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Abstract: Estrogen has anti-oxidative and anti-inflammatory properties, but its levels 
decrease in postmenopausal women who can trigger oxidative stress. One of the most 
damaging effects of ROS is lipid peroxidation, and the end product is Malondialdehyde 
(MDA). Similarly, aging endothelium has increased oxidative stress and endothelial 
cell sensitivity to apoptosis. This study aimed to determine the effect of cowpea extract 
on serum MDA levels, aortic endothelial cell counts, and brain MDA levels in the 
ovariectomy model. Cowpea extract can be used as an alternative to prevent and 
overcome the effects that occur during menopause, such as cardiovascular problems, 
decreased bone mineral density, and dementia. The study used 15-month-old female 
Rattus norvegicus, divided into six groups (OVX, SHAM, OVX+estradiol, OVX+Vu 
1.25; 2.5; and 5 mg/kg BW/day). Serum and brain MDA levels were examined by 
ELISA method, while the number of aortic endothelial cells were examined on 
histopathological preparations with Hematoxylin & Eosin (HE) staining. The mean 
value of serum and brain MDA levels decreased with an increase in the dose given (p-
value 0.016). The mean value of aortic endothelial cells between the dose groups did 
not significantly differ. However, the mean value showed an increasing trend as the 
dose of cowpea extract was given. The results of this study indicate that the extract of 
cowpea has the potential as an antioxidant to reduce serum and brain MDA levels, 
prevent a decrease in the number of aortic endothelial cells. As prevention, cowpea 
extract can be used as an antioxidant and consumed since premenopause to minimize 
problems that occur during postmenopause. 
Keywords: Vigna unguiculata; ovariectomy; menopause   

INTRODUCTION 
 Menopause is a condition of permanent cessation of menstruation for at least 
12 months in women, which occurs at a median age of 51 years (Peacock & Ketvertis, 
2020). The state of menopause can be a problem in public health services caused by 
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hormonal changes such as a decrease in the endogenous estrogen hormone. 
Estrogen has anti-oxidative and anti-inflammatory properties, but its levels decrease 
in postmenopausal women (Serviente et al., 2016; Ventura-Clapier et al., 2017).  
It reduced estrogen hormone during menopause results in disruption of the production 
of natural antioxidant enzymes in the body such as glutathione peroxidase, which 
results in increased Reactive Oxygen Species (ROS) in the brain and triggers 
Oxidative Stress (OS) (Montoya-estrada et al., 2020). OS in the Central Nervous 
System (CNS) can seriously damage the brain through increased intracellular free 
Ca2+, the release of excitatory amino acids, and neurotoxicity  (Huang et al., 2016). 
In addition, an increase in ROS can also reduce the antioxidant defense system in 
bones (Muthusami et al., 2005). One of the most damaging effects of ROS is lipid 
peroxidation, and the end product is Malondialdehyde (MDA) (Phaniendra et al., 2015). 
A high concentration of MDA proves the low antioxidant status so that it cannot prevent 
the reactivity of free radical compounds and enter the blood vessels (Hardiany et al., 
2020). Lipid peroxide can also convert ROS into reactive compounds capable of cross-
linking Deoxyribonucleic Acid (DNA) proteins and induce cell apoptosis. If apoptosis 
occurs in neuronal cells, it will cause dementia, but if apoptosis occurs in osteoblast 
cells, it will cause a decrease in bone density (Gaschler & Stockwell, 2017; Qin et al., 
2019).  
 In the cardiovascular system, the hormone estrogen plays an essential role 
because it protects the endothelium and smooth muscle of blood vessels, thus 
underpinning this protection in premenopausal women (El Khoudary et al., 2015; Kassi 
et al., 2015; Klawitter et al., 2017; Usselman et al., 2016). Endothelial cells play an 
essential role in monitoring every cardiovascular function with their sensory abilities 
(Mccarron et al., 2017; Vanhoutte et al., 2017). It is known that endothelial cells in the 
aorta exhibit anticoagulant, antiadhesive, and anti-inflammatory properties (Jie-mei 
Wang et al., 2016). However, the aged endothelium may undergo functional changes 
such as decreased vasomotor function and decreased angiogenic ability. This may be 
due to increased oxidative stress, decreased endothelial cell replacement, and 
increased sensitivity of endothelial cells to apoptosis (Ross, 2018; Jinsong Wang et 
al., 2011). Endothelial cell loss or dysfunction can cause vascular damage so that both 
endogenous and extrinsic coagulation pathways are activated, and vascular stenosis 
or occlusion occurs (Meng et al., 2018). 
 Genistein, a natural flavonoid found in Leguminosae plants, is a phytoestrogen 
with estrogenic activity both as agonists and antagonists (Sureda et al., 2017). 
Previous studies have shown that genistein contained in cowpeas acts as an 
antioxidant to reduce oxidative stress (Devi et al., 2017; Kusumaningrum et al., 2017; 
Sureda et al., 2017). Braxas (2019) showed that genistein supplementation for 12 
weeks reduced MDA by 11.48% compared to the placebo group (Braxas et al., 2019). 
The large number of women who cannot undergo Estrogen Replacement Therapy 
(ERT) and the increased risk of stroke or venous thromboembolism allow the choice 
of phytoestrogens or genistein to be a safer preventive measure. This safe and 
effective therapeutic approach can be used to improve the quality of life in 
postmenopausal women. The intervention is not only in the form of hormonal therapy 
but also non-hormonal with herbal therapies such as cowpea (Schneider & Birkhäuser, 
2017). 
 Previously, research on the effects of genistein and cowpeas had been carried 
out. However, there had never been a study using cowpea with the KT4 variety, which 
this variety has a higher genistein content than other varieties (Azizah et al., 2014; 
Braxas et al., 2019). In addition, this is the first research using a 15-month-old rat study 
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sample so that the aging condition is more representative. This study aimed to 
determine the effect of cowpea extract on serum MDA levels, aortic endothelial cell 
counts, and brain MDA levels in the Rattus norvegicus ovariectomy model. 
 
MATERIALS AND METHODS 
Experimental Animal 
 The research was conducted in several laboratories within the Faculty of 
Medicine, Universitas Brawijaya, Malang, Indonesia using female Rattus norvegicus 
experimental animals aged 15 months old and weighing about 200-350 grams. This 
research has been approved by the Animal Care and Use Committee Research 
Universitas Brawijaya Malang with registration number 106-KEP-UB-2020. 
Acclimatization is carried out for seven days and randomization into six sample groups. 
Group 1 is a negative control, namely the experimental group of sham models given 
1 ml of aquadest/day. Group 2 is a positive control, namely a group of experimental 
animals made postmenopausal by ovariectomy and given 1 ml of aquadest/day. 
Groups 3-6 are experimental groups of ovariectomized rat with treatment, namely in 
group 3 were given 17-β estradiol 0.18 mg/kg BW/day, group 4 were given ethanolic 
extract of Vigna unguiculata 1.25 mg/kg BW/day, group 5 were given ethanolic extract 
of Vigna unguiculata 2.5 mg/kg BW/day, and group 6 were given an ethanolic extract 
of Vigna unguiculata 5 mg/kg BW/day. Ovariectomy and sham procedures were 
carried out on day 8, followed by stabilization for 28 days. All experimental animals 
were given aquadest or standard drugs or extracts according to groupings for 40 days. 
Ethanolic extract of Vigna unguiculata 
 Simplisia Vigna unguiculata with KT4 variety was obtained from Balai Penelitian 
Tanaman Aneka Kacang dan Umbi (Balitkabi) Malang, which was extracted with 96% 
ethanol solvent at the Pharmacology Laboratory of the Faculty of Medicine. The 
extract was administered for 40 days (starting on day 29 from ovariectomy) at a dose 
of 1.25; 2.5; and 5 mg/kg BW/day. 
Serum MDA Levels 
 The rat serum was taken at the time of surgery and allowed to clot for 2 hours 
at room temperature, then immediately centrifuged for 15 minutes at 1000×g at a 
temperature of 2-80C. Serum MDA levels were measured using the Elabscience MDA 
ELISA Kit Catalog No. E-EL-0060 with ELISA Sandwich principle 
Aortic Endothelial Cells 
 Counting the number of aortic endothelial cells were obtained by transverse 
aortic cutting, and histopathological preparations were made with Hematoxylin & Eosin 
(HE) staining and read with 400x magnification in 10 fields of view. 
Brain MDA Levels 
 Rat brains that have been stored in the freezer are placed at room temperature. 
The brains were cut and weighed with a weight of 0.1-0.5 grams, then placed in a cup 
and given aquadest in a ratio of 1:10. To make the supernatant, the brains were 
crushed until the brain solids were crushed and then placed in a centrifuge tube and 
centrifuged for 10 minutes at 800xg at a temperature of 2-80C. The ELISA method 
used the Elabscience MDA ELISA Kit Catalog No to calculate MDA levels from brain 
supernatant samples. E-EL-0060 with ELISA Sandwich principle 
Statistic analysis 
 Data are presented as mean ± standard deviation. Previously, the data were 
analyzed by normality test, and all data were categorized as normally distributed. 
Furthermore, One Way ANOVA is used to prove the research hypothesis. The results 
of the One Way Anova test concluded that there was a significant difference (p-value 
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<0.05), then the analysis continued with the multiple comparison test, namely Least 
Significant Difference (LSD), to determine the significant difference between the 
treatment groups. 
 
RESULTS AND DISCUSSION 
Serum MDA Level 
 Figure 1 shows the mean of Serum MDA levels in each group. The mean value 
of serum MDA levels seemed to decrease with increasing the dose given. The One 
Way ANOVA test results on the serum MDA levels of ovariectomized rats showed a 
significant difference (p-value 0.016). Then the analysis was continued with the Least 
Significant Difference (LSD). It was found that there was a significant difference (p-
value 0.004) in the mean serum MDA level between the extract dose group of 1.25 
mg/kg BW and the extract dose group of 5 mg/kg BW. So in this study, the dose of 
cowpea extract (Vigna Unguiculata) 5 mg/kg BW was the optimum dose to reduce 
serum MDA levels in ovariectomized rats. 
 Meanwhile, the comparison between the group given the dose of Vigna 
unguiculata extract and the group given 17β-estradiol was not statistically significant. 
The average administration of 17-estradiol was lower than Vigna unguiculata extract 
at a dose of 1.25 mg/kg BW and 2.5 mg/kg BW. However, higher than the 
administration of Vigna unguiculata extract at a dose of 5 mg/kg BW. 
 

 
Description: The mean levels of MDA (mg/mL) serum were measured using ELISA 

 
Figure 1. Histogram of the Effect of Cowpea (Vigna unguiculata) Ethanol Extract on 

Serum MDA Levels in Rattus norvegicus Ovariectomy Model 
 
Aortic endothelial cell count 
 Figure 2 shows the mean aortic endothelial cell count in all groups. The results 
of the One way ANOVA test proved that there was a significant difference in the mean 
number of aortic endothelial cells in the study sample group (p-value 0.020). However, 
the LSD test did not find a significant difference between the dose groups, meaning 
that the three doses of cowpea extract (Vigna Unguiculata) described the same ability 
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to prevent a decrease in the number of aortic endothelial cells. Meanwhile, the 
ovariectomized rats group, given 0.18 mg/kg BW/day of 17-β estradiol, showed a 
higher mean than the other treatment groups but not higher than the negative control. 
 

 
Description: The mean number of aortic endothelial cells were checked on 
preparations histopathology with Hematoxylin & Eosin (HE) staining and read with 
400x magnification on a ten field of view  

 
Figure 2. Histogram of the Effect of Cowpea (Vigna unguiculata) Ethanol Extract on 

the Number of Aortic Endothelial Cells in Ovariectomized Rats 
 

 
 

 
Description:  Histopathological features of the aorta in the control group after staining 
with Hematoxylin & Eosin (HE) endothelial cells appear purplish and adhere to the 
epithelium (arrows); (A) There are many endothelial cells attached to the epithelium 
(arrows) in the negative control group; (B) No endothelial cells were seen in the 
positive control group (HE, x400) 
 

Figure 3. Histopathologic Features of the Aorta in the Control Group 
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Description: Histopathological features of the aorta in the treatment group, after 
staining with Hematoxylin Eosin (HE) endothelial cells appear purplish in color and 
adhere to the epithelium. Each group saw differences in the number of endothelial 
cells indicated by arrows; (A) KP 1: Ovx + 17-β estradiol 0.18 mg/kgBW/day; (B) KP 
2: Ovx + Vu 1.25 mg/kgBW/day; (C) KP 3: Ovx + Vu 2.5 mg/kgBW/day; (D) KP 4: Ovx 
+ Vu 5 mg/kgBW/day (HE, x400) 

 
Figure 4. Histopathologic Features of the Aorta in the Treatment Group 

 
Brain MDA Level 
 Figure 5 shows the mean value of brain MDA levels in each group. There was 
an increase in brain MDA levels in the positive control group compared to the negative 
control group. The mean value of brain MDA levels decreased with increasing the dose 
given. The process of testing the effect of Vigna unguiculata extract on brain MDA 
levels was carried out with One Way ANOVA, which proved there was a significant 
difference between the six groups of observed samples (p-value 0.008). In the Least 
Significant Difference (LSD) test, it was found that the three doses of cowpea extract 
(Vigna Unguiculata) (1.25 mg/kg BW; 2.5 mg/kg BW; and 5 mg/kg BW) described the 
same ability to reduce brain MDA levels. The average administration of 17-estradiol 
was lower than Vigna unguiculata extract at a dose of 1.25 mg/kg BW and 2.5 mg/kg 
BW. However, higher than the administration of Vigna unguiculata extract at a dose of 
5 mg/kg BW. 
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Description:  The mean levels of MDA (mg/mL) brain were measured using ELISA 
 
Figure 5. Histogram of the Effect of Cowpea (Vigna unguiculata) Ethanol Extract on 

Brain MDA Levels in Ovariectomized Rats 
 

The gold standard in the preclinical field for evaluating the effects of female 
gonadal hormones using animal models is ovariectomy (Koebele & Bimonte-Nelson, 
2016). It is often used as a menopause model (Brinton, 2012). Ovariectomy is a 
surgical menopause model in which estrogen levels fall more rapidly than the decline 
in natural menopause. Menopause is an aging process that results in decreased 
function, decreased homeostasis, to cell death (apoptosis) due to a drastic reduction 
in the hormone estrogen. Apoptosis can occur in some cells in the heart, brain, and 
bones, causing impaired organ function (Kassi et al., 2015).  

Serum and brain MDA levels in the positive control group showed a higher mean 
than the negative control group (figure 1, figure 5). This proves that ovariectomy further 
increases oxidative stress, causing MDA levels to increase. The results showed that 
the ethanolic extract of Vigna unguiculata could significantly reduce brain and serum 
MDA levels (figure 1, figure 5). In this study, brain and serum MDA levels became 
markers of oxidative conditions. The hypoestrogenic state causes a decrease in the 
body's defense against antioxidants so that the intracellular oxidation-reduction 
balance is damaged, and Reactive Oxygen Species (ROS) increases. This induces 
lipid and protein oxidation, impairs the integrity of Deoxyribonucleic acid (DNA), and 
ultimately causes tissue damage (Kassi et al., 2015). 
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However, extensive lipid peroxidation can change cell membrane lipids' formation, 
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peroxidation. Lipid peroxidation occurs when free radicals such as OH attack 
Hydrogen from Fatty Acid (LH) and produce Radical Lipid (L●). 

Furthermore, L● reacts with O2 molecules and forms Radical Peroxyl Lipid 
(LOO●). LOO● forms endoperoxides through a cyclization reaction, which ultimately 
forms MDA as the end product of the lipid peroxidation process. Lipid peroxidation is 
closely related to various diseases of the brain and the Central Nervous System (CNS). 
The phospholipids membrane in the CNS are organelles that are highly enriched with 
PUFA. This suggests that the CNS is susceptible to lipid peroxidation and induces 
neuronal cell death. Similar to the bone increased lipid peroxidation due to excessive 
bone resorption under hypoestrogenic conditions will trigger osteoblast cell apoptosis. 
If this happens continuously, it will cause a decrease in bone density (El Khoudary et 
al., 2015; Kassi et al., 2015). 

Serum and brain MDA levels in the 17β-estradiol group were higher when 
compared to the 5 mg/kg BW dose of Vigna unguiculata extract (figure 5). It means 
that the phytoestrogens in the extract of Vigna unguiculata can have a similar function 
to 17β-estradiol, an antioxidant that can prevent the increase in MDA levels (Devi et 
al., 2017). 

The effect of the ethanolic extract of Vigna unguiculata on the number of aortic 
endothelial cells showed a significant difference between the study sample groups 
(figure 2). It should be emphasized that this study used ovariectomized rats aged 15 
months, age at the onset of in rats (Sengupta, 2013).  Aging and menopause are 
interrelated conditions and affect the estrogen response in blood vessels (Chakrabarti 
et al., 2014). Genistein contained in Vigna unguiculata is considered to have a good 
affinity with Estrogen Receptors (ER) because it has a chemical structure similar to 
17β-estradiol (Nikolić et al., 2017; Sureda et al., 2017).  Estrogen provides a protective 
effect on vascular endothelium, and studies have shown that estrogen can exert a 
regenerating effect on the endothelium. Endothelial cell damage can be caused by an 
increase in ROS, which causes LDL oxidation to form a hydroxyl group which is 
characterized by an increase in MDA levels, according to the results of this study. 
Dysfunctional endothelium results in impaired vasodilation and increased oxidative 
stress (Darwin et al., 2018). 

Endothelial cell loss or dysfunction can cause vascular damage so that both 
endogenous and extrinsic coagulation pathways are activated, and vascular stenosis 
or occlusion occurs (Meng et al., 2018). Endothelial damage and activation can lead 
to increased adhesion molecules and Endothelial Microvesicle (EMV) release, thereby 
triggering the recruitment of Endothelial Progenitor Cells (EPCs) for endothelial cell 
repair (Edwards et al., 2018). Endothelial regeneration involves endogenous 
endothelial cells and other (exogenous) cells (Evans et al., 2021). However, in general, 
endothelial regeneration is currently not clearly understood.  

This study found that the positive control group had a lower mean number of 
endothelial cells than the negative control group (figure 2). Statistically, it was known 
that the three doses of Vigna unguiculata ethanol extract had the same ability to 
increase the number of endothelial cells. However, the extract had a positive trend in 
preventing a decrease in aortic endothelial cells in ovariectomized rats. It was proven 
that there was an increase in the number of aortic endothelial cells and extract dose. 

The study also showed that ovariectomized rats given 17-β estradiol at a dose 
of 0.18 mg/kg BW/day showed a higher mean than the other treatment groups, but not 
higher than the negative control (figure 2). The administration of 17β-estradiol was 
judged to improve endothelial function with its anti-inflammatory properties and 
decrease ROS (Fontaine et al., 2020; Vanhoutte et al., 2017). 
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In addition, genistein in Vigna unguiculata can activate Nrf2/ARE (Nuclear factor 
(erythroid-derived 2) as an antioxidant responsive element in cells to produce 
endogenous antioxidants. 7'- hydroxyl with estradiol as endogenous estrogen. This 
similarity of characteristics makes it easier for genistein to bind to estrogen hormone-
binding proteins and estrogen receptors to directly inactivate ROS by activating the 
expression of endogenous antioxidant enzymes (Devi et al., 2017; Sureda et al., 2017). 

There has been researching on the effect of genistein supplementation in 
reducing MDA (Braxas et al., 2019) and previous research on the effect of cowpea 
extract on MDA levels (Azizah et al., 2014). However, to see a more significant effect 
of genistein using experimental animals with more representative aging conditions, 
this study used cowpea variety KT4 (higher genistein content than other varieties) with 
15-month-old rats as objects. The purpose of this study was to analyze the effect of 
cowpea extract on serum MDA levels, aortic endothelial cell counts, and brain MDA 
levels in the Rattus norvegicus ovariectomy model. 

The limitations of this study are that the variables used are limited, and there 
are still many variables related to postmenopausal problems that have not been 
discussed in this study, such as stroke, diabetes, rheumatoid arthritis, and a few more. 
Therefore, further research is recommended to examine the effect of cowpea extract 
on some of these problems. 
 
CONCLUSION 

This study indicates that the ethanolic extract of cowpea (Vigna unguiculata) 
has the potential as an antioxidant to reduce serum MDA levels and prevent a 
decrease in the number of aortic endothelial cells and reduce brain MDA. As 
prevention, cowpea extract can be used as an antioxidant and consumed since 
premenopause to minimize problems that occur during postmenopause. 
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