Biological Trace Element Research (2022) 200:5134-5144
https://doi.org/10.1007/512011-022-03098-6

=

Check for
updates

Ginkgo biloba Supplement Reverses Lead (ll) Acetate-Induced
Haematological Imbalances, Hepatic and Renal Dysfunctions in Male
Wistar Rat

Jerome Ndudi Asiwe'2® . Tarela Melish Elias Daubry? - Idara Asuquo Okon' - Ajirioghene Emamuzou Akpotu® -
Ebunoluwa Oluwabusola Adagbada® - Harrison Eruotor® - Linda Chinyere Agbugba’ - Buduchim Rejoice Buduburisi’

Received: 17 December 2021 / Accepted: 2 January 2022 / Published online: 17 January 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Lead is a heavy metal abundant in nature that causes haematological imbalances, and hepatic and renal dysfunction, and this
imbalance has been linked to oxidative stress. Several reports have shown that natural products are implicated in ameliorat-
ing metal poisonings. Ginkgo biloba is a flavonoid-rich natural herbal supplement with several pharmacological properties.
The present study investigated effect of Ginkgo biloba supplement (GBS) on lead-induced toxicity. Animals were given a
lead dose of 25 mg/kg for 14 days orally and then given Ginkgo biloba supplements of 50 mg/kg and 100 mg/kg orally for
14 days. Animals given GBS had significantly improved haematological and rheological parameters. GBS showed a protective
impact in terms of improved kidney and liver histology, anti-oxidant enzyme activity (CAT, SOD, GSH, and MDA), organ
function indices, and a lower rate of erythrocyte osmotic fragility. Conclusively, Ginkgo biloba supplementation attenu-
ated lead toxicity by normalization of haematological imbalances, and hepatic and renal dysfunction as well as maintaining
erythrocyte membrane integrity.
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Introduction

The basic role of blood, which is a crucial unique circula-
tory tissue, is to maintain homeostasis. Blood is made up of
cells suspended in a fluid intercellular material (plasma).
Red blood cells, white blood cells, and leucocytes are useful
in monitoring feed toxicity, especially with feed elements
that affect the blood and farm animal health [1]. The study
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of the flow properties of blood and its constituents (plasma
and formed elements such as erythrocytes, white blood cells,
and platelets) is known as hemorheology [2]. Basic features
of blood flow include haematocrit, plasma and whole blood
viscosity, plasma proteins, and erythrocyte deformability
and aggregation [3]. For example, blood viscosity is related
to haemoconcentration but inversely proportional to flow
rate [4]. This means that substances that increase blood com-
ponents while decreasing plasma could raise blood viscosity,
lowering flow rate and affecting tissue perfusion leading to
cell damage [4, 5]. There is evidence that both genetic and
environmental factors play important roles in hemorheologi-
cal changes [6]. However, environmental factors have been
significantly implicated in some interorgan blood-related
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diseases [6]. There is mounting evidence suggesting that
blood flow indices are important variables in appropriate
tissue perfusion and changes in these variables play a key
role in disease processes [7].

Lead (Pb) is a non-biodegradable, pervasive contaminant
that poses a serious threat to human health. It is spread natu-
rally, but industrial activity has drastically increased their
concentrations in the environment [8—10]. Lead is emitted
by industries such as smelting and mining, battery manu-
facture, pigment manufacturing, and ceramic manufactur-
ing. The risk of human exposure has doubled as a result
of increased emissions of this metal into the environment
and its non-biodegradability [11]. However, due to their
prevalence in food, air, and tobacco leaves, the most com-
mon routes of Pb exposure include ingestion and inhala-
tion [8—11]. It is important to mention here that the World
Health Organization (WHO) Model Lists of environmental
pollutant recommends lead as one of the top 5 environment
toxicants [12]. Lead has additionally been listed second on
the priority list of harmful compounds by the US Agency
for Toxic Substances and Disease Registry (ATSDR) [13].
Lead poisoning has a variety of negative impacts on the
body, including brain, kidneys, liver, blood homeostasis,
and immune system toxicity [14, 15]. The liver, kidneys,
and brain, on the other hand, show higher vulnerability to
lead-induced toxicity [16]. While lead is conjugated in the
liver and eliminated through the kidneys, its accumulation
in the liver and kidneys causes morphological changes in
both organs [17]. Several bodies of evidence have shown
that oxidative stress is one of the key mechanisms of lead-
induced toxicity [17-20]. Other mechanisms include binding
to oxygen, nitrogen, and sulphur ligands, which may affect
a variety of enzymes and proteins [18, 21], interaction with
bioelements [22-24], and induction of apoptosis as well as
release of pro-inflammatory cytokines [25-28].

Previous studies have shown that natural products have
been used to mitigate metal-related toxicity [29]. Polyphe-
nols, flavonoids, vitamins, and other bioactive components
have all been linked to a reduction in the negative effects of
lead poisoning including lead-induced neurotoxicity because
of their ability to downregulate pro-oxidative factors and
upregulation of anti-oxidant enzymes [29]. In animal mod-
els, many herbs, such as Bacopa monniera, Allium sativum,
Coriandrum sativum, and others, have been shown to reduce
lead poisoning [30-32]. Furthermore, some active agents
extracted from natural products such as naringenin, silyma-
rin, ascorbic acid, and tannic acid have also been shown to
be effective in inhibiting lead-induced organ damage includ-
ing haematological and biochemical abnormalities [33—-37].

Ginkgo biloba supplement (GBS) is a popular com-
mercial medical herb derived from the green leaves of the
ginkgo tree, which is one of the oldest surviving plant spe-
cies [38]. It is known to contain secondary metabolites, and

its pharmacological potential is attributed to the abundance
of flavonoid glycosides (kaempferol, quercetin, myricetin,
apigenin, isorhamnetin, luteolin, and tamarixetin) and ter-
pene trilactones (ginkgolides A, B, C, J, M, K, L, P, and Q,
as well as bilobalide) [39-41]. In vivo experiments have
shown that GBS increases blood flow and block platelet acti-
vating factor. It protects the cell membrane from free radical
damage and protects against myocardial and brain ischemia/
reperfusion injury [42]. GBS is commonly utilized in the
clinical treatment of cardiovascular and neurological dis-
eases including Alzheimer’s disease, labyrintopathies [43],
and Parkinson’s disease [44]. Additionally, GBS has also
been shown to demonstrate hepatoprotective, anti-inflamma-
tory, and antioxidant properties [44—48]. However, the effect
of GBS on lead-induced hepato-renal damage and hemor-
heological changes remains unknown. Hence, the study was
designed to investigate the protective effects of GBS on lead-
induced hepato-renal damage and hemorheological changes
in male Wistar rats.

Materials and Methods
Chemicals

Gingko biloba supplement was purchased from Mason Vita-
mins, INC, Miami Lakes, USA. Lead acetate (Pb), thiobarbi-
turic acid, hydrogen peroxide, trichloroacetic acid, and glu-
tathione were purchased from Sigma-Aldrich, St Louis, MO,
USA. All other chemicals used were of analytical grade.

Animals

Twenty (20) male Wistar rats weighing between 150 and
200 g were used for this study. The study was done in the
PAMO University of Medical Sciences, Port-Harcourt, Riv-
ers State, Nigeria. During the experiment, the rats were kept
in conventional laboratory settings (temperature 25 °C, rela-
tive humidity 35-60%, 12-h light—dark cycle) and had free
access to regular rat chow and drinking water. The study was
approved, and the protocol followed strictly to the guidelines
set forth by the University Ethical Committee on Animal
Experimentation (PUMS-AREC/028), which follows the
“Principle of Laboratory Animal Care” (NIH Publication
No. 85-23).

Study Design and Experimental Procedure

Ginkgo biloba supplements contain 24-28% flavonoids,
5-12% terpene lactones (2.8-6.0% ginkgolides A, B, and
C, with at least 1.3% ginkgolides B and 2.6-5.6% bilo-
balide), and less than 5 ppm ginkgolic acids in standard-
ized form. Commercial manufacturers isolated the active
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components from G. biloba leaves. Ginkgo biloba and lead
acetate were each given orally for 14 days after being dis-
solved in distilled water. After 1 week of acclimatization,
rats were randomly divided into four groups and given
the following treatments: group 1 (control) received water
(10 mL/kg), group 2 received 25 mg/kg b.wt of lead ace-
tate for 14 days, and groups 3 and 4 received 50 mg/kg and
100 mg/kg of Ginkgo biloba supplement for 14 days. The
doses of Ginkgo biloba supplement [49] and lead acetate
[50, 51] chosen were based on the findings of prior stud-
ies and reports. The animals were anesthetized (Ketamin
70 mg/kg), and euthanized by cervical dislodgement, and
the blood, kidney, and liver tissues were harvested; some
were preserved at 4 °C while some were preserved in 10%
neutral-buffered formalin (Fig. 1).

Haematology and Rheological Variables

Blood was obtained from anesthetized animals via heart
puncture and placed in EDTA-coated bottles. An auto-
mated haematology analyser was used to determine the
haematological parameters (ABX Micros 60 from Horiba
ABX, France). RBC, PCV, haemoglobin white blood cell
(WBC), and other haematological indicators such as lym-
phocytes and platelet count were all measured. Osmotic
fragility was done according to the methods of Oyewale,
[52]. Whole blood viscosity was estimated using the
method described by Reid and Ugwu [53] and the flow
rate was expressed as flow per minute. Plasma fibrinogen
concentration was estimated by clot weight according to
the method of Ingram [54].

Lead acetate (25)

Biochemical Assay

The concentrations of creatinine and urea for renal function,
as well as alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and alkaline phosphatase (ALP) activi-
ties for liver injury markers in the plasma, were determined
using a Randox test kit according to the protocol described
by Reitman and Frankel [55].

Preparation of Tissue for Antioxidant Assay

The kidney and liver tissues were removed after euthana-
sia. Harvested tissues were homogenized in 10% w/v phos-
phate buffer (0.1 M, pH 7.4), and centrifuged at 10,000 rpm
for 10 min at 4 °C, and the supernatants were immediately
frozen and preserved at 10 °C for antioxidant experiments.
Catalase (CAT), glutathione (GSH), superoxide dismutase
(SOD), and malondialdehyde (MDA) assays were performed
on the liver and kidney supernatants using various Kkits
according to Beer and Sizer [56], McCord and Fridovich
[57], and Ohkawa et al. [58] protocols, respectively.

Histology

The organs were fixed in 10% neutral-buffered formalin,
dehydrated in increasing concentrations of ethanol, cleaned
with xylene, and then embedded in paraffin. Haematoxylin
and eosin were used to stain 2-pm sections of liver and kid-
ney paraffin blocks, respectively. A light microscope was
used to capture the stained slides at 400 magnifications, and
the resulting histomicrograph was examined for histoarchi-
tectural changes as previously described by Asiwe et al. [59].
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Fig. 1 Schematic diagram of the experimental design
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Statistical Analysis

All data was analysed using one-way analysis of variance
(ANOVA) in GraphPad prism 7.0 (GraphPad Software, San
Diego, CA) and expressed as mean standard error of mean
(SEM). Multiple group comparisons were done using the
Tukey post hoc test. Two-way ANOVA was used for osmotic
fragility, and p <0.05 was regarded statistically significant.

Results

Ginkgo biloba Supplement (GBS) Alleviates
Haematological Alterations in Male Wistar Rats
Treated with Lead Acetate

The effect of GBS on haematological variables in lead-
treated rats is shown in Fig. 2. Exposure of rats to lead
acetate daily for 14 days caused a significant (p <0.05)
decrease in RBC, Hb, PCV, lymphocyte, and platelets.

Treatment with GBS (50 and 100 mg/kg, p.o.) signifi-
cantly (p <0.05) increased the mean value of these vari-
ables RBC [F(3,12)=32.9, p<0.0001] Hb [F(3,12)=6.42,
p=0.0077] PCV [F(3,12)=16.3, p=0.0002], lymphocyte
[F(3,12)=20.1, p<0.0001], and platelet [F(3,12)=36.7,
p <0.0001] when compared with lead-treated animals.
However, WBC showed a significant (p <0.05) increase in
both lead-treated and GBS-treated animals [F(3,12)=11.2,
p=0.0009] when compared with the control animals as
shown in Fig. 2(A-F).

Ginkgo biloba Supplement Reduces
Hyperfibrinogenemia, Clotting Time,

and Erythrocyte Osmotic Fragility in Male
Wistar Rats Exposed to Lead Acetate

As presented in Fig. 3(A-D), GBS reduced the clotting
time (Fig. 3B) and fibrinogen (Fig. 3C) level significantly
(p <0.05) when compared with the marked increase
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Fig.2 Ginkgo biloba supplement alleviates haematological altera-
tions in male Wistar rats treated with lead acetate: (A) red blood cell,
(B) haemoglobin concentration, (C) packed cell volume, (D) white
blood cell, (E) lymphocyte, (F) platelet. All values are expressed as

mean + standard error of mean (n=35), *p <0.05 when compared with
the control group while *p <0.05 was significant when compared with
the lead group (one-way ANOVA followed by Tukey post hoc test).
GBS, Ginkgo biloba supplement
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caused by lead exposure [F (3,12) =130, p <0.0001 and
F (3,12)=91.2, p<0.0001] respectively. However, both
lead and GBS (50 and 100 mg/kg) showed a significant
(p <0.05) increase in blood flow rate/viscosity (Fig. 3A)
when compared with control animals [F(3,12) =40.1,
p <0.0001]. Two-way ANOVA revealed a significant
(p <0.05) difference in the interaction between treatment
groups [F (15,72) =324, p <0.0001] and column factor
[F (3,72) =596, p < 0.0001] as GBS reduces the percent-
age haemolysis at 0.3, 0.5, 0.7, and 0.9 concentrations of
sodium chloride as shown in Fig. 3D.

Ginkgo biloba Supplement Alleviates Liver
Damage and Improves Renal Functions
in Male Wistar Rats Exposed to Lead Acetate

Following the exposure of animals to lead acetate, Fig. 4
shows the effects of GBS on liver and renal function
markers. There was a significant (p < 0.05) increase in
AST [F(3,12)=28.2, p<0.0001], ALT [F(3,12)=18.8,
p <0.0001], ALP [F(3,12)=9.41, p=0.0018], urea
[F(3,12)=34, p <0.0001), and creatinine [F(3,12) =48.6,
p <0.0001] when compared with control groups. How-
ever, treatment with GBS (50 and 100 mgkg, p.o.) sig-
nificantly (p < 0.05) reduced these elevated liver enzymes
(Fig. 4A-C) and renal markers (Fig. 4D-E) when com-
pared with the lead-treated groups.

@ Springer

GBS NacCl concentration (mg/ml)

Ginkgo biloba Supplement Improves
Endogenous Antioxidant Enzymes

in the Kidney and Liver of Male Wistar Rats
Exposed to Lead Acetate

Table 1 indicates the activity of lipid peroxidation (MDA
level), catalase (CAT), glutathione (GSH), and superox-
ide dismutase (SOD) in the kidney tissue of lead-induced
renal toxicity. There was significant (p < 0.05) decrease in
SOD, CAT, and GSH in lead-treated group; however, treat-
ment with Ginkgo biloba supplement elevated the levels
of these enzyme in a dose-dependent manner. There was
increase in MDA in the lead group suggesting increased
lipid peroxidation. However, 50 mg of GBS improves lipid
membrane by decreasing kidney MDA levels. Also, lead
treatment caused a significant (p < 0.05) decrease in the
weight of the kidney when compared with control group;
however, GBS (50 and 100 mg/kg, p.o.) did not reverse the
effect caused by lead compared with lead-treated group
(Table 1). The endogenous antioxidant enzyme (CAT and
SOD) in the liver was significantly (p < 0.05) increased
in GBS-treated animals when compared with lead-treated
group (Table 2). However, liver GSH level was signifi-
cantly (p <0.05) increased by Ginkgo biloba supplementa-
tion. There was significant increase in MDA (lipid peroxi-
dation) in lead-treated group when compared to the control
group. However, treatment with GBS (50 and 100 mg/kg)
prevented the lipid peroxidation by significantly reducing
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Fig.4 Ginkgo biloba supplement alleviates liver damage and
improves renal functions in male Wistar rats exposed to lead acetate:
(A) aspartate aminotransferase (AST), (B) alanine aminotransferase
(ALT), (C) alkaline phosphatase (ALP), (D) urea, (E) creatinine.

Table 1 Effect Ginkgo biloba

All values are expressed as mean +standard error of mean (n=>5),
#p <0.05 when compared with the control group while *p <0.05 was
significant when compared with the lead group (one-way ANOVA
followed by Tukey post hoc test). GBS, Ginkgo biloba supplement

. . Control Lead Lead + GBS (50 mg) Lead + GBS (100 mg)
supplement on kidney weight
and endogenous antioxidant GSH 0.85+0.07  0.52+0.03" 1.05+0.05™ 0.81+0.07*
enzymes MDA 239+0.04  2.98+0.08" 2.5+0.05" 4.02+0.05"*
CAT 16.5+0.27 8.96+0.44" 9.5+0.38" 10.6+0.31°%
SOD 0.41+0.01 0.15+0.01° 0.23+0.01°* 0.12+0.01"
Kidney weight 0.33+£0.02  0.27+0.01" 0.27+0.01" 0.26+0.01"

Table 2 Effect Ginkgo biloba

Values are expressed as mean+SEM, n=5, ‘p<0.05 is significant when compared with control and
#p <0.05 is significant when compared with lead. GBS, Ginkgo biloba supplement

. : Control Lead Lead + GBS (50 mg) Lead + GBS (100 mg)
supplement on liver weight
and endogenous antioxidant GSH 0.26+0.02 0.43+0.03" 0.71+0.03* 0.88£0.04™
enzymes MDA 2.57+0.08 4.01£0.09° 2.42+0.14* 3.63+0.17"
CAT 14.0+0.33 14.7+0.49 17.7+0.53" 14.1£0.52
SOD 0.32+0.01 0.18+0.01° 0.26+0.02"* 0.34+0.01*
Liver weight 3.37+0.10 2.93+0.08" 3.49+0.12% 3.29+0.05%

Values are expressed as mean+SEM, n=5, ‘p<0.05 is significant when compared with control and
#p <0.05 is significant when compared with lead. GBS, Ginkgo biloba supplement
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liver MDA level. The weight of the liver reduced in lead
group when compared with control while GBS increased
the weight significantly when compared with lead-exposed
group as shown in Table 2.

Ginkgo biloba Supplement Protects

Against Lead-Induced Liver and Kidney
Histoarchitectural Alterations in Male Wistar
Rats

As represented in Fig. 5, rats exposed to lead acetate had
histoarchitectural alterations as moderate atrophy of hepatic
cords and single necrosis of hepatocytes was observed.
However, treatment with Ginkgo biloba supplement (50
and 100 mg/kg) improved the histoarchitecture of hepato-
cytes (Liver plate B, C and D). The kidney also showed
glomerular and tubular atrophy and random tubular epithe-
lial coagulation necrosis in lead-exposed animals. Treatment
with GBS restored the kidney tissue to its normal histoarchi-
tecture (kidney plate B, C, and D).

-
=
z.
a
—
o

Fig.5 Ginkgo biloba supplement protects against lead-induced liver
and kidney histoarchitectural alterations in male Wistar rats: (A) con-
trol, (B) lead, (C) 50 mg/kg of GBS after lead exposure, (D) 100 mg/

@ Springer

Discussion

Lead poisoning is one of the most dangerous heavy metal
poisonings for both humans and animals. Lead toxicity is a
major source of concern for public health professionals all
around the world. Lead toxicity manifests itself in a variety
of organ systems, including the brain, liver, kidneys, and
lungs [18]. Herbal medicine supplements, on the other hand,
can be used to prevent lead toxicity. Natural remedies have
been used to treat a variety of disorders since the dawn of
time, and food supplement usage has recently gotten a lot
of attention as a way to cope with liver and kidney toxic-
ity. Ginkgo biloba contains a variety of bioactive chemicals
that have the ability to heal tissue injuries while also con-
trolling oxidative and inflammatory processes. In the study,
GBS significantly attenuated lead-induced haematological,
haemorheological, hepatic, and renal imbalances in male
Wistar rat.

As previously reported by Andjelkovic et al. [60], treat-
ment of rats with lead resulted in a considerable fall in RBC
count, Hb concentration, and % PCYV, indicating normocytic
normochromic anaemia. This anaemia could be caused
by the suppressive impact of lead on the haematopoietic
organ, which affects erythropoiesis, or it could be caused
by lead binding to RBCs, which increases erythrocyte mem-
brane fragility, resulting in rapid erythrocyte destruction

kg of GBS after lead exposure. Arrows indicate significant lesion.
GBS, Ginkgo biloba supplement. (H&E x400)
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(Fig. 2A-C). Furthermore, because lead has the potential to
resist divalent cations like iron, it could be linked to dimin-
ished haemoglobin synthesis, which could be produced by
the suppression of aminolevulinic acid dehydratase (ALAD)
or improper iron metabolism [61-63]. Treatment with
Ginkgo biloba supplement, on the other hand, appears to
have haematinic potential, since Hb concentration and RBC
count were significantly enhanced, resulting in increased
packed cell volume. The major functions of the white blood
cell and its differentials are to fight infections, defend the
body against invasion by foreign organisms through phago-
cytosis, and produce or at the very least transport and dis-
tribute antibodies in the immune response. The impact of
lead on the immune system varies depending on the type
of lead, the route of administration, the dose, the duration
of exposure, the age of the host, and genetic susceptibility
[64, 65]. Immunosuppression has been reported as a result
of chronic high-level lead exposure [66, 67]. Surprisingly,
exposure to a low dose of lead in this study resulted in a
large increase in WBC count and a decrease in lympho-
cytes, implying that lead has a negative influence on body
physiology. This change could be due to the body’s ability to
adapt to local environmental and disease-causing situations.
Isaac et al. [68] have shown lead to have immunostimulat-
ing effects, resulting in leukocytosis and lymphocytopenia,
both of which imply bone marrow toxicity and a significant
risk of lymphoproliferative neoplasm formation [64, 66, 69].
GBS was unable to modulate this condition in this current
study, which was ascribed to the duration of the experiment,
since the results indicated the possibility of immunomodula-
tion. Blood platelets are also involved in the clotting process.
Low platelet concentration indicates that the clotting process
could take longer time, resulting in significant blood loss
in the event of an injury [68]. Treatment with GBS, on the
other hand, significantly increased platelet count while also
reducing clothing time, suggesting that Ginkgo biloba may
play arole in platelet aggregation. Fibrinogen is a glycopro-
tein produced in the liver that aids in the synthesis of fibrin,
which causes blood clots. The presence of hyperfibrinogen-
emia in lead-exposed animals suggests the likelihood of
thrombosis. GBS, on the other hand, improved this condi-
tion and eliminated the risk of thrombosis and inflamma-
tion. The osmotic fragility of lead-exposed rats revealed that
rats given Ginkgo biloba supplement (GBS) considerably
improved erythrocyte osmotic resistance to hypotonic stress
(0.3, 0.5, 0.7, and 0.9% NaCl concentrations) (Fig. 3D). The
findings show that GBS protect red blood cells from hypo-
tonic stress. This protective effect has been attributed to
flavonoids (quercetin and triterpenes), which are important
ingredients of Ginkgo biloba [70, 71]. This work, on the
other hand, contradicts Abdel-Baieth [72], who claimed that
Ginkgo biloba leaf extract increased red cell osmotic fragil-
ity in hypotonic media.

The administration of lead acetate to rats resulted in a rise
in ALP, AST, and ALT serum concentrations (Fig. 4A—C),
as described in earlier investigations [62, 73, 74]. Lead dis-
rupts the cytoskeleton, causing membrane rupture and lysis,
resulting in a rise in the quantity of these biochemicals in
the blood [62]. Ginkgo biloba supplementation significantly
reduced ALT, AST, and ALP in serum in the current study,
which is consistent with prior research [75]. By inhibiting
the pro-inflammatory cytokine NF-kB, GBS has been shown
to improve liver architecture and function in carbon tetra-
chloride (CCl4)-treated Wistar rats, suggesting a powerful
hepatoprotective action of GBS [76]. In terms of kidney
function markers, lead-treated rats showed a considerable
rise in serum urea and creatinine levels, which was also
observed in prior investigations [15, 61]. Increased protein
breakdown, which raises ammonia level and, in turn, serum
urea concentrations, is caused by oxidative stress [77].
Accordingly, the breakdown of the renal cell brush border
epithelia caused by free radicals rendered the cells imper-
meable to urea and creatinine [78]. There is an increase in
the levels of these kidney indicators in blood due to lim-
ited or no tubular absorption of urea and creatinine by the
renal tubules. GBS considerably reduced the levels of urea
and creatinine in the current investigation. This could be
attributed to Ginkgo biloba’s strong antioxidant potential,
which counteracts the oxidative insults produced in the kid-
neys as a result of lead acetate—induced toxicity, suggesting
Ginkgo’s nephro-protective potential against lead poisoning
(Fig. 4D-E).

Lead has been shown to cause oxidative damage to mem-
brane lipids by increasing peroxidation [17]. Liver and kid-
ney cells suffer from uncontrolled peroxidation because liver
and kidney are the most affected organs due to ingestion and/
or inhalation exposure [79]. It causes a loss of membrane
integrity, which leads to cell death [80]. Lead acetate caused
a considerable rise in lipid peroxidation in the present inves-
tigation, as measured by a significant increase in MDA con-
centration in the liver and kidney homogenate, which is con-
sistent with prior research [80]. However, GBS significantly
reduced lipid peroxidase in both organs (Tables 1 and 2),
which could be related to Ginkgo biloba’s anti-oxidative
nature and its ability to scavenge free radicals [81]. Anti-
oxidant enzymes stored in the body neutralize free radicals
produced during oxidative stress. Lead acetate reduced the
activities of CAT, SOD, and GSH in both liver and kidney
tissues in the current experiment, making tissues vulnerable
to oxidative stress, as previously reported [82]. These anti-
oxidant enzymes feature active sites that act as targets for
harmful heavy metals such as lead, mercury, and cadmium,
resulting in decreased enzymatic activity. The sulfhydryl
groups of these enzymes have a high affinity for lead, which
causes them to lose their activity [83]. The GBS treatment
has been shown to restore DNA damage caused by stannous
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chloride poisoning’s high oxidative environment [83]. The
histological analysis demonstrated that Ginkgo biloba sup-
plementation restored architectural alterations caused by
lead treatment (Figs. 5). Lead, as previously stated, causes
oxidative stress in the liver and kidney, resulting in patho-
logical alterations [15, 84]. Lead is taken up by proximal
tubular cells, according to studies on its transit in the kidney
[85]. Renal tubular damage is also caused by high levels
of lead, with glomerular and tubular shrinkage as well as
random tubular epithelial coagulation necrosis [86, 87]. In
injured renal tissue with necrosis in the parenchyma, tubular
dilatations, and hyperemic situations, GBS has been shown
to offer protection to histological integrity [88]. At higher
dosage of GBS, the histological type of kidney injury was
shown to be significantly reduced. Our findings matched
those of [84], who found that ginger therapy had similar
effects. According to prior studies, lead exposure resulted
in moderate hepatic cord atrophy and a single hepatocyte
necrosis [15, 62]. Because the liver is the first organ exposed
to lead and plays a substantial role in lead accumulation,
biotransformation, and removal, these pathological char-
acteristics are commonly seen in lead intoxication [62]. In
this study, GBS treatment resulted in significant recovery of
hepatic and renal architectures following lead exposure as
evidenced by the histological observation. However, further
investigations are needed to confirm the particular involve-
ment of the signalling mechanisms employed by Ginkgo
biloba in the cytoarchitectural protection of the liver and
kidney.

Conclusion

The results of this study showed that treatment with Ginkgo
biloba supplement significantly ameliorated lead toxicity by
normalization of haematological indices and modulation of
haemorheological factors as well as maintaining erythrocyte
membrane integrity. It also improved liver and renal func-
tions by protecting the tissues against oxidative damage and
histoarchitectural alterations caused by lead acetate intoxica-
tion. However, the findings from this study therefore suggest
that supplementation with Ginkgo biloba might be a viable
therapeutic approach for reducing lead-induced changes and
oxidative damage—induced haematological imbalance and
organ damage in lead toxicity.
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