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ABSTRACT KEYWORDS
L ead toxicity isaworldwide health problem due to continuous exposure of Hepatotoxicity;
to lead in the environment especially workers in industries The study was (_Brap_e seed;
planned to evaluate the efficacy of water grape seed extract (WGSE) in Oxidative stress.

preventing lead induced oxidative stress in liver tissue of rats. 75 male
Wistar ratswere randomly divided into 5 groups. Group (1) control groupin
whichratswere administrated distilled water orally for 6 weeks. Ingroup (2)
ratswere given lead acetate (0.2%) in drinking water for 6 weeks. In groups
(3,4 and5), ratsweregiven lead acetate (0.2%) in drinking water for 5 weeks
followed by grape seed extract in adose of 50, 100, 150 mg/kg body weigh/
day (by oral gavage), respectively for one week. Lead acetate treatment
caused hepatic injury as evident fromincreased activitiesof plasmaalanine
aminotransferase (ALT), aspartate aminotransferase (AST) and akaline
phosphatase (ALP), depleted hepatic reduced glutathione (GSH) and el-
evated hepatic malondialdhyde (MDA) concentration. Lead-induced oxi-
dative stressin liver wasevident fromincreased levels of lipid peroxidation
and reduced level of GSH. The decreased activity of glutathione peroxidase
(GPx) indicates possible accumulation of ROS. The changes in AST and
GPx activitiesand MDA concentration werefound to be mitigated when the
rats were treated with WGSE. Also, WGSE treatment of lead acetate-ex-
posed rats was found to enhance superoxide dismutase (SOD) activity.
Results indicate that WGSE has the potential to ameliorate lead-induced
hepatic injury dueto oxidative stressin rats. Grapes may exert its protective
actions against lead-induced hepatotoxicity in rats possibly through its
antioxidant mechanisms and may have future therapeutic relevance.
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INTRODUCTION whichispresent in the environment — in water, brass

plumbing fixtures, soil, dust, and imported products

Exposure to lead continues to be awidespread manufactured with lead™ Lead-exposureoccursthrough
probleminmany countries. Lead isapersistent metal  therespiratory and gastrointestinal systemsand lead
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whichisingested and absorbed isstored mainly in soft
tissues and bone?. Autopsy studies of Pb-exposed
humansindicatethat liver tissueisthelargest repository
(33%) of Pb among the soft tissues. Pb can causeliver
damage and may disturb the normal biochemica pro-
cess. Severa antioxidant moleculessuch asglutathione
(GSH) and glutathionedisul phide (GSSG) and antioxi-
dant enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and glu-
tathionereductase (GR) arethemost common param-
etersused to evd uatel ead induced oxidative damage?.
Medicind plantsarecommonly used for thetrestment
of variousailments, asthey are considered to have ad-
vantagesover the conventionally used drugsthat are
much expensive and known to have harmful side ef-
fects. Grape- vine (Mtisvinifera), iscultivated today in
all temperatureregions of theworld“. Its seedscon-
tain severd activecomponentsincluding flavonoids, poly
phenols, anthocyanins, proanthicyanidins and
procyanidines, grape seedsextract (GSE) contain 70%
- 95% standardi zed proanthocyaniding®. A variety of
natura ly occurring grape seed extracts havebeen found
to have beneficial effects on health, and these com-
pounds have drawn attention because of their relative
safeness and accumulated evidence of physiological
propertiesinanimasand human®. Qil produced from
grape seedsisconsdered arich sourceof polyphenolics
with strong anti oxidant activity, chemopreventive, anti-
inflammatory, anti-microbia and anti-cancer effectd”.
Therefore, the present study aimed to investigate
whether the administration of grape seeds extract to
ratscould protect against lead-induced hepatotoxicity.

MATERIALSAND METHODS

Chemicals

L ead acetate was purchased from SigmaChemical
Co., St. Louis, MO, USA. Lead acetate as apowder
wasdissolvedindoubledistilled water prior to use.

Preparation of grapeseed extract (GSE)

Grape seed extract was prepared from red grape
seeds using the procedure described by®2 with some
modifications asfollows. Grape seedswere separated
from thegrapesmanualy, air dried (in shade, 25-30°C)
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for one week and milled to fine powder. To prepare
water grape seeds (WGSE), 0.2 g of grape seed pow-
der wasmaceratedin 20 ml of distilled water (DW) for
24 hat 5°C and was stirred three times. The mixture
wasfiltered with cheese cloth and theresulting filtrate
was used asWGSE.

Animalsand experimental design

The study wascarried out on 75 hedthy adult male
Wistar rats, weighing 220-250 gm. Ratswerefed with
astandard rat diet and had free access to water. The
ratswere housed under standard conditionsof humid-
ity and controlled temperature (20- 26°C) with 12 hours
light and 12 hoursdark expaosure.

After 1week of acclimatization, raiswererandomly
distributed intofive groups, fifteen ratsin each group:
o Group 1. (control) received didtilled water ordly

for 6 weeks.

o Group 2: received lead acetate (0.2%) in
drinking water for 6 weeks.

o Group 3: received lead acetate (0.2%) in
drinking water for 6weeksand from thefifth
week they weread sotreated daily withasingle
oral doseof GSE (50 mg/kg body weight/day)
for oneweek.

o Group 4: received lead acetate (0.2%) in
drinking water for 6weeksand from thefifth
week they weread sotreated daily withasingle
ora dose of GSE (100 mg/kg body weight/
day) for oneweek.

o Group 5: received lead acetate (0.2%) in
drinking water for 6weeksand from thefifth
week they weread sotreated daily withasingle
ora dose of GSE (150 mg/kg body weight/
day) for oneweek.

At the end of the experimenta period, blood
sampleswerecollected fromal animasfromtheretro-
orbital venous plexus. The blood sampleswere col -
lected into heparinized tubes. The plasmaobtai ned &f-
ter centrifugation (3000 rpm for 10 min at 4°C) was
used for variousbiochemica assays.

Following the collection of blood samples, al ani-
malswere sacrificed, theliver from each rat wasre-
moved, washed using chilled sdlinesolution. Tissuewas
minced and homogenized in gppropriate buffer and then
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centrifuged, according to theinstructions of the bio-
chemical assay. Theresulting clear supernatant was
collected and stored at -20°C till further analysis and
wasused for various enzymatic and non-enzymatic bio-
chemical assays.

BIOCHEMICAL ASSAYS

1- Blood lead measur ement

It was estimated us ng atomi ¢ absorption spectro-
photometer/flame emission spectrophotometer
(Shimadzu- model AA-630-02- Japan) using an air
acetyleneflame and hollow cathodelamp. Thewave
length was adjusted to 283.3 nm and the used current
was6 mA. It was expressed as ug/dI™.

2-Liver functions, MDA, and antioxidant enzymes

All kitsused for biochemica analyseswerepur-
chased from the Biodiagnostic Company, Cairo, Egypt.
PlasmaALT and AST activitiesweredetermined spec-
trophotometrically by the method of Reitman and
Franke (1957). Thepyruvate or oxal oacetate formed
by transaminasesismeasured initsderivativesform 2,
4-dinitrophenylhydrazine. The absorbance of the col-
ored product was measured at 505 nm. PlasmaALP
activity was determined spectrophotometricaly by the
method of Belfield and Goldberg (1971). Theprinciple
of thismethod relieson conversion of phenyl phosphate
by ALPinto phenol and phosphate. Theliberated phe-
nol wasmeasured in the presenceof 4- aminophenazone
and potassum ferricyanideat 510 nm. Hepatic reduced
GSH concentration was determined spectrophotometri-
cdly by themethod of Beutler et al. (1963). Themethod
was based on the reduction of 5,5 dithiobis (2-
nitrobenzoic acid) (DTNB) with GSH to produce a
yellow compound. Thereduced chromogen directly
proportiona to GSH concentration and itsabsorbance
can bemeasured at 405 nm. Hepatic MDA concentra
tion was determined spectrophotometrically by the
method of Satoh (1978). Thiobarbituric acid (TBA)
reactswith MDA in acidic medium at temperature of
95°C for 30 min to form TBA reactive product. The
absorbance of theresulting pink product can be mea-
sured at 534 nm. Hepatic SOD activity wasdetermined
spectrophotometrically by themethod of Nishikimi et
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al. (1972). Theprincipleof thisassay reliesontheabil-
ity of theenzymetoinhibit the phenazinemethosul phate-
mediated reduction of nitrobluetetrazolium dye. The
percent inhibition directly proportiona to SOD activity
was cal cul ated, depending on the increasein absor-
bance at 560 nm for control and sample, respectively.
Hepatic GPx activity was determined spectrophoto-
metricdly by themethod of Pagliaand Vdentine (1967).
Theassay isanindirect measureof theactivity of cellu-
lar GPx (c-GPx). Oxidized glutathione (GSSG), pro-
duced upon reduction of organic peroxide by c-GPX,
isrecycledtoitsreduced Sate by theenzymeglutathione
reductase (GR). Theoxidation of NADPH to NADP*
Is accompanied by a decrease in absorbance at 340
nm (A 340) providing aspectrophotometric meansfor
monitoring GPx enzyme activity. To assay ¢-GPx, tis-
suehomogenateisadded to asolution containing GSH,
GSH reductase, and NADPH. Theenzymereectionis
initiated by adding the substrate, hydrogen peroxideand
theA340isrecorded. Therate of decreaseinthe A340
isdirectly proportiona tothe GPx activity inthesample.

STATISTICALANALYSIS

Statistical andysiswasdoneusing oneway anay-
sisof variance (ANOVA) which wasused to compare
between the control and other treated groups. Thedata
were presented in the form of mean+ standard error
(SE). When only two groupswerecompared, Student’s
t-test was used. Thedifferencewasinsignificant at p>
0.05, significant at P< 0.05 and highly significant at P<
0.01.

RESULTS

1-L ead concentrationin blood

The mean of blood lead concentration was highly
significantly increased inlead treated group (P< 0.001)
as compared to control group. Compared to lead
treated group, therewas asignificant decreaseinthe
mean blood |ead level on treatment with WGSE 150
mg/Kg b.w (P< 0.05). There was no significant de-
crease (p<0.05) in blood lead in the groups treated
with WGSE 50 and 100 mg/K g b.w when compared
to lead treated group asshownin TABLE 1.
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TABLE 1: Blood lead concentration in different rat groups

Blood lead concentration (pg/dl)

Group (Mean +SE)
G.1: control 1.059+0.76
G.2: lead only 27.68+1.9¢
G.3: lead + WGSE (50mg/K g b.w) 26.05+ 2.57
G.4: lead + WGSE (100mg/Kg b.w) 24.12+1.22
G.5: lead + WGSE (150mg/Kg b.w) 22.54+0.8%

esHighly significant at P< 0.001 compared to control (t- test); *Significant at P< 0.05 compared to lead treated group (ANOVA);
** Highly significant at P< 0.001 compared to lead treated group (ANOVA).

TABLE 2: Hepatic M DA concentration (nmol/gtissue) in different rat groups

hepatic M DA (nmal/mg ti ssue)

Groups (M ean+SE)
G.1: contral 19.08+0.36
G.2: Lead only 85.2142 5]«
G.3: lead + WGSE (50 mg/Kg b.w) 81.03+£3.42¢
G.4: lead + WGSE (100 mg/Kg b.w) 72.95+1.06*
G.5: lead + WGSE (150 mg/Kg b.w) 62.85+4.23**

*sHighly significant at P< 0.001 compared to control (t- test); * Significant at P< 0.05 compared to lead only group (ANOVA);
** Highly significant at P< 0.001 compared to lead only group (ANOVA).

TABLE 3: Plasmaliver function testsin different rat groups

Groups ALP (1UN) AST (1U/1) ALT (1Ufl)

(Mean+SE) (Mean£SE) (M ean+SE)

G.1: contral 136.6+4.5 56.5+2.8 22.8+4.22
G.2: Lead only 215.6+9.06¢° 143.1+9.5] 119.245.8260¢
G.3: lead + WGSE (50 mg/Kg b.w) 208.1+10.72 137.749.03 111.38+£7.25

G.4: lead + WGSE (100 mg/Kg b.w) 189.7+10.02* 121.246.02* 87.6+8.34*
G.5: lead + WGSE (150 mg/Kg b.w) 148.4+6.2** 76.5743.54%* 58.01+6. 67**

*» Highly significant at P< 0.001 compared to control (t- test); * A significant at P< 0.05 compared to lead treated group (ANOVA);
** Highly significant at P< 0.001 compared to lead treated group (ANOVA)

2-Hepaticlipid peroxidation (MDA) level

Themean MDA level washighly significantly in-
creased inlead only treated group aswell asinthelead
group treated with WGSE 50 mg/K g b.w (P< 0.001)
ascomparedto control group. A significant decreasein
MDA was observedinthe WGSE 100 mg/Kgb.w (P
< 0.05) when compared to lead only group. Therewas
ahighly significant decreaseinthemean hepatic MDA
level in treatment with WGSE 150 mg/Kg b.w (P<
0.001) asshownin TABLE 2.

3-Liver function tests

Themean plasmalevelsof ALP AST andALT were
highly significantly increased inlead treated group (P<
0.001) as compared to control group. There was no
sgnificant decreaseinthedevated plasmalevelsof ALP,

AST and ALT on treatment with WGSE 50 mg/Kg
b.w as compared to thelead only group. Therewasa
highly significant decrease (P< 0.001) intheelevated
serumlevelsof ALP, AST and ALT when WGSE was
given at a high dose of 150 mg/Kg b/w when com-
pared to lead treated group, whileonly adightly sgnifi-
cant decrease was observed inthe group treated with
100 mg/Kg b.w. of WGSE asshownin TABLE 3.

4-Reduced glutathione (GSH) liver content

Theconcentration of theantioxidant GSH hashighly
sgnificantly decreased (P< 0.001) inthelead only group
as compared to control group. Treatment of |lead-ex-
posed ratswith WGSE 50 mg/K g b.w did not signifi-
cantly (P< 0.05) change GSH concentration ascom-
pared to the control group, but it wassignificantly in-
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TABLE4: Liver GSH content in different rat groups

Groups GSH
P (mg/g tissue)
G.1: contral 212.867+ 51.56
G.2: Lead only 21.06443.681 ¢

G.3: lead + WGSE (50 mg/Kg b.w)
G.4: lead + WGSE (100 mg/Kg b.w)  127.32+£36.014**
G.5: lead + WGSE (150 mg/Kg b.w) 148.4+6.2%*

e Highly significant at P< 0.001 compared to control (t- test); *
A significant at P< 0.05 compared tolead treated group (ANOVA);
** Highly significant at P< 0.001 compared tolead treated group
(ANOVA)

46.662+10.458 *
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creased compared to lead only group (P <0.05). On
the other hand, treatment with WGSE 100 and 150
mg/Kghb.w hashighly sgnificantly (P<0.001) increased
hepatic GSH concentration as compared lead only
group TABLE4

5-Hepatic antioxidant enzymeactivities

Theresultsof antioxidant enzymes SOD and GPx
activitiesin liver tissue homogenate of all groupsare
shownin TABLE 5. Treatment with lead only without
WGSE treatment had highly significantly (P< 0.001)

TABLE 5: Hepaticantioxidant enzymesin different groups

Groups
G.1: contrdl
G.2: Lead only
G.3: lead + WGSE (50mg/Kg b.w)
G.4: lead + WGSE (100mg/Kg b.w)
G .5: lead + WGSE (150mg/Kg b.w)

SOD (U/g tissue) GPx (U/g tissue)

2892.70+ 32.1
2120.87+ 54.5 o
2136.15+39.07
2207.02+17.37*
2581.26+12.78 **

65.463+ 7.496
30.201+4.107-
32.078+2.174
40.76+2.899*
52.3844.695**

»» Highly Significant at P< 0.001 compared to control (t- test); * A significant at P< 0.05 compared to lead treated group (ANOVA);
** Highly significant at P< 0.001 compared to lead treated group (ANOVA).

reduced both liver GPx activity and SOD activity as
compared to control rats. Treatment with WGSE 50
mg/K g b.w of lead-exposed ratshad no significant ef-
fect on neither SOD nor GPx activitiesas compared to
lead only group. However, GPx and SOD activities of
groupstreated with WGSE 100 mg/Kgb.w havesig-
nificantly increased (P < 0.05) as compared to lead
only group, whiletreatment with WGSE 150 mg/Kg
b.w. causeahighly significant effect on both SOD ac-
tivity and GPx (P < 0.001).

DISCUSSION

Liverislargest organ and it istarget for toxicity
because of itsrolein clearing and metabolizing chemi-
casthroughthe processcalled detoxification. Drugin-
duced liver disordersoccurred frequently can belife
threateningand mimicall formsof liver diseases?®.

Lead (Pb) exposure is considered to be amajor
public hedth problem, thereforeit has paid attention by
researchersin probing further intoitstoxicity. Thisheavy
meta has been found to induceawiderange of behav-
iord, biochemica and physiologica effects. Theliver,
kidneys, and brain are considered to bethetarget or-
gansfor thetoxic effectsof lead”). Toxicity of leadis

mainly attributed to theinduction of oxidative stressby
elevation of reactive oxygen species (ROS) such assu-
peroxideradicds, hydrogen peroxideand hydroxyl radi-
calsand lipid peroxides, therefore, increased interest
among phytotherapy investigatorstousemedicing plants
with antioxidant activity for protection against meta,
especialy lead, toxicity has been noted8.

Lead isknown to adversely affect many organs,
wheretheliver being oneof themgor organsinvolved
inthe storage, biotransformation and detoxification of
toxic substances, isof interest in heavy metal poison-
ing. Lead produces oxidative damageintheliver by
enhanc- ing lipid peroxidation and causeliver dysfunc-
tion and increasefreeradica damage®.

Grape seeds extract (GSE) contains polyphenols
including proanthocyanidinsand procyanidinswhich
haveantioxidant and freeradical scavengers, bengmore
effectivethan either ascorbicacid or vitamin E2, Their
effectsincludetheability to increaseintrace lular vita
min Clevels, decrease capillary permesability and fra-
gility and scavenge oxidantsand freeradicals. Severa
studieshaveindicated that extractsobtained from grape
seed inhibit enzyme systemsthat areresponsiblefor the
production of freeradical§%2. Red grape seed extract
asoblockscell death signaling®!. Many studieshave
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provided evidencethat proanthocyanidin has potent
radical scavenging ability, antioxidant propertiesand
significant neuroprotective aswell ascardiovascular
protective effect’?4. Thereisgreat evidencethat GSE
preventsoxidativeinjury by modulating theexpresson
of anti oxidant enzyme systems?.

Inthisstudy, |ead acetate treatment caused hepatic
injury asevident fromincreased activitiesof plasmaALT,
AST andALPand elevated hepatic MDA concentra-
tion. Lead-induced oxidative stressin liver wasevident
fromincreasedlevel sof lipid peroxidation and reduced
level of GSH. Thedecreased activity of GPx indicates
possible accumulation of ROS. Thechangesin liver
enzymesand antioxidant enzymeactivitiesand MDA
concentration werefound to be minimized when the
ratsweretreated with high doses of WGSE.

Compared tolead acetate control group which had
ablood lead level of 27.68+1.9 ig/dl, WGSE could
significantly ((P< 0.05) lower blood lead level to
22.54+0.8 ig/dl at a WGSE dose of 150 mg/Kg b.w.,
whilelower WGSE doses of 50 and 100 mg/Kg b.w.
had no sgnificant effect. Theseresultsarein contrast to
Badavi et al., 2008 who claimed that GSE administra-
tion for 45 days had no effect onblood lead level.

Liver enzymesALP, AST, andALT, were highly
increased (215.6+9.06, 143.14£9.51 and 119.2+5.826
IU/L, respectively) inthelead acetate group. High dose
of WGSE (100 mg /K g body weight) waseffectivein
significantly (P<0.05) decreasngALP, AST andALT
to 189.7+10.02, 121.2+6.02, and 87.6+8.34 TU/L,
respectively. Moreover, ahigher WGSE dose of 150
mg/Kg b.w. had ahighly significant (P< 0.001) effect
lowering ALP, AST and ALT to 148.4+6.2,
76.57+3.54, and 58.01+6. 67 IU/L, respectively.

In contrast, alow WGSE dose of 50mg/Kg b.w
wasineffectivein ameliorating the effect of |ead acetate
onliver enzymes. Theseresultsarein accordancewith
Waggaset al., 2012, who found that oral administra-
tion of WGSE at adose of 100 mg/Kg b.w. could de-
creaseAST, ALT activitiesafter beingincreased fol-
lowing lead acetatetoxicity.

Increased hepatic MDA levels as much as
85.21+2.51 nmol/mgtissue, inthelead acetate exposed
rat group, were significantly (P< 0.05) decreased to
72.9571.06 nmol/mg tissueafter treetment with WGSE
100mg/K g b.w, and thento 62.8574.23 nmol/mgtis-
ueafter trestment with ahigher doseof WGSE (150mg/
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Kgb.w). Furthermore, al doses of WGSE had signifi-
cantly increased hepatic GSH content which werede-
creased following |ead acetate administration. These
results are in aggrement with Feng et al. (2005) re-
ported that, treatment with grape seed extract sup-
presses|ipid peroxidationinrats. However, Waggas et
al., 2012 suggedted that it may be the presence of
proanthocyani dinsand procyanidinswhich have anti-
oxidant and freeradical scavenging activities.

Theresultsof antioxidant enzymes SOD and GPx
activitiesinliver tissuehomogenate of al groupshave
shown that treatment with lead only without WGSE
treatment had highly significantly (P < 0.001) reduced
both liver GPx activity and SOD activity ascompared
to control rats. Treatment with WGSE 50 mg/K g b.w
of lead-exposed rats had no significant effect on neither
SOD nor GPx activities as compared to lead only
group. However, GPx and SOD activities of groups
treated with WGSE 100 mg/K g b.w have significantly
increased (P < 0.05) ascompared to lead only group,
whiletreatment with WGSE 150 mg/K g b.w. causea
highly significant effect on both SOD activity and GPx
(P<0.001).

Cetin et al. (2008) reported that grape seed ex-
tract may bepromising asatherapeutic optionin RTx-
induced oxidativestressintherat liver. EI-Ashmawy et
al. (2010) concluded that grape seed extract isauseful
herba remedy, especidly for controlling oxidativedam-
ages and is considered as a potent protective agent
againg hepatotoxicity. Severa linesof evidencedem-
onstrated that, grape seed proanthocyani dinsexhibited
invivo hepato- protective and anti-fibrogenic effects
against liver injury and act asfreeradica s scavengers
and protectiveliver damage®.

ABBREVIATIONS

WGSE: water grape seed extract; ALT:alanine
aminotransferase; AST:aspartate amonitransferase;
ALP: akaline phosphatase; MDA :malondia dehyde;
SOD: superoxidedismutase; GSH: reduced glutathione;
GPx: glutathione peroxidase; 1U: internationd unit; b.w:
body weight; GR: glutathionereductase; CAT: catd ase.

CONCLUSION

Resultsof thisstudy indicate that trestment of rats
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with the present dose of |ead acetate brings about oxi-
dative stress-induced hepatotoxicity dueto aterations
inthe ba ance between antioxidant/pro-oxidant systems
and affecting the antioxidant enzymes. Grape seed ex-
tract may exert its protective actions against lead-in-
duced hepatotoxicity in rats possibly through its anti-
oxidant mechanisms. Theresultsraisethepossibility of
grape seed extract being considered as an important
nutritional supplement for peoplein theareas, where
they may have chances of exposureto lead occupa-
tiondly or environmentaly.
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