation index decreased with increasing concentrations of Soybeans phytoestrogen-rich extract administered. The
total lipids concentrations were also reduced in a dose-dependent manner, and the differences in the mean total lipids were
statistically significant (p<0.001) compared with negative control (group 1) and positive control (group 2).

Conclusion: The supplementation of Soybean phytoestrogen-rich extract to VCD-induced menopause in Wistar rats increased
the levels of serum TAS, decreased MDA concentrations, and lowered the lipid peroxidation index. This experiment can be
replicated in humans to fully assess the potential of Soybean phytoestrogen-rich in preventing menopause-associated oxidative
stress and lipid peroxidation.

\Keywords: Female Wistar rats, Phytoestrogens, Lipid Peroxidation, 4-vinyl-1-cyclohexene dioxide, Lipids, Menopause )

Introduction

Changes in lipids and lipid peroxidation among postmenopaus-
al women are common due to hormonal changes compared to
their reproductive years. Longer time since menopause was
associated with an atherogenic lipid profile and marginally
low levels of high-density lipoprotein concentrations among

Chinese women [1]. Although the frequency of Cardiovascular
Diseases (CVDs) is high with increasing age for both males
and females, the risk of CVD is higher in postmenopausal
women than in men of the same age and premenopausal wom-
en [2]. Menopause is a natural aging condition characterized
by permanent cessation of ovarian follicular function, due to a
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decline 1n the secretion of estrogen and often exacerbates the
risk of CVDs [3]. More so, most women now live about one-
third of their lifespan after menopause [1]. Given that dyslip-
idemia is an important risk factor for CVDs, prevention and
practical management of dyslipidemia are desirable to improve
the quality of life of post-menopausal women.

Menopause is characterized by increased oxidative stress [4]
and may be due to a decline in estrogen levels (a natural anti-
oxidant by itself). It can cause changes in the lipid composition
of the blood and tissues, leading to enhanced lipid peroxidation
[5]- Several studies have indicated that oxidative stress plays
a major role in the pathogenesis of diseases associated with
menopause [3,4,6,7].

The chemical 4-Vinyl Cyclohexene diepoxide (VCD) induces
selective destruction of small ovarian pre-antral (primordial
and primary) follicles in Wistar rats and mice. It chemically
expedites the natural, apoptotic process of atresia to bring
about the gradual ovarian failure and loss of estrogen pro-
duction. In-vivo exposure of Wistar rats to VCD depletes the
primordial and primary follicles, by directly interacting with
the oocyte-associated c-kit receptor and preventing its auto-
phosphorylation thereby causing pre-matured menopause. This
model is believed to produce menopause similar to menopause
in women [8,9].

Malondialdehyde (MDA) is derived from the peroxidation of
polyunsaturated fatty acids and is used as a marker to measure
oxidative stress in biological fluids. Since the body's antioxi-
dants are highly devised, measurement of total antioxidant sta-
tus (TAS) is a suitable and reliable method of assessing extra-
cellular non-enzymatic antioxidants in biological fluids [10].

The health system in our setting pays more attention to women
of the reproductive age group than postmenopausal women,
who are more or less neglected even though the prevalence
and severity of menopausal symptoms are very high in both
urban and rural centers [11]. The orthodox treatment for meno-
pausal symptoms is Hormone Replacement Therapy (HRT),
unfortunately, this treatment is not only expensive but may
complicate clinical issues that require an in-depth risk and
benefit assessment. Therefore, other sources of supplements
containing phytoestrogen are suggested for the ease of transi-
tion from perimenopause to post-menopause, and the amelio-
ration of post-menopausal symptoms [7]. Some authors have
suggested the consumption of phytoestrogens as an important
action plan to minimize or prevent menopause-associated low-
grade chronic inflammation and oxidative stress [6]. This study
aimed to assess the potential of Soybean phytoestrogen-rich
extract to reduce the lipid peroxidation index in VCD-induced
menopause in Wistar rats.

Materials and Methods

Ethical Consideration and Induction of Menopause

The study protocol was approved by the Animal Studies Ethics
Review Committee, Faculty of Pharmacy, University of Benin,
Benin City.

Menopause was chemically induced in sexually matured fe-
male Wistar rats (age 10 weeks). The rats were separated into
4 groups of three rats each. Group 1 to group 4 were admin-
istered 0 mg/kg, 40 mg/kg, 80 mg/kg, and 160 mg/kg respec-
tively with VCD intraperitoneally (V3630; Sigma-Aldrich, St.
Louis, MO) for 15 consecutive days. Wistar rats in group 1

(controls) were given Sesame oil, which 1s the solvent used
for VCD as previously described [12]. On the 16th day, the es-
trous cycles were kept track of using vaginal cytology to know
when cycling stopped. This is an indication of ovarian failure.
The animals were observed to be acyclic after 15 consecutive
days in continuous diestrus. Thereafter, blood was collected by
cardiac puncture following chloroform anesthesia for estradiol,
follicle-stimulating hormone, and anti-Mullerian hormone de-
terminations. The ovaries were processed for histomorphologi-
cal examination by counting the follicles to confirm the onset
of menopause in the rats as previously described [8].

Experimental design

Animal models of VCD-induced menopause in Wistar rats
were separated into six (6) groups of five rats per group. Meno-
pause was induced using 80 mg/kg VCD intraperitoneally as
described above.

Group 1: Negative control received Sesame oil only

Group 2: Positive control was given 80 mg/kg VCD only
Group 3: Given 80 mg/kg VCD + 200 mg/kg Soyabeans phy-
toestrogen-rich extract

Group 4: Given 80 mg/kg VCD + 400 mg/kg of Soyabeans
phytoestrogen-rich extract

Group 5: Given 80 mg/kg VCD + 600 mg/kg of Soyabeans
phytoestrogen-rich extract

Group 6: Given 80 mg/kg VCD + 14 pg/100g estrogen

Preparation and Extraction of Soyabean flour

Following the authentication of the soybeans by a plant tax-
onomist at the Department of Plant Biology and Biotechnol-
ogy, University of Benin, Benin City, it was assigned a vouch-
er number (UBH-G628). The Soybean seeds were manually
picked to remove debris and rinse in water. The bean chaffs
were removed after soaking overnight by washing and water
draining manually. The Soybeans were then dried in the sun
and fried using a frying pan over medium heat until they turned
brown with continuous stirring. The seeds were blended im-
mediately with a chicken blender. The quick transfer from a
hot frying pan into the blender facilitates the grinding of the
seeds to smooth powder. The extraction of the Soyabean flour
to obtain the phytoestrogen-rich extract was made as previ-
ously described [7].

Biochemical analyses

Serum levels of follicle-stimulating hormone (FSH), Estradiol,
and Anti-mullerian hormone were assayed by Enzyme-Linked
Immunosorbent Assay (ELISA) technique using reagents sup-
plied by Calbiotech Diagnostic Products Monobind Inc. Lake
Forest, USA. Serum total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDLc), malondialdehyde
(MDA), and total antioxidant status (TAS) were determined
by a spectrophotometric method using reagents supplied by
Randox Laboratories Ltd, UK. The Freidewald formula was
used to calculate the plasma LDLc [13], and total lipids were
calculated using the formula: Total lipids (mg/dL)=2.27 x total
cholesterol value + triglyceride value +62.3 mg/dL [14].

Statistical analysis

The data analyses were done using SPSS Software (IBM) ver-
sion 23.0 and results were expressed as Mean + Standard Er-
ror of Mean (SEM). The mean differences between the groups
were ascertained using a pair Student’s T-test and one-way
ANOVA. A P-value less than 0.05 was considered statistically
significant.
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Results

Table 1 shows the mean levels of serum estradiol, FSH, and
anti-mullerian hormone (AMH) in VCD-induced menopause
in Wistar rats. Serum estradiol was not detected in rats in Group
2 and Group 3 but was slightly detected in rats in Group 1.
Similarly, AMH was not detected in rats in Group 2 and Group
3 but minute concentration was detected in rats in Group 1.
The mean differences were statistically significant (p<0.05)
compared with untreated rats in group 4. Serum FSH was not
significantly altered between untreated and VCD-treated Wis-
tar rats (p>0.05).

Table 1 shows The values with different superscripts indicate
significant differences from each other (p<0.05) while values
with the same superscript are not significantly different from
each other (p>0.05). Group 1: 40 mg/kg VCD, Group 2: 80
mg/kg VCD, Group 3: 160 mg/kg VCD, Group 4: Control,
FSH- Follicle Stimulating Hormone, AMH- Anti-Mullerian
Hormone.

Table 2 revealed that serum MDA was significantly elevated
(p<0.001) in group 2 rats (Positive control) compared with
group 1 (negative control) rats. In VCD-induced menopause
rats that received Soybean phytoestrogen-rich extract supple-
mentation, serum MDA decreased with increasing concentra-
tions of Soybean phytoestrogen-rich extract administered from
group 3 to group 5. The MDA concentrations in rats that re-
ceived 600 mg/kg Soybean phytoestrogen-rich extract (group
5) and the rats that received VCD + 14 pg Estrogen injection
(group 6) were the same. The TAS was significantly decreased
in rats in group 2 compared to group 1 (p<0.001). The serum
TAS gradually increased with increasing concentrations of
Soybean phytoestrogen-rich extract, from group 3 to group
5, and the levels were higher than in rats given 14 pg Estro-
gen. The differences in the mean were statistically significant
(p<0.001) compared with control. The lipid peroxidation in-
dex was significantly higher in rats in group 2 compared with
the control (group 1). The lipid peroxidation index decreased
with increasing concentrations of Soybean phytoestrogen-rich
extract administered. The lipid peroxidation index in rats in

group S that recetved 80 mg VCD + 600 mg/kg Soybean phy-
toestrogen-rich extract was lower than in rats in group 6 that
received 80 mg VCD + 14 pg Estrogen.

Table 2 shows MDA=malondialdehyde; TAS=total antioxidant
status. Group 1 - control (untreated); Group 2 - Positive control
(given 80 mg/kg VCD only); Group 3 - given 80 mg/kg VCD
+ 200 mg/kg Soyabean Phytoestrogen extract; Group 4-given
80 mg/kg VCD+400 mg/kg Soybean Phytoestrogen extract;
Group 5 - 80 mg/kg VCD + 600 mg/kg Soybean Phytoestrogen
extract; Group 6 - given 80 mg VCD + 14 pg Estrogen; The
value with different superscript indicate significant difference
from each other (p<0.05) while value with same superscript are
not statistically difference from each other (p>0.05)

Table 3: The total lipids concentration also decreased with
increasing concentrations of Soybean Phytoestrogen-rich ex-
tract, the differences in the mean total lipids were significantly
different compared with control group 1 and positive control
group 2. Whereas the concentrations of TC, TG, and LDLc
increased with increasing concentrations of Soybean phytoes-
trogen-rich extract administered, the levels of HDLc increased
with increasing concentration of the extract administered.

Table 3 shows TC=total cholesterol, TG=triglycerides,
HDLc=high density lipoprotein cholesterol, LDLc=low den-
sity lipoprotein cholesterol, TL=total lipids. Group 1 - control
(untreated); Group 2 - Positive control (given 80 mg/kg VCD
only); Group 3 - given 80 mg/kg VCD + 200 mg/kg Soyabean
Phytoestrogen extract; Group 4-given 80 mg/kg VCD+400
mg/kg Soybean Phytoestrogen extract; Group 5 - 80 mg/kg
VCD + 600 mg/kg Soybean Phytoestrogen extract; Group 6
- given 80 mg VCD + 14 pg Estrogen; The value with differ-
ent superscript indicate significant difference from each other
(p<0.05) while value with same superscript are not statistically
difference from each other (p>0.05)

Discussion
This study evaluated the concentrations of serum MDA, and
TAS as biomarkers of oxidative stress. Also, it assessed the

Table 1: Mean=SEM values of measured reproductive hormones in 4-vinyl cyclo-
hexane diepoxide—induced menopause in female Wistar rats.

Group 1 Group 2 Group 3 Group 4
Parameters (40 mg/kg) | (80 mg/kg) | (160 mg/kg) | O mgkg) | © | Prvalue
Estradiol (pg/mL) | 0.40+0.18* | 0.00£0.00* | 0.00+0.00? 122.25+31.55° | 13.76 | 0.001
FSH (mIU/mL) 8.35+1.18* | 12.2242.51* | 13.04+£5.41* | 13.41+1.36° 0.55 | 0.644
AMH (ng/mL) 0.02+0.01* | 0.00+0.00* | 0.00-+0.00° 2.01+0.75° 37.14 | 0.001
Table 2: Levels of serum malondialdehyde, total antioxidant status, and lipid per-
oxidation index in VCD-induced menopause in Wistar Rats.
Variables Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
MDA (ng/mL) 234.34+50.6 | 846.08+62.0° | 636.21+£60.5* | 571.05£39.2% | 297.50+32.0° | 298.0+38.4°
TAS (umol/L) 2100£20.0° | 40+£2.20° 630+£24.01° 880+26.02° 1110£29.01 780£19.10°
Lipid Peroxidation index 0.112 21.14 1.00 0.65 0.27 0.38
Table 3: Serum levels of lipid profile and calculated Total Lipids in VCD-induced
menopause in Wistar Rats.
Parameters Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
TC (mg/dL) 99.4£3.6 | 110.9+4.0 | 89.3x2.4* | 94.0£2.3* [ 96.7x1.5* | 103.2£2.T°
TG (mg/dL) [54.1£3.1 | 157.7%2.1 | T10.7£2.8* | 97.4+1.5* [ 95.7£1.6° | [25.8£2.4°
HDLc (mg/dL) | 58.0£0.02 | 37.9+£0.8% | 45.6£1.2* | 48.3£1.0° | 51.0+£0.8° | 50.2+0.6°
LDLc (mg/dL) | 10.8£0.2 | 14.7+£0.6* | 8.5£0.4 8.1£0.8 8.5£0.3 10.8+0.6
TL (mg/dL) 442.0+£5.0 | 471.7£5.1 | 375.7+4.0° | 373.7£4.2* | 377.9£3.9* | 422.4£3.2
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possible eftects of soybean phytoestrogen-rich extract con-
sumption on lipid peroxidation index in VCD-induced meno-
pause in Wistar rats. Menopause is associated with oxidative
stress due to the lopsidedness in the rate of free radical gen-
eration and available antioxidant activity in the body. This is
considered a risk factor for the development and exacerbation
of several cardiovascular diseases [4]. The decline in estrogen
concentration may lead to an alteration in lipid profile and en-
hanced lipid peroxidation [5]. Studies have indicated that oxi-
dative stress plays a major role in the pathogenesis of several
menopause-related diseases [4,7,15-17].

In this study, the serum MDA was significantly increased in
VCD-induced menopause Wistar rats when compared with
negative control rats, that did not receive VCD. This is an in-
dication that menopause induced increased secretion of MDA.
This aligned with a human study conducted to compare pre-
menopausal and postmenopausal women [4,18]. MDA is an
end product of lipid peroxidation, which is used as a biomarker
for assessing lipid peroxidation in the investigation of several
diseases [19]. It is harmful to the cells because, once formed,
MDA can be metabolized by some enzymes, especially in the
mitochondrial by aldehyde dehydrogenase, or covalently react
with proteins and nucleic acids to form DNA-protein cross-
link and several adducts responsible for the damage of bio-
molecules [20]. The decline in estrogen levels in menopause
can lead to oxidative stress since the follicular activity of the
ovary is terminated. During this period, the production of extra
ovarian estrogen predominates. The predominant estrogen is
estrone, which is not as effective as estrogen as an antioxidant.
There are also low levels of nitric oxide, which protects the
heart and inhibits smooth muscle multiplication in heart dis-
ease, as well as increased proliferation of free fatty acids. These
increase the likelihood of exacerbating lipid peroxidation and
development of CVDs [15,17]. The unpleasant accumulation
of lipid peroxidation products in biological fluids might lead to
alterations in the metabolism of proteins, fats, carbohydrates,
nucleic acids, water, and electrolyte metabolism. These could
result in severe tissue damage and organism adaptive capacity
reduction [21]. The administration of Soybean phytoestrogen-
rich extract resulted in the reduction in lipid peroxidation index
in a dose-dependent manner. This is an indication that Soy-
bean phytoestrogen-rich extract may prevent or/and ameliorate
these biochemical sequelae.

Dyslipidaemia, higher MDA levels, Oxidative stress, and lipid
peroxidation have been reported among postmenopausal wom-
en with insomnia [21]. It was suggested that oxidative stress
observed among menopausal women may be due to sleep dis-
order since cerebral free radicals accumulate during wakeful-
ness and are scavenged during sleep. That sleep enhances the
efficiency of free radical removal by endogenous antioxidant
mechanism [21]. Therefore, sleep disorders as occur in meno-
pause may lead to increased levels of free radicals in the body.
The brain in particular may be susceptible to oxidative damage
due to the preponderance of polyunsaturated fatty acids and
the presence of a low antioxidant capacity [22]. Contrary to
the observation above, an earlier study on the animal model
which was deprived of 1-2 weeks of sleep did not observe any
alteration in rats' brains, and other tissues' proteins' free radical
oxidation and lipids concentrations [23].

The serum TAS in VCD-induced menopause Wistar rats was
significantly reduced compared to negative control rats. This

1s consistent with previous studies among postmenopausal
and premenopausal women, in which enzymatic and non-en-
zymatic antioxidants were compared between the participants.
It was reported that, in postmenopausal women, enzymatic
antioxidants and nonenzymatic antioxidants such as vitamin
C, a-tocopherol, and retinol were significantly decreased sug-
gesting the presence of oxidative stress in cells [4,24]. Again,
the administration of Soybean phytoestrogen-rich extract in-
creased the concentrations of TAS in a dose-dependent man-
ner. The assessment of TAS indicates the concentration of non-
enzymatic antioxidants in the body.

Although some authors have suggested dietary supplementa-
tions of at least 40 mg of phytoestrogens per day, others have
not reported a specific dosage of phytoestrogens needed to ef-
fect diverse outcomes [25]. Findings from this study suggest
that the supplementation of Soybean phytoestrogen-rich ex-
tract lowered the concentrations of total lipid and lipid per-
oxidation index in a dose-dependent manner. It was reported
that Soyabean phytoestrogen-rich extract supplementation
is safe without side effects, and can be taken for a couple of
months [25]. The need for support programs for postmeno-
pausal women to facilitate prompt and appropriate treatment
of menopause-associated ailments was suggested, which may
include the possible use of Soybean phytoestrogen-rich extract
[7]. This is particularly important in resource-limited settings
like ours where estrogen replacement treatment is beyond the
reach of the general population. Soybean products have long
been accepted for their phytoestrogen-rich contents and their
possible role in reducing CVD risks [26]. The potential to re-
duce oxidative stress and lower lipid peroxidation has been
confirmed in this study.

Menopause affects every woman and forms a major health
challenge for women, especially in developing countries of the
world where about 76% of menopausal women are affected
[27]. Therefore, it is of public health importance to pay atten-
tion to this vulnerable population, since a study has reported
that a longer duration since menopause among menopausal
women may be associated with adverse changes in the lipid
profile [[1] and peroxidation index.

Conclusion

The increased oxidative stress and decreased antioxidant de-
fense after the induction of menopause in Wistar rats may
cause oxidative damage in the cells. The supplementation of
Soybean phytoestrogen-rich extract to VCD-induced meno-
pause in Wistar rats increased the serum TAS, decreased MDA
concentrations, and lowered the lipid peroxidation index. This
suggests that Soybean phytoestrogen-rich extract has the po-
tential to lower oxidative stress and lipid peroxidation index in
VCD-induced menopause in Wistar rats. This experiment can
be replicated in humans to fully assess the potential of Soybean
phytoestrogen-rich extract in the prevention of menopause-as-
sociated oxidative stress and lipid peroxidation.
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