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ABSTRACT

Background: Lead (Plumbum/Pb) has been identified as a potential cause of Parkinson’s disease as well as possibly
contributing to disease progression. Ginkgo biloba extract has been widely used to prevent and treat stroke which
prevents brain cell apoptosis and neuroinflammation. This has been shown to be beneficial in cognitive recovery in
stroke incidents.

Aim: This study aimed to determine the effect of G. biloba on the expression of superoxide dismutase (SOD),
malondialdehyde (MDA), and apoptosis-inducing factor (AIF) in the brain cells of rats (Rattus novergicus) exposed
to Plumbum.

Methods: The experimental animals used were 36 male white rats divided into 4 groups with different treatments
of Plumbum and G. biloba at varying doses for 42 days, after which the brains were collected for examination of
SOD, MDA, and AIF expressions using immunohistochemical methods and analyzed using analysis of variance and
Duncan’s test.

Results: Plumbum administration caused a significant decrease in SOD expression and an increase in MDA and AIF
expressions (p < 0.05). Ginkgo biloba administration significantly increased SOD expression and decreased MDA and
AIF expressions (p < 0.05), with optimal increases in SOD, decreases in MDA, and modulation of AIF observed in the
group exposed to 50 mg/kg BW Pb and 300 mg/kg BW G. biloba.

Conclusion: Preventive administration of G biloba increased SOD expression, and reduced MDA and AIF expressions
in Pb-exposed rats, with an optimal dose of 300 mg/kg BW, suggesting its potential as an affordable drug to prevent

brain cell death-related diseases.
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Introduction

Lead (Plumbum) has significant neurotoxic effects on
brain cells which induce various pathological changes
at the cellular and molecular levels. Chronic exposure
to lead can result in impaired synaptogenesis which
inhibits the formation and function of synapses vital
for interneuronal communication; therefore, it is likely
to cause cognitive deficits and impaired learning (Li et
al., 2022). Plumbum moreover induces oxidative stress
by increasing the production of reactive oxygen species
(ROS) and decreasing cellular antioxidant capacity,
subsequently causing critical oxidative damage to
components in cellular cells (Del Rio et al., 2005).

Furthermore, Plumbum disrupts intracellular calcium
homeostasis which triggers apoptotic cascades and
mitochondrial dysfunction (Kuang et al., 2018).
Plumbum neurotoxicity is also manifested in impaired
neuroplasticity, which is essential for learning and
memory processes (Srivastav et al., 2017). In addition,

Plumbum can interfere with neurotransmission systems,
especially affecting the dopaminergic and glutamatergic
systems, as well as triggering neuronal inflammatory
responses that contribute to long-term neuronal damage
(Biernacka et al., 2023). The accumulation of these
effects can result in progressive neurodegeneration and
significant cognitive dysfunction.

The entry of Plumbum into the body will affect nearly
every organ and system in the human body, including
the digestive, cardiovascular, renal, and reproductive
systems (Sajini et al., 2024). The Plumbum mechanism
is clearly visible in the central nervous system which can
be seen from a decrease in SOD activity which causes
increased oxidative stress because Plumbum binds to
the sulthydryl group on the SOD enzyme (Gassowska et
al., 2016; Fan et al., 2020), increases MDA production
as a marker of high lipid peroxidation and causes
mitochondrial dysfunction because Plumbum induces
free radicals by attacking the cell lipid membrane
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(Baranowska-Bosiacka et al., 2013; Han et al., 2021),
which induces neuro-inflammation and disruption of
calcium homeostasis, and it involves AIF-1 released
from the cytosol and nucleus that induces caspase-
independent pathways to mediate cell death (apoptosis)
(Zhao et al., 2014; Bjerklund ef al., 2018).

Ginkgo biloba is a medicinal plant known in Asian
cultures for thousands of years and is believed to
originate from the Permian FEra, approximately
250 million years ago (Jin et al., 2024). G. biloba
has emerged as a promising herbal medicine for
Parkinson’s patients. The active ingredients in G.
biloba that could prevent oxidative stress and apoptosis
in the brain primarily include quercetin, a flavonoid
with strong antioxidant properties that can neutralize
free radicals and protect cells from oxidative damage.
Another flavonoid found in G. biloba, kaempferol, also
possesses antioxidant and anti-apoptotic properties.
Ginkgolides, terpenoid compounds, are well-known
for their ability to inhibit platelet-activating factors
and provide protective effects to nerve cells. Another
terpenoid, bilobalides, also plays a role in protecting
the brain from oxidative damage and apoptosis by
enhancing the expression of antioxidant enzymes and
reducing cell damage (Chan ef al., 2007; Abdel-Zaher
etal.,2009).

Ginkgo biloba extract has been shown to have
neuroprotective effects through various mechanisms: it
increases the activity of SOD, which helps neutralize
free radicals and reduces oxidative stress (Mohebbi
et al., 2023), it decreases levels of MDA, a marker
of lipid peroxidation which indicates a reduction in
oxidative damage to nerve cells (Lorca et al., 2023),
and it modulates the activity of AIF, which plays a
role in regulating programmed cell death; therefore,
it protects dopaminergic neurons from degeneration
(Olufunmilayo et al., 2023).

This research aimed to evaluate the impact of G. biloba
on the expression levels of superoxide dismutase
(SOD), malondialdehyde (MDA), and apoptosis-
inducing factor (AIF) in the brain cells of rats (Rattus
norvegicus) that were exposed to lead (Plumbum). It
is hoped that the result of the research can become
an affordable medicine to prevent diseases caused by
brain cell death.

Materials and Methods

Materials

The research materials used were rat brain, SOD
antibody (polyclonal antibody with catalog number
MBS20044173, MDA antibody (anti-malondialdehyde
antibody with catalog number 243066, mouse
monoclonal antibody, Abcam), and AIF antibody
(AIF Polyclonal Antibody with catalog number —bs
0037R, Bioss). Lead(Il) acetate basic (Merck KGaA,
Darmstadt, Germany), Ginkgo biloba (Tebokan
Forte-Willmar-schwabe-Strale 4, 76227 Karlsruhe,
Germany).

Method

This research is a laboratory experiment using a
Completely Randomized Design, with the assumption
that all treatments are the same from sampling to
processing as well as laboratory conditions. The stages
of this research consist of acclimatization of mice for
1 week, administration of Plumbum solution, and G.
biloba (tablet preparation dissolved in physiological
NaCl 0.9%) every morning at 09.00 AM, once per
day orally for 42 days. Collection of brain samples
on day 43 and examination on SOD, MDA, and
AIF expressions using the immnohistochemical
method. The study utilized 36 male white rats (Rattus
novergicus), 3-month-old mice weighing 160-180
g, comes from Pusat Veterinaria Farma Surabaya,
Indonesia divided into 4 groups: group P1 as the normal
control, group P2 exposed to Plumbum at 50 mg/kg
BW and treated with Aquabides, group P3 exposed to
Plumbum at 50 mg/kg BW and administered G. biloba
100 mg/kg BW, and group P4 exposed to Plumbum
at 50 mg/kg BW and administered Ginkgo biloba
300 mg/kg BW (Huang et al., 2007). Ginkgo biloba
and Plumbum were administered orally for 42 days,
with preventive G. biloba administration preceding
Plumbum exposure. On day 43, brains were collected
for examination of SOD, MDA, and AIF expressions
using the immunohistochemical (IHC) method under
an Olympus® CX-41 microscope at 400x magnification.
Immnohistochemical staining

Fixed brain samples underwent IHC staining. After
treatment with 3% hydrogen peroxide and washing
with PBS, the sections were incubated with 0.025%
trypsin at 37°C, washed again, and then blocked with
Ultra V block. Samples were incubated with primary
antibodies against SOD/MDA/AIF for | hour at room
temperature, followed by incubation with biotinylated
link and streptavidin. The color was developed using
3,3-Diaminobenzidine tetrahydrochloride chromogen,
and sections were counterstained with methylene green
(Kim et al., 2016). Observations were made under an
Olympus® CX-41 microscope at 400x magnification.
Expression of SOD/MDA/AIF was appraised using
the modified semiquantitative IRS scale according to
Remmele and Stegner, 1987. The method takes into
account both the proportion of positively stained cells
and the intensity of the reaction color, while its final
result represents the product of the parameters, with
values ranging from 0 to 12 points (no reaction = 0
points (—); weak reaction = 1-2 points (+), moderate
reaction = 3—4 points (++), intense reaction = 6—12
points (+++). Evaluated quantitatively by stimation of
the percentage of positive cells (0%—5% = no reaction
(=), 6%25% = weak reaction (+), 26%50% =
moderate reaction (++), above 50% = intense reaction
(+++).

Statistical analysis

The data on SOD, MDA, and AIF expression were
analyzed using SPSS software. One-way analysis of
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variance was employed to assess differences between
groups, with a p-value < 0.05 considered statistically
significant. In cases where differences were detected,
post-hoc analysis was performed using Duncan’s
multiple range test.

Ethical approval

This research has received ethical approval from the
Faculty of Veterinary Medicine, Universitas Airlangga
with number: 3.KE.123.07.2018.

Results

The results of examining the expression of SOD,
MDA, and AIF between the control and treatment
groups after statistical analysis was carried out can be
seen in Table 1.

The results of the study showed that the SOD
expression of P1 was higher compared to that of the
positive control (P2) (p <0.05). MDA expression of the
normal control group (P1) was lower than that of the
positive control group (P2), likewise, AIF expression
of the normal control group (P1) was lower than that
of the positive control group (P2) (p <0.05). The SOD
expression of rats exposed to Plumbum was lower (6.06
+ 1.42) than that of normal rats (7.27 £ 1.29). The MDA
expression of rats exposed to Plumbum was higher
(10.67 + 1.75) when it was compared with normal rats
(Table 1). AIF expression of rats exposed Plumbum
was higher (6.93 = 1.37) when compared with that of
normal rats (4.84 £ 1.18). The positive control group
was not significantly different from the P3 group, that
is rats exposed to Plumbum and administered with 100
mg/kg BW G. biloba (p > 0.05); however, there was a
significant difference in group P4, that is rats exposed
to Plumbum and administered with G. biloba 300 mg/
kg BW (p <0.05) (Table 1).

The results of statistical analysis from a group of rats
exposed to Plumbum and G. biloba 100 mg/kg BW
showed that there was an increase in SOD expression
compared to normal rats, a decrease in MDA expression
compared to a positive control treatment group,
that is rats exposed to Plumbum and AIF expression
was not significantly different from treatment group
administered with only Plumbum. SOD expression of
rats exposed to Plumbum and G. biloba 300 mg/kg BW

increased compared to other treatment groups and there
was a decrease in MDA and AIF expressions compared
to positive control treatment exposed to only Plumbum
(p <0.05) (Table 1).

The Remmele method provides a score value based on
staining intensity and the percentage of positive cells.
IHC staining shows the expression of SOD, MDA, and
AIF in the brain cells of rats with Plumbum and G.
biloba 100 mg/Kg BW and 300 mg/Kg BW. Yellow
arrows indicate the presence of SOD, MDA, and AIF
expressions in the rat brain cells shown by brown
chromogen (Figs. 1-3).

Discussion

Exposure to heavy metals such as Plumbum is a risk
factor for neurotransmitter disorders in brain cells.
These heavy metals can accumulate in the substantia
nigra and cause oxidative stress, therefore it inhibits
neurotransmitters and change basal ganglion function.
This oxidative stress will then induce mitochondrial
function, disrupt DNA synthesis, and cause damage
to lipids and membrane proteins (Olufunmilayo ef al.,
2023).

The entry of heavy metals into the body can deactivate
various antioxidant enzymes by binding to the activity
of thiol groups and thus contributing to damage of
the pro-oxidant environment. In addition, this study
shows that increasing levels of Plumbum are positively
correlated with glutathione disulfide, glutathione
peroxidase (GPx), and ROS then negatively correlated
with glutathione reductase (GR), SOD, and glutathione
S-transferase. Thus, it is certain that high doses of
Plumbum will produce an oxidant environment and it
takes time for the damage caused by this heavy metal
and it depends on the dose exposed to the body (Fan et

al., 2020).
Under conditions of neurotoxicity, intracellular
Plumbum affects mitochondria. Normally the

mitochondrial permeability transition pore (MPTP)
allows free passage of substances with a molecular
weightoflessthan 1.5 kDa. However, under pathological
conditions, the accumulation of Plumbum leads to the
free migration of substances with a molecular weight
of more than 1.5 kDa without selection. Mitochondrial

Table 1. Mean and standard deviation of SOD, MDA and AIF expression from rat brain exposed to Pb dan Glinkobiloba for 42 days.

SOD1 MDA AIF
Treatment group

Mean SD Mean SD Mean SD
P1 Normal 7.27° 1.29 5.332 1.80 4.84¢ 1.18
P2 Pb 6.60° 1.42 10.67°¢ 1.75 6.93¢ 1.37
P3 Pb+gliko 100 mg 7.96° 1.88 9.18° 1.81 7.04¢ 1.22
P4 Pb+gliko 300 mg 10.422 2.64 7.427 1.63 5.96° 1.26

Different letters in the same column are significantly different p < 0.05. P1: group of normal control rats, P2: group of rats
exposed to a dose of 50 mg/kg BW of Pb and Aquabides, P3: group of rats exposed to a dose of 50 mg/kg BW of Pb and 100 mg/
kg BW of Ginkobiloba, P4: group of rats exposed to Pb at a dose of 50 mg/kg BW and Gincobiloba 300 mg/kg BW.
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Fig. 1. Staining of SOD1 expression in rat brain cells with Plumbum and Ginkgo biloba 100 mg. The yellow arrow indicates the
presence of SOD one expression in rat brain cells characterized by brown chromogen. IHC. Original magnification at 400x

membrane potential (MMP), the main prerequisite
for MPTP opening, will decrease significantly with
different Plumbum concentrations. Opening of the
MPTP causes swelling and makes mitochondria to
release Cyt-c, AIF, and DNA endonuclease from
the mitochondria to the cytoplasm and induce cell
apoptosis (Han et al., 2021).

The results of the study showed that the SOD expression
of the normal control group was higher compared to
that of the positive control. The lowest levels were
found in the positive control group with Plumbum
exposure. The highest expression of SOD was shown
by the group exposed to Plumbum + G. biloba 300 mg/
kgBW (10.42) and was significantly different from the
other groups (p < 0.05). This shows that exposure to
Plumbum can damage the bonds of thiol groups and
deactivate the antioxidant enzyme SOD which leads to
an oxidant environment (Fan et al., 2020).

At a low dose (100 mg/kg BW), G. biloba provides
sufficient bioactive compounds such as flavonoids
and terpenoids, which possess antioxidant properties
to neutralize free radicals generated by lead exposure.
This helps in the recovery or maintenance of SOD
levels comparable to the control group. At a high dose
(300 mg/kg BW), the amount of available bioactive

compounds is significantly higher, providing stronger
antioxidant protection. This allows for a significant
increase in SOD expression, surpassing the control
group. SOD is a crucial enzyme that catalyzes the
dismutation of superoxide anions into oxygen and
hydrogen peroxide, so more of this enzyme means a
greater capacity to neutralize oxidative stress induced
by lead (Chan et al., 2007).

Ginkgo biloba contains ginkgolides and bilobalide
that protect against ischemia-reperfusion injury via
Nrf2 activation. Ginkgolide B attenuates oxidative
stress by inhibiting ROS and inducing antioxidants like
HO-1, NQO-1, and SOD1 through Akt/Nrf2 signaling
(Li et al., 2022). Previous studies showed G. biloba
increased SOD activity, reduced apoptosis (Zhao et
al., 2014), decreased Keap1, and induced Nrf2 nuclear
translocation upregulating SOD1 and GPx1 (Zhao et
al., 2014; Fan et al., 2020). Thus, G. biloba mitigated
Plumbum -induced oxidative stress by restoring SOD.
Regarding MDA, Plumbum exposure elevated MDA
levels compared to controls, indicating increased
oxidative stress. MDA, a lipid peroxidation marker, can
modify amino acids and form adducts with nucleic acids
and lipids under Plumbum-induced stress (Del Rio et
al., 2005). The optimal G. biloba dose (100 mg/kg BW)
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Fig. 2. MDA expression with Plumbum and Ginkgo biloba 300 mg in rat brain cells. The yellow arrow indicates the presence of
MDA expression in rat brain cells characterized by brown chromogen. IHC. Original magnification at 400x.

co-administered with Plumbum significantly reduced
MDA levels compared to Plumbum alone (p < 0.05).
Ginkgo biloba's flavonoids (24%) and terpenoids (6%)
with low molecular weights enable blood—brain barrier
penetration. These antioxidant compounds eliminate
free radicals, mitigating Plumbum-induced oxidative
stress and lipid peroxidation evidenced by reduced
MDA.

Kuang et al. (2018) demonstrated that G. biloba
administration increased SOD and glutathione
peroxidase activity, inhibited MDA expression, and
reduced oxidative damage in AS5S3T a-synuclein
transgenic mice. The combination of Ilevodopa
with optimized doses of G. biloba may provide
better therapeutic efficacy than either agent alone,
as G. biloba stabilizes redox status, rejuvenates
mitochondrial function, and improves locomotor
activity in Parkinson’s disease (Srivastav ef al., 2017).
Regarding AIF, this study revealed the highest
AIF expression in the group exposed to Plumbum
+ G. biloba 100 mg/kg BW, while the lowest levels
were observed in the normal control group. As
previously discussed, Plumbum induces MPTP
opening, mitochondrial swelling, and the release of
cytochrome-c, AIF, and DNA endonucleases, leading

to cell apoptosis (Han et al., 2021). Although Plumbum
exposure resulted in high AIF expression (6.93), the
100 mg/kg BW G. biloba dose was suboptimal, unable
to improve cell apoptosis, exhibiting the highest AIF
expression (7.04). Conversely, the 300 mg/kg BW G.
biloba dose inhibited cell apoptosis more effectively
than the Plumbum-only positive control and the Pb +
100 mg/kg BW G. biloba group.

AIF was a mitochondrial protein involved in cell death
through the apoptosis pathway. Although a high dose
of G. biloba (300 mg/kg BW) is sufficient to increase
SOD expression and decrease MDA, it may not fully
restore AIF expression to control levels. This could
be due to the fact that AIF is involved in a complex
cell death pathway that does not solely depend on the
reduction of free radicals. The decrease in AIF may
require a longer time or additional interventions to reach
levels equivalent to the control group. Additionally,
although oxidative stress is reduced, there may be other
mechanisms affecting AIF expression that are not fully
addressed by the antioxidant protection from G. biloba
(Abdel-Zaher et al., 2009).

This is related to the Ginkgolide and bilobalide
compounds in G. biloba (Biernacka et al., 2023). The
terpenoid components are still not well known regarding
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Fig. 3. Expression of AIF with Plumbum and Ginkgo biloba 300 mg. The yellow arrow indicates the presence of AIF expression in
rat brain cells characterized by brown chromogen. IHC. Original magnification at 400x.

their biosynthesis. One of the enzymes most often
involved in ginkgolide biosynthesis is levopimaradiene
synthase (Gassowska et al., 2016). Ginkgolide and
bilobalide have the same three-step biosynthetic
pathway. In the final step is cyclization and oxidation
catalyzed by terpenoid synthase and cytochrome P450
(CYP-450)-dependent monooxygenase. It is known
that the complex of Cyt-c (cytochrome P450 (CYP-
450), AIF and DNA endonuclease originates from
the mitochondria to the cytoplasm and induces cell
apoptosis. (Han et al., 2021; Biernacka et al., 2023).

The results of this study were relevant in showing that
G. biloba could reduce oxidative stress induced by lead
through the increase in SOD expression and decrease
in MDA expression. Oxidative stress is a primary
mechanism of cell damage caused by heavy metals
such as lead. By decreasing AIF expression, this study
demonstrates that G. biloba could help reduce cell
apoptosis induced by oxidative stress. This research
was relevant in developing interventions to protect cells
from damage caused by toxic environmental exposures.
The study also identifies the optimal dose of G. biloba
that is effective (300 mg/kg BW) in increasing SOD
expression and decreasing MDA and AIF expression,
which is highly relevant for determining a safe and

effective dose in clinical applications or preventive
therapy.

Previous research has shown that G. biloba has
antioxidant and neuroprotective properties that could
reduce oxidative damage and apoptosis in animal
models exposed to various toxins. Chan et al. (2007)
demonstrated that G. biloba can reduce oxidative
damage in the brains of rats induced by oxidative stress.
Several studies have explored the use of G. biloba
in preventing cellular damage due to various toxic
agents, showing findings consistent with this research.
The study by Smith ez al. (2005) demonstrated that G.
biloba can enhance antioxidant activity in cells and
tissues. This research adds preclinical evidence that G.
biloba can be beneficial in reducing damage induced
by heavy metals such as lead, as reported in several
studies. Sastre et al. (1998) reported that G. biloba
can reduce lipid peroxidation and enhance antioxidant
status in rats exposed to toxic agents.

Conclusion
It was concluded that preventive administration of
G. biloba could increase SOD expression, and reduce
MDA and AIF expressions in rats exposed to Plumbum.
Administration of Ginkgo biloba at a dose of 300 mg/kg
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BW as a neuroprotective agent was able to increase SOD
expression and decrease MDA and AIF expressions.
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