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Effect of propolis extract on hepatic and renal oxidative stress and apoptos produced by
heavy metals

Abstract

Cadmium and lead are important heavy metals polluting the environment, due to their high
toxic effects. Liver and kidneys are a target for cadmium and lead toxicity. Cadmium and lead
include free radicals, leading to of oxidative stress. Propolis is an external antioxidant, which
protects the hive from all pests and contains antioxidants that address the free radicals. Our
study aimed to test the possibility of protective effect of the propolis against the oxidative
effects resulting from of cadmium and lead in their single or mixed form on the liver and
kidneys of Albinos Wistar rats. The study was divided into two stages48 male rats were
divided into two equal groups. The first group is given by gavage (25 mg / kg body weight) of
propolis for five days, while the other group takes the vehicle solution. After treatment with
the propolis, eight groups were formed, four of which were not pre-treated with the propolis.
Animals no supplied with minerals gave them bid stilled water, and those exposed to
cadmium and lead gave those solutions of cadmium chloride salts (0.3 g / L) and lead acetate
(3 g /L) in drinking water for 12 weeks. After the experimental period, plasma and urine
biochemical parameters in were measured to determine hepatic and renal activity also hepatic
and renal oxidative stress parameters were tested. Our results showed: cadmium alone or with
lead led to loss significantly (p<0.001) the body weight and no protective effect for the
propolis. A significant increase (p<0.001) was recorded in relative liver weights under the
effect of mineral salts. Cadmium alone showed a significant increase (p<0.001) in relative
kidney weights. There was a significant increase (p<0.001) in hepatic enzymes activity under
the influence of leads and was not recorded in the case of the mineral mixture. A significant
effect was recorded on the toxic effect of lead on hepatic activity (p<0.001). High urinary
protein and blood flow with urine were recorded in cadmium-treated rats. The propolis has
partially protects against these effects. The oxidative stress parameters showed that cadmium
significantly reduced (p<0.001) in the MDA values and significantly increased (p<0.001) in
the GSH values. But the lead led to opposite results at (p<0.001). The mineral mixture
showed significant oxidative stress (p<0.001) with increased MDA values and decreased GSH
values. No significant effect was observed on the levels of MDA and GSH caused by lead
poisoning. Cadmium showed a significant increase(p<0.01) in the concentration of renal
MDA. Lead in its single or combined form with cadmium increased significantly (p<0.001)
the MDA values and the decreased GSH values in all cadmium and lead groups.

Keywords: cadmium, lead, propolis, liver, kidney, oxidative stress.



Effet d'un extrait de propolis sur le stress oxydatif et I'apoptose hépatiques et rénale
produite par des métaux lourds

Résumé

Le cadmium et le plomb sont des métaux lourds importants qui polluent I'environnement, en
raison de leurs effets toxiques éleves. Le foie et les reins sont une cible pour la toxicité de ces
métaux. La propolis est un antioxydant externe, qui protége la ruche de tous les parasites et
contient des antioxydants qui s'attaquent aux radicaux libres. Notre étude a pour objectif de
tester la possibilité de 1’effet protecteur de la propolis contre le stress oxydatif résultant du
chlorure de cadmium et de I'acétate de plomb dans leur forme simple ou mélangée sur le foie
et les reins des rats Albinos Wistar. Cette étude a été divisée en deux étapes; 48 rats males ont
été divisés en deux groupes égaux. Le premier groupe recoit par gavage (25 mg / kg de poids
corporel) de la propolis pendant cing jours, tandis que l'autre groupe prend la solution
véhicule. Apres le traitement avec la propolis, huit groupes ont été formeés, dont quatre n'ont
pas été prétraités. Les animaux non alimentés en minéraux ont recu de I'eau distillée, et ceux
exposés au cadmium et au plomb ont recu de 1’eau potable qui contient des solutions de sels
de chlorure de cadmium (0,3 g/l) et d'acétate de plomb (3 g/I) pour une durée de 12 semaines.
Apres la période expérimentale, les paramétres biochimiques du plasma et des urines ont été
mesurés pour déterminer l'activité hépatique et rénale; les paramétres du stress oxydatif
hépatique et rénal ont été également testés. Nos résultats ont montré : le chlorure de cadmium
seul ou avec l'acétate de plomb a entrainé une perte significative (p<0,001) du poids corporel
et aucun effet protecteur pour la propolis. Une augmentation significative (p<0,001) a été
enregistrée dans le poids relatif du foie sous I'effet des sels minéraux. Le cadmium seul a
montré une augmentation significative (p<0,001) du poids relatif des reins. Une augmentation
significative (p<0,001) de l'activité des enzymes hépatiques a été enregistrée sous l'influence
des sels minéraux et n'a pas été enregistrée dans le cas du mélange minéral. Un effet
significatif a été enregistré sur 1'effet toxique du plomb sur I'activité hépatique (p<0,001). Des
taux élevés de protéines urinaires et de flux sanguin avec l'urine ont été enregistrés chez les
rats traités avec le cadmium. La propolis a partiellement protégé contre ces effets. Les
parametres du stress oxydatif ont montré que le cadmium a réduit significativement (p<0,001)
le taux de MDA et augmenté significativement (p<0,001) le taux de GSH. Mais le plomb a
conduit a des résultats opposés a (p<0,001). Le mélange minéral a montré un stress oxydatif
significatif (p<0,001) avec une augmentation des taux de MDA et une diminution des taux de
GSH. Aucun effet significatif n'a été observe sur les niveaux de MDA et de GSH causes par
I’empoisonnement au plomb. Le cadmium a montré une augmentation significative (p<0,01)
de la concentration de MDA rénale. Le plomb sous sa forme simple ou combinée avec le
cadmium a augmenté significativement (p<0,001) le taux de MDA. Le GSH a enregistré une
diminution dans tous les groupes cadmium et plomb.

Mots-clés : cadmium, plomb, propolis, foie, rein, stress oxydatif.



ALAD:

ALP:

ALT:

AMP:

AOE:

AP-1:

AST:

ATSDR:

Bax:

BBB:

Bcl-2:

CAPE:

CAT:

G6PD :

GABA:

GGT:

GPx:

GR:

GSH:

GSSG:

GST:

Abbreviations

8- aminolevulinic acid dehydratase
Alkaline phosphatase
Alanine aminotransferase
2-amino-2-methyl-1-propanol
Antioxidants enzyymes

Activator protein 1

Aspartate aminotransferase

Agency for Toxic Substances and Disease Registry
BCL2 Associated X, Apoptosis Regulator
Blood-brain barrier

B-cell lymphoma 2

Caffeic acid phenethyl ester

Catalase

Glucose-6-phosphate dehydrogenase
Gamma- aminobutyrique acid
y-glutamyltransferase
Glutathione Peroxidase

Glutathione reductase

Glutathion

Glutathione disulfide

Glutathione s transferase



https://www.google.com/search?q=gst+glutathione+s+transferase&sa=X&ved=0ahUKEwiFvITI7b7jAhUN8hQKHbBtBS4Q7xYILSgA

LDH:

LOO:

LOOH:

MAPK:

MDA:

MDH:

MT:

NF-kB:

NO:

Nrf2:

OH:

8-0x0G:

ROS:

SO:

SOD:

TBA:

TBARS:

TSH:

ZIP:

Alkyl

Lactate dehydrogenase

Peroxyl

Peroxyd

Mitogen-activated protein Kinases
Malondialdehyde

Malate dehydrogenase

Metallothionein

Nuclear factor kappa-light-chain-enhancer of activated B cells -
Nitric Oxide

Nuclear factor erythroid 2-related factor 2
Superoxide anion

Hydroxyl radical

8-oxo-7, 8-dihydroguanine

Reactive Oxygen Species

Sarcosine oxidase

Super oxide dismutase

Thiobarbituric acid

Thiobarbituric acid reactive substances

Total sulf hydryl groups

Zinc iron proteins


https://en.wikipedia.org/wiki/Nuclear_factor_erythroid_2-related_factor_2
https://en.wikipedia.org/wiki/Nuclear_factor_erythroid_2-related_factor_2
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I | Xanthine Oxidase :

-------------

!
I
P Transition
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sl algay) Jhual 2.1

ligig s A3gsill palea) 2 Ay & pumnll ligall Ax1l el ) aushll sleal) o35

Ll Sully el

gsil Lalaal sawsi .1.2.1

S Lmye ST Lgl38a8 (ROS Ao il diannV1 £ 15D styl) jaiad) 55008 bual) it

Loty Jydige ailiaag allas - @j\]\ aanll 3auS] =l g .(Silva et al, 2008) g;};ﬂ\ lpaens Alalig

smenll L V1 20l G (e Clsal) iays .(Storz et al, 1987) asuall Plaily jhiiu) s

Oslsall gyl s iUl AGanSE S dime FEY) gy ¢ Cpans) Gagiial) ) 55l
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5agasall Aafll adad Y sauSl slgay) (5335 285 .(Freudenthal et al, 2015) adsall 3 <l yika
.(Chiuetal, 2011) &acli e adlse M&ie )l Slly A3553Y) 52l

Cilagind (se 485 MicroRNA-184- Lol el sl Siad 5auCOU ol g8l (meall puady

tie 5 «(Bol-Xl and Bol-w) B g5t (e Agaalll DAY culisigyn Galdll Jeudll gssill (s

.(Wang et al, 2015) zasall (gslal) Cigall ) (535 Laa cleiansd

eling ) Bawsi .2.2.1

Y owall psdall Cilaal e o g 1A Ol 8 sl lisSall (e ligigpll o
abeal) Cangis 3 50y cDle @ (DI (e Lpaga et gl cliall el
sl Dy 5l saall slad culidi s sl Aalia adi i . (Negre-Salvayre et al, 2008) 4wy )
lae 32 dmje ST (thiol, -SH) Jsdill Aaks o Allall alea¥) &) G elgd 25380 dynaY)
Gplaal) 3yl aleal) 3 Lol sl 35 WS BN Capsl) joua JSE ) g
icgene ciaa ) lisig ) s0uST 535 . (Ghezzi et al, 2005) Al iy Judlu adad )
Land Ladig e IS JC ) 535 13y @) o lall 2l labiad) Slel) ) Adgall (el
Ain sl gl lpailiad s ¢ledalis a8 350siall cilisig 0 «(Hutter et al, 2007) Lineall dac 3514

(Szweda et al, 2002) cilaiYl Jlaill Lo ST s

Gsaall Bawsi 358 .3.2.1
o Aaall (mlaal) aulgdugdy cuaal)l ciligis ) (e 508 Gl e il Apie Y gans
s «(Pratt et al, 2011) (s 5wl (558 ) Adse S3all Hodall dmpe (5S5 Ally cdaiiiall

.(Sachdev and Davies, 2008) (5.JS&) Jaly & e 2
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Mechanism and Products of Lipid Peroxidation

LH
(lipid)

L.
(alkyl radical) \

‘"o

LOOD® =~wwe== - - = cyclic peroxide
{peroxyl radical) -
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C '

+
LOOH Other Products
(lipid peroxide)

l

LO® ======- - - - = pEantane
(alkoxyl radical)

e

LOH
{(alcohol)

HO®

- TOH

chain-breaking
antioxidant

a-TO®

( Sachdev and Davies, 2008 ) (58l 5081 431 .5 . J8&

Al (alaal) aale A OH i Jaiy el c(alkyl, L) S aa JSm 1 40anl) sl
AN AaBll 508 (530 gaaly Adadiyall Caagyuell 833 g0y o(LH) dandall e

oY) dsas (L) D asty 3 ol sas] G ay L) Aaje

(peroxyd, LOOH) 2wyl (Sl cdldicia cBleld \gadiis «(peroxyl, LOOY) Jaus syl sda

s e ST aa JSy HAT 0 (aesy alelis die 53l



Sl alga) 4 ,dail) da) LA

E Cpali Jie 3008 Sloan S5 Jadiy W) sl saus] edle & Calgn :Ayilgdl) ddayal)

o s pulhia oo i Bl Hsdall daf) s )3a e cliia ity §f ausY) 35 Alula
Blee b agad o) Sy Al Al Aaall gl (e de sane cBle il (o Al o5 Ll
A0LEaY) ol gau sally ¢A0 gaall Avaall chlasi gyl Sy .(Hank and Bernlohr, 2016) (g ) 40 S
Cipla (e il illy (LDL g 53 (po B350 4383 it ) Jsatil (g2uS) o sagll et o
St 9aal) 3ausT (398 casdt LS . (Sugamura and Keaney, 2011) 4 <l 5 A5 cilallyl)
a0 0l 5] (3 e apal) (aillay s b A3l LaeY) Ailiy degw B
Jiis Jalgilly cOUivall (po ypaall Ciillay ass Julls Aislall uieV) A0 deswe
.(Cazzola et al, 2004) 451l cfyLaY)

il g Sl sausi .4.2.1

Lyall palealVl R 520l (e A0l HhuaY ket s2uShl slgaYl sy Sl 2D
(el Qg S i 33850 Jga ) ihyun g0 S 5] e iy (oot Tl (S s
ile delis e I Alapall Gl e @lySull 2la) ke Fiaiy o Robertson, 2004)

(Monnier and Ceram, 1981)(sall (& a3l ae A 8 &SI 5205 il s dlie iy 53

BasY) clabaa. 3.1
Cilzas s Amylall 508V liliae tles Gty Gfic sese ) 3200 Sl U Caliay

(Kaur et al, 2018) (6 .JS3) Thapy) e s el ) ias ) A3l 5ausY)
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Ossiliglatl1.3.1
S Omerme 53 mie Gubooe W @l el e WA ean aiad) (OB Esn
W) Y1 Gaea Jie 3auY) @lilias waad sdle) Llee B B age gsfligall o5
Gl abaee ddaulsy Sl Jlaill 5865kl ol . (Henegouwen and Steenvoorden, 1997)
Silepiiyls «(y-glutamyltransferase, GGT) Jaelisla Lela afiall J8 o) o Wity ¢y gl Alladl)
Sy Su) e Jie 5008V liliae apaisale) Alee 8 13 20 (y58li5lal).ChaC dlile (1
Gl abiae ddaulsy Sl Jlaill 5865kl ol . (Henegouwen and Steenvoorden, 1997)
Sl s «(y-glutamyltransferase, GGT) Jsalisla Lela agidl J8U apil o Wiy (g pl) dllsall
O y-glutamyl &5 sa ¢l e Liall ajlall asgll Je GGT ayyi) aalgy .ChaC dlbile
Osiliglall axa )y (Ohkama-Ohtsu et al, 2007) dipeptide cysteinylglycine jyady ¢ 580 slall
Y (aleal) Jsaa ) 505 L cdipeptidase - cysteinylglycine  Jiad 25 «GGT dauls,
Al Al doanbal) AL * -(Gauche et al, 2018) ws (o GSH Wl ~leudl Al ) el
Aea¥) dapd e 4y Jiiy Hd3e a5 198 (GSH/ GSSG)ausS3ally aall (p5ltislall S (o
ROS 5 cilig i) (athy ¢llds 3auSOU Slias 550 GSH gaall sdlslall oy . saushil
O paily masall Osfliglallh ¢ andy) dafil) Gph e ) 8)8le Ay elsw RNSS
S5 ¢i535) Gmenlly Alatipall sially (5AY) Ak Bl 5aally dleliial Hall Jus el
«glutathione peroxidase a3y Jelill s3le aelie s GSH ashy WS (g)al Lgm cliyia e
OBl (e itiia ) GSSG JIFia) oy ¢ Ml 3 .GSSG gz lily ol aseS s ) (b s Lan
Gauche et ) glutathione disulfide reductase a3y (NADPH (3 JS 25y 8 @y «GSH gl

Sl oY1 e Blaall ) ale OS5 dyglall g LY /sausY) )ls dilee Cangs L (al, 2018
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g i) a3

OSats -dle (sien (e GSH s Iaa Auaidie Ciligine die GSSG 5 3)liall (uag il 1l

a2 (PIA el Gaanyg ¢ 3af 3a ) olgie aliail die 13 s 500SY) s yom asihy oF 0 sililall

.( Dominici et al, 2005 ¢ Paolicchi et al, 2002) GGTay) ddaulgy 38l J2éy GSH

| ANTIOXIDANTS ]
[

[
| ENDOGENOUS |
I

EXOGENOUS

| ENZYMATIC | | NON- EII\TZYMA‘I'IC | |

NONENZYMATIC |

|
| Primary enzymes ” Secondary enzymes | Minerals
Zinc
Superoxide di e Gl reductase Lyc:;:;:e Selenium
Catalase Glutathione-6-phosphatedehydrog Lutein
Glutathione peroxidase Ze3zeatsin I Vitamins and derivatives |
I Organosulfur C (Ascorbic acid)
T | compounds lE{ (Tocopherols)
M Organosulfur Akyl sulphate
compounds Indoles
A Phenolic acids
Glutathione | Flavonoids | ﬁ
=== === [ |
Nitrogen non- protein | Vitamins and derivatives I Hvdr = s —
compounds I Lo I I i |
T A Retine) Ferulic acid Gallic acid
e P-coumaric acid Ellagic acid
[ | |
Quercetin Catechin Cyanpidin
Kaempherol Pelagonodin Pelargonidin
| Isoflavonoids | | Flavones I | Flavonones I
Genistein Chrysin Hesperidin

(Kaur et al, 2018) 53.8Y) cilalias oLdl 6. 08

lgidl) (alaally cilagigidnall .2.3.1

(Jasl A L)) ISl LS 8 i auSOU 33lias degens A il Dl

daly dange JalgaS Jead s Al ondl)l Jus el ile gana (g 500800 330lcaal) Lgi)a auis

saliaall lagy) Jadig ¢ cplaall A 5 eamalSY) Hoday oalalVl aansOU Alihags (g2l

Gl gina 33435 RNS 2 dleay) G g sauSal) cilagy) ity Jg S gl sia o o)y w3
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sl (b Jads .(Prochazkova et al, 2011) vl (sl dcaidiall ciligally o)l
Gl Jaxi gd 320 Mlas Ll Ll .hydroxybenzoicaleals hydroxycinnamicalesl
Krimmel et) Sall sisll e sase g1l S Alal) L0l Aaliy eiall giall Alpay opolacdl

.(Terpinc et al, 2011 <al, 2010
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a5l 5 (alia’ll A il a3

assadlslly palaill 2
Ay Al Bydad Alise cAlud) ALED oleall gl e Al sjlall Dsall BV ae
Lsla Ban Y g3 Legd Gadailly il B 55 cdian palaad) ST e gseallly aliall)
O B i) 3 (e Jle Jalk ) Gadaill GY iliaia Glal) (e b 0585 A
(MT) (5 sllisall sy (a3 23S ¢(Phillips et al, 2003 ¢ Bae et al, 2001) 43lall & 1l Gl
Lmglall llaal) Jaiiiy cAaplal) 3 dejiie (piaeall 4S50 jaladlld .o seslSH (el vie

.(Patra et al, 2007 «Swarup et al, 2005 ¢Patra et al, 2005 ¢Phillips et al, 2003) 4yl

wakayll .1.2
LowDUl 3 gt Ji Loty e pand) adl S 3 oSl o ) ) Galosial ) any ol iy
Y Adlell asdlly ¢ Dyl aall iy S 8 Galialll cpe Aallal) Apsill 030 s (Sagg (71 e J3)
uabadll Aalys G Cua . (Kelada et al, 2001) (8- aminolevulinic acid dehydratase) ALAD
s 8 5 e sty o palaill Say Ml B30 20 2 4l Sl Aas (555 Gdis sl 13g)
e 780 sy ALAD Lli) e a2l e oyl 13 Cisllay e 8l 25 e calals))
P LS 3 aladll lisine Copdind 135 agine 5GaS O V) cehanll o3 IS alia
aali 23 Al Sy sy cpyrimidine 5°-nucleotidase + Jafiy (abaill Gli a3l 8 ¢lyeal
oy Gabasll Jo Ay ol olyead) 23l S8 dald) Jalgad) 4lle (e e L ala)ll

.( Bergdahl et al, 1998) 4%l
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s 2uslil) alga¥ly pabarll. 1.1.2

Lig gala)ll e daslll el duseY) Jdo okl el o)y 4Kl pasall 2N
e Liall LG ddaad) a Liaal) aleal) 2 aae s A0 (alealY) Alidus Jslay a5 8 iy
sLaall (8 Cund) 06 o (Se W bl Gaes Al ) 3 pabaili aus
Ladii 8 cudl 056 o) oS W clipnih¥) Gae Al ) 53 palaillé aausdl
.(Patra et al, 2011) dslial)l sl 32uSY) 550 dilee

.(Bechara, 1996) ROS algi juias ) Lalaslly (3-aminolevulinic acid, ALA) bli)l 33
29520510 (e S 8 quinine )lsid ASH Jale 5a 5 4,5-dioxovalericuaea lgie iy ALAs Sk
ANV a LA 50us s0lad) g il Al e 300 .(Douki et al, 1998) ssill aeally
Lt Gph oo 50000 saliad) AadsV) juaty (ala)l s . oabajll aushill slead 2t
Patra) G6PD 5 GPx s CAT 5 SOD 5 ALADJie lagiiY) (e dpaall & (-SH) Apidisll aaaladll
.(etal, 2011

ledabialy 3l Lginid Bl ) 50000 Lidaal) pusaliall e 500830 830 mal) Clagiiyl) alans Adiad
Schrauzer, ) GPxX - 4kali)b éllig o o) (aliaial aid ) Gala)ll 5358 . (Patraet al, 2011)
20 2kl MgaY) da 8ytee LBy ) 3% paladll pajedll J8 sl Jsls (1987
Othman and El) GSH 35555 GR 5 SOD a3 balis (ga JS 335 Gyl e @lldy ¢ ala’ll oo
Sty 2SO 33laal) ilagyl A dndge & S sl of paliadll (Kay WS (Missiry, 1998
LY ikl e 38T e ai)ad ) Lead (aliaill Zaew 25235 .(Flora et al, 2007) ledasiss
Agpanl) 8 Lagall Lnslonll @l o oyil ULy ¢agullSlls a gl il e 2L,

g et lodl gsad alall DA (e spal e (alialll 3,8, .(Lidsky and Schneider, 2003)
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¢l il Jlagind ey e Apad) gsinal) b casanadll) Gl gl Jlagad e 458 ) Ll
Ageadll LOAD) 8 aaSlyis ¢ Salall 1 e o 1)l maays ¢ ouanll Jaall (4 Galalll ag
.(Carocci et al, 2016) (pblall aee S50 eile 4aaaal)

Al Ao gabayll aaslil) By .2.1.2

taspartate aminotransfer, AST) layy) bigiue (& & i) ) 258 pabaill asl) el
«(Omobowale et al, 2014) (alkaline phosphatase, ALP¢ alanine aminotransferase, ALT)

elacy) e 2SN ixy  .(Abdou and Hassan, 2014) Sl s s sSI) (i) 3 sl
Ll b aliasl ) palaill o3 5. gaballl oo bl ganshll algaYl ddagiual Al
.(Abdou and Hassan, 2014) GSH (s st 8 5283 3ladll ilayyiy!

Omobowale et) abajll e aalill GanSEl slgal) BT 28l (e (ysadll 320ST (558 s
eolall e lial) elula 8 JIa 1) & ey dgaall (mlaal) A 4 jees ) Gl G355 o(al, 2014
«(Liu et al, 2012) 2SN & MDA (s5iua 8203 <lld (3804 «(Lawton and Donaldson, 1991)
el osil) (meall 8 Gl ) (g5 8 (aliajll (e aalill sanshll sleay) G e 4l el
O eanl) sl JDlEals 53 d wiipall il Casnas A3 tmasie (gsla Cisay Y (agiia
.(Xu et al, 2008) Bcl-2 1sBax

sliall 00l 8 JIA ) (o350 Alaall il siu il Lgianleas (oSl 4 ROSZ W) &)
elal) gl AT Japiii ) (535 La 13y (caspase 3) 3 5LulSll 4y Japdli 25 (a9 (5520 Sl

-(Wang et al, 2007) - o yal)
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A8 Ao paball dausiiy B .3.1.2

& gy (paras a (gl Plie) A o palialll e aalill (gol€) JIal Canea (Sa
Asll Gaba)ll e aalill SN Plie) Sudhy . gaba)l e ddle gl (@il ve Qllal)
Dsels DA (e WSS ¢ Fanconi 3585 2o Dlie) 4sa¥) Jill Sl ale Sae A (e Gl
Joabailly Gfig pl) Claiae o (ggiat gsi Cilasn JSy i) Bylelall 8 Al iy
Lt Gl (SN 8 (alal e anlill ganshll algal) g aiSH 25 8, . (Matovic et al, 2015
ol Jleadl e cluhall (e el 3 Liad oS5 cclilpal) o coplailly 4yl ooplaill
s (Gurer-Orhan et al, 2004 «Ahamed and Siddiqui, 2007) a¢glec a8lsa (3 Lalia)ll |gin e
5 Sharma i 8y «lilgall xie (abailly slall sl dp 2 golSI GanShl slgay) cpa
s e Alelinall L5 dgall (ggine 30l o Galadll DAL (mdedl) G (2014) Singh
Ll salyy @llaSy osalll sauSt (358 e yi5eS (Thiobarbituric acid, TBA) ely)sislsil
B8 & Gay el Hsdall g ) (abadll Alygha 3558l adaill (o35 . ol S 3 CAT 5 SOD
‘Aziz etal, 2012) sl il WAL el 4,863 ) lall Glall 25 (KU 8 sl ]
-(Sharma and Singh, 2014

Maall allaill & Ja ) Gabadll pagedl) (e 323l ROS (e daipall il siasal) 5355 o) oSy
by 3O s3laall clagyl Blin iy gabaill G cluhall (e sl jelsl a5 5203
Clapy) Ll & € (mless) ) 635 galiasll pajedl) (Matovié et al, 2015) GSH s siase
Lakshmi ¢Farmand et al, 2005 ¢Abdel Moniem et al, 2011) 4 5ISI) daui) 8 5auSU 3lcaall
e galayll clyils @l &8 o) (& .(Wang et al, 2012 «Sharman et al, 2010 ¢et al, 2013

Ja3 5 Bl Gabead) aliaial ol IS aiey of (Say paladll Y Baine Clagiil) oa
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a5l 5 (alia’ll A il a3

Wang ¢ Lakshmi etal, 2013) <lisis ll-SH e samas Jai i 5f ey ddasall adlsall 8 Ldae
OB I3y IfsansY) ol 8 GSH s «GST a SlBlall jlie¥) cumy 3aY1 as «(et al, 2012
G Rl G ) el 8 GSH 3855 GST bl e IS 8 Lsaldl Geliiall (alaasy]
Matovic et al, ) GST bl 3 (mlad dag (e I o 06 of (Say 50 GSH 385
SIS 3 CAT 5 (SODLLE b 5 30l (o Sy abiadll Alysh 35l (aillé (2015
LR VWA Glaby i a8 o(Vaziri et al, 2003 ¢Farmand et al, 2005) 4wyl bl gaall
(Sl Algadll Lmyent Llaia) Galajll Lmdaall ()3all e CAT 5 «CuZn-SODAadl
.(Fermand et al, 2005) sl jueil) o i Alsh 5l (aladll (ajella
O Apaill luhall cpelal (S 3 (aball Leud LK gauslll sleay) ) dilayy
Ayl QU 8 Sy Sl L G e aall WA Cige 8805 ) (33 paladll gl
IS ) lesand 12 53al (aliafll DAl ldjall (manpes G (2011) Osoals Sujatha o 88
O Uy 13 5 Ayl cilusl) 8 (apoptotic bodies) geall csall alual sae e S

) o) gslall Cisall Al 8 AR il uall el o g palaily aaudl

.(Matovi¢ et al, 2015

agsaalsl) 2.2

O slliaally el ehanll Sl Aute b Jasig (@l ) pssealSl Jiiy Galiaia] sa
Jie -SHaalae o Dyginad) clisip s W iy of oSars waad) elail paen ) g
Gl 2l ) sl el dey 4503l iy . (Zalups and Ahmad, 2003 ) Csafiassadl ()5 sla
asaed&l) Laiyyg ) (ge paal) B G llinal) ) Jhay 438 Alisha gyl Al el oL

Sy 5 el oLl DA e Lensdi F Cun IS L) iy cpseall Gyl o3
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assadlSl Al gl 5738l el Bl 2 eg el 8 (g Ayl clugY) DA 8 4l

.(Nordberg and Nordberg, 2000) dayall sl ) 40SI (535

‘é.\ustd\ AgaYls agaalsl) .1.2.2

Jumiy 4y 05S5 Lo Wlle Jlly «OH 5 Hp07 5 °02 bl il sl sl 8 2 520380 i
Dl 3O D) s Lee (N2 5 AP-1 5 NF-kBie) & Loy /500800 Ausluad) Jalsall Gous
Wb DA ot lgay) Ao il Jals el aay cclisally ROSLLS)) Casy ual)
il sl el A VG L it aselU S5 S ol Al Caglll e Gaale
1385 ¢ a 5202l Alad) sencll Al & Dsine OB 2 520l Cpadall (el DA 858l sdally Jasiyal
il amy (sfilshally usfisllisall (e il 8 LaLAY) Jie Sl LT sl aap Ly
slall el a L sauslillalgay) Al o panl€ll 1 meas 1) o35 Le 1aag caseal€l (el
st el A A glally o) slall ) Aan) s ROS Al daddia )L} calin gl o 5adlU (el
s OmnsY) Gagiie )l (go5il) anal) b AualSH il (e iyl LAY Sy capuall
Gl o s0adlSI) e Aglle e alal) al) e A3l ROS jualind caly o) (1385 4l g 1) el
oSy (ROSz G (o Jlid assaalSl (pajall  ageil) ol Caall W L Aaial) ) & LS 1o
2 a5 SIL ajall aendll & 1yen Glaaly ALAD Jiadl Haedl) xe agrealSH olad uiSall Jlarl
.(Patra et al, 2011) (s yusl)

Hanahan and ) ol el disdl) lisall s aadati Jadi p geal€IL ol Lululy) ) G
DNAZSua) Layifig (4 5ulSl) &R ) Jlasy (Stohs etal, 2000) s2.SE algaY s (Weinberg, 2000

.(Shih et al, 2004) gajall (gslal) cagall Ay
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Sy ¢ ladlly 2530 & salll 50l (358 £ i Ol asmedlSU Cadall sl Mad) (adeill ()
& Sy Jall dlde L ROSaSs zWld . fuadlly cheall aall @lS 2l
Gl g g uell 5027 51025 TOH 5 H202 Jadii 4Sljiall ROS(H dale ddiays . (g2 S sinall
Patra) LAl 4 5auS3U sabadl alsalls ROS G (sl Jay ROS zl) & LahaYls cigaal
(etal, 2011

Al o agsaalsll dpansliy) YY) .2.2.2

(a5l e o Lyl b 385 Jas agaelSI) danad sy 33ad) 0l L) 4401 ()

Gl e L e e (5% 33l Lakl) Land) G (i) (Sa Gl axe (e w23 ey
e 8 ) san lae SH maelay aspedSl Jaliyl @lldg casl LT 40501 ALy
s spsadlSIl Al el e ) sauSE sleaY) PIA (e clgilay 8 Jlag (650 sinall
Aalel Alead daii o agedlSl aadll (el pe Aealdl Ll ALY Gl g)al Al
Apadl) gl G LS il pallly il ginndl (U] pe LSl Kupfer WA Ll ddaul sy
CRIBN R PO (R I WA P | R VPP TN - W VO R Sl R A PR PRV A PO
psmealsll

oaliaily ¢ g 2SI MDA (s5hua A Byina 330) () as0e0lSll 50% .(Rikans and Yamano, 2000)
CAT sMn-SOD 5 CuZn-SOD 5 GSH-Px) 53uS3U aliaall s yally capiiV) alaill il €
S das Gl yaall 3auST 558 (53a3 o (Sas+(Liu et al, 2011¢Casalino et al, 2002) (GSH
Dl 35 s I b sl sgine b cluill Loagl (€15 ansY) Glalias Alla il
Lasiyall dpanll Jae o speal€ll Jay i L2l 8 dpaall (sina g (MDA siase (s oladY) Bl Y

Colis ROS M Lajhe st ol fin €5 5hm lillyy ci8lially Lodlsid) iyl
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a5l 5 (alia’ll A il a3

.(Matovi¢ et al, 2012) St slga) Gldle ek b5y 325 3 Dsd asmealsll yyd 3k
iy Cuagy Lagd @y 3 hsn RNS 3 Gl gaustill algay) e Gaall 8 ROS s ) ALyl
Eall & ROS 50 -(Dkhil et al, 2014) asedSl e bl saushil) sleayl Al 3 NO L)
Sl dlgay) Ala 8 NO Z 1) 23y Gy Gl lld 8 1Ha RNS 1 (8 canslill alay) e
aditiy Al 8 4aS)i ) psaedSH el (mdaill (s35y . (Dhil et al, 2014) aspedSl) e il
Lage Lygn Apdee pualic ae pspedlSl Byl CBlelE Gipan @y Gl ey B0l ALY 8
e il oyt Ayl paliall oda alss 418 A (e Iy 3008 330l il il ]
.(Jihenetal, 2011) asedlSI dgag & Jajda S5 iy (A (i o llnall (4 gy Ledali)) (Bayla (g
) St slea¥) ulas s sae S Ak sy Adle S0 agedlSL aknl) (sa5 3
.( Wu et al, 2012) 328 saliad) by dalall cliall (anad ) @Y agay sy clginnla
) (585 8 2 5000lS) (e dealill ROS jualind  czaysal) gslall chsall ) ROS35 o (S
& s Goh oe ) @uSsuadl slie (s 8ausl Gt PUA (e ol WA Cise
LY (e .(Wang et al, 2014) zeaysall gslal) sall Baliaall 40 sSliall culisig pull e juil
@35l aaall =] gl cuifisale) leal adasdii o apiall (g5l Csall o guadlSl dati) da jidall

J(Liuetal, 2012) cpansY) (asiie )l

S A agranlsll Laushil) Y1 .3.2.2
it Leatyy ¢ el e5alls Al il (sgine o ol A85e L5l Ao o s2ealSH s
Ul an liuugilly 3oSlally cilisnSalls sl Galea¥ly Juiall (sl Auadiie cliig )l

.(Nordberg et al, 2009)
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a5l 5 (alia’ll A il a3

5 CAT 5 SOD 523U 53laall cilagyiy) Lol Japits ) Lagwe o 50l Slall ansill (535
CuZn-SOD 43l cilagiyl Jalis & Gaalads) olyially )3l e ciluhy & Jaa gl 368 .GPx
dami€ 44K Mn-SOD 5 «CuZn-SOD Ll & (bl caany of (Says «CAT 5 4080 SOD

D iy Bl @iy (aS B gaall alaally assealSH (p dndlial

Gllaaa) e aaell G LS caspalSl Algh colial (aiaill e Cargisal) gamal) o A0S0

8l S L gaanlSl adally Sall i adeil) ey S 8 aidag I8 dga Cai A el
a3l dfadl) il saal) IS 8 (TBARS / MDA) (e 334f5ie Cilisivs 3sany dapatl) il
et al, 2013 ¢ Jurczuk et al, 2004¢ Dkhil et al, 2014) ddlida Ahia) Clyidg (Adlida (3yka Adauls
) bl sda udn .(Renugadevi and Prabu, 2009, 2010 ¢ Morales et al, 2006 ¢ Matovié
«Matovi¢ et al, 2015)) halie iy o gealsll dmjeadl clilgall S 3 opsaall 5ausT 358
By asnelSlly Guiafllisall diae s s V) 20 Y S B asnenl€l s G ) @lld a5ay
Lo asedlSIL 35N Land) G gl il L) laliind o Klaassen et al 2009)) &5l
M) g laal) i Conan yimy i llinally Jagipall o saadlSH uly (goumnll s asanlS) oS
ol LI e el il gaalSIL A3 Hrand) 3 Adgad) Sl (e Liad 520830
sk il asedlSIl aadll Aajeall clilgall S 8 Al 320SY1 clalias Gl
Ggaal) Aamall paliall 43;\313 -SH  aalaay o ol i)l lly ¢( Casalino et al, 2002)
O Gl eyl cyell sil(Renugadev and Prabu, 2009) clepyidd 3daill) adlsall (ha
SIS 3 ki s anSOU 30l clayiY) Jalis i salyy ) (53 asmealSU Alysha 5l (oo
5 GSHAY! e 3008V cliliae Ciligius b Lsale (alidsls o(Djuki¢ ~Cosié, 2011)

Jsbasi ae 138 38155 o) Sass «(Renugadevi and Prabu, 2009 ¢ Dkhil et al, 2014) TSH
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a5l 5 (alia’ll A il a3

i .(Deneke, 2000) aapall JSEI ) 5l glall auSgall JRAI gy gl ogllaall NADPH il 55
et al, 2015) (solall Aally oyl (gslall sl asaaadlKIl acdl (o Aa5lll ROSASIS (& salpll

-( Matovié

Sy 2l o Labailly asealsll Lauslal) SEY) 3.2
S adlialy Ciliny (abally aspedlSl) aed gaustll il G e dahie ciluly s
DBy 100 e e ¢Lgalans (DAL il A il Cblidld ¢ juaic JS Ay (el
Pandya et al, )gausStll ,lall lad) & cpsaeall 35 ) cplal b lgiay copanadl sanSE)
eS5 aysilly Gabaia) A dabsall W1 & e Jay L o ( Pillai and Gupta, 2005 $2010
Adladl 3l e Daietal (2013) dushyy é L ABEN cliiall 2gall oall ae AN 03 ¢y
& Byfine Baly) yelal A5 3ylly ASH AMT-25 MT-1 Cal) bl (andyg ¢ ianall g
Slo sing A 0o sliall 5auSBU Mlaall LEEH DA (e e il Lalall) Lapdti dh . Ly
ROScLil Alain 1385 ¢(MT MRNA e B (s (sflislal) z WY il
Ol e IS & MDAGsiue & Aasale 52 i (2010) 558l Wang 4l iy
om @b Ll gy o aaly panal (el il ae 33EAL Cpiaaall gydal Cumdas A
GV el ) Aslal Sl Al Jdlas DA e cllaada) o328 a8l sy (il el
Ol A Alia Cpanall 35 ¢ L) L0 ()08 gl (b el Ay B Dbl Bign
it g all 3l gl Y (535 cpizeal) S deill &) (Wang et al, 2010) 32iall Laghysaa
Fowler etal,) s Ao s JS (aleil) Alla 8 gy 45)lie O gySI) (e 580 43S o Liily
(Sl Al 6 oSl dlgay) Gl (alailly asedI G e cluhd Xl sl (2004

SSags S ol gl o 3B @gle @l JKH b les Gypeaiall (el il G Y
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a5l 5 (alia’ll A il a3

Aalaal) A 8 amgy A Gugfillinall jo0 DA (e Uiia JAY) o ccllDBAY) oda s
SN A paleal) Jadad ALl A 5IS0 Al ol 1S s canly sgd (JKEY) (e e B
o () o saedll) Alad gy o sl (mapnt (5% O Sy - alaal) 03] (payall el o L
.(Matovié et al, 2015) Laaud) (aliajll €l s LS
eolall Cisall Y Glas e ol gan o JS asmellls (aball aeae G Slal) il s
e Gy Tl glly ¢ Lt Lmitial) €5l il cagy 90 50ad Aiaje o s Ay 88 cmapudl
libsy Cilaa) Y 3 5y ¢ IS5 Al G apnal) (gslall Cigall ) o ssealSlly bl
Cilygine b Ciaty LyxiSgindl 8 Gl aue majsall g5lall cisald L(Yuan et al, 2014 )
Lim Al Baxs Bel-2 lisigy Jie crapal @olal) Cisall o Algguall Ll culisg il

-(Matovic¢ et al, 2015) == el golall Ggall Glilee Ldn ) L..;Sgg Las caspase3
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Sl A il a3

a3
Ll bl ehal e leran 25 U gl (he Jual) Jai 4ait ande 2 Ladd g sl
A1 hasll Calaliy §saally cilaidll S dal e oA #Olaly ol (A 5Sal) Jall aastiy
.(Wagh, 2013) 4esiie 4alie 3halic by cAdlite bl o Sall Jalll qanys . Al Salas
el = Mal ol ) b alig cals Ui e Al jamall dia el pladiad @ a6
Lokl 4milos 3o 2 WS (1908 ale & el o ale Joe 3l i @ a5 . )
.(Helfenberg et al, 1983) JLuaSll 3aall & g jedy S fill
alaaiud At JICE) 8 el 40 Y1 (il (e ppand) 3558 500 mpnde Lo 33Le ySall Bay
Al (el z el Jiadl el bl ) Jrandl) il panivse 8 axding 43 LS L aaasall
& Bde dpala Cilpaniie ) ALEYL () dadial GlSje pSall Alla) Clpaatiall Jady

Aglulil) ¢lac) Gy 3 gl ¢ Lgilly QL) Cang Gapall 23l s (g sal) Hll

Sl ailiga 1.3
s £ 55l @y 71105 goas 7305 @lashy 7 50 e e plad) el o3y
30 300 o ST e Sall ggings (Wagh, 2013 ) Aysaanll LSl Calide o /2 5 5 Wl
Gl Pl o adini el @l caws &) L(Anjum et al, 2018) Adkise e 8 laaaas &
Sl LS ally L Sall liSa e Capmilly Juaill Adal) Gyl (e dpaell alaiind 25 386 lgaen
ccinnamicd saS s 43lEida s el 3l (mleals Jsuil) lae Gle sane ) B €l 3 layaas 3
Oleidag  triterpene hydrocarbons s i¥esSs  sesquiterpene s adlitias lcliudl  aesg

QligSornell 5 GLADN DSy il ¥saslly Lhliiie xa Al ualaals benzaldehyde

Walker and ) dxisey) (aalead s culy Sl 4 g0 S s yaagl) il g piaalls <ol g i)y Cpalaalls dilalY)
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S A kil Al 3l

Aiayy .(DeCastro, 2001 ) Apyhaall GlSyall (e ALl Gl e ySall g9iay (Crane, 1987
) Fadlay ¢ pSal) pen ol Chany Glldg cJunll Wpaian 5Sall lyginy ) @l Sl
Aibide Sl (e Gl e panll 8 2ase lguand opdae AL el ulipSe Calbias
G 5l g 1Y sl Bl CDlA) &) coase Sl Jual e Alall 3 dsage Lgaans
i) e Aggasal) Lpulu) LS palld cdabiaall Lalial) Cagylall 4 Calisall ahaal) Lisdl
ae oSlg el il A8 (mleally digylaall (alaa¥ls ael) cNgall o 5Sall Za sl
(@AY Sl gl e At Laglod) LSRN e leisSE 8 Adlide el g5l (e J8
Ay b alad) B3 e Alalall cblalaalls cdilaiadl Wil st cann piSal) S5 il LS
G B Algd GlSie o ggimg AT ang el daos ddkie B el e

.( Boutabet et al, 2011) (1.J8a) idsudll (mlaalls chalcones 5 clay s 8l

s alaal)usat) balii 2.3
5O Maall €l Jalis G any cdibide Al Adhaa hlie (e 5l o clulp
Sal) Cilay 680088 (Miguel et al, 2010 ¢Kumazawa et al, 2004) 3u22l) Y guall 38 i Jatige
el el 8 Loy algally damslsall A1 e waall e Agpne a5 « LSl 20T (g Banly
o Ugpa (a1 dalses Aaill Biall )5aalls 3auSU 5 iy Seally llgEDU g Uyl 33lcas
Eighilly (g hall slea¥ly Jualiall Galgilly (g)Sully dygadl) Ao ¥y Qlall (yalyaly dglal) A8 52l
Gl Ladiig Byall saall All) e 506 puSall (8 Aabiaall gy clas B G s 5 - Sl
S e adiay il Ll ve g Leally gl 2l LoDl 8 Dine gsaal) ST (368
cliall oSlps geaall 32l e OS L oy Al G cudi 35 .(Bogdanov, 2017) gl g5
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Kl A il a3

Sal) e 52, dlaay aSH Lles Lalis 4yl 535 ¢ ,€all ClSye aal (e Chyrisin e,
Gt an daliy oS Claliae (e @ligyill (aes culiiia oads .(Sathiavelu et al, 2009)
Christov et al, 2006) Oz~ aca Ualis élialundls caffeolquinin scaffeic (alead lliais . ) saall 28]
galangin (ye 43L5Se G 3208 alias dnals 4l Hall G sl LS . (Nakajima et al, 2007 ¢
& syidl P Ml e 58l Ll Jeiall (mleals Galoldll Jie 5€all clise. pinocembrin
Aasal) Lalall WA zgai J ) e i) Cany Aaidl) 5a) jsdal) (e lgleas LadV)

alal gagued aligh ge Jam ) Al cUSHall ) e i 320800 33ladl) Sl 5y
.(Anjum et al, 2018) 328y e & (o 1Al laal 33all Hsiall

o 8 sy ¢ ms il 2l s puell S g e Aslal) Sl sinsall e Jl o Sell (K
Cilladie A Sall e giiall il €all G cuds 85 o(Tan-No et al, 2006) LU s3laall 43,08 )
LsuShll algadl 4, g8

(e el & ROSz W) aiay (s3lly ¢(Caffeic Acid Phenethyl Ester) CAPE uSall GlisSa (e
DSl G any sl d L Uajudl Slias CAPE(] <l &5 WS (Hosnuter et al, 2004 ) dakay)
O Sall Sy all ausal) 88l ) 5555 ARG Aiasiie Agaall sy sausl (358 Ly
et al, 2007) L) xicy «(Zhao et al, 2009) lilgall vie 3080 aliad) 5)ml e ay
(1990) 3aTs Krol sl (Kartetal, 2009) s 520l (358 (alassl ) 5% Las «(Jasprica

() g Sl gShiay 3l 5O 33laal) 58 O L i (A Q) e aeplas e ol
o Hadl olgine ) Lulad 3ga0 30uSOU 30Laall sl 5y Lpall Hsdall Al e 4y
el G adle (ggiat 5 Al CAPE (e Alla 5iSall (g ciliie o (380 Ay iy -l DUl

wall saall Al e ase AIAN LS8l cilie we djlie dlle 3yiine 31S 53 CAPE g5ty (52
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Llall 84S jo  5Sall CAPE asiy . sl 5auS] (3585 xanthine oxidase api) balis Jaydii
.(Russo et al, 2002) 328 3lcadll
Llas (e mbdy 43 aag 288 ctectochrysin oS pe 32O 33lcadl) Aadill H<all & e (1
b s 3 Sl ) al Alebeall Judy Ledalis wii)) g ¢ cppadld 28U cilagyay|
50088 33l il ) Bl 8 )y € KA D ) LY ¢l i Zasll LAY
lalaall Gl3yal) xie MDA 7l (aias ) 53 WS .GPx 5 CAT 5 SOD Jie 40 Al gyl 3

-(Lee et al, 2003) 5)\SI 35S 2y
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all A 183 Al )

(Boutabet et al, 2011). yhall .dass el aulud) Lol b <Al 1. J g2

Compounds %

Aliphatic acids
9,12- Octadecadienoic acid (Z/Z) 1.89
2- Propenoic acid, 3- (4-hydroxyphenyl) 0.77
4- (Methylamino)butyric acid 0.92

Aromatic acids
Benzene acetic acid, alpha- (hydroxymethyl)—, (+/-). 2.39
p-Hydroxycinnamic acid 5.02
5-O-Methyl-d-gluconic acid dimethylamide 0.03

Esters
p-Hydroxycinnamic acid, ethyl ester 0.91
Hexanoic acid, 2-phenyl ester 0.62
Hexadecanoic acid, 15-methyl- methylester 0.90
6-Octadecanoic acid, methyl ester 0.70
1.2-Benzenedicarboxylic acid, diisooctyl ester 0.41
4-Fluoro-1-methyl-5-carboxylic acid, ethyl ester 0.07
Chloromethyl 2-chlorododecanoate 0.15

Flavonoids
Pinostrobin chalcone 0.67
Pinocembrin 0.33
Tectochrysin 1.00

Sesquiterpenes
1.4-Methanoazulen-7 (1H)-one, octahydro- 1.00
4 8,8,9-tetramethyl

Alcohols 0.94
6-Phenyl-n-hexanol 0.83
1,4-Benzenediol 2 5-bis (1,1-dimethylethyl) 2.52
1-Octadecanol 0.14
Cyclohexanol, 2,3, dimethyl

Others 2.05
Cyclopropane. 1,1 2-trimethyl-3- (2-methyl-1- 1.28
propenyl) 1.20
Benzene, 3-cyclohexan-1-yl 1.07
3 (2H)-Furanone, dihydro-2,2-dimethyl-5-phenyl 0.35
Benzene, 1,1’- (1,2-cyclobutanediyl)bis- cis 2.68
1H-1,2 3-Triazole-1,5-diamine,3-nitro 0.29
3-[4-Cyano-1,2 3 4-tetrahydronaphthyl) 0.16
propanenitrile 2.20
Chathine 0.13

2-Chloropropionamide
Cyclopentadecanone, 2-hydroxy
5-lodohistidine
Acetamide, 2-cyano 0.13
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Aardiiadl) Jilugl phally Jilu gl

Ladaiecal) Jilagh. 1

@lijgaadl 1.1
g siue & gl 25 cdasalall Jhall )il sge e AlDinos Wistarg s e ()l s 25
e Al Cagpla Qs sl Baim alddl 8 @l (] Al daalay 3ylad) dgaay gl A
e Sy s s ISl (:724-20) Bl Ay (%70-40)iuskrs (efps) ess
Cne sl 53] LaDla 3580 Cililgall g Liad) 23 85 chaalall Hihall (e day)hs0 4S50 (ha ¢ 13))

uj)lal\ 534 Caalh

el 2.1

Sl A gl Al 835l e a3 WA Salia ohans ) LaiS 3yl e 5Sall pen
dan 4 Bl dap Cady egtall e lum 4as 3 & 2014 sl e gley il (el P
Ay

Siaill e cesad 330 ¢ 7 95 5N A axiip alue D dpra shal Sl cans
Lsie a0 60 Bha das vie Gaidiall haall aladialy Ay 5 il w3y 25 . AY )y (e
ey aldival Jase s ¢l Alials a1 8he paldiondl s vely Ghalhasd) alassinly
ooty JEY) AW ) & cdueall Calslll Ay Joall b & Al ul sacld
Vsl sanaall b (adaily JEY1 eDa dldbaall 1yals el Al il Sala)
CSby)Siadly dlagiall il @A) alaxa

piail) Ay aliiaal) dlalee 23 aladinl) dolee Jaguiil uSall (e Gala (G5 o Jsaanlly

lyophilisation
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Zaiiall (3Ll Grhlls Jilusl)

dagial) 3kl .2

e gaaall L&) 1.2

S e Alpde Bsars ohe 230200 G Wil msbi s Gl 553 (e 48 as @
t ot Gleganally Cliie ALl Gile ganall (& )5l Jangia GIS Cuny Gile gana

T 328l de pandll — 1

Pro »Sall de gaas =2

.Cd a52ealS)) de gana =3

. ProCd jSally e dlaladll o 520K} de sana =4

Pb_abaill dc sena =5

ProPb ,Sally Wue daleall (alba)ll de gann —6

PHCA a52)&l) 5 jalalll desana =7

ProCdPb ySally lire dlalaall a503lS 5 (ala)l) de gana —8

& .(Shukla, et al 2004) (Acacia senegal) sall jaall (6% 1 Jslaa B el Goania
Qs e ;8/ala25) Sall Jslaas ProCdPbs ProPb s ProCd s Pro e saaall oldys dlelas
el i s Analas psandl e psiias Lgillad La) aay S50 Vi aldie) By ¢ ((Laass Sililgeal
Gl seaall (3a WLl dused 334 lldy (OECD, 2008) 3S/Jal0 aamy aypailll 335k e &l
M) ol dised 33l ARl (uity ppad) jaall e %1 Jslaey Lgaleles 238 g )aY!

) el Goh e pabiadll COIA s psseal€ll 25l ) Gl &5 cdsedl) A0Y) el 2ay

o il Caeliae el (e 3jle 58 Pro 4slills T (JsY1 olic senall Ola i ela el AN 5

Lol ald Jillase oo 3)led (5 AY) gl G
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Zaiiall (3Ll Grhlls Jilusl)

DA Jslae 5 ProCdsCd e senal (Sato, etal ,1978)(Jf50.3) asmealSll )58 Jslaed
ProPb 5 Pb (sie sexal ( Muselin, et al, 2010 )(J/¢ 3) oaba)ll

it S5 el ale Jlae 58 Lagayd slad ProCdPhs CdPb (1Y) (pie sanal) Ll

d<lgtiall ¢ lally o130 dsaSy cilijgaad) iy gﬁ oadl) Qs 2.2
(Olsn S Sl 5 S el 38 a5 Gllgall agiaall o cani€all (el il
Aegana S ()l (38 lansgia alag) &

:Lub‘.ﬂ\ 3)35 :\LL‘LGJAM J< L"_il.a\):\; u)la % mg_“\.um]\ ngb ¢ 3z]) 3\;\4\5 claa éﬁ

Jedl clie .3.2
llys Jsdll Gl aand delu 24 334 Lual) (aldy) 8 el a5 dpall 558 4l B
25 LS «(Zhang, et al, 2015)¢axill aial NaN3 a5 saal 0y e % 10 (J 0.1) Glyhad gy
e Lally 1A e Ll Joads ) Jodl lysima i o Jlad piad damall oWl 8 sl aan Canlil et
AlaS sl halaall e ha) ola o () sie Aayn 80— Byha Aa gy 3 Jsall il Jada 259 o (Sanal
die Joall ALl il plaall Lpadal) uerl) Ayl aladinly Joll £besl) il pleall s hal & WS

- Obasy)

S sl asll s celall &g gie ol piay lldg lhad) aysad 2 b o 58N agll b
Cual) 35 oo aall cliie @daly ol s e i ide 40 GaliSIL lajpass 25 lilgal) )y

Lﬁ Lﬁ}:‘M L;.m} LuJSﬁ\Ag@J\ U‘“l:"a‘ @ dadA Ve 4&;\;‘) :LJ)::.J &_Lulj AL.\»\}.\ gﬂh} uzudj L;)\JAS\

Lyl el sale o aall pea il (ggind LS L aall alail aliadl) gplugd) BT e Lgihaa
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Zaiiall (3Ll Grhlls Jilusl)

deyn (Hettich EBA20) g5 3o 535l SR Sl bl ] (55554 3y Adee )
dny0 80— 8)ha dapn 8 e Jlasiall Laudlll dais 23 5 (318 duad 3add 43833550 5000

AlaS ) ilplaal sl el dsie

lijgaad) 3. 5.2

o lise Sea Jslae 8 Lyl 2 Lgalil 3l SIS ) g5 5,080 gl i @
ccinill 3y Ledind & % 0.9 NaCl

onlie Bplaa A LealadiuY 490 45y 80 — 3)ha dayn die Sy oSl e pe 0.4 dads

.L§MES\ Aeay!

AiliasS o) Gunlial) 5 las 6.2

iy (Cobas 6000 analyser, USA) lesis¥) Sleas lawdlll 3 Aol juledd) (uld S

AST hléi (uld .1.6.2
=Sall Jasaill (glutamate oxaloacetate) GOT j (Aspartate aminotransferase) ASTl.iy
ey cOLS Yl claligda Mae cliigda —a I @bld i) Gaeall ) e sead

NADH 5 (malate dehydrogenase) MDH agx) Jady <Ll ) Jsay iVl

Glutamate + Oxalacetate —AST___, | -Aspartate + a-Ketoglutarate

Malate + NAD* __MDH Oxalacetate + NADH + H*
S

¢ wlig «Cobas 6000 analyser USA  jlga «(NADH S5 A (aliasy) e (ulay

(Murray, 19842) anlss 5iasili340 sie 35l 3 3y5all AST api¥ (ginill 5,85
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Axgiall G5kl Gohally il

ALT Jlds (uld .2.6.2
Jisaill ésy (Glutamate pyruvate transaminase) GPT | (Alanine aminotranferase) ALT a3

il s yudly calaliglall UsSa o —Ketoglutarate ) Alanine isY) Gaeall (1aY) de ganal aSall

:NADH ; lactate dehydrogenase (LDH) a3 Jady UGS ) as iy 5AY) Jaag

L-Alanine + o -Ketoglutarate _ALT | Glutamate + Piruvate

Piruvate + NADH + H* _PH 1 Actate + NAD*
Al A dgasdll ALT J (ghuiatl) 3S 5l ae canliity g3V (NADH 3853 8 (aladi¥) Jhee sy
.(Murray, 1984,) Cobas 6000 analyser, USA dlauls yie 5340 xic

ALP Ll ulé .3.6.2

Glawgd  Judg il e Gliwsall  degeas Jasnd (Alkalinephosphatase) ALPLad

. p-nitrophenol ), s« (2-amino-2-methyl-1-propanol) AMP | p—nitrophenylphosphate

p-Nitrophenylphosphate + AMP __ALP p-Nitrophenol + Phosphate

.(Wenger et al,1984 ) Cobas 6000 analyser, USA dluls siagili 405
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Axgiall (3l Gohally il

Gamma-p2 ¥ il caas glycylglycineasas 45 L- y-glutamyl-3-carboxy-4-nitroanilide J s
Siagili 405 e Alnaliaial (& (g3ly 5-amino-2-nitro-benzoate ) dfell A 2gasall GT

.(Szasz, 1974) Cobas 6000 analyser, USA 4lau)s

L- y -glutamyl-3-carboxy-4-nitroanilide + glycylglycine

l vy-GT

L- vy -glutamylglycylglycine + 5-amino-2-nitro-benzoate

Gl <) 3yulea .5.6.2
J5a3 ay 03S5all g yuel) g il il SO 20aS il Aaay ) Aykall Tase i
Ol 2uS g pm Jelily csarcosine oxidase s creatinase g creatininase e Jads (piiily Sl
. quinone imineysll Jeadll o< HTIB 5 4-aminophenazone e il
creatinine + H,O __creatininase  cregtine
creatine + HoO _creatinase  _ sgrcosine + urea

sarcosine + O2+ H20 _so __, glycine + HCHO + H202

H202 + 4-aminophenazone +HTIBa __"°? _ quinone imine chromogen +H20 + HI

a 3-hydroxy- 2,4,6-triiodo-3-hydroxybenzoic acid

dauly  jiesli 340 xe usb Sl 35 ae canlim Al Al Sl dpalaiad Gl

.(Junge et al, 2004) Cobas 6000 analyser, USA
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Axgiall (3l Gohally il

Wsal) 5ulxa .6.6.2

ol Sl a5 ) il Lyall Alall Jalaily ureaseasydl o s
2NH4* + COgz2_Urease  Urea + 2H20

2c Luallg (glutamate dehydrogenase) GLDH a3l 5a9 (4 asid 9y &= 2-oxoglutarate Je &y
NAD* ) 2S5 NADH (e (plse OB Jeléll 1aa i cL-glutamate  (ns<3 NADH (aa3Y)
Allazall Lysdl (e Jse JS

GLDH

NH4" + 2-oxoglutarate +NADH L-glutamate + NAD* + H20

Sasili 340 v (uliis A8all B Lyl 385 a5yl danlie NADH S5 (alisi) T

.(Sampson et al, 1980) Cobas 6000 analyser, USA 4lau)s
g2l AgaY) sulaa (uld 7.2

Aot dulia 2ae).1.7.2
S PH=T.4 Jaid) sl il Jslae e Jlo 4 dilaly U a0 dulin juad &
slyal & . Kimble g5 (e gsall alasll BOAN 8 Glld sanadd) Laptl) cliiall o ol 0.4
Bl Sles Uauls Lysie 4 5)ha A2 die 4883 15 504 10000 rpm de juy (53 pal) 3kl dilae

Agie Ay 80 A ledaia 2y (ol A6 e dlall L) g5 & (Sigma g5 e @3Sl

el Gaflighall 585 ,a85.2.7.2
.(1959) Ellman Zuslll 45,0l 8y aapall sdliglall (55ime i &
1y (5, 5°- Dithiobis 2-nitrobenzoique) DTNB iaea ddaulss 450l o GSH i aciay

(+7.058) eyl 412 dage Jsha xie (uliys (thionitrobenzoique) TNBaas lldy
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o o9
N Mixed protein disulfide TNB (yellow)

Protein free thiol

O y
OQ“N*/O- O %N+/O_ O
o (o}
S,
@—S' —+ D= T — -+
S\"S S-

(Rudyk, and Eaton 2014) Ellman Jel& .7.J8&

cagigall Gl (e /1 Jslaa B 74 S5 DTNB Jslaa pany ¢

aliiall iliusdl) Jglaall juaat o

e 800 (Ailastiall Sgall diliza) oty Cum 2.0 92l a PBSUslas (o Al 1 a2
3 0.ANHCI Jglae 3ol 7.4 ) pHUpaads 31 1 asal) QST JoSy &5 jdaill Cae Lzaall 6 Ll

.0.IN NaOH Jslsse
JoUlll Jelaa yudaald o
.PBSUslae (0 Jle 895 ) DTNBUstas (30 Jle 105 Zdlialy Je il Jolaa jasy
720 TCA Jslaa yuaaie

anal 4818 S 5 (Jse lsel) EDTA ale 37 5 TCA £20 3aL 720 TCA Jslas yumny

e sl Jle 100
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Axdiall (§)hall @hlls Jilusll
PBS ohiall slaall e Al 4385 .2.d 922
Component Mass Molarity
NaCl (mw: 58.4 g/mol 89 0.1370 M
KCI (mw: 74.551 g/mol) 200 mg 0.0027 M
Na,HPO, (mw: 141.96 g/mol) 1.44 ¢ 0.0100 M
KH,PO, (mw: 136.086 g/mol) 240 mg 0.0018 M
H,0, gsp 100 ml

Al Jolaa jpdaad

Jslas g dle 0.5 g (Gasie dayo 80-4ay0 8 Adisiaall) dausd) dulia o dle 0.5 puca

L35 10 33 (3/3)52 3000) xS0 b Blee (523 & @y 5 324 i TCA

d;mj\ o

Sy delil) Jslas g Jl.8 ) chinaly &l Jgladd Ul BE (e Jle 0.2c03a

LGpalle el iy Bio-Tek poilaall ()i Sleas liall dpalaidy] cusd 2 362 10 @adl

o Y Jslaal A guall BB Aad =yl wa ¢ fiagili 4054a 50 Job die il daalay Al

il Lpalaidy)

A=g={+C :Beer-Lambert {lslaal g ¢ ofilighal) 5u$55 colua 25 S8

13.6 M cm™ = TNB S5al ol (alaia)l Jalas
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?‘“’1 =(E) L;;’)"“S\ Dl Joha

50=cagiill Jalas

el (e abaaladll 3 Jgas Saalls GSH 31 <y

MDA Sy & .3.7.2

w134 (Thiobarbitutic Acid Reaction substrats) TBAR HLia) aladiuly MDAS plaa i
.(1978) Aust 5 Buege 4s)h

<3 MDA e« (Thiobarbitutic Acid) TBA _aes! sl Jeliill e (TBARS) Los) diay
532 i dipaliaial (uli loine U3e amels Jaug 4 saall 500Ky Ll il 2a0 (e ydiny
(-8.J85 ) gl

0O
L

S. _N. _OH HO. M. _SH
CH, + 2 /t — h - \||/
cle 0PN N CH—CH=CH—s_ N
OH

I " OH
0
MDA TBA MDA-TBA,

(Grotto et al, 2009) &Liy)bisill (e ae 2 U Golle dea (355 . 8. 084

0.25N HCI & TBA( ana/c13s £0.375 (1) TBAslaa <
TCAw axa/(yys £15 :(q) TCAJstaa

(<) TCAdstas (e Jle 1005 (1) TBADskas (e Jle 100 325 () Jolial) Jslaa
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oo Je 2 M dgsie 80 — sl dap b Adasiaal) dand) Aulia e JL 0.5 L Gl
el a3 Lgie 100 Biha a0 die e alea 3 Leramgs 2 50 & (z) Jeldl) Jslas
Gl @ dady 15 53 4883 8 550 3000 Aejes o3S5all Bl Dlee gl S5 laagys ey
ST LYY Jslae dimy Slead) b 25 385 ¢ jiagili 600 5 532 xie 3lall ojall dpalaic))
Adall e

A=g+ - C :Beer-Lambert (58 caus MDA 43S Glua 2
1.56x10°M ™ em™ = 1ol alaia¥) Jalas

sl =(0) Sl sl Jsha

50=Caaill Jaelaa

gl 0o flefdsesslilly MDA 3805 <)

Lilaal) Al 8.2

Jlerinly cDLelaal) il gie 435l5a s ANOVA (i) Jalai o Uil Wilean a0l Julas

IBM SPSS statitics20 geliy alaaiuly Tukey Lol
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LEBUg gl
=t 1

Lo sially lgie e aill L A0LEN Cile genall e e ZuhAl) (e le gl 12 2y bl culi
Aegene S 3 oya Dl (Mean+SD)gylmall Calyaiy) +
AUl Ailany) Gse )l alatialy gl 4)lae
Sle P<0.001 5P<0.01 5 P<0.05 ic Ldime @il a3 ()5 (7)) s ()
T e sen A3jlaa Il
e P<0.0015P<0.01 5 P<0.05 xie e (3l Jaad (%) 5 (%) 5 ()
.Cd e saney 43laa sl
P<0.001 5 P<0.01 5 P<0.05 e jima Gll Jai (*°) 5 (%) 5(°) %
Pb de senes A3lie sl e
5 P<0.01 5 P<0.05 e yiee @il x5 () 5 (%) 5 () <
.CdPb e sana; A)lie gl e P<0.001
lijgaad) ol .1.1
3a Ao Ldys e lilgal) 28 ) Lesaud 12 DA (J/3e300) asaaalSD 261 Alalaal)
W ) sl cllpally )i 13y 11.64+26.67— (sl 3 iy Cumy (P<0.001)88%s
&1 G (JfE3) sabadll a3 als (13.31452 laxie (sl (38 iy Cumy Ayl 5538 (DA g3
lea cpianally dlabeal) Ul 328 L5 de ganally 435lie 40l 5538 DA clilgal) (35 & sfiee 30
035 s (p0.001) Lfime Lalias) ) La (o3 a8 clabeall 3305 385 (o L g lall g

i Can Bjiie Bysa B assedlSI Ad) 53 e A Aoy (€15 aa L) de genally 4lae ililgal)
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el Z5jlie Gliall sl A siee 80 ) Sad) 05y W15 L8.57211.17- g8l & mleay)
copine gl (piie Cpianaly Alalal

alead) e 8 dapy Lelhsl (B omlaadl ) el Jagliy cililgal) Alalas dic Jaag) S

il saally 5yl (p=0.05) 2ic 1385 11.67+3.33 uSally liane dlalaal) @lli dalig sangl o saealSlly

(9-053) 17.74£31.67 aliaill D3, dlelaall @lliy 2 5anlSIL - Alaladl)

80.00
60,00 T mn T
.-— 40004 JL
»
“ 52,00 ,
2 s 4633 Hi417 3b
.g 0.00+ T
A1h7-
26,67
;‘ow'd m
bbb
.40,00- =
T I L\ T T 1) ) 1
T Pro Cd  Pro(Cd)  Pb Pro(Pb)  Cd+Pb  Pro(CdePb)

wle paaall

st s el clilsnd) o35 (58 .9. 08

sl g..\uﬂ\ Gash 2.1
jlie 2SU Ldl) hY) 4 50 (ol ) sl Laghysea (A Galiadlls o ssealSIL Alalaall 253

(p<0.05) 8yfixa 5245 ) <l 288 CAPb de sana 3 (piveal) Jagliy Alaleal) Ll 328 L) de sanally
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S i) 50 3.1
0.07+0.48 3S wdl) ()35l) & (p<0.001) bydine 3215 ) Cd A sana 8 2 s203lSH) 2K (53
i Gl ) Pbdesene & galadll oA a5 A5 <0.02£0.26 528U de sanally 43 )i
&) CAPb e sana 8 el plh (o3 a5 . 28 L e panally 33 )ie tl) 20K ()55 & yinae
Cd 4o sana (B o o2adl&IL Aalaally 45580 (p<0.05) 8piina day 0.04£0.36 40 () 80k ias
alaal) iy ProCd 4e sane (o3 asmealSll iyl (e A3lgl) ) o055 alh Sl Rdpsal) Alaleal) L
el (gl & (p=0.001) iime (alissl ) <l 8y ProCdPro e sese 3 5iSally A

(11 JS5) Cd Ao sanas A 0.0320.30 4iSU

0

0.607

0.504
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ol 38 ALP 3815 o 8yiieae 52k ) dxdinal 5 5)80) leiysa el Z30 f

&b Loty 45l 4.21481.34 ALP a8 3 (p<0.001) 3yiine 3Ly ) Cd 4esane (& asmealS))
(p=<0.01) xic byiina 5L ) Pb degane & abadll o3 LS (7.12+52.34 s2alall de gandll
(p<0.001)5yine 3345 () cpivaal) Jada (531 .34l e ganally 45l 3.50+68.13 ALPaS b
Ondeal) e sane 8 Ly 5o 5Sall 53 508 Ll A genally 45)\80 7.24488.57 ALP 3815 b
ProCd icsess dic ALP 3SI5 & (p<0.001) fee (aliad) Jhw Cus dajiiall lgiysa 3
Lghypa A Cpiaall e genay 435l 8.37£42.27  ProPb 4c gaas e clliSy 5.28+55.69
o i 83y ) o) i iy .3.50£68.135 4.21+81.34 050 e sl
3 als «(p<0.001) de Gabadll A senas djlia 5.52493.38 CdPb icsane b ALP Sl
S elld e STy clae Gianally Alelaall e 330 ALP 3805 8 ¢ lyY) 1o ciad ) sl
8 ALPassy 43580 5.52+93.38 ProCdPb 4c sane 3icALP 1S5 & (P<0.05) iz (358 cllia

(14 .JS2) Cd de sana
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Abstract

Aim (Background): Cadmium is a major environmental pollutant and is known for its wide toxic manifestations.
The liver and kidneys, which are the primary organs involved in the elimination of this metal. The present study
evaluates possible ameliorating effects of propolis on CdCl, induced hepatotoxicity in adult male Wistar rats.
Materials and methods: Forty-eight rats were divided in two different groups. Treated group (propolis 25 mg/kg BW)
by gavage and no treated group for five days. After pretreatment the animals were divided into four groups each of 6
rats: normal control group, propolis group, CdCl, group and propolis-CdCl, group. The first and the second group
received bidistilled water such as the drinking water. The third and the fourth group received CdCl, 300 mg/l in
bidistilled water such as the drinking water. After 12weeks, the animals were Weighted and then were killed to
determine the activities of hepatic marker enzymes alanine aminotransferase (ALAT), aspartate aminotransferase
(ASAT) and alkaline phosphatase (ALP (in serum, the level of malondialdehyde (MDA), reduced glutathione (GSH)
in liver homogenate. Results: The result showed that the Cd treatment caused decreased in body weight gain and
liver weight at (p< 0.001) and at (p< 0.01) sequentially when compared to the control group. The results showed that
Cd treatment caused a significant increase of serum AST (p< 0.05) and APH (p< 0.01), the decreased hepatic level of
MDA (p< 0.001), the increased hepatic level of reduced GSH (p< 0.001) when compared to the control group. In
addition, the pretreatment with propolis before Cd administration could not inhibit the changes against Cd toxicity
except the APH that the propolis decreased the APH (p< 0.01), when compared to the Cd group. Conclusion:
Therefore, it was concluded that propolis at dose of 25 mg/kg BW could not prevent the toxic effects of Cd against
oxidative damages in rat liver since no improvement of the majority of parameters by propolis treatment.

Keywords: Propolis, cadmium, hepatotoxicity, lipid peroxidation malondialdehyde (mda), glutathione (gsh), alt, ast,
alp.

* Corresponding author: Laboratory of Biotechnology of Bioactive molecules and Cell Physiopathology, University of
Batna 2 Mustapha Benboulaid, Algeria.
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Introduction

Cadmium is one of the most toxic heavy metals
(El-Sharaky et al, 2007), Cadmium (Cd) is distributed
widely in the environment and is a highly toxic heavy
metal. With the development of industries, the
frequency of exposure of the body to Cd is gradually
on the rise (Godt et al, 2006). Cadmium exerts its
toxic effects via oxidative damage to cellular
organelles by inducing the generation of reactive
oxygen species (ROS) (Stohs et al, 2000), followed by
development of oxidative stress in the target organs
(Casalino et al, 2002). Reactions of these ROS with
cellular biomolecules have been shown to lead to lipid
peroxidation and depletion of glutathione (Bagchi et
al, 1996, Stohs et al, 2000). Cd accelerates lipid
peroxidation by stimulating the peroxidation chain
reaction in the target organs, resulting in the
generation of ROS and consequently the induction of
cytotoxicity (Habeebu et al, 1998). The evolution of
chronic liver diseases start from steatosis to chronic
hepatitis, fibrosis, cirrhosis, and hepatocellular
carcinoma (Loguercio C. and Federico A., 2003, Lima
et al, 2007). Liver is the first organ exposed to the
damaging effects of newly formed toxic substance.
Natural antioxidants in complex mixtures if ingested
with the diet are more efficacious than pure
compounds 1in preventing oxidative stress-related
pathologies due to particular interactions and
synergisms (Vitaglione et al, 2004) by modulating
antioxidant, drug-metabolizing, and repairing
enzymes along with acting as signaling molecules in
important cascades for cell survival (Ferguson et al,
2004, Williams et al, 2004). Propolis has gained
popularity in connection with oxidative stress (Tatli et
al, 2009). Several investigations on propolis in
Eastern Europe, North Africa and South America
have showed that flavonoids concentrated in propolis
are powerful antioxidants which are able to scavenge
free radicals (Kosalec et al 2004, Segueni et al, 2016,
Ferreira et al, 2017). In this study, we wished to
investigate the possible effects of oral low dose (25
mg/kg BW (of lyophilized propolis (Jijel region,
Algeria) pretreatment in combating the toxicity of
CdCl2 at high dose (300 mg/l drinking water) for
twelve weeks on the activities of hepatic marker
enzymes ASAT, ALA Tand ALP in serum, the level of
lipid peroxidation and reduced GSH in liver
homogenate in rats.

Materials and Methods
Chemicals

The lyophilized propolis was kindly provided
from the laboratory of toxicology of Jijel University in
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Algeria. CdCI2 (prepared in distilled water) was
purchased from Merck (Darmstadt, Germany) the
other chemicals used, e.g. KCl, Na2HPO4 was
purchased from Sigma-Aldrich (USA) and all the
reagents were of analytical grade.

Animals

The study was performed on 3-month old male
albinos Wistar rats (Pasteur Institute of Algiers,
Algeria) each weighing approximately 230 g. The
animals were divided to 4 groups, with free access to
water and food. The ambient temperature was set at
22 °C, with a relative

Treatment of Animals

Pretreatment with Propolis

The animals were divided into two groups of:
12 rats receiving saline solution 0.9% daily for 5 days,
12 rats receiving an oral administration of lyophilized
propolis (25 mg/kg/day) for 5 days.

Cdclz Treatment

The pretreatment animals were divided into four
groups of 6 rats:
Control group (pretreatment with saline solution
0.9%) receiving bidistilled water as the drinking water
for 12 weeks. Propolis (Pro) group (pretreatment with
lyophilized propolis 25 mg/kg/day)) receiving
bidistilled water as the drinking water for 12 weeks.
CdCl, group (pretreatment with saline solution 0.9%)
receiving CdCl, (300 mg/1) in drinking water for 12
weeks. CdCl,#Pro group (pretreatment with
lyophilized propolis 25 mg/kg/day)) receiving CdCl,
(300 mg/l) in drinking water for 12 weeks. Diets and
water were given ad libitum to rats

Collection of Biological Samples

At the end of 12 weeks of treatment, all rats were
weighed and the blood was collected for collected the
serum, then euthanized by ketamine anaesthesia. The
liver was removed quickly from animals, washed in
ice-cold physiological saline, weighed and stored with
the serum at —80°C.

Analytical Procedure

Serum ALAT, ASAT, ALP and GGT
determination: The serum levels of hepatic enzymes
ALAT/ASAT and ALP, and serum GGT from treated
animals were measured and their relative
activities/level were compared with control samples.
The serum level of ASAT, ALAT, ALP and GGT were
assayed in the clinical laboratory Ibno-Sina.
Constantine. Algeria. Using Cobas 6000 analyses
USA.

Malondialdehyde (MDA) and Glutathione (GSH)
Lipid peroxidation (LPO) was measured by the
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method of Buege and Aust (1978). The level of LPO in
the liver homogenate (1/10 tissue in potaassium
phosphate buffer pH = 7, 4) was measured based on
the formation of thiobarbituric acid-reactive
substances (TBARS). Malondialdehyde (MDA) formed
adducts with thiobarbituric acid, which was measured
spectrophotometrically at 532 nm. An extinction
coefficient of 1.56 X 105 M—-1 c¢m—1 was applied for
calculation and results were expressed as nmol
MDA/mg tissues. GSH measurements were performed
using a modification of the Ellman procedure
(Beutler, 1975). Briefly, after centrifugation of the
tissue homogenate at 3000 X g for 10 min, 0.5 ml of
supernatant was added to 2 ml of 0.3 mol/l Na,HPO,.
2H20 solution. A 0.2 ml  solution  of
dithiobisnitrobenzoate (0.4 mg/ml in 1% sodium
citrate) was added and the absorbance at 405 nm was
measured immediately after mixing. GSH levels were
calculated using an extinction coefficient of 1.36 x 105
M'lecm™. Results were expressed as pmol GSH/mg
tissues.

Statistical Analysis

All values were presented as means + SEM.
Differences between group means were calculated by
one-way analysis of variance (ANOVA) and a Tukey
test used by SPSS/PC computer program (IBM SPSS
Statistics 20). Results were considered significant at
p<0.05.

Results

Body Weight

The body weight gain/loss, of the rats in the
experimental groups are presented in Fig 1. The
results obtained indicated that body weight of rats
exposed to CdCI2 /pro + CdC12 decreased significantly
compared with the control (p < 0.001).

Transylvanian Review: Vol XXVI1, No. 29, June 2018
Liver Weight Ratio
The resulted obtained indicated the liver weight
ratio are presented Fig 2. The CdCl, no exert any
significant effect on the liver weight ratio compared
with the control (p< 0.05).

Enzyme Activities of ALAT, ASAT and ALP

The resulted obtained indicated the enzymes
activities are presented in Figs 3, 4 and 5. No
significant changes on the enzyme activities of ALAT
and ASAT were observed in rats of (Pro + CdCL)
group. In (CdCl,) group the enzyme activity of ASAT
decreased significantly when compared to the control
group (p< 0.05). The propolis pretreatment in (Pro +
CdCl,) group decreased significantly the effects of
CdCl, on ALP activity when compared to the (CdCl,)
group (p< 0.05).

Serum GGT Level

The resulted obtained indicated the levels of
serum GGT are presented in Fig 6. The GGT
increased significantly in the two groups of Cd (CdCl,
and Pro + CdCl, group compared with the control
group (p< 0.001).

Hepatic MDA and Reduced GSH Level

The CdCl, exert significantly decreased on the
hepatic level of MDA and increased in reduced GSH
level when compared to the control group (p< 0.001).
In addition, the decrease of MDA of reduced GSH
level by Cd treatment could not be prevented by the
pre-treatment with lyophilized propolis 25 mg/kg BW.
There was remain significantly decrease of MDA (p<
0.001) and increase of reduced GSH (p< 0.001) when
compared to the control group (Figs 7, 8).
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Figure 1: Body weight gain/loss. Expressed as body weight gain/loss in 12 weeks of treatment of control rats
(control), propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl, treated rats at dose of 300 mg/l water (Cd),
propolis 25 mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean + S.E.M from 6
animals. (***) denote significantly different from the control group at p< 0.001. (**%) denote significantly different

from the (Pro) group at p< 0.001.
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Figure 2: Liver weight ratio. Expressed as liver weight ratio in 12 weeks of treatment of control rats (control),
propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl,treated rats at dose of 300 mg/l water (Cd), propolis 25
mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean + S.E.M from 6 animals. (A) Denote
significantly different from the (Pro) group at p< 0.05.
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Figure 3: Serum ASAT level. Expressed as serum AST level in 12 weeks of treatment of control rats (control),
propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl,treated rats at dose of 300 mg/l water (Cd), propolis 25
mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean = S.E.M from 6 animals. (*) denote
significantly different from the (control) group at p< 0.05.
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Figure 4: Serum ALAT level. Expressed as serum ALT level in 12 weeks of treatment of control rats (control),
propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl,treated rats at dose of 300 mg/l water (Cd), propolis 25
mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean + S.E.M from 6 animals.
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Figure 5: Serum ALP level. Expressed as serum ALP level in 12 weeks of treatment of control rats (control),
propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl, treated rats at dose of 300 mg/l water (Cd), propolis 25
mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean = S.E.M from 6 animals. (**)
denote significantly different from the (control) group at p< 0.01. (B) Denote significantly different from the (Cd)
group at p< 0.05.
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Figure 6: Serum GGT level. Expressed as serum GGT level in 12 weeks of treatment of control rats (control),
propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl, treated rats at dose of 300 mg/l water (Cd), propolis 25
mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean + S.E.M from 6 animals. (¥*%)
denote significantly different from the control group at p< 0.001. (***) denote significantly different from the (Pro)
group at p< 0.001.
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Figure 7: Hepatic MDA level. Expressed as MDA level, in the liver homogenate in 12 weeks of treatment of
control rats (control), propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl2 treated rats at dose of 300 mg/l
water (Cd), propolis 25 mg/kg BW and CdCl 2300 mg/kg BW (Pro + Cd). Results were expressed as mean + S.E.M
from 6 animals. (*) denote significantly different from the control group at p< 0.05. (***) denote significantly
different from the control group at p< 0.001. (:**) denote significantly different from the (Pro) group at p< 0.001.
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Figure 8: Hepatic GSH level. Expressed as serum GSH level in 12 weeks of treatment of control rats (control),
propolis treated rats at dose of 25 mg/kg BW (Propolis), CdCl, treated rats at dose of 300 mg/l water (Cd), propolis 25
mg/kg BW and CdCl, 300 mg/kg BW (Pro + Cd). Results were expressed as mean + S.E.M from 6 animals. (¥**)
denote significantly different from the control group at p< 0.001. (**®) denote significantly different from the (Pro)

group at p< 0.001.

That cadmium administration resulted in remarkable
reduction in body weight but no exert any
significantly effect on liver weight ratio. The effect of
Cd on the relative weights of the liver has been
reported in several previous studies. Some studies
have reported atrophy of the kidney, liver (Biswas et
al, 2001), while others have reported enlargement of
this organ under the effect of cadmium (Novelli et al,
1998, Zeng et al., 2003, Pari and Murugavel, 2005). In
our study, it was proposed that animals experiencing
continuous exposure to heavy metals usually lose
weight (Nwokocha et al, 2012). In this study we
observed Ur study the effect of CdCl, and AST is
unexpected. There is not any effect of CdCl, on the
serum ALT level and significantly decreased in AST
compared with the control (p< 0.05). The ALP
increased significantly in (CdCl,) group compared
with control group ((p< 0.01). The propolis
significantly inhibit the increase of the serum level of
ALP compared with (CdCl,) group (p< 0.05). Liver
injury subsequent to cadmium-toxicity is usually
established by high levels of serum hepatic marker
enzymes indicating cellular leakage and damage of
functional integrity of liver membrane architecture.
Elevated levels of alanine transaminase and
aspartate transaminase are vital parameters to
identify liver damage (Gupta et al, 2004). High levels
of serum alkaline phosphatase (ALP) are also linked
to the condition and function of liver cells. An elevated
serum alkaline phosphatase 1s associated with liver
damage (Renugadevi and Prabu, 2010). The present
study showed a significant decrease in MDA levels in
the liver of the contaminated rats with CdCl, (300
mg/l water) for 12 weeks compared with the control
rats (p< 0.001) at the end of the study period. This
excludes the possibility of an oxidative nature of the
Cd in the liver tissue These results are in accordance
with several previous reports (Shibutani et al, 2001,
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Kawagoe et al, 2005, Haouem and El Hani, 2013)
which showed that cadmium decreases lipid
peroxidation in the liver of rats and mice. In contrast,
other studies have reported an increase in lipid
peroxidation in the liver under the influence of Cd
(Shibutani et al, 2001, Hammoud et al, 2017). Along
with the reduction of lipid peroxidation, we reported
increased levels of GSH and gamma GT significantly
in this organ compared with the control group (p<
0.001).Other studies (Kawagoe et al, 2005, Esrefoglu
et al, 2007, Haouem and El Hani, 2013) supports our
result. The effect of chronic exposures to Cd is
different of the acute exposure (Patra et al, 2011).
Reactive oxygen species (ROS) are often implicated in
Cd-induced deleterious health effects. There are direct
evidence of the generation of free radicals in animals
following acute Cd overload, and indirect evidence of
involvement of ROS in chronic Cd toxicity and
carcinogenesis. Cd-generated superoxide anion,
hydrogen peroxide, and hydroxyl radicals in vivo have
been detected by the electron spin resonance spectra,
which are often accompanied by activation of redox
sensitive transcription factors (e.g., NF-kB, AP-1 and
Nrf2) and alteration of ROS related gene expression.
It is generally agreed upon that oxidative stress plays
important roles in acute Cd poisoning. However,
direct evidence for oxidative stress is often obscure
following long-term and environmentally-relevant low
levels of Cd exposure. Alterations in ROS-related gene
expression during chronic exposures are also less
significant compared to acute Cd poisoning. This is
probably due to induced adaptation mechanisms such
as overexpression of metallothionein and glutathione
following chronic Cd exposures, which in turn
diminish Cd-induced oxidative stress. In chronic Cd-
transformed cells, less ROS signals are detected with
fluorescence probes. Acquired apoptotic tolerance
renders damaged cells to proliferate with inherent
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oxidative DNA lesions, potentially leading to
tumorogenesis. Thus, ROS are generated following
acute Cd overload that play an important roles in
tissue damage. Adaptation to chronic Cd exposure
reduces ROS production, but acquired Cd tolerance
with aberrant gene expression plays important roles
in chronic Cd toxicity and carcinogenesis®. In
conclusion, the data of the present study suggest that
the CdCl, (300 mg/l water) during 12 weeks produce
an oxidative nature of this metal in liver tissue
characterized by decreased in MDA level and
increased in gamma GT and reduced GSH. This study
demonstrates that oral pre-treatment with propolis at
dose of 25 mg/kg BW did not recover the alterations
induced by Cd at a significant statistically level.
Exception the significant effect on ALP level in (Pro+
CdCl,) group compared with (CACl) group (p< 0.001).
Further detail study will be needed to clarify the
mechanism of propolis against Cd-induced liver injury
and the mechanism of decreased in hepatic MDA
during high dose and longtime of exposition to
cadmium.
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