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Forty-Two albino rats were allocated into six groups, each group of seven rats. Grou
control rats administrated saline, Group 2 was given citric acid, Group 3 received 500
b.wt of green synthesized iron oxide nanoparticles, Group 4 rats were omg/kg of lead
acetate daily, Group 5 were given 250 mg/kg of green synthesized mediated iron
nanoparticles and 15mg/kg b.wt of lead acetate day after day and Group 6 which re
500mg/kg of green mediated synthesized iron oxide nanopartiolg 15mg/kg b.wt of lea
acetate day after day for 45 days. The result showed significant adverse effects of lead
include significant increases in serum Alanine aminotransferase (ALT), Asp:
aminotransferase (AST), alkaline phosphatase (AuRga, creatinine, and uric acid. Also,
showed significant decreases in total protein and albumin. Moreover it showed increa
Malondialdehyde (MDA) levels; whereas superoxide dismutase (SOD) and glutal
reduced (GSH) levels are declines intbbépatic and renal tissue. These results confirme
alteration on histological architecture of both liver and kidneys. The majority of the chan
the studied parameters were reversed in groups taken green mediated synthesized ir
nanoparticle usingPunica granatumin conclusion, green mediated synthesized IONPs u

Punica granatumvere effective in ameliorating lead induced hepatual toxicity in rats.

1. INTRODUCTION

Lead (Pb) compounds due to human activities is a-high
consumed metal mineral (llychova et al., 2012). Although
lead toxicity has been considered since ancient times, it is
still an important environmental and occupational health
problem (Floraet al., 2012). Prolonged exposure to low
doses of lead can cause renal and hepatic problems because
of its slow excretion and cumulative property (Ercal et al
2001; Dewanjeet al., 2013). Among the soft tissues, liver
tissue followed by the kidney coreand medulla is the
largest depot of lead (Haouas et al., 2014). According to
(Bharali, 2013), Pb toxicitghduced liver damage may be the
result of preoxidant and antioxidant imbalance, which can
lead to oxidative damage to essential biomolecules such
proteins, lipids, and DNA by producing reactive oxygen
species (ROS). Many cultures use the pomegraRat@da
granatun) as a traditional remedy. Pomegranate fruit, juice,
and peel have a high antioxidant capacity that can inactivate
the byproducts of oglative catabolism (Ibrahim et al., 2016).
These compounds include polyphenols, particularly those
that are polyphenolic, ellagitannins, condensed tannins, and
anthocyanins.

Super Para magnetic Iron Oxide Nanoparticles SPIONs are
essential and fascinatingetallic nanomaterials that reveal
useful biomedical applications, such as in vivo cell tracking,
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targeted delivery of molecules or genes, magnetic resonance
imaging (MRI), hyperthermia, transfection, tissue repair, and
magnetic separation technologies (e.gapid DNA
sequencing).According téd/ang et al.{(2014),SPIONs are
precipitated magnetite (Fe304) or maghemite~¢g@03)
cores that range in size from 5 to 20 nm. The requirement for
a novel, potent and netoxic antroxidant derived from
natural source$ias increased. The abereentioned anti
oxidants are employed to reduce various xenobiotics
induced toxicities in experimental animals and are regarded
as safe therapeutic agents (Awad et al.,2020), Therefore the
present study aimed to evaluate the amative effect of an
aqueous extract of pomegranate peel and iron oxide
nanoparticles on the oxidative damage induced by lead
intoxication in rats.

2. MATERIAL AND METHODS

2.1. Chemicals

Lead (Il) acetate -3 hydrate (CH3co00)2 pbh.3H20 was
produced fromADWIC. Iron (Ill) chloride hexahydrate and
Iron (II) chloride tetrahydrate were obtained from Alpha
ChemikalNDIA, Sodium hydroxide (99.0%) was purchased
from SRL Chemicals, and Citric acid mono hydrate from
(East Chem)P. granatunfruit peel from (localEgyptian
market).
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Greenmediated synthesized iron oxide nanoparticles
prepared by extract the pomegranate peel extract (PPE) then
green synthesis of IONPs in PPE by Precipitation method
according to (Yusefietal.,2020) then dissolve by citric acid
mono hydate from (East Chem).

2.2 Experimerdl design

Forty-Two adult albino rats purchased from Veterinary
Serum and Vaccine Research Institute, Abbasia, Cairo,
Egypt. The animals were acclimated for one week at the
hygienic laboratory criteria. Rats were Ised in plastic
cages keptinder constant environmental conditions and fed
on fresh standard pellet and given tap water throughout the
study. 42 albinaats weredivided in to seven groups each
one contain6 rats were established by random selection. First
group (Control group) administrated (1ml of saline) daily.
The second group received (1ml of citric acid) daily as
vehicle. The third group administrated (500mg/kg b.wt of
IONPs inP. granatunpeel extract) daily. The fourth group
administrated (15mg/kg ofead acetate day after day)
according to (Javorac et al. 2021). The fifth group received
(250 mg /kg of IONPS in P. granatum) daily then lead
acetate (15mg/kg body weight) day after day and; while the
sixth group administered (500mg/kg of IONPS in P.
grandaum) daily then lead acetate (15mg/kg body weight)
day after day in this study rats were dealing via oral gavage
throughout the 45 day experiment.

The Ethical Committee of the Faculty of Veterinary
Medicine, Benha University, Egypt, approved all protocols
used in this experiment (Ethical NoBUVFTM38-23)

2.3. Sampling

Rats were anesthetized with Isoflurane one day after the final
treatment. Blood samples from the retndital plexus were
collected to separate the serum, which was then kepd@&t

for bio-chemical examination. The liver and kidneys were
divided to three sections. One piece was immersed in 10%
neutral buffered formalin for histopathological examination;
piece was immersed in i@®ld phosphatéuffered saline
(PBS) for antioxidant esting. Final piece was kept2®C

for lead residue analysis.

2.4. Biochemicahssays:

2.4.1 Evaluationserum biochemical markers:

Serum ALT, AST, ALP (Babson et al., 1966), Total protein
and albumin levels (Doumas et al., 1971; Koller and Kaplan,
1984),urea level (Fawcett and Scott, 1960), and creatinine
(Blass et al.,, 1974) values were measured by using
commercial kits (Spectrum Diagnostics company, Egypt)
and strictly following to the instructions provided by the
manufacturers

2.4.2.Assessment of ardxidants markers:

One gram of liver and kidney tissue specimen were
homogenized by using electrical homogenizer with 5ml of
phosphate buffer pH7.4. Malondialdehyde (MDA),
superoxide dismutase (SOD), and reduced glutathione
(GSH) were evaluated using tieanufacturer's approved
techniques (Bialiagnostics, Egypt).

2.4.3 Assessment of lead residue in liver and kidney tissue:
A wet digestionfor tissues according t¢Mason, 1991).
Atomic absorption spectrophotometric procedure was used
for the evaluationof lead as qualified in Perkin Elmer
catalog of atomic absorption model 2380, U.S.A (1982)
Atomic absorption with a single slot burner head was used
at a wavelength of 248.3 nm for lead.

2.5.Histopathological examinations:

At the ending of the experimenrats in all groups were
euthanized and small tissue specimens were collected from
liver and renal tissue immediately fixed in 10% neutral
buffered formalin. After proper fixation, tissue paraffin
sections of 4 um thickness were routinely prepared and
stained with haematoxylin and eosin accordingBar{(croft
andGamble2008). A Nikon Eclipse E800 microscope with
an Olympus camera was used for histopathological
evaluation and microscopic images photographing.

2.5. Statistical analysis

Oneway ANOVA and Duncan's multiple range tests were
used n the analysis. Using SPSS sadte version 25
(Chicago, USA), data were assessed. The distinctions were
statistically significant at P0.05. All information was
presented as means + SD.

3. RESULTS

3.1. Effect of greemediated synthesized iron oxide
Nanoparticlesusing Punica granatumextract and/or lead
acetate on serum biochemical parameters:

Oral administration of lead acetate revealed significant
increase in serum activities of AST, ALT, ALP, ear
creatinine, and uric acid, whilshowedsignificant decrease in
serum total proteins, albumin, compared to thejstup
(control), 2nd and 3rd group given saline, citric acid and
500mg/kg b.wt of IONPs in PFE. While co-administration
with greenmediated synthesized iron oxide Nanoparticles
usingPunica granatunextractshowedsignificant decrease on
the serum levels of AST, ALT, ALRirea, creatinine, uric acid
and Moreover significant elevation on serum total proteins and
albumin (Tablel) (P<0.05)

Table (1): Effect of green mediated synthesized iron oxide NarticlesusingPunica granatunextract and/or lead acetate on serum biochemical parameters

ALT AST ALP Total protein Albumin Urea Uric acid Creatinine
G1 25.61+1.54 44.33+2.54 107.15+11.4% 9.66+0.53 6.23+0.02 20.68+3.02 1.72+0.03 0.430.09
G2 26.30+0.50 48.92+1.84 110.07+2.73 9.14+0.12 6.03+0.12 22.82+0.78 1.85+0.12 0.44+0.0%
G3 28.10+0.84 46.94+1.68 109.90+2.94 9.12+0.14 5.99+0.07 23.17+0.40 1.88+0.02 0.450.00
G4 69.26+4.66 124.87+6.14 269.32+15.40 4.52+0.38 3.42+0.13 52.58+2.14 5.06+0.28 0.950.08
G5 42.65+0.84 76.50+0.83 189.74+4.80 7.36+0.08 5.04+0.08 36.48+0.57 2.64+0.05 0.59+0.0%
G6) 51.67+0.88 93.26+4.04 226.99+3.59 6.12+0.09 4.45+0.05 41.58+0.8% 3.50+0.16 0.74+0.0%

Mean valuesvith different superscript letters in the same column are significantly different at (P<0.05)
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3.2. Effect of greemediated synthesized iron oxide
Nanoparticlesusing Punica granatumextract and/or lead
acetate on hepatic and renal amtkidantsparameters

Oral administration of lead acetate revealed significant
increase in level of both hepatic and renal MDA, while there
were significant decrease in levels of both hepatic and renal
GSHandSOD compared to theégroup (control), 2@and 3¢

growp saline, citric acid and 500mg/kg bwt of green
mediated synthesized iron oxide nanoparticles uSiagica
granatumextract While ceadministration of green mediated
synthesized iron oxide nanoparticles usingPunica
granatumextract showed significamtecrease in the levels
of MDA and Moreover significant elevation in of both
hepatic and renalGSH and SO@Table2).(P<0.05)

Table (2): Effect of green mediated synthesized iron oxide NartirlesusingPunica granatunextract and/or lead atze on antioxidants parameters:

Hepatic GSH Hepatic MDA Hepatic SOD Renal GSH Renal MDA Renal SOD
(umol/mg) (nmol/mg) (U/mg ) (umol/mg) (nmol/mg) (U/mg)
Gl 0.107+0.007a 16.51 + 2.61 1380.44 +73.08 0.934+0.029 37.64+1.23 1129.66+101.86
G2 0.107+0.016a 24.16 + 3.44 1244.88 +35.63 0.879+0.036 42.45 + 4.20 986.76 +45.27
G3 0.164+0.017 28.30 + 4.03 1220.99 +111.20 0.966+0.026 33.76 £ 4.74 928.12 +21.26
G4 0.038+0.018 94.31 £ 7.4% 260.87 + 49.49 0.060+0.018 107.53 +7.322 69.86 +12.33
G5 0.136+0.018 47.17 £ 6.2F 757.69 + 29.64 0.842+0.118 73.97 £+ 4.37° 323.90 + 36.20
G6 0.112+0.033 63.82 +3.08 505.65 + 47.89 0.644+0.27% 97.94 + 26.74 168.17 + 14.76

Mean values with differerguperscript letters in the same column areiiggmtly different at (P<0.05)

3.3. Effect of greemmediated synthesized iron oxide
Nanoparticlesusing Punica granatunextract and/or lead
acetate on lead residues in liver and kidneys tissues:
Co-administration of greemediated synthesized iron oxide
nano particlesusing Punica granatumextract showed
significantlydecrease lead accumulation in liver and kidneys

tissues compared to lead acetate group. While in comparing
between high and low desf greemmediated synthesized
iron oxide nanoparticles usinBunica granatunextract the
result showed that in liver tissue low dose more effective
than high dose, in contrast to kidneys residues showed high
dose more effective than low dose.(Table3qP5)

Table (3): Effect of green mediated synthesized iron oxide Nano parilegPunica granatunextract and/or lead acetate on lead residues in liver and kidney

tissues:
Hepatic lead residue Renal lead residue
Gl 0.08+0.0% 0.27+0.16
G2 0.09+0.08 0.28+0.12
G3 0.29+0.2% 0.10+0.16
G4 1.17+0.32 0.98+0.29
G5 0.23+0.12 0.22+0.138
G6 0.42+0.28 0.09+0.0%

Mean values with different superscript letters in the same column are significantly different at (P<0.05).

3.4. Effect of green mediated synthesized iron oxide
Nanoparticlesusing Punica granatunmextract and/or lead
acetate orhepatorenal tissues

The examinediver and kidneyf rats in goupl (control)

and group 2 (citric acidyevealed normal histological
structure of the hepatic and renal parenchyma (Fig. 1 A &
B). While the examined liver in group 3 showed aggregation
of a few mononuclear cells and mild congestion of portal
blood vessels with mild dilatation of hepatic sinusoids, the
examined kidneys revealed slight congestion of some renal
blood vessels and glomerular tufts with eosinophilic casts in
some of the lumens of some renal tubules (Fig. 1 D).
contrastin group4 (lead acetate toxicity) the liver showed
severe congestioaf the portal vessels with focal areas of
necrosisinfiltrated with inflammatory cel (Fig. 1 C).
Multifocal vacuolar and hydropic degeneration of the
hepatocytes were prevalent. Focal mononuclear leukocytic
infiltration was observed in some examinecelisections.
The examined portal areas revealed severely congested
portal blood vessels with mild perivascular edema. Bile
ductal hyperplasiaalong with formation of newly bile
ductules was sed(rig. 1 D) In addition, some portal blood
vessels were thigned and hyalinized and showed
vesiculation in their tunica muscularis. Furthermore, the

MO

examined kidneys in this group showed congestion of renal
blood vessels with focal coagulative necrosis at the
corticomedullary junctionDesquamated necrotic epitlzel
were also seen in the lumens of renal tubules (Fig. 1 E).
These necrotic areas sometimes infiltrated with
mononuclear inflammatory celld=ig. 1 F) Occasionally,
peritubular interstitial mononuclear cellular infiltration was
seen. There was glomerultuft proliferation as well as
significant thickening and hyalinization of their Bowman's
capsules. Severe glomerular tuft congestion with
periglomerular mononuclear leukocytic infiltration was also
seenln group 5 administration of 250mg/kg.wt of green
mediated synthesized iron oxide nanoparticles attenuate the
hepatorenal damage induced by lead acetate. The examined
liver revealed onlgongestion wittvacuolardegeneratin of
hepatic cellsFig. 2 A). Mild bile ductal hyperplasia with
esoinophilic debis in the lumen of some bile ducts were also
seen(Fig. 2 B) Similarly, nearly all of the kidneys tested in
this group had normal histological structure withild
congestion in the glomerular tutdowever, crosis of few
tubular epithelia was seen inme examined kidneys (Fig. 2
C). Desquamatiorof lining epithelial cells of some renal
tubules witheosinophilic debris in their luminae veefound

in few examined kidney¢Fig. 2 D). In Group 6Green
mediated synthesized iron oxide nanoparticles at a
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concentration of 500mg/kg b.wdlleviated lead acetate
induced hepatorenal damagtowever this protective effect
wasweakthanthatof greeamediated synthesized iron oxide
nanoparticles (250mg/kg b.wt) where the examineer lin
group 6 revealed small focal areas of coagulative necrosis
with mononuclear leukocytic infiltrationCentrolobular
hepatic degeneratiorin the form ofvacuolar and hydropic
degeneration of hepatic cellere detecte@Fig. 2E). There
were severecongestion of the portal aries, moderate
perivascular eeima, and activation of Von Kupffer cells.

addition, mild hyperplasia of the bile duct with newly
formed bile ductuleand mononuclear infiltratiowere seen

in someportal area(Fig. 2F). Furthermore, the kidneys of
rats in the same group showed mild congestion of the renal
blood vessels and intertubular blood capilladsswell as
mild segmentation of the glomerular tufin addition,
degeneration and even necrosis thie renal tubular
epithelium with the presence oéosinophiliccasts in the
lumens of renal tubulesereoccasionally foundFig. 2G &

H).

Figure1:Photomicrographof (A) liver (control) showing normal histwchitectureof liver (B) kidney(control)showingnormalrenal corpuscleand convoluted tubules
(C) liver (Group 4) showing focal necrosis mixed with mononuclear @)diver (Group 4 ) showing bile ductal hyperplasia with portal edéBeKidney (Group 4)

M n
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showing desquamated necrotic epiidéh lumen of renal tubules(F) Kidney (Group 4) showing necrosis of renal tubules infiltrated with inflammatory cells. H&E
stain X200

== S L3 s
Figure 2: (AC) Photomicrographof (A) Liver (Group5) showing congestion of portal blood vesaat vacuolar degeneration of hepatocytB} Liver (Group5)
showingmild bile ductal hyperplasia with esophilic debris in the lumen. (C) Kidneg(oup5) showingcongestion of glomerular tuft and intertubular capillaries

with necrosis of few tubulapithelia (D) Kidney Group5) showingpyknosis of nuclei of some renal tubules with eosinophilic debris in their lumens (E) Ginom(
6) showing centrolobular hepatic degeneration (F) Liver¢up6) showing extensive degeneration of hepatocyteife,ductal hyperplasia and mononuclear infiltration

M p
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of the portal areéG) Kidney Group6) showingnecrosis of the renal tubular epitheligh) Kidney (Group6) showingesinoplilic castsin the lumens of renal tubules

H&E stain X200
4. DISCUSSION

In the current study, administratiaf leadacetate ledo a
significantly higher level of serum AST and ALT activity
than in the control groups, which may be related to increased
cell membrane permeability or hepatic cell damage caused
by lea poisoning. Our findings match with those of (Shalan
et al.,, 2005). According to (Suradkar et, &2009 and
(Kaplan et al. 1970, thedangerous effects of lead on the
liver andkidney might cause liberatiof ALP. According

to Gaskill et al., (2005)ard (Ibrahim et al., 2012).in
addition to the generation and alteration of free radicals in
the liver tissue, cellular necrosis can cause the release of
AST and ALT from the celtytoplasmAccording to Farida

et al, (2012) elevatedevels of ALP were indicative of liver
injury or biliary obstruction, which would impair blood flow

to the liver.the green synthesized iron oxide nanoparticles
using Punica granaturmextract regenerate the cell of bile
duct resulted in normal level of ALas clear in pathological
examination ( FIG 2F) Lead acetate also resulted in a
reduction in albumin and total proteins in the serum in the
present research. These parameters were raised by-the co
administration of greemediated produced iron oxide
naroparticles using Punica granatum extract in this
investigation. According toAhmed andShalaby., 199pand
(Goering, 1993)ead exposure can cause damage to the liver
and kidneys. Lead can also attach to plasma proteins, which
can interfere with hepato@ag' ability to synthesize protein
which confirmed by histopathological examination in liver
tissue.

To assess renal function, study showed elevated serum urea
and creatinine levels. Urea and creatinine elevations of lead
treated group might be dueitopairment of kidney function

and considered as functional evidence of nephrotoxicity (Qu
et al, 2009. While by using green mediated produced iron
oxide nanoparticlesising Punica granatunextract, serum
urea and creatinine levels were significantly it Our
result isagreedwith Cheong and Roh'2006).This may be
due to iron oxide nanoparticles and pomegranate peel extract
possess strong antioxidant properties (Ibrahim e2allg
andAwad et al, 2020. Oxidative stress plays a crucial role

in the development and progression of renal diseases. By
reducing oxidative stress, these substances may help protect
the kidneys from damage and improve renal function.
Regarding to antioxidant parameters, it was found that lead
acetateintoxicated rats had Veer levels of GSH and SOD
and higher level of MDA as lipid peroxidation indicatbat
agree with (Azoz and Raaf2a012. While by using green
mediated synthetic iron oxide nanoparticlesng Punica
granatum extract the levels of these biomarkers were
balanced.These findings were in order for the biological
system to detoxify the reactive intermediatesapair the
damagethere must be a balance between the generation of
free radicals and its capacity (Flora, 2002).

Regarding to lead residuestissues Table3). The liver and

the kidneys are also known to play a major role in the
elimination of lead (Goyeand Chirian, 1979 and hence,
account for the toxic actions (Lockitch, 1993). According to
(Suleman et al.201]), lead exhibited a substant@apacity

for bioaccumulation in tissues

While coadministration by green mediated synthetic iron
oxide nanoparticles usingPunica granatumextract the
levels of lead residues in liver and kidneys were decreases
it may be due to iron oxide nanopaléis has a role for
removal of lead from the body. The results nearly agreed
with (Nahed et al., 2017) that used pomegranate peel extract.
While in comparing between high (group 6) and low dose
(group 5) of greemediated synthesized iron oxide
nanoparticle using Punica granatumextract the result
showed that in liver tissue low dose more effective than high
dose, in contrast to kidneys residues showed high dose more
effective than low dose. That may due to the absorbed Pb is
excreted primarily in urine as routes of excretion
(Chamberlain et al., 1978), so residue of lead in kidney in
group 6 showed improvements than group 5.

Regarding to histopathological result our study showed focal
areas of necrosis in the hepatic parenchyma. According to
(El-Neweshy ad El-Sayed., 2011), lead acetattoxicated

rats revealed sever vacuolar degeneration in hepatocytes,
congestion of hepatic sinusoids, and the bile ducts showed
varying degrees of hyperplasia of their lining epithelial cells
with the presence of newly fimred bile ductules. According

to (Dewanjee et al., 201&l- Sayed et al., 201%ndNahed

et al.,(201Y the liver of leaereated rat had similar
alterations.

There were significant degenerative alterations in the renal
cortex's lining epithelium of theonvoluted tubules agreed
with (El-Bahrserum et §12021). According to (Shafie et al.
2016, thelivers of rats given 10 and 30 ppm of nano iron
displayed normal histological alternatio®afbakhshand
Vafa., 20B) demonstrated that the kidneys of ratsated
with10 and 30 ppm narioon revealed that normal
histological structures of glomeruli and renal tubules while
showed mild inflammatory cell infiltration in between renal
tubules in the nanoon-treated group. The naximn treated
group with 60 pm showed mild inflammatory cell
infiltration.

From our biochemical and histopathological findings in
group 5 (low dose) administrated 0.5 mias he best
outcome achievedomparedwith group 6(high dose) which
received 1 ml of daily greemediated produced iron oxide
nanoparticles using Punica granatum extract co
administrated with leadacetate dueto higher doses of
IONPS can lead to increased accumulation in healthy tissues
or organs, which may nde desirable. Additionally, the
clearance of IONPS from the body can be dependent on
dose. If the dose is too high, it may overwhelm the body's
clearance mechanisms, leading to prolonged exposure or
potential toxicity. A lower dose can allow for moreiggnt
clearance, reducing potential side effects. It's important to
note that the ideal dose of iron oxide nanoparticles for lead
removal may vary depending on the specific application,
lead concentration, and other factors. Furthermore, the use
of high dses should be balanced with factors such as cost,
potential environmental impact, and safety considerations.

5. CONCLUSION

Iron oxide nanoparticles that were produced through green
technology using Punica granatumextract may have a
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positive effectbecause their constituent parts have free
radical scavenging abilities. So, it could protect the liver and
kidneys from damage caused by lead toxicity.

6. REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ahmed Y F, Shalaby S | A 1999.Clincopathological and
histopathological studies on chror@ad intoxicated in male
Bakri sheep. Afric. J. Agric; 18:137.

Awad A, Khalil S R, Hendam B M, Abd Hziz R M,
Metwally M M, Imam T S 2020 .Protective potency of
Astragalus polysaccharides against filmiceisiduced cardiac
injury via targeting oxidatie stress and cell apoptosis
encoding pathways in rat. Environ Sci Pollut R&8:20861
20875.

Azoz H A, Raafat R M 2012.Effect of lead toxicity on
cytogenisity, biochemical constituents and tissue residue with
protective role of activated charcoal andeiasn male rats.
Aust. J. Basic Appl; 6 :49509.

Babson AL, Greeley SJ, Coleman C M, Philips G E 1966.
Phenolphthalein monophosphate as a substrate for serum
alkaline phosphatase. Clin. Chem; 12:4420.

Bancroft J D and Gamble M 2008. Theory gmdctice of
histological techniques. Elsevier Health Sciences

Bharali M K 2013.effect of acute lead acetate exposure on
liver of mice. J. Glob. Biosci ;2: 12125.

Blass K G, Thiebert R J, Lam L K 1974. A study of the
mechanism of the Jaffe reaction. Glin. Chem. Clin.
Biochem; 12 336-343.

Chamberlain A C, M J Hear®, Little, D. Newton, A C Wells,

R D Wiffen 1978. Investigations into lead from motor
vehicles. Harwell, U.K.: United Kingdom Atomic Rep.
AERE-R9198Authority.

Cheong M J, Roh B 2006 Protective effects of activated
charcoal on the acute damages of kidney of mouse by lead.
Korean J. Electron Microsc; 36:572

Dewanjee S, Sahu R, Karmakar S, Gangopadhyay M
2013.Toxic effects of lead exposure in Wistar rats:
Involvement of oxidative stiss and the beneficial role of
edible jute (Corchorus olitorius) leaves. Food Chem Toxicol ;
55:7891.

Doumas B T, Watson WA, Biggs H G 1971. Albumin
standards and the measurementof serum albumin with
bromcresol green. Clinica chimica acta ; 31-:987

El-Neweshy M S, EBayed Y S 2011. Influence of vitamin C
supplementation on leédduced histopathological alterations
in male rats. J Exp Tox PatB3 3: 221227.

El-Sayed M F, AbdeGhafarS K, Adly M A, Salim A A,
Abdel Samei W M 2015.the Protective effe of DMSA and
some vitamins against toxicity induced by lead in male Albino
rats. J Basic AppZool; 71:6065.

Ercal N, GureitOrhan H, Aykin Burns N 2001.Toxic metals
and oxidative stress. Part 1: mechanisms involved in metal
induced oxidative damageu@ Top Med Chem; 1(6): 529
539.

Farida T, Salawu O A, Tijani A Y, Ejiofor J | 2012
.Pharmacological evaluation of Ipomea asarifolia (Desr.)
against carbon tetrachloridieduced hepatotoxicity in rats. J.
Ethnopharmacoll42:642644.

Fawcett J K, Scott J E960. A rapid and precise method for
the determination of urea. J. Clin. Pathi®:156-159.

FloraG, Gupta D, Tiwari A 2012 . Toxicity of lead: a review
with recent updates. Interdiscip. Toxicol; 5-588.

Flora S J S 2002. Nutritional component®dify metal
absorption, toxic response and chelation therapy. J. Nutr.
Environ. Med 12:5367.

Gaskill C L, Miller L M, Mattoon J S 2005. Liver
histopathology and liver and serum alanine aminotransferase
and alkaline phosphatase activities in epileptigsdeceiving
phenobarbital. Vet. Pathal2:147160.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Goering P L 1993. Leagbrotein interactions as a basis for lead
toxicity. Neurotoxicology ;14 :45%0.

Goyer R A, Chirian M G 1979. Treatment of lead toxicity in
rats. Life Sci.; 24: 433438.

Haouas ZSallem A, Zidi |, Hichri H, Mzali | ,Mehdi M
2014. Hepatotoxic effects of lead acetate in rats: Histo
pathological and cytotoxic studies. J. Cytdistol; 5: 256.
lborahim M A R, Okal H A M, Emam N M M
2016.Ameliorative effects of pomegranate peefraot on
hepatotoxicity induced by carbon tetrachloride in mice. Int. J.
Res. Stud. Biosci ;4: 233.

Ibrahim N M , Eweis E A, EBeltagiH S, AbdeMobdy Y

E 2012.Effect of lead acetate toxicity on experimental male
albino rat. Asian Pac. J. Trop. Biech;2:4146.

llychova S A, Zaridze D G 2012 .Cancer mortality among
female and male workers occupationally exposed to inorganic
lead in the printing industry. Occup. Environ. Med.;69%7.
Javorac D, Antonijevic¢ B,
Djordevi ¢ AB, Ba€atié¢ K,
2021. Oxidative stress, metallomics and blood toxicity after
subacute lowevel lead exposure in Wistar rats: Benchmark
dose analyses. Environ Pollut. 15;291:118103.

Kaplan M M, Reghetti A 1970. Induon for rat liver alkaline
phosphatase: The mechanism of serum elevation in bile duct
obstruction. J Clin Invest;49,(3): 5@83.6.

Koller A, Kaplan L 1984. Total serum protein. In "Clinical
Chemistry, Theory, Analysisand Correlation”, pp. -3B49.
Mosby Gmpany, St Louis, LO.
Lockitch G 1993. Perspectives on
Biochem.; 26: 371381

Mason C F 1991. Biology of freshwater pollution. 2nd ed.
Harlow, Essex, England: Longman Scientifiad Technical;
New York: Wiley.

Nahed F, Zaglool, Shahen H, Hassan, Sanaa A,-Ehamy
2017. Effect of Aqueous Extract dfunica granatuniPeel on

the Oxidative Damage Induced by Lead Intoxication in
Rats.Zagazig Veterinary Journal;45, 2:112.

Qu W, Diwan BA, Liu J, Goyer R, Horton J,and Cherian M
2002.Themetallothioneirnull phenotype is associated with
heightened sensitivity to lead toxicity and an inability to form
inclusion bodies. Am J Pathol; 160, 3:104056.

Sabry M E, Amal M E, Nashwa E, Aziza A. A, Saad A,
Mohammed AA, Saad Abultan, Mohammed A., Saad S.,
Sameer Ay, Mohammad S., Islam | S. , Ahlam F, H.
2021.Biosynthesized Iron Oxide Nanoparticles from
Petroselinum crispum Leaf Extract Mitigate Le&cetate
Induced Anemia in Male Albino Rats: Hematological,
Biochemical and Histopathological e&tures.Toxics;9:(6),
123.

Shafie E H, Keshavarz S A, Kefayati M E, Taheri F,
Sarbakhsh P, Vafa M R 2016. The effects of nanoparticles
containing iron on blood and inflammatory markers in
comparison to ferrous sulfate in anemic rats. Int. J. Prev.
Med;7:7-17.

Shalan M G, Mostafa M S, Hassouna M M;NEbi S H, E
Refaie A 2005.Amelioration of lead toxicity on rat liver with
vitamin C and silymarin supplements. Toxicol; 206,151
Suleman M, Khan A A, Hussain Z, Zia M A, Roomi S, Rashid
F, Igbal A, Ihaq R 2011. Effect of lead acetate administered
orally at different dosage levels in broiler chicks. Afr J Environ
Sci Technol;5, 12:10271026

Suradkar S G, Ghodasara D J, Vihol P, Patel J, Jaiswal V,
Prajapati K S 2009.haemaBiochemical Alterations indred

by lead acetate toxicity in Wistar Rats. Wdorld; 2, 11: 429

431.

Wang F, Lu GH, Willner | 2014.from cascaded catalytic
nucleic acids to enzym®NA nanostructures: controlling
reactivity, sensing, logic operations, and assembly of complex
structuresChem Rev;114,5:2882941.

Yusefi M ,Shameli K ,Ali R R, Pang SW and Teow S Y 2020.

lead toxicity. Clin

Poukodi ¢

T,

Andel ko

f



Madkor et al. (2023) BVMJ 45 (1) : 11-17

Evaluating.Anticanceractivity of plantmediated synthesized
iron oxide nanoparticles usindunica granatunfruit peel
extract.j.Mol.Struct ;1204, 127539.

MYy



