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RESEARCH ARTICLE

Effects of Morus alba Extract on Antioxidant and Anti-
Inflammatory Pathways in Nonylphenol- and Bisphenol A-
Induced Neurotoxicity in Rat Brain *

Endocrine disruptors cause temporary and permanent effects in animals and humans by disrupting
internal hormonal balance and causing oxidative damage to cells. Among endocrine disruptors,
Bisphenol A (BPA) and Nonylphenol (NP) are two members with the most significant risk potential
for neurotoxicity. White mulberry (Morus alba (MA)) is among the fruits consumed worldwide.
Scientific research has shown various pharmacological effects of white mulberry fruit extract,
including antioxidant, hepatoprotective, hypotensive, anticancer, anti-anxiety, hypolipidemic, and
antidiuretic properties. In our study, the antioxidant and anti-inflammatory capacity of MA extract
was investigated against the oxidative and inflammatory effects of BPA and NP, administered
separately and in combination, on the brain. For this purpose, 48 male Wistar albino rats were
experimentally grouped, and all substances (BPA 100 mg/kg, NP 100 mg/kg, MA extract 0.5
mL/kg) were administered orally via gavage. Lipid peroxidation marker MDA levels and antioxidant
markers GSH, GPx, and CAT activities were analyzed spectrophotometrically. Inflammation
markers IL-1B, IL-6, and TNF-a levels were determined using ELISA. Our results showed that BPA
(p=0.009) and NP (p=0.0006), when administered separately and together (p=0.0001), increased
MDA levels, while they decreased GSH (p=0.014) and CAT (p=0.002) activity when administered
together (BPA+NP). MA extract generally reduced MDA levels (p=0.031) and may positively affect
GSH and CAT activities. The BPA+NP group increased the analyzed inflammation parameters
(respectively, p=0.01, 0.001, 0.0001), while the extract specifically decreased IL-13 values
(p=0.047). In the cerebral cortex, degeneration and perineuronal edema were observed in neuronal
and neuroglial cells in the BPA+NP groups, while MA extract somewhat normalized these levels.
BPA was more effective in oxidative damage, while NP was more dominant in triggering
inflammation. Its synergistic effect resulted in a high level of neurotoxicity. MA extract prevented
lipid peroxidation and exhibited more anti-inflammatory properties. It is hypothesized that further
investigation of these effects on different or similar intracellular anti-inflammatory and antioxidant
pathways through gene and protein expression and behavioral tests could be beneficial.

Key Words: Bisphenol A, nonylphenol, Morus alba extract, antioxidant, brain, neurotoxicity, oxidative stress,
inflammation

Rat Beyninde Nonilfenol ve Bisfenol A Kaynakli Noérotoksisitede Morus alba
Ekstraktinin Antioksidan ve Anti-inflamatuvar Yolaklar Uzerindeki Etkileri

Endokrin bozucular, hayvanlarda ve insanlarda i¢ hormonal dengeyi bozarak, hiicreleri oksidatif
hasara ugratarak gegici ve kalici etkilere neden olmaktadir. Endokrin bozucular arasinda Bisfenol A
(BPA) ve Nonilfenol (NP) ise norotoksisite i¢in en dnemli risk potansiyeline sahip olan iki tyesidir.
Beyaz dut [Morus alba (MA)] meyvesi diinya genelinde tiketilen meyveler arasindadir. Bilimsel
arastirmalar, beyaz dut meyve ekstraktinin antioksidan, hepatoprotektif, hipotansif, antikanser,
antianksiyete, hipolipidemik ve antidilretik gibi ¢esitli farmakolojik etkilerini gdstermistir.
Calismamizda BPA ve NP’nin ayri ayr ve birlesik verilmesiyle beyindeki oksidan ve inflamatuar
etkisine karsi MA ekstraktinin antioksidan ve antiinflamatuar kapasitesi arastirilmistir. Bu amagla,
48 adet erkek Wistar albino irki ratlar deneysel olarak gruplandiriimistir ve tim maddeler (BPA 100
mg/kg, NP 100 mg/kg, MA ekstrakti 0.5 mL/kg) oral gavajla verilmistir. Lipid peroksidasyon belirteci
MDA diizeyleri ile antioksidan belirteg igcin GSH, GPx ve CAT aktiviteleri spektrofotometrik analiz
edilmistir. Inflamasyon belirtegleri olarak IL-1B, IL-6 ve TNF-a seviyeleri ELISA yéntemiyle
belirlenmistir. Sonuglarimiz, BPA (p=0.009) ve NP (p=0.0006) ayri ayri ve birlikte (p=0.0001)
verildiginde MDA seviyelerini artirmis, GSH (p=0.014) ve CAT (p=0.002) aktivitesini ise birlikte
(BPA+NP) verildiginde azaltmistir. MA ekstrakti ise MDA dizeylerini genel olarak
azaltmig(p=0.031), GSH ve CAT aktivitelerini olumlu yonde etkileyebilmektedir. BPA+NP grubu
analiz edilen inflamasyon parametrelerini artirmis (sirasiyla, p=0.01, 0.001, 0.0001) ve ekstrakt ise
ozellikle IL-1B degerlerini azaltmigtir (p=0.047). Serebral korteksde BPA+NP gruplarinda néron ve
ndroglial hiicrelerde dejenerasyon ve perinéronal 6dem bulgulari gézlemlenirken, MA ekstrakti bir
miktar normale dondurmustir. BPA oksidatif hasarda daha etkiliyken, NP inflamasyonu
tetiklemekte daha baskin goértimustir. Sinerjik etkisi ise ylksek diizeyde noérotoksisite meydana
getirdi. MA ekstrakti lipid peroksidasyonu 6nlemis ve daha ¢ok antinflamatuar 6zellik gostermistir.
Bu etkisinin hiicre ici farkli veya benzer birtakim antinflamatuar ve antioksidan yolaklarinin gen,
protein ekspresyonu ve davranig testleri lzerinde arastirimasinin faydali olabilecegi tahmin
edilmektedir.

Anahtar Kelimeler: Bisfenol A, nonilfenol, Morus alba ekstrakti, antioksidan, beyin, norotoksisite, oksidatif stres,
inflamasyon

" This study was supported by the Kastamonu University Scientific Research Projects Unit with
project number KUBAP-01/2024-22.
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Introduction

Endocrine disruptors are a term given to all
compounds that disrupt the internal hormonal balance in
animals and humans, causing temporary and/or
permanent effects (1). Xenoestrogens are a type of
xenohormone that mimics estrogen. They can be
synthetic or natural chemical compounds. Synthetic
xenoestrogens include some commonly used industrial
compounds such as polychlorinated biphenyls,
bisphenol A (BPA), and phthalates, which, although
chemically different from estrogenic substances
produced internally by the endocrine system of any
organism, have estrogenic effects on a living organism
(2, 3). BPA and nonylphenol (NP), which are among the
chemicals called xenoestrogens, are the most important
endocrine disrupting compounds used in the polymer
industry to produce various products for human use (4).
Prenatal and childhood exposure to NP and BPA can
have different effects on the neurodevelopment of young
children and may negatively affect intellectual
development (5).

NPs are a subset of alkylphenols and belong to the
family of organic compounds. Their solubility in water is
6 mg/L (6). Many varieties are widely used in industrial
applications. After the use of chemicals such as NP
ethoxylates and tris (nonylphenyl) phosphide, they are
converted into NPs that contaminate the environment
and food (7). Numerous studies have shown that they
have many destructive functions in various organs,
including the brain. This toxic substance causes
oxidative stress in the cortex and hippocampus cells, two
key regions in the brain responsible for maintaining
memory and learning (8).

BPA is a synthetic crystalline solid compound with
a very high melting point and insoluble in water. The
most common use of BPA is in the production of
polycarbonate plastics, accounting for 60%. This is
followed by epoxy resin production at 26%. BPA is used
in the manufacture of polyvinyl chloride plastic windows,
compact discs, automotive parts, powder coatings, water
and milk bottles, baby bottles, and many electrical and
electronic components that we use in our daily lives (9).
BPA produces free oxygen radicals (ROS) that cause
oxidative damage in the brains of rats (10).

Oxidative stress is a condition resulting from an
imbalance between the biological activity of the body's
antioxidant systems, such as antioxidant enzymes, to
reduce and eliminate factors causing oxidative stress,
and products such as ROS and reactive nitrogen
species at the cellular and tissue levels. ROS molecules
are highly reactive substances that can react with other
important cellular structures. Free radicals can damage
parts of cells, including proteins, DNA, and cell
membranes, by stealing their electrons through a
process called oxidation. Reactive nitrogen species
cause ROS accumulation in the brain and can lead to
lipid peroxidation. The brain is susceptible to lipid
peroxidation because it is rich in polyunsaturated fatty
acids. The rate of lipid peroxidation in the brain can be
determined by measuring the level of the

Morus Alba Extract Attenuates Nonylphenol...

June 2026

malondialdehyde (MDA) enzyme as a marker of lipid
peroxidation and oxidative stress. ROS accumulation
and the resulting cellular redox can be one of the
triggers of the apoptosis process (8). BPA and NP
reduced glutathione (GSH) levels in rat brain while
increasing MDA levels, the end product of Ilipid
peroxidation (11).

Inflammation is a protective pathophysiological
response aimed at restoring tissue homeostasis,
involving the activation of non-immune cells in the living
organism against harmful agents such as infection, toxic
compounds, and damaged cells. The mediators that
cause inflammation and inhibit its effects are cytokines.
Three cytokines, interleukin-1 beta (IL-18), interleukin-6
(IL-6), and tumor necrosis factor alpha (TNF-a), play a
role in the main mechanisms of inflammation (12). IL-1B
is one of the most important messenger cytokines of the
immune system. It is a key protein that the body
produces when it perceives a threat, initiating the
inflammatory response. An increase above normal levels
is usually an indication that there is a fight or damage in
the body. Elevated IL-18 levels indicate that the body's
immune system is actively working. However, if IL-13
levels remain high for too long or rise uncontrollably
(excessively), they can cause serious harm to the body.
Continuously high levels lead to tissue destruction (e.g.,
cartilage erosion in joints). Excessive and sudden
increases (as in sepsis or severe viral infections) can
lead to organ failure and shock. It also lowers the pain
threshold, causing the individual to feel more pain (13,
14).

IL-6, like IL-1B, is one of the most critical
messenger molecules (cytokines) of the immune system.
However, IL-6 has a very interesting and "dual” nature: it
can both initiate and stop inflammation. An increase in
blood IL-6 levels indicates that the body has entered
emergency mode. It rises rapidly in acute infections,
tissue damage, autoimmune activity, metabolic stress,
and exercise. Its temporary increase stimulates C-
reactive protein production in the liver and increases
body temperature, exhibiting antimicrobial effects. It also
increases fat breakdown and improves insulin sensitivity,
which can be considered positive aspects. Chronically
high levels can lead to muscle wasting in the elderly and
those with chronic diseases, cardiovascular diseases,
anemia due to impaired iron absorption, growth of
certain tumors, and depression by affecting the brain
(15-17).

TNF-a is one of the effective cytokines of the
immune system. It is known to be the cytokine that
primarily coordinates inflammation in the body, with the
ability to kill tumor cells (necrosis). By triggering the
production of IL-1 and IL-6, it initiates the inflammation
chain and causes severe inflammation. It is the main
molecule that attacks our own tissues in diseases such
as rheumatoid arthritis and psoriasis (autoimmune
diseases). In cancer, it prevents the nourishment of
tumor cells and directs immune cells to the area of
inflammation. It is the main culprit behind the extreme
weight loss (muscle and fat wasting) in patients with
cancer or chronic diseases. It suppresses appetite and
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destroys muscles. It directly erodes bone and cartilage in
joints (rheumatic diseases). It disrupts insulin signaling in
cells, which is why it is a significant factor in obesity and
Type 2 diabetes. It disrupts brain chemistry, causing
severe fatigue (18-20).

Morus alba (MA) L. (a species of Moraceae),
commonly known as mulberry, is native to Asia and
found worldwide. MA berries are considered a nutritious
food; in addition to the production of natural dyes,
medicines, and cosmetics, it is widely used in the
production of jams, wines, and canned foods.
Traditionally, MA berries have been used as a cooling
agent, laxative, diuretic, anthelmintic, brain tonic, and
antibacterial. They are used to nourish blood tissue,
strengthen joints, and improve eye and kidney function.
They are also used to treat weakness, fatigue, anemia,
and premature graying of hair. MA berries are reported
to be a rich source of phenolic compounds, including
phenolic acids (caffeic acid, chlorogenic acid, cinnamic
acid, p-coumaric acid, ferulic acid) and flavonoids
(quercetin). Modern scientific research has
demonstrated and reported various pharmacological
effects of MA fruit extract, including antioxidant,
hepatoprotective, hypotensive, anticancer, anti-anxiety,
hypolipidemic, and antidiuretic properties. Recently, the
neuroprotective potential of MA fruit extract (MAE) has
been reported to improve memory impairment and
cognitive abilities in Parkinson's disease and vascular
dementia (21).

Nowadays, the exposure rate of humans and
animals to oxidizing agents such as BPA and NP is
increasing. Information on the protective effect of white
mulberry fruit extract against oxidative damage and
inflammation in the brain caused by the intake of these
two substances, both individually and together, has not
been found. The hypothesis of this study is to investigate
the protective effect of MA extract against neurotoxicity
caused by inflammation and oxidative damage in the
brain by BPA and NP, both individually and in
combination, through its anti-inflammatory and
antioxidant properties.

Materials and Methods

Research and Publication Ethics: In our study,
48 male (An a priori sample size calculation performed
via G*Power (v3.1.9.7) indicated that a total of 48
animals (6 per group) was sufficient to provide a
statistical power >0.80.) Wistar albino rats (average 200-
250 g, 10-12 weeks old) were used. The animals were
obtained from the Experimental Medicine and Research
Center of Kastamonu University, and their care was
provided at the Experimental Research Center of
Kastamonu University. The rats were kept in standard
cages at a temperature of 24+2°C, humidity of 45+5%,
and a 12-hour light/12-hour dark cycle. During the
experiment, the rats were fed ad libitum with a standard
diet and water. Gavages were administered once a day
for 30 days. All study and animal care procedures were
carried out with the ethical approval of the Kastamonu
University Local Animal Ethics Committee dated
11.03.2024 (Number: 2, Decision No: 2) and numbered
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E-16498365-050.99-2400034726. The procedures in the
study were carried out in accordance with the principles
of the "Guide for the Care and Use of Laboratory
Animals”. The animals were divided into 8 groups in
total, with 6 animals in each group.

Study Groups: Control: 0.5 mL/kg corn oil was
given by oral gavage. BPA: 100 mg/kg bisphenol A
(Sigma, 239658) was given by oral gavage (22). NP: 100
mg/kg NP (Acros, 41624001) was given by oral gavage
(23). BPA+MA Extract: 100 mg/kg bisphenol A+0.5
mL/kg Mulberry Extract was given by oral gavage.
NP+MA Extract: 100 mg/kg NP+0.5 mL/kg Mulberry
Extract was given by oral gavage. BPA+NP: 100 mg/kg
bisphenol A and 100 mg/kg NP were administered orally
via gavage. BPA+NP+MA Extract: 100 mg/kg bisphenol
A and 100 mg/kg NP+0.5 mL/kg Mulberry Extract were
administered orally via gavage. MA Extract: 0.5 mL/kg
Mulberry Extract was administered orally via gavage to
each animal in the group. BPA and NP were dissolved in
corn oil (24). In animals, white mulberry (Morus alba)
extract was used, which was collected from Yesilgcay
village in Erzincan province for previous research
purposes, extracted and subjected to content analysis
(GC-MS). The content analysis of white mulberry extract
was shown in the study by Inanc et al. (25).

Experimental Termination: The experiment was
terminated at the end of the 30th day, and the rats were
euthanized using cervical dislocation technique under
Ketamine (90 mg/kg, ip) / Xylazine (10 mg/kg, ip)
anesthesia. Brain tissues were dissected, washed with
saline, and then stored at -80°C for the measurement of
oxidant-antioxidant and inflammatory parameters.

Oxidant and Antioxidant Determination

Preparation of Homogenates: Brain tissues
removed from the deep freezer were transferred to glass
tubes while maintaining their cold temperature. A buffer
containing 1.15% potassium chloride at a 1/10 dilution
was added to the tissues, and the tissues were
homogenized while maintaining their cold temperature.
Total protein determination was performed in these
prepared homogenates using bicinchoninic acid assay
(BCA Protein assay kits). The homogenate was
centrifuged at 5000 g for 1 hour in a centrifuge cooled at
+4°C to obtain the supernatant. Glutathione peroxidase
(GSH-Px), catalase (CAT) and GSH enzyme activities
and MDA levels were measured in the separated
supernatants.

Measurement of Tissue MDA Levels: MDA levels
in tissues are based on the reaction of MDA, one of the
aldehyde products of lipid peroxidation, with
thiobarbituric acid (26). MDA forms a pink complex with
thiobarbituric acid, and the degree of lipid peroxidation
was determined by spectrophotometric measurement of
the absorbance of this solution at 532 nm. MDA was
expressed as mmol/g protein (unit).

Measurement of Tissue GSH-Px Activity: Tissue
GSH-Px activities were determined
spectrophotometrically according to the method
described by Lawrence and Burk (27). Essentially, GSH-
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Px catalyzes the oxidation of reduced GSH to oxidized
glutathione (GSSG) via hydrogen peroxide. GSSG,
formed by GSH-Px in the presence of hydrogen peroxide
t-butylhydroperoxide, is reduced to GSH with the help of
glutathione reductase and NADPH. GSH-Px activity was
determined by spectrophotometrically reading the
absorbance difference at 340 nm during the oxidation of
NADPH to NADP. GSH-Px was expressed as IU/g
protein (unit).

Measurement of Tissue CAT Activity: Tissue
CAT activities were determined spectrophotometrically
according to the method described by Aebi (28). In
enzyme activity determination, the enzyme activity is
determined by measuring either the decreasing amount
of substrate or the amount of product formed. Catalase
catalyzes the breakdown of hydrogen peroxide (H20>).
The rate of breakdown of H20: by catalase was
measured spectrophotometrically by taking advantage of
the fact that H202 absorbs light at a wavelength of 240
nm. Catalase activity was calculated by measuring the
absorbance difference within 30 seconds after setting
the blind to zero at 240 nm. CAT activity was expressed
as KU/g protein (unit).

Measurement of Tissue GSH Levels: GSH level
was determined by the method of Sedlak and Linsay
(29). The methods used in this determination were; 5,5'-
dithio-bis (2-nitrobenzoic acid) (DTNB) is a disulfide
compound reduced by sulfhydryl compounds. It forms a
highly yellow anion. The color intensity of the yellow
complex formed by DTNB and the supernatant obtained
from the sample is directly proportional to the GSH
concentration in the medium, measured
spectrophotometrically at 412 nm. GSH is expressed as
mmol/g protein (unit).

Analysis of Inflammation Parameters: One lobe
of the brain taken from rats was stored at -80°C. Tissues
were homogenized by adding PBS before the study.
Then centrifuging was performed and the supernatants
were transferred to microtubes. TNF-a (E0764Ra; BT
LAB), IL-18 (EO119Ra; BT LAB) and IL-6 (E0135Ra; BT
LAB) levels were measured in 96-well plates using the
enzyme-linked immunosorbent assay (ELISA) method.
The measurement was performed at 450 nm with an
ELISA reader (EPOCH Take3Plate, BioTek) following
the supplier's procedure.

Histopathological Examination: The study was
carried out in the Histology-Embryology Laboratory of
the Faculty of Veterinary Medicine, Kastamonu
University. Brain tissue samples were fixed in 10%
neutral formalin (NBF) solution, then processed through
routine tissue handling steps and embedded in paraffin
blocks (Paraplast Plus, Sigma: P3683). Serial sections
of 5 um thickness were taken from the prepared paraffin
blocks using a microtome (Leica RM 2125).
Hematoxylin-Eosin staining was performed on the serial
sections taken from each animal to investigate the
general histopathological appearance (30), and the
preparations were examined under a light microscope
(Zeiss Axiolab 5, Jena, Germany).
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Cerebral cortex H&E sections were morphologically
evaluated at 20x magnification. Areas selected from the
same anatomical region for each animal and free of
artifacts/marginal tears were examined.
Histopathological evaluation was performed blindly by
evaluators independently of groups, after coding the
preparations. During the examination, the presence and
extent of degenerative changes such as
hyperchromatic/pyknotic neurons and perineuronal
halo/pericellular spacing were considered. Findings were
reported descriptively using images that best
represented the cerebral cortex histomorphology of each

group.

Statistics: IBM SPSS 23 and GraphPad Prism 8
were used for the statistical analysis of the data obtained
from the study. Prior to the analysis, the assumption of
normality was evaluated using the Shapiro-Wilk test, and
the homogeneity of variances was confirmed using
Levene’s test. The sample size of n= 6 per group was
determined in accordance with the 3Rs (Replacement,
Reduction, Refinement) principle of animal ethics,
consistent with previously published models (68, 69),
and a retrospective power analysis confirmed that this
sample size provided adequate statistical power (Power
>0.80). Data were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey's post-hoc test to
identify specific differences between the eight
experimental groups. Furthermore, to account for the
arrangement of multiple tests for various biochemical
and inflammatory parameters, p-values were checked
using the Benjamini-Hochberg False Detection Rate
(FDR) method. All data are expressed as mean =
standard deviation (SD). Adjusted differences with
p<0.05 were considered statistically significant.

Results

MDA values were increased by BPA (p=0.009), NP
(p=0.0006), and BPA+NP (p=0.0001) compared to the
control. Significant differences were observed between
the NP and NP+Extract (p=0.023), and BPA+NP and
BPA+NP+Extract (p=0.031) groups, with MDA values
approaching the control in the extract group. Significant
differences were observed in GSH values between the
Control and BPA+NP (p=0.014) and Control and
BPA+NP+Extract (p=0.026) groups, with GSH activity
decreasing compared to the control. No significant
difference was found between the groups in GPx levels.
Significant differences were observed in CAT levels
between the Control and BPA (p=0.033), Control and
BPA+NP (p=0.002), and Control and BPA+NP+Extract
(p=0.007) groups, with CAT activity decreasing
compared to the control. According to these values, both
BPA and NP, when administered separately and
together, significantly increased MDA levels compared to
the control. While the MA extract decreased MDA levels
compared to the BPA+NP group, it was not yet at control
levels. However, no significant difference was found
between the NP+Extract group and the control group.
When BPA and NP were administered separately, they
did not cause any significant change in GSH levels, but
together (BPA+NP group) they reduced exposure
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compared to the control group. Although the
BPA+NP+Extract group brought GSH levels closer to
control levels, the significant difference between the
control group and the BPA+NP+Extract group did not
disappear. For CAT values, the decrease in the BPA
group returned to control levels in the BPA + Extract
group (Figure 1).

Regarding IL-1B levels; Significant differences were
found between the Control and NP (p=0.0057), Control
and BPA+NP (p=0.010), NP and NP+Extract (p=0.007),
and BPA+NP and BPA+NP+Extract (p=0.047) groups,
with MA extract strongly reducing IL-1B levels. Only the
BPA+NP group (p=0.001) showed significantly higher IL-
6 levels compared to the Control group. TNF-alpha
levels were significantly higher in the NP (p=0.008) and
BPA+NP (p=0.0001) groups compared to the Control
group (Figure 2).

In the Control group, the general histological
structure of the cerebral cortex was preserved, with

neurons and neuroglial cells exhibiting normal
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morphology; no significant perineuronal space widening
(edema) was detected. In the extract group, tissue
organization was largely preserved, similar to the control
group, and degenerative changes were minimal. In the
BPA group, degeneration in neurons and neuroglial cells
became more pronounced, while areas of increased
perineuronal space/edema were observed more
frequently. In the NP group, similar to BPA, degenerative
cellular changes and perineuronal edema were detected.
In the BPA+NP (mix) group, the severity and extent of
the findings increased, and degenerated cells and
perineuronal space enlargement became more
prominent. In the BPA+Extract and NP+Extract groups,
compared to the respective toxic agent groups, a
tendency towards a decrease in degeneration and
perineuronal edema findings and partial improvement in
tissue integrity were observed. In the BPA+NP+Extract
group, degenerative changes and perineuronal space
enlargement were more limited compared to the mix
group, but findings persisted in some areas (Figure 3).
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Figure 1. Statistical graphs of MDA, GSH, GPx, and CAT levels in brain tissue across all experimental groups. Statistical analyses
were performed using one-way ANOVA followed by Tukey’'s post hoc test. Graphs were generated using GraphPad Prism 8.0.2.
Statistical significance is indicated as follows: *p<0.05, **p<0.01, and ***p<0.001.
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Figure 2. Statistical graphs of IL-1B, IL-6, and TNF-a levels in brain tissue across all experimental groups. Statistical analyses were

performed using one-way ANOVA followed by Tukey’s post hoc test. Graphs were generated using GraphPad Prism 8.0.2. Statistical
significance is indicated as follows: *p<0.05, **p<0.01, and ***p<0.001.

Figure 3. Hematoxylin—eosin (H&E) staining of the rat cerebral cortex. C: control; E: extract; BPA: bisphenol A; NP: nonylphenol.
Scale bar: 50 um. Black arrows indicate healthy neurons and neuroglial cells with normal morphology; black arrowheads indicate
perineuronal and perineuroglial vacuolization; and red arrows indicate degenerated neurons and neuroglial cells.
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Discussion

EDCs currently pose a serious threat to human and
animal health, as seen in polycyclic aromatic
hydrocarbon, dioxin, polychlorinated diphenyl, nitrate,
and nitrite poisonings (31, 32). BPA and NP are common
EDCs in the environment. Exposure of mice to EDCs
during brain development increases the risk of
neurodevelopmental disorders (33, 34). It is suggested
that BPA and bisphenol analogs can cross the blood-
brain barrier and affect nerve tissues, thus impacting the
development and function of the nervous system and
increasing the risk of neuropsychiatric diseases, and
BPA can increase neurotoxicity (35, 36). As a result,
conditions such as severe memory loss, cognitive
impairment, tremor, and rigidity occur (37). BPA
generally appears to cause higher oxidative damage in
the brain compared to nonylphenol. However, NP can
exert its effects in different ways, particularly in the
hippocampus and cortex, through activation of
inflammatory factors, disruption of the cell cycle,
changes in neuron, dendrite, and synapse morphology,
disruption of extracellular and intracellular calcium ion
balance, and memory and learning impairments (8). This
may be attributed to differences in the absorption
processes of both substances in brain tissue or by
different transport pathways. The extract of Morus alba
fruit has a very rich content, containing nearly 50
antioxidant and anti-inflammatory compounds (38). It is
also known to contain melatonin (39). Hormones like
melatonin can reduce neurotoxicity (35). Thymoquinone
has shown a neuroprotective effect against NP-induced
neurotoxicity by increasing GSH and total antioxidant
capacity (40).

Oxidative stress is a state of disruption between
oxidants and antioxidants in favor of oxidants due to the
induction of free radicals. Free radicals act as a critical
factor in cellular destruction resulting from the use of
toxic chemicals that induce cell necrosis (41). Oxidative
stress also occurs due to the rise of ROS, which can
cause significant cell destruction by reacting with many
molecules, including proteins, fats, and DNA, and
controlling lipid peroxidation. ROS can lead to lipid
peroxidation of mitochondrial and plasma membranes,
trigger the opening of mitochondrial permeability
transition pores, and activate apoptosis pathways.
Therefore, it has a critical effect on the pathogenesis of
many human health disorders (42-45). MDA formation is
a key marker of oxidative stress, which can destroy the
cell membrane with a decrease in the cell's anti-
oxidative activity (23). MDA has also been shown to
reduce mitochondrial membrane potential and lead to
mitochondrial dysfunction (46).

In rats exposed to BPA or NP, significant adverse
effects on antioxidants, immune-inflammatory mediators,
and many different tissues are known. The combined
use of these two substances can also produce a
synergistic negative effect on many parameters.
Different studies have shown that BPA and NP may
have potential interactions (23, 47). These toxic
substances have been shown to suppress the Nrf2
(Nuclear factor erythroid 2-related factor 2) pathway, the
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cell's main antioxidant defense regulator (48). In
addition, it has been determined that the toxins activate
the NLRP3 inflammasome in the brain, initiating
neuroinflammation and causing an increase in cytokines
(49). Chronic exposure to BPA, NP, and BPA&NP has
been shown to affect lipid metabolism and the
production of protein secondary structures over multiple
generations (50). The use of a mixture of BPA and NP at
both high and low doses significantly increases some
oxidative stress markers such as MDA, protein carbonyl
(PC), and 4-hydroxyononenal (4-HNE) in rat sera (23). A
study conducted in the early 2020s showed that high
MDA levels and decreased activity of antioxidant
enzymes in serum, liver, and kidneys indicate that
oxidative stress plays a role in BPA and NP-induced
toxicity (47). NP is a well-known endocrine-disrupting
chemical with many harmful effects on the central
nervous system, including memory impairment,
neuroendocrine disruption, cognitive impairment, and
neurotoxicity (40). NP exposure triggers microglial
activation and  disrupts the  myelination  of
oligodendrocytes. Mice can exhibit anxiety and
depressive-like behaviors under the influence of NP (51).
Studies in the literature show that BPA and NP
significantly increase MDA levels in the brain and some
tissues (23, 35, 40, 52). Compared to the data we
obtained in our study, this is supported by the oxidant-
antioxidant reactions occurring in the brain. We can say
that this increase is even more effective than parasitic
infections such as coccidiosis when compared to control
groups (53). Exposure to both BPA and NP, individually
and in combination, significantly increased MDA levels in
brain tissue (Figure 1).

Morus Alba extract reduced lipid peroxidation
against rotenone-induced oxidative damage in the brain,
increased antioxidant capacity by increasing CAT and
GSH activity (54). In the brains of experimental animals
with streptococcus-induced dementia, high doses of
white mulberry extract for 13 days reduced methanolic
and lipid peroxidation and increased GSH activity (55).
The extract of white mulberry leaves reduced MDA
levels in the brain against glyphosate-induced
neurotoxicity but was notable for reducing CAT and
peroxidase activity (56). Neither BPA nor NP alone had
any effect on GSH levels, but when administered
together, they significantly reduced this level (Figure 1).

BPA increases oxidant products and suppresses
antioxidant activity in the brain, while also increasing
pro-inflammatory cytokines such as TNF-a, IL-183, and
IL-6 (57). It also increases TNF-a levels in the embryonic
brain (58). Its increase not only in the brain but also in
the serum can cause inflammation in many tissues (59).
Furthermore, some in vitro studies have indicated that it
triggers these cytokines, particularly in microglial cells
(60). Similarly, NP has increased microglial activation
(61). NP toxicity activates the NF-kB signaling pathway
by causing oxidative damage in tissues. This leads to a
significant increase in TNF-a, IL-1B, and IL-6 levels. It
has been reported that early life exposure, in particular,
increases these cytokines in the prefrontal cortex via the
gut-brain axis (62). White mulberry is rich in bioactive
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compounds such as rutin, quercetin, chlorogenic acid,
and morucin. Pharmacological studies have revealed
that these compounds reduce the gene expression (at
the mRNA level) of TNF-a and IL-6 by blocking the NF-
kKB (Nuclear factor kappa B) signaling pathway (63, 64).
In our study, BPA exposure alone did not affect
cytokines. However, when administered with NP, it
increased all three types of cytokines. NP alone showed
a result parallel to previous studies, particularly
increasing TNF-a and IL-1B cytokines in the brain. In our
study, white mulberry confirmed its anti-inflammatory
properties against BPA+NP by significantly inhibiting the
cytokine storm (Figure 2).

In our study, the combined administration of BPA
and NP triggered a pronounced synergistic neurotoxicity,
evidenced by severe lipid peroxidation and a robust
cytokine storm characterized by elevated TNF-a, IL-1,
and IL-6 levels. While both substances individually
disrupt redox homeostasis, their co-exposure likely
exerts converging destructive effects on intracellular
targets, leading to exacerbated neuronal degeneration
and perineuronal edema. The original contribution of the
present study lies in demonstrating the specific
protective capacity of Morus alba extract against this
synergistic endocrine-disruptor exposure in brain. While
previous literature highlights the extract's efficacy
against single toxic agents, our findings uniquely reveal
that its rich bioactive profile is potent enough to partially
reverse the amplified neuroinflammatory cascade and
oxidative stress caused by the specific combination of
BPA and NP.

Studies on the histopathological effects of BPA and
NP in brain tissue have revealed some damaging
properties of these two substances. BPA can cause
significant pathological changes, particularly in neurons,
such as hydropic degeneration, single-cell necrosis
(apoptosis), increased glial cell count, neuronophagia,
perineuronal/neuropil edema, endothelial cell swelling in
blood vessels, hypersemia, hemorrhage in meninges

References

1. Lagos-Cabre R, Moreno RD. Contribution of
environmental pollutants to male infertility: A working
model of germ cell apoptosis induced by plasticizers. Biol
Res 2012; 45 (1): 5-14.

2. Paterni I, Granchi C, Minutolo F. Risks and benefits
related to alimentary exposure to xenoestrogens. Crit Rev
Food Sci Nutr 2017; 57 (16): 3384-3404.

3. Wang X, Ha D, Yoshitake R, Chan YS, Sadava D, Chen
S. Exploring the biological activity and mechanism of
xenoestrogens and phytoestrogens in cancers: Emerging
methods and concepts. Int J Mol Sci 2021; 22 (16): 8798.

4. Urriola-Mufioz P, Li X, Maretzky T, Mcllwain DR, Mak
TW, Reyes JG, Blobel CP, Moreno D. The xenoestrogens
Biphenol-A and Nonylphenol differentially regulate
metalloprotease-mediated shedding of EGFR ligands. J
Cell Physiol 2018; 233 (3): 2247-2256.

5. Wang PW, Huang YF, Wang CH, Fang LJ, Chen ML.
Prenatal to preschool exposure of nonylphenol and

Morus Alba Extract Attenuates Nonylphenol...

June 2026

and neuropil tissues, infiltration of mononuclear cells
(MNCs), and marked vascular hyperemia (65). Rats
exposed to NP may show areas of neuronal
degeneration, vacuolation, and cytoplasmic shrinkage in
the brain cortex (66). MA extract is known to reduce
vacuolation areas and increase regular neuronal areas
in response to streptozotocin-induced brain damage
(67). It can also prevent loss of midbrain cells and
reduce neurodegeneration in rotenone-induced damage
(54). Overall, our results support the literature, showing
that while BPA and NP damage brain histology, MA
extract can relatively normalize this situation (Figure 3).

In conclusion, our preclinical findings demonstrate
that white mulberry extract has a mitigating effect on
MDA levels induced by BPA and NP exposure. The
absence of significant changes in GPx levels may be
related to the exposure duration; a 30-day period might
be insufficient to observe major alterations in this
specific enzyme. The combined exposure to BPA and
NP exacerbated neurotoxicity by synergistically
increasing inflammatory markers (TNF-a, IL-13, IL-6)
and causing tissue damage, while simultaneously
suppressing the antioxidant activity of GSH and CAT.

In response, Morus alba extract exhibited a
promising neuroprotective potential by attenuating
neurodegeneration, largely driven by its anti-
inflammatory properties. Although its restorative impact
on antioxidant enzymes (GSH, GPx, CAT) was not fully
realized within this study's timeframe, the significant
reduction in lipid peroxidation is an encouraging
outcome. It is important to interpret these findings with
caution; while these results suggest a therapeutic
potential for MA extract against environmental EDC
exposure, direct clinical applications cannot be
extrapolated without further evidence. Future studies
focusing on extended exposure times, specific
intracellular pathways, gene/protein expressions, and
long-term behavioral tests are essential to fully elucidate
its mechanism of action and translational clinical viability.

bisphenol A exposure and neurodevelopment in young
children. Pediatr Neonatol 2024; 65 (1): 76-84.

6. Zemheri F, Uduz C. Endokrin bozucu kimyasallar:
Nonilfenol ve Bisfenol A. Marmara Fen Bilim Derg 2018;
30 (1): 71-76.

7. Kawamura Y, Ogawa Y, Mutsuga M. Migration of
nonylphenol and plasticizers from polyvinyl chloride
stretch film into food simulants, rapeseed oil, and foods.
Food Sci Nutr 2017; 5 (3): 390-398.

8. Lotfi M, Hasanpour AH, Moghadamnia AA, Kazemi S.
The investigation into neurotoxicity mechanisms of
nonylphenol: A narrative review. Curr Neuropharmacol
2021; 19 (8): 1345.

9. ECB. European Chemicals Bureau, European Union Risk
Assessment Report 4,4’-1sopropylidenediphenol
(Bisphenol-A). Office for Official Publications of the
European Communities 2003; Einecs No: 201-245-8.

195



ETYEMEZ M. et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

196

Obata T, Kinemuchi H, Aomine M. Protective effect of
diltiazem, a L-type calcium channel antagonist, on
bisphenol A-enhanced hydroxyl radical generation by 1-
methyl-4-phenylpyridinium ion in rat striatum. Neurosci Lett
2002; 334 (3): 211-213.

Aydogan M, Korkmaz A, Barlas N, et al. The effect of
vitamin C on bisphenol A, nonylphenol and octylphenol
induced brain damages of male rats. Toxicology 2008; 249
(1): 35-39.

Oronsky B, Caroen S, Reid T. What exactly is
inflammation (and what is it not?). Int J Mol Sci 2022; 23
(23): 14905.

Dinarello CA. Interleukin-1 in the pathogenesis and
treatment of inflammatory diseases. Blood 2011; 117 (14):
3720-3732.

Martinon F, Pétrilli VV, Tschopp J. Gout-associated uric acid
crystals activate the NALP3 inflammasome. Nature 2006;
440 (7081): 237-241.

Scheller J, Chalaris A, Schmidt-Arras D, et al. The pro-
and anti-inflammatory properties of the cytokine
interleukin-6. Biochim Biophys Acta 2011; 1813 (5): 878-
888.

Pedersen BK, Febbraio MA. Muscle as an endocrine
organ: focus on muscle-derived interleukin-6. Physiol Rev
2008; 88 (4): 1379-1406.

Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation,
immunity, and disease. Cold Spring Harb Perspect Biol
2014; 6 (10): a016295.

Aggarwal BB. Signalling pathways of the TNF superfamily:
A double-edged sword. Nat Rev Immunol 2003; 3 (9): 745-
756.

Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose
expression of tumor necrosis factor-alpha: Direct role in
obesity-linked insulin resistance. Science 1993; 259
(5091): 87-91.

Tracey KJ, Cerami A. Tumor necrosis factor: A pleiotropic
cytokine and therapeutic target. Annu Rev Med 1994; 45:
491-503.

Sood P, Singh V, Shri R. Morus alba fruit extract and its
fractions ameliorate streptozotocin induced cognitive
deficit in mice via modulating oxidative and cholinergic
systems. Neurochem Res 2024; 49 (1): 52-65.

Charaya A, Sahu C, Singla S, et al. Zinc deficiency
exacerbates bisphenol A-induced hepatic and renal
damage: Delineation of molecular mechanisms. Biol Trace
Elem Res 2023; 201 (6): 2879-2894.

Melebary SJ, AlGhamdi MS, Elhalwagy ME, et al.
Disturbance in some fertility biomarkers induced and
changes in testis architecture by chronic exposure to
various dosages of each of nonylphenol or bisphenol A
and their mix. Life 2022; 12 (10): 1555.

Li S, Zheng M, Yang X, et al. Effect of nonylphenol on the
colonic mucosa in rats and intervention with zinc-selenium
green tea (Camellia sinensis). Toxicol Res 2022; 11 (1):
122-133.

Inanc ME, Gungor S, Yeni D, et al. Protective role of the
dried white mulberry extract on the reproductive damage
and fertility in rats treated with carmustine. Food Chem
Toxicol 2022; 163: 112979.

Morus Alba Extract Attenuates Nonylphenol...

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

F.U. Vet. J. Health Sci.

Placer ZA, Cushman LL, Johnson BC. Estimation of
product of lipid peroxidation (malonyl dialdehyde) in
biochemical systems. Anal Biochem 1966; 16 (2): 359-
364.

Lawrence RA, Burk RF. Glutathione peroxidase activity in
selenium-deficient rat liver. Biochem Biophys Res
Commun 1976; 71 (4): 952-958.

Aebi HI. Methods of enzymatic analysis. Catalase 1983:
673-686.

Sedlak J, Lindsay RH. Estimation of total, protein-bound,
and nonprotein sulfhydryl groups in tissue with Ellman's
reagent. Anal Biochem 1968; 25: 192-205.

Bancroft JD, Gamble M. Theory and Practice of
Histological Techniques. 7. Baski, Churchill Livingstone
Elsevier, 2013.

Giiler UA, Can OP. Kimyasal kontaminantlarin cevre
saghg! ve gidalar lzerine etkileri. Sinop Universitesi Fen
Bilimleri Dergisi 2017; 2 (1): 170-195.

Issi M, Gul Y. Nitrat ve nitrit zehirlenmesi. Turkiye Klinikleri
Veterinary Sciences-Internal Medicine-Special Topics
2018; 4 (3): 6-10.

Masuo Y, Ishido M. Neurotoxicity of endocrine disruptors:
possible involvement in brain development and
neurodegeneration. J Toxicol Environ Health B 2011; 14:
346-369.

Feng J, Mazari ME, Yasmin S, et al. Impact of bisphenol-A
exposure on fetal brain development and neurological
health-a review. Environ Sci Adv 2025; 140254.

Sevastre-Berghian AC, Casandra C, Gheban D, et al.
Neurotoxicity of bisphenol A and the impact of melatonin
administration on oxidative stress, ERK/NF-kB signaling
pathway, and behavior in rats. Neurotox Res 2022; 40 (6):
1882-1894.

Santoro A, Chianese R, Troisi J, et al. Neuro-toxic and
reproductive effects of BPA. Curr Neuropharmacol 2019;
17:1109-1132.

Li C, Sang C, Zhang S, et al. Effects of bisphenol A and
bisphenol analogs on the nervous system. Chin Med J
2023; 136 (3): 295-304.

Xu X, Huang Y, Xu J, et al. Anti-neuroinflammatory and
antioxidant phenols from mulberry fruit (Morus alba L.). J
Funct Foods 2020; 68: 103914.

Ugur Y. Investigation of melatonin content and antioxidant
capacity in grape berries. Inéni Universitesi Saglik
Hizmetleri Meslek Yuksekokulu Dergisi 2021; 9 (3): 820-
830.

Lotfi M, Kazemi S, Ebrahimpour A, et al. Thymoquinone
improved nonylphenol-induced memory deficit and
neurotoxicity through its antioxidant and neuroprotective
effects. Mol Neurobiol 2022; 59 (6): 3600-3616.

Sabour AN. Effect of bisphenol A on some of antioxidants
in white male rats. Sci J Med Res 2019; 3: 83-86.

Lu J, Wang Z, Cao J, et al. A novel and compact review on
the role of oxidative stress in female reproduction. Reprod
Biol Endocrinol 2018; 16: 80.

Devnarain N, Tiloke C, Nagiah S. Fusaric acid induces
oxidative stress and apoptosis in human cancerous
oesophageal SNO cells. Toxicon 2017; 126: 4-11.



Volume: 40, Issue: 2

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Seo HL, Baek SY, Lee EH. Liqustri lucidi Fructus inhibits
hepatic injury and functions as an antioxidant by activation
of AMP-activated protein kinase in vivo and in vitro. Chem
Biol Interact 2017; 262: 57-68.

Wen L, Guo R, You L. Major triterpenoids in Chinese
hawthorn “Crataegus pinnatifida” and their effects on cell
proliferation and apoptosis induction in MDA-MB-231
cancer cells. Food Chem Toxicol 2017; 100: 149-160.

Guo W, Wang Y, Wang Z. Inhibiting autophagy increases
epirubicin’s cytotoxicity in breast cancer cells. Cancer Sci
2016; 107 (11): 1610-1621.

Shi R, Liu Z, Liu T. The antagonistic effect of bisphenol A
and nonylphenol on liver and kidney injury in rats.
Immunopharmacol Immunotoxicol 2021; 43 (5): 527-535.

Bhattacharya S, et al. Nonylphenol induced oxidative
stress and its abatement by antioxidants in mammalian
systems. Environ Toxicol Pharmacol 2021; 87: 103714.

Alam M, et al. Bisphenol A mediated neurotoxicity: Focus
on oxidative stress, autophagy and neuroinflammation.
Ecotoxicol Environ Saf 2021; 208: 111628.

Xia BT, He Y, Guo Y, et al. Multi- and transgenerational
biochemical effects of low-dose exposure to bisphenol A
and 4-nonylphenol on testicular interstitial (Leydig) cells.
Environ Toxicol 2022; 37 (5): 1032-1046.

Lee SH, Shin HS, So YH, et al. Effects of maternal
nonylphenol exposure on the proliferation of glial cells in
the brain of male offspring mice. Anim Cells Syst 2024; 28
(1): 439-452.

Bolat M, Lagin BB, Celebi F. Investigation of the effects of
hesperidin on bisphenol-a induced neurotoxicity in rats.
Veterinary Sciences and Practices 2024; 19 (1): 17-24.

Yiimaz S, Issi M, Kandemir FM, et al. Malondialdehyde
and total antioxidant levels and hematological parameters
of beef cattle with coccidiosis. Van Veterinary Journal
2014; 25 (2): 41-45.

Anjum R, Raza C, Faheem M. Neuroprotective effects of
Morus alba ethanolic extract against rotenone-induced
neurodegeneration and motor impairments in mouse
model. J Asian Nat Prod Res 2025; 1-19.

Sood P, Singh V, Shri R. Morus alba fruit extract and its
fractions ameliorate streptozotocin induced cognitive
deficit in mice via modulating oxidative and cholinergic
systems. Neurochem Res 2024; 49 (1): 52-65.

Rebai O, Belkhir M, Boujelben A, et al. Morus alba leaf
extract mediates neuroprotection against glyphosate-
induced toxicity and biochemical alterations in the brain.
Environ Sci Pollut Res 2017; 24 (10): 9605-9613.

Singh DP, Bijalwan V, Poonam J, et al. Bisphenol-A at an
environmentally plausible dose caused gut microbiota-led

Morus Alba Extract Attenuates Nonylphenol...

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

June 2026

impaired cognitive performances in adult mice. J Hazard
Mater 2025; 140254.

Takahashi M, Komada M, Miyazawa K, et al. Bisphenol A
exposure induces increased microglia and microglial
related factors in the murine embryonic dorsal
telencephalon and hypothalamus. Toxicol Lett 2018; 284:
113-119.

Cibuk S, Yilmaz H, Mert H, et al. Effect of Bisphenol-A on
oxidative status and certain inflammatory markers in rats:
experimental study. Turkiye Klinikleri Journal of Veterinary
Sciences 2023; 14 (2): 220-227.

Zhu J, Jiang L, Liu Y, et al. MAPK and NF-kB pathways
are involved in bisphenol A-induced TNF-a and IL-6
production in BV2 microglial cells. Inflammation 2015; 38
(2): 637-648.

Gu W, Wang Y, Qiu Z, et al. Maternal exposure to
nonylphenol during pregnancy and lactation induces
microglial cell activation and pro-inflammatory cytokine
production in offspring hippocampus. Sci Total Environ
2018; 634: 525-533.

Che X, Fang Y, You M, et al. Exposure to nonylphenol in
early life increases pro-inflammatory cytokines in the
prefrontal cortex: involvement of gut-brain communication.
Chem Biol Interact 2020; 323: 109076.

Chen C, Mohamad Razali UH, Saikim FH, et al. Morus
alba L. plant: Bioactive compounds and potential as a
functional food ingredient. Foods 2021; 10 (3): 689.

Batiha GES, Al-Snafi AE, Thuwaini MM, et al. Morus alba:
a comprehensive phytochemical and pharmacological
review. Naunyn Schmiedebergs Arch Pharmacol 2023;
396 (7): 1399-1413.

Hatipoglu D, Ates MB, Senturk G, et al. Neuroprotective
role of Nigella Sativa seed oil in mitigating bisphenol a-
induced neurodegeneration. Sci Rep 2025; 15: 22477.

Ceylan T, Akin AT, Karabulut D, et al. Therapeutic effect of
thymoquinone on brain damage caused by nonylphenol
exposure in rats. J Biochem Mol Toxicol 2023; 37 (11):
e23471.

Sood P, Singh V, Shri R. Morus alba fruit diet ameliorates
cognitive deficit in mouse model of streptozotocin-induced
memory impairment. Metab Brain Dis 2023; 38 (5): 1657-
1669.

Troudi A, Elwej A, Mili A, et al. Biochemical, histological,
and computational insights into the protective effects of
Moringa alterniflora polysaccharides against BPA-induced
liver damage. Int J Biol Macromol 2025; 148426.

Rayam S, Kudagi B, Sufyan U, et al. Assessment of Morus

alba (Mulberry) leaves extract for anti convulsant property
in rats. Int J Basic Clin Pharmacol 2019; 8: 520-523.

197



