Journal of Animal Health and Production

L)
J

Check for
updates

Research Article
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Abstract | Lead (Pb) poisoning is primarily caused by the accumulation of lead in multiple tissues and its interactions
with bio-elements, essential for various biological functions. This study aimed to investigate the combined protective
effects of Chrysin (Chy) and Ginkgo biloba (Gnk) against the bioaccumulative toxicity of Pb+2 on histological liver
profiles and antioxidant enzyme activities in male adult rats. Adult male Wistar rats (25010 g) were divided into four
groups: group I (n = 6) served as the control and received 2.5 mg NaCl/kg/day as a sodium chloride solution, group II
(n = 6) received 2.5 mg/kg/day as lead chloride solution orally, group III (n = 6) received 50 mg Chy and 50 mg Gnk/
kg/day, and group IV (n = 6) received 50 mg Chy, 50 mg Gnk, and 2.5 mg Pb/kg/day. All animals were sacrificed 24
hours after the last oral dose administration upon completion of the 30-day trial. The liver was promptly removed for
an assessment of the changes in malondialdehyde (MDA), glutathione (GSH), and myeloperoxidase activity (MOP).
Proinflammatory cytokines (T NF-a and IL-1f) were measured in the plasma samples, and an evaluation of the liver
histological profile was conducted on liver samples. The results indicated that lead toxicity significantly (p<0.05) in-
creased MDA and MOP levels while decreasing GSH activity in the liver compared to the control group. However,
this effect was significantly (p<0.05) altered by the supplementation of Chy and Gnk. Similarly, the levels of TNF-a
and IL-1p were significantly decreased (p<0.05) by the treatment with Chy and Gnk, which were markedly (p<0.05)
elevated by the Pb. The ameliorative effects of Chy and Gnk were also observed on the histological structures of the
liver that had been damaged by lead. Generally, these results demonstrated that combined treatment of Chy and Gnk
is effective against Pb-induced hepatic toxicity.
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INTRODUCTION

ue to its substantial contribution to modern industry,

lead is now a common environmental pollutant (Ab-
dul Kareem, 2014). Exposures at work and to the environ-
ment, however, continue to be a significant issue in many
emerging and industrializing nations (Sawsan et al., 2018).
Because of its dispersal in the surrounding air, drinking wa-
ter, numerous foods, and dust, lead is effectively the most
abundant non-essential element in the human organism.
Pb** is one among the top ten chemicals of public health

concern, according to the World Health Organization
(Shojaeepour et al., 2018). Its toxicity is linked to its build-
up in specific tissues and interference with bio elements,
which play key roles in various bio- functional processes.
It has numerous negative consequences such as neurolog-
ical (Omotoso et al., 2015). behavioral (Al-Megrin et al.,
2019), renal (Abd AL-Zahra et al., 2023), hepatic (Patra
et al., 2001), and hematological (Omotayo et al., 2022).
Pb** biological excretion is exceedingly challenging and
can persist for a very long period in soft tissues, bones, and
other vital organs (Abd El-Hack et al., 2019). Studies in-
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dicate that oxidative stress may play a significant role in
activating Pb*? toxicity, even if the precise mechanism of
Pb*? toxicity in the tissue is not yet fully understood (Far-
mand et al., 2005). When heavy metal toxicity, such as Pb*?
poisoning, is being treated, chelation are employed in the
removal of heavy metals from the body by a type of bond-
ing of ions and molecules to metal ions, these ligands are
called chelating agents, or sequestering agents (Caglayan
et al., 2019). It has been observed that some unfavorable
side effects are caused by the chelators used in lead treat-
ment (Alcaraz-Contreras et al., 2016), as well as it did not
have effective effect on subtraction and reduction of lead
content accumulated in the tissue (Andersen and Aaseth,
2016). Consequently, a considerable amount of recent re-
search has focused on various methods for treating lead
toxicity, with a particular emphasis on plant-based medi-
cations (Abd El-Hack et al., 2019). The active ingredients
in herbal products protect the tissues and inhibit the stages
of oxidative stress (Caglayan et al., 2019). Generally, herbal
materials have been included in recent scientific concerns
as natural alternatives in detoxification of heavy metals
(Caglayan et al., 2019). Flavonoids are phenolic chemicals,
that represent plant secondary metabolites. They are com-
monly found in foods and exhibit antioxidant, antibacte-
rial, anti-cancer, anti- mutagenic, and anti-inflammatory
properties. (Celik et al., 2019). Flavonoid and glycosides
have an inhibitory effect on the expression of inducible
nitric oxide and nitric oxide synthesis, according to (Za-
heer et al., 2020). Because there is conflicting information
in the literature regarding the potential protective effects
of Chrysin (Chy) and Ginkgo biloba (Gnk) against Pb*?
induced oxidative damage to the liver (Abd El-Hack et
al., 2019). The aim of this current investigation was to as-
sess potential protective effects of Chy and Gnk against
lead-induced oxidative liver damage. Biological methods
were employed as biomarkers of lead toxicity, including
measurements of malondialdehyde (MDA), glutathione
(GSH) and myeloperoxidase (MPO) activities, plasma
tumor necrosis factor-alpha (TNF-0) and interleukin one
beta (IL-1p) level along with an evaluation of liver histo-
logical profile.

MATERIALS AND METHODS

CHEMICAL AND DRUGS

'The chemicals used in the experiment were included, Lead
(IT) chloride (PbCl,), and chrysin (5,7-dihydroxyflavone
[C,,H,,0,] with 97% purity, were supplied by the Sig-
ma-Aldrich Chemical Company (St Louis, MO, USA).
Ginkgo biloba (contain 24% flavanol glycosides), and ter-
pene trilactones (T'TLs) (6%, including four kinds of gink-
go ides and bilobalide), purchased from Hisham Abdullah
Pharmacy and the drug originates from China (Zhejiang

Comba Pharmaceutical Co.).

ANIMALS

All experiments were carried out on male Wistar rats
(n=24) weighing 250 + 10 g, brought from the animal
house of the College of Veterinary Medicine, University
of Basra. The animals were housed in clean plastic cages
and given a week to acclimate in the laboratory setting
(temperature = 22.5 C° with 12-hour dark/light cycle and
ventilation system). During the trial, animals had unlimit-
ed access to food and water. Before conducting the study,
official approval was obtained from the Professional Ethics
Committee of the College of Veterinary Medicine, Uni-
versity of Basra. All ethical standards were strictly adhered
to during this study.

DESIGN OF AN EXPERIMENT

The animals were divided into four groups of 6 rats each
at random, and they received treatment for 30 days. The
Group I served as the negative control and received daily
oral administration of sodium chloride solution at a dose
of 2.5 mg/kg/day. Group II rats served as the positive con-
trol and received by orogastric intubation 2.5 mg/kg/day
lead chloride solution. Group III received 50 mg Chy + 50
mg Gnk /kg/day. Group IV received 50 mg Chy + 50 mg
Gnk + 2.5mg Pb/kg/day. After the treatment, 24 hours fol-
lowing the last dose, animals were decapitated without an-
esthetic, and arteriovenous blood was promptly collected.
A transverse abdominal incision was used to remove the
liver, which was then frozen for use in later transactions.

TISSUE EXTRACT PREPARATION

Livers were promptly removed, rinsed with 0.9% ice-
cold physiologic saline solution, blotted dry, and weighed.
All tissues were homogenized in ten volumes of ice-cold
trichloracetic acid (1 g tissue plus 10 mL 10% TCA) for
30 seconds. To remove cell debris, nuclei, and mitochon-
dria from homogenates, they were centrifuged at a speed
0f 10,000¢ for 10 min at 4°C. The MDA levels were meas-
ured for products of lipid peroxidation through monitoring
thiobarbituric acid responsive substance formation as de-
scribed earlier (Beuge and Aust, 1978). Lipid peroxidation
was calculated as nmol MDA/g tissue and represented as

MDA equivalents using an extinction coeflicient of 1.56 x
10° M em!.

GrutaTHIONE (GSH) ASsAY

A modified version of the Ellman procedure was used to
measure glutathione (Beutler, 1978). Briefly, 2 mL of 0.3
mol/L. Na, HPO,.2H,O solution was added to 0.5 mL
of supernatant following centrifugation at 2,000g for 10
min. Immediately after adding a 0.2 mL solution of dith-
iobisnitrobenzoate (0.4 mg/mL 1% sodium citrate), the
absorbance at 412 nm was measured by spectrophotometer
(model UV-1700, Shimadzu, Japan). The extinction coef-

ficient used to compute glutathione levels was 1.36 x 10°
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M cm1.The outcomes are displayed in mol GSH/g tissue.

MYELOPEROXIDASE ACTIVITY (MPQO) AssAy

MPO activity of tissue was evaluated by determining the
H,0O,- dependent oxidation of dianizidine -o- 2HCI. Brief-
ly, hexa- decyltri- methyl-ammonium bromide (HETAB;
0.5%, w/v) was added to 10 ml of ice-cold potassium phos-
phate buffer (50 mmol /L K2HPO4, pH 6.0) to 0.2-0.3 g
of homogenize tissue samples. By detecting the H,O,-de-
pendent oxidation of dianizidine- o- 2HCI, MPO activity
was determined. The amount of MPO present per gram
of tissue that resulted in a 1.0/min change in absorbance
at 460 nm was defined as one unit of enzyme activity by
spectrophotometer (model UV-1700, Shimadzu, Japan)
(Hillegass et al., 1990).

PRO-INFLAMMATORY CYTOKINES DETECTION (TNF-A
AND IL-1B)

Enzyme-linked immunosorbent assay (ELISA) kits were
used that were designed specifically for measuring TNF-o
and IL-1B of blood plasma according to the manufactur-
er’s instructions and guidelines. ELISA microplate reader
(Spectra Max 190, Molecular Devices Corporation, Sun-
nyvale, CA) was utilized to record the absorbance at 450
nm. The careful examination of five independent stand-
ard series replications, the assessment of the deviation of
TNF- and IL-1P concentrations in experimental animal
groups, and the evaluation of visual analysis of whole UV-
Vis spectra were all meticulously carried out.

HiISTOPATHOLOGICAL ASSAY

Each sacrificed rat’s liver were removed at the end of the
trial. They were then prepared for paraffin sectioning by
dehydrating in various concentrations of alcohol, employ-
ing xylol to clean, and embedding in blocks of paraffin af-
ter being fixed in 10% buftered formalin. For histopatho-
logical investigation, sections of tissue with a thickness of
around 5 pm were stained with Harris hematoxylin and
eosin staining (H&E) (Ada and Delia 2014), and exam-

ined under a microscope at 400X magnification.

STATISTICAL ANALYSIS

'The data were analyzed statistically using one-way ANO-
VA with the SPSS 18th version. The mean+ SD was used
to express all data. All significant differences were repre-

sented at p<0.05.
RESULTS

MDA AS EXPRESSION TO LIPID PEROXIDATION ASSAY

The lipid peroxide level of liver tissue was expressed
through MDA and results were presented in Fig.1-A. Rats
of group II exhibited a statistically significant (p<0.05) in-
crease (93+8.99) when compared with other groups. While

group IV showed a statistically significant (p<0.05) de-
crease (63+3.4) compared to the group II, and an increase
compared to the control group (p<0.05) and the group III
(p=20.05).

GurutatHIONE (GSH) AcTIVITY

We noted a significant (p< 0.05) decrease in the GSH level
of liver tissue in group II rats treated with 2.5mg Pb**/kg
BW, compared with other experimental treatments. GSH
level in group IV rats remained parallel (p=0.05) with that
of control group (Fig.1-B).

MPO LEVEL

A significant (p<0.05) increase in MOP content was no-
ticed in group II compared with all other groups. On the
other hand, the group IV reflected a moderate increase in
the MOP of rats, which was significantly different (p<0.05)
as compared to group III and control (Fig.1-C).
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Figure 1: Measure of antioxidant enzymes concentration
in Wistar rats. (A) MDA level (nmol/g); (B) GSH level
(pmol/g); and (C) MPO activity (U/g). Values are presented
as means + S5.D of 6 individuals. Different letters indicate
significant (p<0.05) differences, and similar letters indicate
no significant differences among experiment groups

EFrECT OF CHRYSIN AND GINKGO BILOBA ON PLASMA
PRO-INFLAMMATORY CYTOKINES

TNF-alpha and IL-1p levels of blood plasma were no-
ticeably higher (p<0.05) in group II, confirming that lead
poisoning is tightly linked to inflammatory and oxidative
processes. Group IV exhibited a significant (p<0.05) de-
crease in these cytokines level and reached almost similar

level as that of control and group III rats (Fig.2- A and B).

HISTOLOGICAL FINDINGS

'The histological alterations in the liver tissues were eval-
uated as outlined in Figure 3. The hepatic parenchyma of
rats in group I exhbited multiple hepatic lobules separated
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Figure 2: Measure of plasma pro-inflammatory cytokines
concentration in Wistar rats. (A) TNF-alpha, and (B)
interleukin 1-beta (IL-1pB) levels. Values are presented as
means + S.D of 6 individuals. Different letters indicate
significant (p<0.05) differences, and similar letters indicate
no significant differences among experiment groups.
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Figure 3: (a): Photomicrograph of a liver from the control
group represents normal architecture (circle). (e, f): A
section of the liver from group III on day 30 showing
semi-normal architecture, except for slight expansion
of the hepatocytes sinusoids (arrow) and cytoplasmic
degeneration (thick arrow). (¢, d): section of liver from
group II at day 30 showing acute hepatocyte necrosis
(arrow), cytoplasmic degeneration (thick arrow), expansion,
and necrosis of blood vessels (circle). (g): A section of the
liver from group IV on day 30 showing a limited extent of
hepatocyte necrosis (arrow), and cytoplasmic degeneration

(thick arrow), which also showed limited expansion and
degeneration of blood vessel walls (circle). H and E. X400,
(Scale bar 25u).

by delicate connective tissue septa. Each lobule contained
a central vein with thin walls, surrounded by hepatic cords
extending to the periphery (Fig. 3 a). While no prominent
alteration were noticed in the hepatocytes tissue of rats
treated with Chy + Gnk, the hepatocytes showed with a
normal pattern, while dilatation of the sinusoidal of the
portal vein was still identified (Fig. 3 b). Lead poisoning
rats (group II) showed severe damage to liver tissue, in-
cluding fatty alterations degeneration of cytoplasmic, focal
necrosis, karyolysis, pyknotic nuclei, the proliferation of
Kupfter cells, inflammatory cells, as well as of bile ductless
(Fig.3.¢,d, e, and ). Group IV reflected the susceptibility
of the two treatments, Chy and Gnk, to inhibition of liver
tissue damage due to lead’s harmful impact. Generally, the
noted improvement partly in liver tissue, represented by a
tew lipid droplets, a small localized necrotic region, and
cytoplasmic degeneration of hepatocytes accompanied by
some intravenous congestion (Fig. 3. g).

DISCUSSION

The fifth most often used metal in the world, lead (Pb*?),
is harmful to people, and its poisonousness is linked to the
production of oxidative stress factors (Kao and Rusyniak,
2016). The route of exposure, the subject’s age, health state,
the number of exposures, the duration of exposure, and the
person’s genetic makeup all play a role in the physiological
damage caused by lead (Chowdhury et al., 2014). Lead is
absorbed in its organic and inorganic state with the help of
the respiratory chain and the gastrointestinal tract. Gener-
ally lead has high lipid-solubility characteristic, this makes
its transport throughout organs and tissues easier (Rosin,
2009). Our results confirmed that increases in lipid peroxi-
dation and myeloperoxidase activity caused by lead toxicity
were followed by significant decreases in hepatic GSH lev-
els in the current investigation. Additionally, higher plasma
levels of the cytokines TNF-alpha and IL-1B, as well as
histological studies, revealed the severity of the lead-in-
duced systemic inflammatory response. Generally, in the
current investigation, it was discovered that lead changes
liver tissue’s oxidative stress-related metrics. Lead has an
induced property that throws off the body’s antioxidant
system’s delicate equilibrium, leading to the development
of reactive oxygen species and oxidative stress (Taslimi et
al., 2019). Lipid peroxidation makes significant contribu-
tions to the assessment of liver cell injury, lipid peroxida-
tion produces MDA as a breakdown byproduct (Zheng et
al., 2020). According to studies, Pb** reduced the activity
of antioxidant enzymes by attaching to their SH- groups,
which also led to GSH depletion, a non-enzymatic antiox-

June 2024 | Volume 12 | Issue 2 | Page 139

%0 .
O Links
OResearchers



OPEN 8ACCESS

Journal of Animal Health and Production

idant, and lipid peroxidation are two examples. As a result,
the goal of treating Pb*? poisoning is to remove Pb* from
the body while also removing reactive oxygen species to
avoid the development of oxidative stress (Alcaraz-Con-
treras et al., 2016). As demonstrated in this investigation,
the antioxidant Chy and Gnk combined treatment dra-
matically suppressed MDA formation while simultane-
ously replenishing tissue GSH concentration, signifying a
reduction in lipid peroxidation and cellular injury, which
protects liver tissues from lead-induced oxidative damage.

Moreover, our findings indicate a noteworthy elevation in
plasma levels of TNF-alpha and IL-18 due to lead toxicity.
Conversely, the combined treatments mentioned earlier re-
sulted in the inhibition of tumor necrosis factors levels. Chy
is one of the flavonoids present in many plant extracts that
is frequently used as a traditional medication (Hanedan et
al., 2018), while numerous distinct terpenoids and flavone
glycosides are present in Ginkgo biloba extract. The antiox-
idant activity of flavonoids is thought to be one of the pri-
mary processes underlying the pharmacological actions of
the extract, which is one of its primary impacts. Generally,
in the study by Zhang et al. (2004), the suppression of lipid
peroxidation was credited with the protective effect of Gnk
on hepatic endothelial cells in rats with chronic liver injury.
Additionally, it was discovered that Gnk increased the ac-
tivity of glutathione peroxidase and superoxide dismutase,
two antioxidant enzymes that protect brain regions from
ischemia/reperfusion injury (Janssens et al., 2000). On the
other hand, Akdere et al. (2014) established that terpenic
components suppress free radical production. Flavonoids
play an important role in the regulation of cellular func-
tions such as cell cycle signals and inflammatory pathways
(Gargouri et al., 2013). Generally, the relationship between
oxidative stress and inflammatory response is becoming
clearer, as oxidative stress contributes significantly to the
inflammatory process (Lugrin et al., 2014).

According to reports, oxidant molecules have an impact
on all stages of the inflammatory process, including the
release of endogenous danger signal molecules, recognition
of these molecules by natural immune cells via the toll-like
receptor (TLR) and NOD-like receptor (NLR) families,
and activation of signal pathways that initiate an adaptive
cellular response to these signals are all examples of how
these signals are processed (Khalil et al., 2019), Hence, oxi-
dative stress initiates NF-kB, instigating the inflammatory
process (Turillazzi et al., 2016). Subsequently, NF-kB pro-
motes the release of TNF-o and IL-1p, which are pro-in-
flammatory cytokines. Furthermore, NF-«xB regulates the
expression of COX-2 and iNOS proteins. Therefore, in-
hibiting NF-«B becomes essential for therapeutic purpos-
es (Caglayan et al., 2019). According to Liu et al. (2017),
Pb*? damages tissue and triggers NF-«kB activation and in-
flammation. Flavonoids are crucial for controlling cellular

processes such as modulating inflammatory pathways and

cell cycle signals (Gargouri et al., 2013).

'The histology findings observed in current study supported
biological measurements that showed lead caused oxida-
tive damage, when compared to the usual control group.
Generally, exposure to lead causes a noticeable liver tissue
injury represented by dilation in the central vein and blood
vessels, severe necrosis and degradation of hepatocytes,
high accumulation of Kuppfer cells, and dilated sinusoids.
'The Chy and Gnk mixed treatment clearly reduced the
overall necrosis and degeneration of hepatocytes. Chy and
Gnk, as antioxidants, reduced oxidative stress of MDA and
MPO in hepatic tissues and maintained the shape, param-
eters, and function of hepatocytes, increased plasma anti-
oxidant capacity and cytokine suppression.

CONCLUSION

Our data demonstrated that oxidative stress caused lead
poisoning in the liver. The antioxidant and anti-inflamma-
tory activities of Chy and Gnk were found to be applicable
to Pb-induced hepatic toxicity, and the combined treat-
ment of Chy and Gnk is an encouraging blend in reducing
liver damage caused by lead exposure. However, more re-
search is needed to support the mechanism of this effect of
combined Chy and Gnk treatment.

ACKNOWLEDGMENTS

We would like to acknowledge the scientific efforts of the
Department of Histology and Anatomy Branch - College
of Veterinary Medicine - University of Basra to the com-
pletion of this publication.

FUNDING INFORMATION

'This study was not financially funded by any official or pri-

vate organization

ETHICAL STANDARDS COMPLIANCE

All ethical standards were strictly adhered to during this
study. Official approval was obtained from the Professional
Ethics Committee of the College of Veterinary Medicine,
University of Basra

CONFLICT OF INTEREST

'The authors state that they do not have any conflicts of
interest.

June 2024 | Volume 12 | Issue 2 | Page 140

@ =] .
ot Links
OResearchers



OPEN aACCESS

Journal of Animal Health and Production

AUTHORS’ CONTRIBUTION

Afrah A. Hassan (First Author), Introduction Writer and
Statistical Analyst (40%), Hawraa H. Alowaid (Second
Author), Methodologist/ (30%), Majdy F. Majeed (Third
Author), Discussion Writer (30%).

REFERENCES

Abd AL-Zahra Ali R, Rasmi Huwait A. J, Issa Abed R, Faisal
Majeed M (2023). The Histopathological and Oxidative
Stress Profiles in Japanese Quails (Coturnix japonica)
Induced by Dietary Lead. Arc.h Razi. Inst.; 78(2): 523-530.

Abd El-Hack M.E., Abdelnour S.A., Abd El-Moneim A.E.E.,
Arif M, Khafaga A., Shaheen H., Samak D., A.A. Swelum
(2019). Putative impacts of phytogenic additives to
ameliorate lead toxicity in animal feed. Environ. Sci. Pollut.
Res. Int.; 26(23): 23209-23218. https://doi.org/10.1007/
s11356-019-05805-8

Abdul Kareem S.H. (2014). Morphological changes in liver,kidney
tissues of animal’s exposure to lead acetate. IOSR. J. Pharm.
Biolog. Sci. 9 (1): 22-24. https://doi.org/10.9790/3008-
09152223

Ada T. F,, Delia W. (2014). Tissue processing and hematoxylin
and eosin staining. Methods Mol. Bio. 1180: 31-43. https://
doi.org/10.1007/978-1-4939-1050-2_3

Akdere H., Tastekin E., Mericliler M., Burgazli K. M. (2014).
The protective eftects of Ginkgo biloba EGb761 extract
against renal ischemia-reperfusion injury in rats. Eur. Rev.
Med. Pharmacol. Sci.; 18(19): 2936-2941.

Alcaraz-Contreras Y., Mendoza-Lozano R.P., Martinez-
Alcaraz  E.R., Martinez-Alfaro M., Gallegos-Corona
M.A., Ramirez-Morales M.A., M.A. Vazquez-
Guevara (2016). Silymarin and dimercaptosuccinic acid
ameliorate lead-induced nephrotoxicity and genotoxicity
in rats. Hum. Exp. Toxicol.; 35(4):398-403. https://doi.
org/10.1177/0960327115591373

Al-Megrin WA, Alkhuriji AF, Yousef AOS, Metwally DM,
Habotta OA, Kassab RB (2019). Antagonistic efficacy
of luteolin against lead acetate exposure-associated
with hepatotoxicity is mediated via antioxidant, anti-
inflammatory, and antiapoptotic activities. Antioxidants.
9(1):10. https://doi.org/10.3390/antiox9010010

Andersen O., J. Aaseth (2016). A review of pitfalls and progress
in chelation treatment of metal poisonings. J. Trace
Elem. Med .Biol.; 38: 74-80. https://doi.org/10.1016/j.
jtemb.2016.03.013

Beuge J.A., S.D. Aust (1978). Microsomal lipid peroxidation.
Methods Enzymol. 52: 302-311. https://doi.org/10.1016/
S0076-6879(78)52032-6

Beutler E. (1975). Glutathione in red blood cell metabolism.In A
Manual of Biochemical Methods. Grune & Stratton: New
York, 112-114.

Caglayan C., Kandemir F.M., Darendelioglu E., Yildirim S.,
Kucukler S., M.B. Dortbudak (2019). Rutin ameliorates
mercuric  chlorideinduced hepatotoxicity in rats via
interfering with oxidative stress, inflaimmation and
apoptosis. J. Trace Elem. Med. Biol.; 56:60-68. https://doi.
01g/10.1016/j.jtemb.2019.07.011

Celik H., Kucukler S., Comakli S., Ozdemir S., Caglayan C.,
Yardim A., Kandemir FM. (2019). Morin attenuates

ifosfamide-induced neurotoxicity in rats via suppression of
oxidative stress, neuroinflammation and neuronal apoptosis.
Neurotoxicology.; 76:126-137. https://doi.org/10.1016/}.
neuro.2019.11.004

Chowdhury R., Darrow L., Mcclellan W., Sarnat S., K. Steenland
(2014). Incident ESRD among participants in a lead
surveillance program. Am. J. Kidney Dis.; 64: 25-31. https://
doi.org/10.1053/j.akd.2013.12.005

Farmand F., Ehdaie A., Roberts C.K., R.K. Sindhu (2005).
Leadinduced dysregulation of superoxide dismutases,
catalase, glutathione peroxidase, and guanylate cyclase.
Environ. Res.; 98(1):33-39. https://doi.org/10.1016/j.
envres.2004.05.016

Gargouri M., Magné C., Dauvergne X., Ksouri R., El Feki A.,
Metges M.A.G., H. Talarmin (2013). Cytoprotective and
antioxidant effects of the edible halophyte Sarcocornia
perennis L.(swampfire) against lead-induced toxicity in
renal cells. Ecotoxicol. Environ. Saf.; 95:44-51. https://doi.
0rg/10.1016/j.ecoenv.2013.05.011

Hanedan B., Ozkaraca M., Kirbas A., Kandemir F.M., Aktas
MS, Kilic. K., Comakli S., Kucukler S., A. Bilgili (2018).
Investigation of the effects of hesperidin and chrysin
on renal injury induced by colistin in rats. Biomed.
Pharmacother.; 108:1607-1616. https://doi.org/10.1016/j.
biopha.2018.10.001

Hillegass L.M., Griswold D.E., Brickson B., C. Albrightson-
Winslow (1990). Assessment of myeloperoxidase activity
in whole rat kidney. J. Pharmacol. Methods 24: 285-295.
https://doi.org/10.1016/0160-5402(90)90013-B

Janssens D., Delaive E., Remacle J., C. Michiels (2000). Protection
by bilobalide of the ischaemia-induced alterations of the
mitochondrial respiratory activity. Fundam. Clin. Pharmacol.;
14: 193-201. https://doi.org/10.1111/j.1472-8206.2000.
tb00016.x

Kao L., D. Rusyniak (2016). Chronic poisoning: trace metals
and others. In Goldman L, Schafer Al, eds. Goldman-Cecil
Medicine. Philadelphia: Elsevier 92-98.

Khalil S.R., Mohammed W.A., Zaglool A.W., Elhady W.M.,
Farag M.R., S.A.M. El Sayed (2019). Inflammatory and
oxidative injury is induced in cardiac and pulmonary tissue
following fipronil exposure in Japanese quail: mRNA
expression of the genes encoding interleukin 6, nuclear factor
kappa B, and tumor necrosis factor-alpha. Environ. Pollut.;
251:564-572. https://doi.org/10.1016/j.envpol.2019.05.012

Liu B., Zhang H., Tan X, Yang D., Lv Z., Jiang H., Lu J., Baiyun
R.,Z. Zhang (2017). GSPE reduces lead-induced oxidative
stress by activating the Nrf2 pathway and suppressing miR153
and GSK- 3B in rat kidney. Onco. target.; 8(26):42226—
42237 https://doi.org/10.18632/oncotarget.15033

Lugrin J., Rosenblatt-Velin N., Parapanov R., L. Liaudet (2014).
The role of oxidative stress during inflammatory processes.
Biol. Chem.; 395 (2): 203-230. https://doi.org/10.1515/
hsz-2013-0241

Omotayo B. Ilesanmi, Esther F. Adeogun, Temitope T. Odewale,
Bruno Chikere (2022). Lead exposure-induced changes in
hematology and biomarkers of hepatic injury: protective role
of TrévoTM supplement. Environ. Analys. Health Toxicol.,
37(2): 2-11. https://doi.org/10.5620/eaht.2022007

Omotoso B, Abiodun AD, Jjomone OM, Adewole S (2015).
Lead induced damage on hepatocytes and hepatic reticular
fibers in rats; protective role of aqueous extract of moringo
oleifera leaves (Lam). J. Biosci. Medic., 3: 27-35. https://doi.
org/10.4236/jbm.2015.35004

June 2024 | Volume 12 | Issue 2 | Page 141

@ =] .
o Links
OResearchers


https://doi.org/10.1007/s11356-019-05805-8 
https://doi.org/10.1007/s11356-019-05805-8 
https://doi.org/10.9790/3008-09152223 
https://doi.org/10.9790/3008-09152223 
https://doi.org/10.1007/978-1-4939-1050-2_3 
https://doi.org/10.1007/978-1-4939-1050-2_3 
https://doi.org/10.1177/0960327115591373 
https://doi.org/10.1177/0960327115591373 
https://doi.org/10.3390/antiox9010010 
https://doi.org/10.1016/j.jtemb.2016.03.013 
https://doi.org/10.1016/j.jtemb.2016.03.013 
https://doi.org/10.1016/S0076-6879(78)52032-6 
https://doi.org/10.1016/S0076-6879(78)52032-6 
https://doi.org/10.1016/j.jtemb.2019.07.011 
https://doi.org/10.1016/j.jtemb.2019.07.011 
https://doi.org/10.1016/j.neuro.2019.11.004 
https://doi.org/10.1016/j.neuro.2019.11.004 
 https://doi.org/10.1053/j.ajkd.2013.12.005 
 https://doi.org/10.1053/j.ajkd.2013.12.005 
https://doi.org/10.1016/j.envres.2004.05.016 
https://doi.org/10.1016/j.envres.2004.05.016 
 https://doi.org/10.1016/j.ecoenv.2013.05.011 
 https://doi.org/10.1016/j.ecoenv.2013.05.011 
https://doi.org/10.1016/j.biopha.2018.10.001 
https://doi.org/10.1016/j.biopha.2018.10.001 
https://doi.org/10.1016/0160-5402(90)90013-B 
https://doi.org/10.1111/j.1472-8206.2000.tb00016.x 
https://doi.org/10.1111/j.1472-8206.2000.tb00016.x 
https://doi.org/10.1016/j.envpol.2019.05.012 
https://doi.org/10.18632/oncotarget.15033 
https://doi.org/10.1515/hsz-2013-0241 
https://doi.org/10.1515/hsz-2013-0241 
 https://doi.org/10.5620/eaht.2022007 
https://doi.org/10.4236/jbm.2015.35004 
https://doi.org/10.4236/jbm.2015.35004 

OPEN aACCESS

Journal of Animal Health and Production

Patra R.C., Swarup D., S. Dwivedi (2001). Antioxidant effects
of atocopherol, ascorbic acid and L-methionine on lead-
induced oxidative stress to the liver, kidney and brain in rats.,
Toxicology.; 162: 81-88. https://doi.org/10.1016/50300-
483X(01)00345-6

Rosin A. (2009). The long-term consequences of exposure to lead.
Isr. Med. Assoc. J.; 11: 689-694.

Sawsan A. Alil, Karim H. Al-Derawi (2018). and Nasir Abd
Ali Al-MansourToxic effects of lead-induced Damage in
liver of rats male and the role of ethanolic ginseng extract
as protective agents (histological and physiological). Merit
Research Journal of Medicine and Medical Sciences (ISSN:
2354-323X) Vol. 6(9): 307-315.

Shojaeepour S., Fazeli M., Oghabian Z., Pourgholi L., A.
Mandegary (2018). Oxidative stress in opium users
after using lead-adulterated opium: the role of genetic
polymorphism. Food Chem. Toxicol.; 120: 571-577. https://
doi.org/10.1016/j.£ct.2018.07.061

Taslimi P., Kandemir FM., Demir Y., Ileriturk M., Temel
Y., Caglayan C., I. Gulcin (2019). The antidiabetic and
anticholinergic effects of chrysin on cyclophosphamide-
induced multiple organ toxicity in rats: pharmacological
evaluation of some metabolic enzyme activities. J. Biochem.

Mol. Toxicol.; €22313. https://doi.org/10.1002/jbt.22313

Turillazzi E., Neri M., Cerretani D., Cantatore S., Frati P., Moltoni
L., Busardo F.P.,, Pomara C., Riezzo 1., V. Fineschi (2016).
Lipid peroxidation and apoptotic response in rat brain areas
induced by longterm administration of nandrolone: the
mutual crosstalk between ROS and NF-kB. J. Cell Mol.
Med.; 20(4):601-612. https://doi.org/10.1111/jemm.12748

Zaheer A., Sanya S., Amna M., Tehseen F. Zebl, R. A., Talat
M. (2020). Effect of Ginkgo Biloba Extract (EGb 761) on
Lead-induced Nephrotoxicity in Wistar Albino Rats. Int.
J. Endors. Health Sci. Res., 8(4): 203-2011. https://doi.
org/10.29052/IJEHSR .v8.i4.2020.202-211

Zhang C., Zu J., Shi H,, Liu J., C. Qin (2004). The effect of
Ginkgo biloba extract (EGb 761) on hepatic sinusoidal
endothelial cells and hepatic microcirculation in CC14 rats.
Am. J. Chin. Med.; 32: 21-31. https://doi.org/10.1142/
S0192415X04001692

Zheng HX,, Qi S.S,, He J., Hu C.Y., Han H,, Jiang H., X.S.
Li (2020). Cyanidin-3-glucoside from black rice ameliorates
diabetic nephropathy via reducing blood glucose, suppressing
oxidative stress and inflammation, and regulating
transforming growth factor betal/ Smad expression. J. Agric.
Food Chem.; 68(15):4399-4410. https://doi.org/10.1021/
acs.jafc.0c00680

June 2024 | Volume 12 | Issue 2 | Page 142

%0 .
o Links
OResearchers


https://doi.org/10.1016/S0300-483X(01)00345-6 
https://doi.org/10.1016/S0300-483X(01)00345-6 
https://doi.org/10.1016/j.fct.2018.07.061 
https://doi.org/10.1016/j.fct.2018.07.061 
https://doi.org/10.1002/jbt.22313 
https://doi.org/10.1111/jcmm.12748 
https://doi.org/10.29052/IJEHSR.v8.i4.2020.202-211 
https://doi.org/10.29052/IJEHSR.v8.i4.2020.202-211 
https://doi.org/10.1142/S0192415X04001692 
https://doi.org/10.1142/S0192415X04001692 
https://doi.org/10.1021/acs.jafc.0c00680 
https://doi.org/10.1021/acs.jafc.0c00680 

