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ABSTRACT

The objective of the present study was to elucitteenepatoprotective activity of Al-TaifPomegranpeel extract
(PPE) induced by atrazine (Atra) and malathion (Maixicity in male mice by using biochemical asséiyer
functions and antioxidant activities in liver anidikey homogenates). Male mice were divided intersgvoups and
treated intraperitoneallyas following: Negative ¢ai; Mal group (27 mg/kg); Atra group (120 mg/kddPE group
(0.4 g/Kg);Mal + PPE group (27 mg/Kg + 0.4 g/Kg,spectively); Atra + PPE group (120mg/Kg + 0.4 glKg
respectively); Mal + Atra + PPE combined co-admtragion group.Biochemical results affordeda higldysficant
increase in the liver enzymes and kidney functiarameters represented by AST,ALT, LDH, Urea andcres
for Mal or Atra groups, alsothey elicited signifitaincrease in lipid peroxidation end product, MDgvel in both
liver and kidney homogenates. In contrast, co-adstration of PPEandAtra and/or Mal-treated grouptesd
almost most of these liver and kidney functionsainal levels. In conclusion, the present studygssted that Atra
and Mal exposure lead to hepatotoxicity and nepixiaityin malemice and concomitant treatment withT Aif
Pomegranate extract restored and ameliorated tkerliand kidney tissues from deleterious oxidatimd toxic
damage.
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INTRODUCTION

Pomegranate (Punica granatum L. Punicaceae), thenoa name is derived from Latin words (ponus and
granatus), a seeded or granular apple, is a dedidimit consumed worldwide. Pomegranate peelslaaeacterized
by an interior network of membranes comprising am26—-30% of total fruit weight and are charactstiby
substantial amounts of phenolic compounds, inclydimvonoids(anthocyanins, catechins and other dexnp
flavonoids) and hydrolysable tannins(punicalin, yoezllagin, punicalagin, gallicandellagic acid). $&€ompounds
are concentrated in pomegranate peel (PoP) anel jwitich account for 92% of the antioxidant acyivassociated
with the fruit[1].
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Punicagranatum L. (Punicaceae), commonly known @segranate, is a shrub or a small tree native ¢o th
Mediterranean regig]. A number of biological activities such as antitum antibacteria and antidiarrhoea have
been reported for extracts from different partsPofgranatur§8]. Furthermore, antioxidant activity accompanied
with radioprotective and antifibrotic propertiesRifgranatum peel extract have been demonstratedthg[4].

Pomegranate peel extracts exhibited marked antoxidapacity in several studies using unsafe stdveuch as
methanol and a mixture of methanol, acetone, etlogtate and watgb]. Knowing that no such studies were
performed on Pomegranate growing in Al-Taif, weided to carry out a comparative study to assesa@xstfrom
different Al-Taifpomegranate compartments, namélky peels, with the aim of defining an effectivensi@dized
extract having a suitable yield to be incorporated a pharmaceutical preparation as a dietarylsopgnt.

Liver is the main organ responsible for multitude essential functions and plays an important ralethe
metabolism of foreign compounds entering the bddyman beings are exposed to these compounds through
consumption of contaminated food or during expodorehemical substances in the occupational enmism.
These foreign compounds produce variety of toxiaifeatations particularly in the liver.In Egyptydir diseases are
one of the most prominent killers specifically fisis, hepatitis C virus (HCV) and cirrhosis thaeathe functions

of the liver[6]..

Reactive oxygen species (ROS) are constantly gestema vivo for physiological purposes. Their protians are
often balanced by antioxidant defense system. Hewexcess ROS production beyond the ability ofoaittant
defense system can cause oxidative damage to mrdig@d and nucleic acid6]. Antioxidant defense include
antioxidant enzymes such as superoxide dismuta®®)Scatalase (CAT) and glutathione peroxidase (GPx
addition to low molecular agents and dietary antiarts. Disturbing of oxidant—antioxidant balangestem is
involved in development of many chronic diseasef ss atherosclerosis, cancer and dialj@&les

The objective of the present study was to evaltieehepatoprotective and nephroprotectiveeffecBRE induced
by Atra and Mal in male mice. The antioxidant aityivof PPE was investigated, in addition to thei@atlant
enzymes level estimation including: catalase (CAliperoxide dismutase (SOD), glutathione peroxid@s) and
lipid peroxidation (represented by MalonaldahydeD@)) in the liver tissues of Atra and Mal treatedcen
comparing with negative control.

EXPERIMENTAL SECTION

Animals

This study was performed on 70 mature male micéghirey about 35-45 g bw. Animals were obtained fritve
animal house of the King Fahd Center for Medicasdech, King Abd EI-Aziz University in Jeddah. Thegre
breeding in a well-ventilated room with the tempera ranging between 22 and 25 °C and maintainetemn
standardized conditions away from any stressfulditmms with 12/12 light and dark cycle with freecass to
humidity and were fed dry balanced meals for expental animals provided by the General OrganizdtiorGrain
Silos and Flour Mills in Jeddah, with a constanurse of water. All experimental procedures and ahim
maintenance were conducted in accordance withabeptéed standards of animal care per cage (CoohEilirope,
European convention for the protection of vertebratimals 2006). We have followed the European camityn
Directive (86/609/EEC) and national rules on aniowke.

Chemicals

Mal and Atrawere produced by Misr for Agricultu@evelopment Company, Cairo, Egypt.Atra in the comuiaé
product as Cotrazine 80WP (an 80% wettable powdag) obtained from Alderelm limited UK.Pomegranatesw
supplied by local market in Al-Taif city, Saudi Aia, the peel of pomegranate was washed and thesh aind then
was grinded by using electrical mixer and then prapared for intraperitonealinjection for male miakso we used
the juice of the pomegranate fruit.

Experimental protocols

Mice were divided into seven groups, seven micefgré&sroupl:Negative control group treated with 1/Kggbw
corn oil/day;Group2: Malgroup (27 mg/kg bw (1/50j the LD50 for an oral dose) per day in corn oil
intraperitoneall{B]; Group3:Atragroup treated daily with 0.24 ml vdbisuspension of 80% (w/w) Atra equivalent
to 120 mg/kg body weight mg/Kg bw per day in coilintraperitoneally9];Group4:PPEgroup treated with PPE
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(0.4 g/Kg bw/day in corn oil);Group 5 :Mal+PPEcoradistration group (27 mg/Kg bw+0.4 g/Kg bw/day,
respectively); Group 6:Atra +PPE co-administratgroup (120mg/Kg bw+0.4g/Kgbw/day, respectively)oGp7:
Mal + Atra + PPEcombined co-administration growgated in the same doses as previously discussed.

The dose of PPEwas chosen on the basis of prestadges[10].The substances were administered in the morning
(between 07.00 and 8.30 am) to non-fastedmice. M injected intraperitoneally with Atra and/oaMollowed

by PPE and/or PJ after 30 mins daily for succes3vdays as the treatment schedule that previonshtioned.All
animals were sacrificed and dissected. The liesugs were quickly excised for biochemical evabwmati

Biochemical estimation

Liverfunction biomarkers in the serum

Alanine aminotransferase (ALT) and aspartate amamsferase (AST) were determined colorimetrically b
measuring the amount of pyruvate or oxaloacetatelymed by forming 2,4-dinitrophenylhydrazine, ttadoc of
which was measured at 546 fii]. Lactate dehydrogenase was determined accorditigetmethod of12]which
depends on the oxidation of lactate to pyruvaté wie simultaneous conversion of the cosubstratBi £ NAD.
The decrease in absorbance (measured at 340 nr) this conversion is directly proportional to LCdtivity.

2.5 Kidney function parameters:
Serum urea was determined calorimetrically usingnizind kit[13], according to the following reaction. Urea +

HO, O He8Sm . 2 NH; + CO,.. In an alkaline medium, ammonium ions react witie tsalicyate and
hypochlorite to form a green colored indophena? @carboxylindophenol).

Creatinine form colored complex when react withr&tie in alkaline solutiofiL4].

Liver tissue homogenates preparation

Liver was immediately removed; weighed and washsitigu chilled saline solution. Tissues were minced a
homogenized (10% wi/v), separately, in ice-cold sodipotassium phosphate buffer (0.01 M, pH 7.4)taioing
1.15% KCI in a Potter—Elvehjem type homogenizere flomogenate was centrifuged at 10,000 Xg for 20 ai
4°C, and the resultant supernatant was used fodéhermination of antioxidant enzyme and lipid pédtation
assays. All used reagents were of the highest gragenercially available.

Lipid peroxidation assay

Thiobarbituric acid reactive substances (TBARS)tenhwas evaluated using the thiobarbituric aciBAY test as

described by Ohkawa et al.[15]. After incubatioriieér homogenate with TBA at 95 °C, TBARS reacisdrm a

colored complex. Absorbance was measured spectimpletrically at 532 nm to determine the TBARS canhte
The specific activity is expressed as nmol/mg pnopeotein. This assay was used to estimate ligidxidation end
product, Malonaldahyde (MDA).

Measurement of superoxide dismutase (SOD)

Superoxide dismutase (SOD) activity was measurecbrding to the method described by Marklund and
Marklund[16]by assaying the auto oxidation of pyathgl at 440 nm for 3 min. One unit of SOD activilyas
calculated as the amount of protein that caused Ppy¥6gallol auto-oxidation inhibition. A blank wibit
homogenate was used as a control for non-enzymxiti@tion of pyrogallol in Tris—-EDTA buffer (50 Mrris, 10
mM EDTA, pH 8.2). The SOD activity is expressed_#sg protein.

Measurement of catalase (CAT)

Catalase (CAT) activity was measured accordingnéonbethod described by Aebi[17] by assaying thediysdis of
H,0, and the resulting decrease in absorbance at 246vema 3 min period at 25°C. Before determinatibithe
CAT activity, samples were diluted 1:9 with 1% (vAsiton X-100. CAT activity is expressed as mmaj/iprotein.

Measurement of glutathione peroxidase (GPx)

Glutathione peroxidase (GPXx) activity was measwsdg HO, as substrate according to the method described by
Paglia and Valentine [18]. The reaction was moeitoindirectly as the oxidation rate of NADPH at 248 for 3

min. A blank without homogenate was used as a obfdr non-enzymatic oxidation of NADPH upon adaliti of
hydrogen peroxide in 0.1 M Tris buffer, pH 8.0. me activity was expressed as nmol/mg protein.
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Statistical analysis

Data were collected, arranged and reported as mestandard error (meantSE) for all groups (eachugreas
considered as one experimental unit). Studentttsw@s computed to test the significance differebedween
different groups. Statistics were carried out ustajistical analysis systems (SAS) program (SX®5)®. P<0.05
was considered as the level of significance.

RESULTS

Biochemical estimation

« Effect on Liver function parameters:

Table 1 and Fig. 1 represented the mean valueantiatd error (Mean + SE) of liver function paranmet®ifferent
data of all experimental groups were evaluateddiygustudent t-test.

Table (1) and Fig 1 (A,B,C) showed that treatmehtormal mice with either Atra or Mal afforded high
significant increase in AST , ALT and LDH levels e@mpared to normal control group , Meanwhile treatt of
male mice with PPE elicited non-significant change®ither AST , ALT or LDH levels with respect twrmal
control group.

At the same time, administration of PPE with eitMal or Atra afforded significant decrease in ASNLT and
LDH levels with respect to Mal and Atra treated ugye but they showed significant increase as cordpasth
normal control group. On the other hand treatménmhale mice with combination of Atra,Mal and PPHoaded
more ameliorated results as compared with othebauations.

« Effect on antioxidant capacities in liver tissue hmogenates:

At the level of SOD, Gpx and CAT in liver tissuenhogenates, Table (2) and Fig 2 (A, B,C , D)treatméth Mal

or Atraled to a significant decrease of their level comparison with the negative control group.ilé/lto-
administration of PPE with Mal or/and Atragroupsl I® increase in the SOD, Gpx and CAT levels bilt st
significantly different from the negative controfogp.While, the level of SOD, Gpx and CAT of PPE- co
administrated groupsshowed a statistically sigaiftdncrease when compared with Mal or Atragroxpept at the
level of SOD forAtra + PEE and CAT level of Mal #At+ PPE groups, they showedsignificant decrease.

At the level of MDA, treatment with Mal or Atralgd a significant increase of MDA level in comparniseith the
negative control group. While co-administrationRIE with Mal or/and Atra groups led to decreasMDfA level

but still significantly different from the negativeontrol group. While, the level of MDA of PPE gpmihoweda
statistically highly significant decrease when cangal with Mal or Atragroups.

Therefore, the present results elicitednoticed owpment in the antioxidant capacities of PPE, dapigdor the
combined co-administration group (Mal + Atra + PRPE)en compared with the negative control group.

« Effect on antioxidant capacities in liver tissue hmogenates:

Table (3) and Fig 3 (A, B) showed that treatmennhofmal male mice with either Mal or Atra affordb@hly
significant increase in urea and Creatinine lexsscompared with normal control group but PPE éckaroup
afforded significant decrease in two parametersnwbempared with normal control group . Meanwhiley- C
administered groups treated with Mal, Atra and R#fEited significant decrease in creatinine andaulevelsas
compared with either Mal or Atra treated groups #mel best combination was recorded in group treatithl
combination of Mal + Atra + PPE.
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Table (1): Effect of Malathion (27 mg/kg,Atrazine (120 mg/kg),Al-Taif Pomegranate extract@.4 g/Kgand their combinations on Liver

function in male mice (meant SE)

Groups AST(U/mI) ALT(U/ml) LDH(uIU/mI)
1- Control group 13.20+0.58 | 12.00+0.70 | 371.66+47.21
2- Malathion treated grot 197.80+7.3" | 101.00+1.1° | 1828.40+35.3°
3- Atrazine treated grot 230.80+6.0° | 122.80+1.8° | 1370.30+33.3°
4- Pomegranate extract treated group 14.10¥1.0114.20+2.10 | 405.32+14.08
5- Malathion + Pomegranate extract treated group .0048.67 | 73.20+0.86 | 920.00+30.37
6- Atrazine + Pomegranate extract treated group 40863.12 95.40+0.50 | 862.66+50.63
7- Malathion + Atrazine + Pomegranate extract géafroup| 24.20+4.61| 40.60+2.78 | 520.31+51.26

Means within the same column in each category aagrglifferent litters are significant at (20.05) using Duncan's multiple range test, where
the highest mean value has symbol (a) and decrgasivalue were assigned alphabetically.

Table (2): Effect of Malathion (27 mg/kg, Atrazine (120 mg/kg), Al-Taif Pomegranate extrac{0.4 g/Kgand their combinations on
oxidative stress markersin liver homogenates ofmalmice (meant SE)

Liver Liver Liver Liver
Groups Catalase SOD MDA %Ig:gi?ézgz
(U/g) (Ulg) (nmol/g) (Ulg)
1- Control group 4.29+0.01 23.32+0.87 | 1.74+0.10 6.91+0.78
2- Malathion treated group 1.72+003 7.61+1.5% | 29.35+0.28 1.12+0.48
3- Atrazine treated group 1.43+0.08 5.14+2.98 | 32.50+0.66 1.99+0.58
4- Pomegranate extract treated group 4.0320.04 18.82+40.91 | 2.81+0.12 5.30+0.94
5- Malathion + Pomegranate extract treated grolip 57+0.04 14.94+1.66 | 17.30+0.28 2.01+0.83
6- Atrazine + Pomegranate extract treated group 24D D5 12.92+1.59 | 19.38+0.38 2.03+1.56
. . 3.95+0.03
[ Maiathion + Atrazine + Pomegranate extitCly, GETRE435RTYI MVBNIKL\ | 15.30:1.21 | 14.0440.26 |  3.77+1.19
group \SLKJHTRE43([;,LKNBVCXZ \0.02

Means within the same column in each cat=-09q garyying different litters are significant at (£0.05) using Duncan's multiple range test,
where the highest mean value has symbol (a) an@asiag in value were assigned alphabetically

Table (3): Effect of Malathion (27 mg/kg, Atrazine (120 mg/kg), Al-Taif Pomegranate extrac{0.4 g/Kgand their combinations on Urea
and creatinine levels in male mice (meat SE)

Groups Urea(mg/dl) | Creatinine(mg/dl)
1- Control group 22.50+1.20 0.58+0.01
2- Malathion treated group 51.00+4°08  0.97+0.02
3- Atrazine treated group 84.20+1°8 0.89+0.02
4- Pomegranate extract treated group 29.10# 51 0.62+0.0%
5- Malathion + Pomegranate extract treated group 540.70 0.71+0.0%
6- Atrazine + Pomegranate extract treated group 1042.77 0.75+0.01
7- Malathion + Atrazine + Pomegranate extract gdafroup| 37.08+2.10 0.70+0.01

Means within the same column in each category aagrglifferent litters are significant at (20.05) using Duncan's multiple range test, where
the highest mean value has symbol (a) and decrgasimalue were assigned alphabetically.
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Fig (1): Effect of Malathion (27 mg/kg, Atrazine (120 mg/kg), Al-Taif Pomegranate extrac{0.4 g/Kgand their combinations on Liver
function in male mice (meant SE)
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Fig (2): Effect of Malathion (27 mg/kg), Atrazine (L20 mg/kg), Al-Taif Pomegranate extract (0.4 g/Kg)ad their combinations on

oxidative stress markers in male mice (mean + SE)
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Fig (3): Effect of Malathion (27 mg/kg), Atrazine (120 mg/kg), Al-Taif Pomegranate extrac{0.4 g/Kdand their combinations on Urea
and creatinine levelsin male mice (meatt SE)
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DISCUSSION

The ubiquitous occurrence of contaminantsin theirenment has become an ever-present concern. Sde t
compound s cause toxicity and sever damage eVew a&xposure levels.In the present study, miceecaith Mal
or Atra showed increase in liver and kidney furncfmrameters markers.

Mal and Atra induced a decrease in the antioxidarymes level of SOD, Gpx and CAT, while it shoveed
increase of the lipid peroxidation end product, MDBur results reported the toxicity of Atraand Mal
treatment.Reactive oxygen species (ROS) are cdhstgenerated in vivofor physiological purposes.eifh
productions are often balanced by antioxidant dsfesystem. However, excess ROS production bey@ndlttity

of antioxidant defense system can cause oxidatamage to protein, lipid and nucleic acid [19]. Axtdant
defense include antioxidant enzymes such as suipgerodismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx).

The present results are in agreement with preuviesslts, in which Akunnaet al.[20]and Durak et[alL]reported
the toxic potential ofAtrain rat testicular tissamd Mal in human erythrocytes treatment, respegtiVbey
estimated a significant decrease in the activitielleof GPx, SOD and CAT when compared to contraugr
Further, a significant increase in lipid peroxidatiwas observed also in Atraand Mal treated grobpnacompared
to control group. It has been largely reported thimhand Mal induced organ toxicity could be assautt of their
metabolites which may be involved in electron tfanseactive oxygen species formation, and oxigasitress [22].

Co-administration of PPE and Atraor/and Mal treagedups restored almost most of these antioxidafitrcse
capacities to normal levels and improved the hepttmage and alleviates the toxic potential of Atmd Mal. This
might be explained by their antioxidant potentighiast pesticides toxicity.

The conception of antioxidant action of phenolienpmunds is not novel [23ccording to Verstraeten et al. [24],
in addition to known protein-binding capacity oa¥hnols and procyanidins, they can interact withmimrane
phospholipids through hydrogen bonding to the pdlead groups of phospholipids. As a consequeneseth
compounds can be accumulated at the membraneatsutioth outside and inside the cells.

The kidneys are easily susceptible to damage frargstbecause of larger perfusion and accumulaticexofeted
compounds that occur in renal tubular cells dughgorption and secretion.

Pomegranate has become more popular because aftthmition of important physiological propertiesjch as
anticancer, cholesterol-lowering, and cardiopra¢ef25].our results are in accordance withkmenet al. [25] and
this study demonstrated ameliorative effects of PERhenolic antioxidant, on GEN-induced nephratibyj in line
with the consideration that oxygen-free radicatsiamportant mediators of GEN-induced acute reriiria

Our results recorded an increment in Urea and ioieatlevels in eith Mal or Atra treated groups lehihese
parameters are highly ameliorated in groups trewitiil combination of PPE with Mal and Atra and thessults
are greatly agreed with the obtained result€ekmenet al. [25]who reported increased serum urea asatioine
levels in GEN-treated rats reflect the renal damagganwhile,Administration of PPE protects the lagrfunction
from GEN as indicated by preventing an increassenum urea and creatinine levels. PPE restoraetta function
by preserving the structural integrity of renalleelgainst GEN challenge, evidenced by signifigapteventing an
increase in the levels of serum creatinineand urea.

The structural/functional integrity was assessedhaystatus of their respective biomarker enzyrSes.here, we
measured the MDA, CAT, GSH, and SOD, as a mearxidfative stress. Our findings corroborate thosé¢hef
earlier studies demonstrating that an enhancedgemiais oxidative stress has a major role in therggwof Mal or
Atra-induced acute renal failure [26].

MDA, a stable lipid hydroperoxide, provides an irdd the LPO in biological tissues.42 In this stuee found
increased MDA levels in either Atra or Mal treagups and this parameter was significantly deecas PPE
treated group and also in combined treated grofipdab or Atra with PPE and these results are gyeainforced

by Cekmen et al. [25] who reported also increase inAMé&vel in the GEN-treated group, and as a protective effec
of PEE, lower MDA levels were found in the groupiedenined by GEN+ PPE.
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GSH antioxidant systemis considered as the mosthi®tellular protective mechanism. GSH has a iraportant
role in protecting against oxygen-free radical dgenhy providing reducing equivalents for severathamism, as
well as scavenging hydroxyl radicals and singleygen. Its depletion is a common consequence okasad
formation of ROS[27]likeMal or Atra-induced nephogicity and this depletion is attenuated by co-adstiation

of PPE. Our results go hand in hand with Cekmeal.ef25]who reportedthat group treated with GEN+, R

found increased GSH levels. So, PPE may enhancebyRdifferent way. These findings strongly indécthat PE
is important in protecting the kidney fromMal anttainduced injury through improvement in oxidatatss.

At the end, the current results showed pesticidegity represented by Atra and Mal on the livedaidney
function parametersand antioxidant markers as altres oxidative stress. In addition, we evaluaté TAif
Pomegranate peel extract (PPE) antioxidant poteimtimmeliorating pesticides toxicity. Also we resmend
further studies to assess Al-Taif Pomegranate piaten
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