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ADN Acide désoxyribonucléique

ALT Alanine Transaminase (GPT/Glutamate Pyruvate Transminase)
AST Aspartate Transaminase (GOT/ Glutamate Oxaloacetate Transminase)
ATP Adénosine triphosphate

B(a) P a-benzepyrane

CABA Gamma-aminobytyric acid

CAT Catalase

CMR  Cancérogéne, mutagéne, reprotoxigue
DPPH  2,2-diphynylpicrylhydrasyl

DTNB  5-5’-dithiobis2-nitrobenzoique

END Endosulfan

FNS Formule de numération sanguine
GABA  L’acide Y-amino-butrigue

GB Globule blancs

GPX Glutathion Peroxidase

GR Globule rouge

GSH Glutathione

GSSG Glutathione disulfide

H,0, Hydrogene Peroxide

HAPs Hdrocarbures Aromatique polcycliques
HCLO Hypochlorous acid

HOO’ Hydroperoxyl radical

LOOH Lipid hydroperoxide



MDA Malondialdehyde
NADH Nicotinamide Adenine Dinucleotide

NADPH  Nicotinamide Adenine Dinucleotide phosphate

Nap Naphtalene

NBT Nitro blur Tetrazolim
NO Nitric oxide

NOS NO Synthase

0" Superoxide anion radical
OH’ Hydroxyl Radical

ONOO™ Proxynitrite

POPs Polluants organiques persistants
Que Quercétine

RO’ Alkoxyl radicale

ROO’ Peroxyl radical

ROOH Organic peroxide (Organic Hydroperoxyde)

ROS Reactive oxygen species
SOD Superoxide dismutase
TBA Thiobrbituric acid

TBARS  Thiobarbituric acid reactive substances

TCA Trichloroacetic Acid
Ul Unit Internationale
VC Vitamin C

VE Vitamin E
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ala 35 Al o8 Jal) Al gl (5 Al il )3 caa g calall g adll (33 5k (e Alalall 32l de jall
Al aead dpand) B30l AilasS 3ol (lilu 5331 L=y (Dalsenter et al., 1999) <yl é
A SIS A gaantl dpandl Gy Ailall s 4 5l o) Y1 8 elanall saadl sl 8 JIA G 3 A
(el Jie dgnac alae ) ) 13g dlall aasdill 525 O oSy LS diyiadl  daeLiall 5 4 g
e Al cleadle G LS gl o 30l las s ol (Gl alasdl ccDlzal) il oY)
il gl 8 o gl ol e Bl (YIS aadl

.(Extonext,1993 ; Petit etal ., 1997 ; OMS,2004 ; Silva et al., 2010)



s B & 5l Js¥) Juadll

(HAPs ) cililal) 3ot 4y daall <l ga 1S 5 00 -] |

cldla o ST gl ol e (g gia Al 8 5as siall 4 gumall GlS Sl (e Alile e 3 ke
s sind Aol La ST A4S jifa (g S — G S el A8k e pan) Leans ae daadia (3l
gile s Y1 Clig IS5 el JSim (Adene, 2004) naphtaléne (Cy Hg) st onls e
Gl (§a Jie 4y guand) o) all Jal&I sl (31 yia¥) 6l (g ) adl JBasY) oL clalall saseia
Gl Gl s il gl (A B e cdaladll (Boa aadlly adall (3 ja el )
OsSE  (Adene, 2004 ; Wessel, 2010) A jiall clidaally Jasll Jila g SIS jaa (o Aryiall
sh Gl dalipe 3ol a alasy e A0l ) dlS mb sl Lad HAPS
.(Nikolaou etal., 1984 ; Ruzzin, 2012 ; Tokiwa et al., 1994)
(HAPS) cilblal) saseia 4y gudanl) g 1S g pgd) pabuaial g o2 il 3k -1

slaa¥) g aAlall Aol 5 dilise slmely gatad (g saall 8 glsdll saad HAPS - s
(Dl 5018 5 yuell paliaial il @l sl Slead)l (Reichl et al., 2004) ssixy o0
Aasl 2 Bl iy ) apdd Cua Ay all LS aaa AV D)0 Gyl (e pabialial) al
oa) Gigan ol gl a8 oy laa bl Gl jall Ll dalaal s calaY)
HAPS I J 3l ddls dlis g aagl) Hleall juiay WS (Moody, 1995 ; Bonnard, 2005)
(Boffeta et @llawi! 5 a salll Jio dadaall 40030 o) gallS &5 slall 4513800 3 gall 335k e aneall )
O5Sas slaa¥) (5 sinn e HAPS - (abaial o WS <al., 1997 ; Wornat et al., 20015)
S 30 of ol e il jall @ yedl o(Taranting, 2009) o salls Ayl 4,36 Y1 dad g Mg
o sl Al sy 5aS s e el (g siue o de juy el Al Sle all (e %50
ALl o sall L o o) a1 ST aal alall ey (Reichl et al., 2004) 2SN G i
Benzo [a] & saaill e del 24 2ay i (L) die (invitro) L) cilul pall ¢ ekl
.(Cooke etal., 2003) %3 J»= pabaia¥) o5S (10mg/kg) — pyréne

Jleadl Gasedl | pha |dae aadlly addll aladS dygall blugW) s
Bofiial g SHnedl e %50 oaia of Aall (S Gua Gl S el

(Vanrooy et al., 1993 ; Bocard, 2006 ; Boffeta et al., 1997 ; Tebbens et al.,1966)
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(HAPS) cilblal) saseia dy had) <l g S g ased) et - 2
Ol e o Ciibatl) 122

AaiY) Ji e Ly (CIRC) glawdl &y 850 Cish (e HAPS - il o
Lol 9 8 eV ey Gl 13a 335 3 da ) Jale e ()5S A (UE) (2ssY!
S o gus Apalall il 50l (g Lgle Juaniall i) Jle Copiaill 3a aainy o Lt b & il
Glie A3lesl) Alile)) 038 aai  (Garrtner and Theriau, 2002) & sl olsall e
LYl Al dles Sy Ji (0 e lag,l e 16 e Cuny Alag Y] LS )
Benzo (a) pyréne dals s gluiYl daua o dum je JU cund GlS S (USEPA) saaidll
Ol Jeal Yidia) Y ADN (s sine e 853kl e JalaS 52 ¥) 18 ey

Koall J8 (e dida jue o) 58 AIX céia (Martin et al., 2003 ; Tarantini, 2009)
s (e (sSe ladd JS3 e A0l B aal s oa s sasial) aed) Ui ey Glaudl Sl sl
(Straif etal., 2005 ; Olanow, 1993) &lxu¥! ) sas Cuwa 3l g4

Glalall aie e ciadiatl) 2222

w3 L8 HAPS 5 (33 lila 3 () 2 (30 puials At HAPS () lilall sie G G
(USEPA,1984) ( 2)JSall i il 3 (e I

HAPS 4w quen ciiat) -3-2

skl e (USEPA, 1993) 4l dleal 4K jaY) NS5l Cainal covn HAPS yind
Aliyin e ble o cpanll lpan o Adidally Al Lailiady Saaii Al dy5053) <l
A ge S5 ) (5255 A 53] el Aoy Ay gacanll ol (e Lpualiaiial 3 yaey ddads da gl
e Al dn sl i 3ol e o 3 3 Gl 55 (55 8 (liliie l Gpoxyde
Sl e ST el ) 13 cland siu il s ARN ADN sl (alaa¥ly iyl
(Pitts etal., 1978 ) (sslall Ll sl COYDRY) jaias ) (g5 Ml s leal) iy 5l
Ao 4S5 e RS ) i snon Aans SIS i S 5 s Ailias€l) i) e 5y (2) 0820
Al



123 14 15 16
- s

il s e JSYI( HAPS) cililal) amia 458 g Y1 LS pall dpibasl) 430401:(2) JSdd)
(USEPA,1993) il dglaal 4,5, 1a¥) A0S 5l

(1) Naphtalene (2 Acénaphtaléne , 3 Acénaphthyléne,
(4) Fluorene (5) phénanthrene, (6) Anthracene, (7) Fluoranthéne, (8) pyrene,
(9)Benzo(a) anthracéne, (10) , Chryséne, (11) Benzo(b) fluoranthene,
(12) ,Beno(k) fluoranthene , (13) Benzo(a) pyrene , (14) Indénol (1,2,3- cd)
pyrene, (15)Dibenzo (a,h) anthracene , (16) Benzo(g,h,i) pérylene
(AHPS) 4 duibiassll g 440 5l Gailadl) - 3
Al slal (A LAl Admaa i Coal GlEal) Baaaia 4y plaall G g S5 juel) il
JE 3 (Lug/L & 1 mo/L) A& Cls S5 el duilly las ddpnica g 4d8all Gl gy IS 5 j0ll
ol gis clalal) sanmtia g S 5 ynedl aati (Lumiére et al., 2001) ol o) o)) Wi
Clodd) (e aaall 8 GlsAll AL Ll LS ol & sy (hydrophobes) slell 4a S
s S sl iy el laal s elall g A il g il g 1) 8 S 55 Ay gucaall
.(Bliefert and Perrand, 2003) 4xuall Clilall axe ol ) LIS 4y kaadl 43k

G360 (e ORT Bl e oS Cua HAPS Ji Al At sac @) o i) ey
N2 e sind ((Co Hg) Gnnsomd 835 A g0 e Jal g andl lecany aeddaii o 0 S
. (Doonaert and Pichard, 2003 ; SCF, 2002) 4w <lals 6
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<l g S g o0l 2208 - 4

de o JE5 (HAPS) lalad) saseia <ilisy S5 ouedl of ol gaal) e il jall < jekil
G Gsaall L) Linald A (e clld g Ay lialll Be V15 al) 315k e eliae V) L olaily
Al Al elall Ao Gl el ae Losee dagi i Cua A0 e V) (31 Al e gl
LB oelamell aas 3 Leie GBS o3 8 5 LAY Jals L hs B
(Garrtner and Theriaul, 2002 ; Trantini, 2009 ; Maric, 2007 ; Sheu et al., 1997)
HAPS = 4 i) maliall - 5

iy Aaal Y luall ksl saxeie Gl S ouedl Y A Gok OO aa
e g K Huell Al dausY) éay 53 (Cytochrome P450) <l s S st dlile
058 300l Lo site SIS joa JSi e Jesdd 456N dls yad) Wi (Epoxyde) ) clalall
aiy 352 dla yall 85 o(Cypd50 péroxydase) ddawl s | jise clilall saasie Clig S 5 gl
WS ¢(Dihydrodioldéhydrogénase) « !¢« (cathéchol) ¢ @il (O-quinone) J:Ss
[(lipoxygénase) dau! s haisi of ¢Sy

(Miller and Romos, 2001 ; Xue and Warshawshy, 2005 ; Yang, 1988)
AV -6

S Gask e Wle & (HAPS) clalal) sassie @il g S5 juel) (il ol 58 & 5k oty
Ll 3l el sa b an sl ey il e e3a of 2as WS o Tarantini, 2009) Jsds
.(Negraia, 2010) dsdl & ald Gl 4l sy G HSY1 6 5l
lalal) Sasaia 4y el il g S g gl Asas - 7

Aaliall Ay el i) @ jedal a8 Gl pay HAPS dabudl Y1 48 jee 8 (aiti cllia
Al o) daca el Y (e paall sl day e Sias of (S lpdany of @il gl e
DAY Lyl S e i LS ool cabiat cpatll e B deliall (gl yal caall Gl
LS canandl 83 36a) aaan sk e aadl & € o ) aalad (ol ] Lnad) clipall Al
Lmndil) (358 22231 5 AHPS I gl (i (& (el calal) (3 aimse fual ) 5ela ) g2
G O (S WS clan Bala Apanal) oda iniy Cpall Cilgall a8y cgpalal) QL) Epan
As G Lelidl clipglall (aliail dalay eliadl jleall cili jhaal s L jSYy (5530 gued
.(Mastrangelo et al., 1996) cliuall Jue xie dala
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pany b Olelall G AHPS (il il s (g Bl ) asa 5 daliall bl jall & el
ha 3L ) (onpndll GlEtdia alaatiul bl o &) Blas candl) Blass) Angall cileUadl)
Lele Gall la yuall Jsaa (8 da 2o Al yuad) il o alall 5 diliall g 40 Gl sy Al
. (Durand etal., 1996 ; Bosetti etal., 2007) ik 8 dyiga (al <

Gda Glay) Jde Wl el goal) cpia e dala g ddile &l il el jall ¢ yedal S
Tokiwa etal., 1994 ; Tillement, 2001) Jsall 132 4 4l dde Gl o

O LS gamnl) SleallS Adliaall clime V) (o) 5 5¥) JS5 53 LS (SZZeklik et al., 1991 ;
LS cadll (33 5k (e Jsbiil) any sasall ol 5l Jie AHPS o3 48 sk Jai e al 5 5Y1  shai a5
&b o= Banzo (a)pyréne das Jie AHPS Jsas adl s e 5 A0 adl e ol sl cidaa o)
ol Ry OE B Apdl sl s Aol sl 5 edaddh Sleall ans e adl)
.(Straif et al., 2005 ; Albert et al., 1991 ; EFSA , 2008 ;Tartu, 2014)
(Naphtaléne) ¢pitiil -8

Oe Oliils ) o ) Jiadl A #5385 «Garden JdE (e 1820 ale 8 palliadl) Je o
Jlnall (83 5 Jantinny 5 ¢(3)JS) Alall 4y jhaall il gy S g el (o bl ey 13) (G 53l
sl dades Jrandll 3l ge delial cleliall any 8 4 a4t 30l 5 jlailly el
8 pae Al )5 ranl Ol Saaly caal) e eliadll J5lall 8 1 K Qi WS cilpua ,Y) jedaa g
&os &4 (Le Moullec et al., 2012) CioHg sl 4lSi of phadll 4a3) 5 403 4lh 3als
(3) Ll (o Aida yuse 3aleS Caiay Apialdll ol pall  Jall A3V Consy Zia 3l Aaa) 3 il
il s e ey ad ) bl ) cidl | JARC U8 (e B de sanall by o5 A3V U
Landl O (S WS ¢ panmgll s il Sleall Gaob o pendll uny Galtiall G Gl
Al Uy Gy iy ANV aall i Cany Ll el JiAS 5 sl gV Jie salal)
A cada b aie CadSll W5 LS dapdiall ey i) o o)l ey oal il o cliass
@ sima ey pal Al a2l 8 ADN &)l bl g sise o 5 5uS s ) pual (2 5ay s
geall 5 2l
.(Le Moullec et al., 2012 ; Montandon, 2005 ; Boseti, 2007 ; Sthos et al., 2002)
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(Le Moullec et al., 2012) ¢pIEaill diasst) 4uid) 3( 3)Jsd)

époxyde JSs ) (53 il (A s¥) As all ¢ sl Jiiail) illany 3 pila (pllidall dpans Jasi 53
« naphtaléne-1,2 époxyde><is cytochromes P450 4daul s 33 désoxydation dalex
K N gy A 1- naphtaléne zeie quinones <lS e 58 e dseull oda min
il el gam WS (4dS4El) 1,2 oxyde de naphtaléne z¢i sl naphtoguinone
O s el s n-méthyle-D- aspartate <liiae jued Glgine galss ) callial 44 5l
Glogladll & @i ) o o oSa S 5 (dopamine) cbisdll s (sérotonine)
Jes 3dse AL Glashs @ aay (Callister et al., 2008) 4l 5 dpasl)
(ATSDR, 1995 ; sl clilgm 4 cpltall (g il Zag® duaall dumjall BV

(Le Moullec., et al., 2012)

Naphthaiens

lpcsa
\
Naphthatens Er “/.M Naphthalens
Epcxtd. Pinydrodial
SSH Com. l

Protein Sinding

— .

/’ I:Hp:
SemiguInone

[ anion radical |
NATP” intermediate
; -
\ o
e
s Cc&r Jg;:; 0 ‘ Naphthoquinone
Protein Bin

. (Viravaidya et al., 2004) oGl sl zalia 1 (4)JSdd)

NADP H
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Sl Jgalls and) Sl o clasally AHPS el il -9
suand) gal) o el pilN-1-9

Clas gl Jaady cVUai) 305 auall 8 aSaill 3S ja g cdine alai sl Sleall ey
oy 5 Adlidal) anal) Ciilla g Jana e sl leal) dexy dguanl) UDIAN 8 Aliaia) )
(8 Aanlia cliladiul ) (62 Lae Adalal) ol dm HA) il slaall Al (5 5k (e Aadly 48 Lellec
Xl manll Jeall Ll asdl el ady ol ddidall claclly el
s (Marieb, 2000 ; Crossman et al., 2004 ; Ramé and Therond, 2006) sl 5
o) Elaall s Jass giall ¢ Laall ¢ alall ¢ Laall (pe Callsy dpiiall Ala a8 glaal 5SY) ¢ 3l

Alisdl awall elal bt Gaulal¥l s Jadl s o sl Sodll gl
.(Zayed etal., 2003 ; Hauss, 2006 ; Richard and Orsal, 2007)
mard) Jlgadl LA -2-9

Dl e Y1 LA jied Al (Dl suaall) dpasdl WAL (e ouanll Sleadl o 5Sh
b daaadie A Slaall LA (e % 20 M10 Jidis o lesledl Juasi LA ) ouanll
(emardl saall Al o ran o 3l ADE e o SE Apasd) cliadl) Jig dalles s i)
(5)JSa danll Cile il
.(Jessen, 2004 ; Hauss, 2006 ; Amiel-Tison and Gosselin, 2010)

Judd a5 anll el LA 50 %90 (A 800 iy Aall LAY (e ¢S LS
sl A )l Ay dpasd) WAL sl acde e Ll jig el Gaar s
Ll A@all LAY ¢(Microglie) soses 4 (Oligodendrocyte) g &l ALl Zadn
. (Hauss, 2006; Christe, 2013) Astrocyte 4xeaill 48 Al LAY « (Dendrites)

el gl (2l sal -3 -9

Dsenall )13 0y cASliaal 4l S el i/ 5 Gl aand) Sleall () el i

. (Hauss, 2006) dssasl) LAY (4o dilida £ & g0 Cary ananll Sleall ooy il
LN dagpda 6ll 5 el 5 )Ll Jalay Lo 58 5 ( Neurodégenerescence) (sueal) alill
sl Al sall Cllay) Jie Glall) G 8 daa A Gl all e e sl sala (585 (G Sy dguanll
O e S5 (& lalall Baazie <l g S g Huell (DlanallS ) ALl Jal sall (i il
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el Jie 4 gall ) gall sl o slal) apaiill ddee (8 ) el s Lae 3auSY) Caaas
ol Y Al )Ll Y paaall Galill Gia s Lo 13a deleall Al Sl Ay 5l
el Do)l Jol sall Logas lus daggie e sl gy ) A oda Clisse  cdypaall
LA 5 all gl LAY ledl) Jads (Neuroinflammation) aasll gl () Y
Al ey Gl 2GS Caps ¢ i€ Ll (o sl A sl Cllasll (e T JSET 68 Al
Landll LIAN dadis IS S5, 438 LA Ll asay (auiS L (i jar Clas glad o

.(Gilbert, 2013)

Dendrites
Capillaire — — Neurones
Astrocyte — e~
Microglie
Oligodendrocyte
Axon

(Chevallier, 2012) 4l LYAY) 5 il gaant) Ay 7 53 3(5)JS&)

dala g daglall 8 Aailil) clislal) (e dilise o153 el O daaledl il jall s

Jie Glalad) 3aamte b g S g 5aell ey g END Jie 0 5ISU chlanallS dailall 4 ganll ¢l glall
cliglall e dlle e jal G aill O WS dganll (al ¥ Slaa) & p€ 550 cali Nap
pasadll aay Jedyyshi e sedy anll Jals Guiall gai AL ) (g2 Aailal) 4 gaaall
. (Juricek and Coumoul, 2014 ; Ravanan et al., 2008) 53 sll Ji Luasll sl 2l
Sl ranll Jleall il gy it (B ) el s ki Gugaal (a5 of i lall 3] (S
il sl Lyl JMA (e dgnasnd) dpand) Al aa ) deay o S ) St ¢l
Dl il (Gl Coraza ¢ hiaill g laall dpuiall Ll i sl HLgVIS Elaall
Dhe¥ls el ol cuad ol Adldl e jall Say LS aYLOM g Bl el Y
O el bl sl i celaial  (Juricek and  Coumoul, 2014 ) aasll
Sladiall s o sl Jio $laall (e Baane dihia & elaall () Llis s cilig S yaell
a0 3l dada 1) ) pnil) (e il g S g el Sl Jadll G il il 228 ¢l
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s S 5 aedl e il gl Bl la b e 30l dpeleall liacly duall 3yl
dpnal) okl calinal ot Jail) bl 55k oo Sl gladll paasl) Llidll Ll dady
.(0Odin, 2005 ; Lefelevere, 2003 ; Lundstedt et al., 2007) &S all s daanal)

el bl Gl sl iy Jeall 358 A AHPS J) LS e pand i yil
(1) soalls o Gl Gala IS (i paill wie 138 5 ¥l die ¢ )5l (mléail 5 g Sall gaill Jal
Dutta J (e <y sal il jo ST LS (Peérera et al. ,2009 ; Choi et al. , 2008) ¢
Cae e Sim WS gleall 8 adll Sals sy benzo (a) pyréne of (2010 )ossals
Clal il Coehl Lyl (aanll Jleadl 8 4Dl 5 4aS) 5 mail LS dguanll J8 )
Jalall GaY  Seludl oY1 ss ) o sV Jd Al el
.(Slokin and Sridler, 2010 ; Chenetal., 2012 ; Brown etal., 2007)

vl s liasl) g dnanll Aida gl e S5 B(Q)P 0seSsomedl of b ) ALyl g
J&&a s (Saunders et al., 2006) ¢ Sl rall Sleall Holai Je fig LS o ol gudll
(Butta 2010 4sall LAY Lasiii e aailil) il Calill A jo Lial (o8 dnaall LAY 580
Sl el o2l 4l -4 -9

Oy Ay ganl) 3 eI e B 50 (a5 Al Apkua o 8 ea ) (e e liall Sleall yiiag
Apus sl 33301 5 Jladal) Jie 4 glaalll eliae V) 8 aal 555 JSEE 3 due Gl UDAY (e Sl (1
Gy ama aaled I Ay el aleal) Al deliall UDAN o385 (sl A slaalll siall
(mécanisme A3l Ol 3V Gl Ul e Aela Al ey el Slealld Gl () pall
Of celain) ) il g il 5 adil allS Ay ) alua¥) o gld Cua sl 8 (homéostatique

2ty Ao eladl) Aol ge Gy 8 8 Le o il (o Al il s UL ) (954
Lagl s (S sl g SN G Saail) e liall alaill Al draal) (ped L 5 dliall ¢ el iyl
.(Petre, 2003 ; Janway et al., 2003) =l U pladll aia gl e (o jil)
=Ll el LA 210

g sialll 5 dae Ll e Lall LAY (e 22l (e oo liall Slead) () S5
S all Jlgall Lo lall) LAY -1-10

eﬂ\ P el ‘;d\ (Monocyte) saa 5l LA eUsaJ\ glas g (‘.Ld\ ‘;cu_ﬂ\ (el Gl:.u
(Macrophages mononucléaires) 3 =S <l WA muail 4oy slac¥) ) jaleds
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(s iy JS 4 oIS B g3 ld (55 Al g A slaall) 1A (g ST L) po 8 B ol A 585
Clalizall Goailiy ey g Saall J 8 Jaxi il Allaall aboa¥) 5 de 30 sinall Cluaad) e 3yl
Ay all 3alally Lol )Y 8 laac Lo dalide Oliiue Al elliad Cua = ghanally 308 81 gil) Bus
il LA dlaul s daiie CliSsalll Gl W@lld o8 (Sas dgaas
.(Philippe, 2007) 4sul

Ay a8 (4 Lege 150 (Cellules dendritiques) sl LIAD Cali LS
Al LAY 2 LS AN dg g pall sl il ge aai B e Ld Of ey Cua dpelidl)
e %70 ) 60 e Jadii a5 5 HuSlh Alalllly 4 Hae jual jes i Al (Granulocytes)
LAY Lgie aad sl (e 2aall s gl 3032 3155 dauzalil) JIKED celiadl aall LA
Oe waall e lgluas (g siad 5 damuall WIAY G (e 385 Y1 a5 (Neutrophiles) Aiadl)
4Ll Aagi(Chimiotactique) Shaslh Ciall dale il Ladie 5 el 5 Saall 2BLEN il )
U ALYL Aealdl il a5 dail) ) Ja gl Jle s 7 A miase B peall
OSV (eliandl LAY (40 062 () ALl daels a5 ) (Eosinophiles) dscaesll LAY
doac ) dppall LAY aa0 LS | cllilall i Ao Liall 5 dpulall (e A gl A adi i Walac]
e AS Jidia < aes el (900.6 o JBl) Jax AL slaely 4y pedl) 555300 3 2a 55 (Basophiles)
ostall o all Lagdhu e @Ol WAL e g6 JSI (Mastocytes) 4asadl LA
Gl A delia g AnledlY) laiuny) 4 Jiah o)l W 0 (FC)Fragment Cristallisable
.(Daphid, 2005 ; Martin etal., 2008 ; Eric and Pascal, 2006)
S Ul Jlgall 4 gldall) LAY -2-10

celiandl aall by S LA & gene (30 90 40 ) 20 Ay 4y gudaall 4 5lialll LA 2a 3
308l Ll LaSe Caalll g aall (g Alial i 48y yhay LDIAY o3a o] atic Caalll LA (0 0 99 Ay g
T 4 skalll LAY o dpnlul o) ol 45005 Lgie aaic 4y glaalll eliac Y g il £1 8l L33 jagdl o
=8 Clisa el s dgud dalse T Apsialll L3AD o8 (NK) 4Bl 4kl LAY 5B
iy Cacliail 5 3aaall Aads ol <ild (Lymphokines) <l saalll 5 (Cytokines) <l siwd)
e 2all A ge Jalaig Jals jb chaliaall sluat) B Ay slaalll LAY ) i Lai clgaii 4y laall) LDIAY)
8yi5e WA sedn clld (e ity 5 Al 4 slaalll LA Lo Alidis ey iy (5311 52 iy i oa
LA Ll 3 SIA LAl )l saliadd) alead) L (Plasmocyte) 4 St WA ) J s
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LAN Lgiand 3 A jeal) Cllangd) (o ESH am Fpew diday Leli (NK) ALY dgydal)
.(Eric and Pascal, 2006 ; Martin etal., 2008 ; Charles etal., 2003)
SUal) Jlgall o ilasall g il g S g gl anall 3l -11

e Jari LS eladll eyl aall i s of (Sas AHPs J 4l gla <l il (yoa yail
Hypoplasie) sdaxll glas i (ali cud WS celianll g ol jeall aall @iy S JES Jaus
& sima & Lalaasl Cilanall s HAPS J =il s (Descotes et al., 1992) (médullaire
cpnluall SlaneS HAPS iini WS IgE 433055 «(IgM |, 1gG, 1gA ) Juad) & Clin skl
Gl g S 9 Huell s Slanall a5 LS ¢(leucocytes) sbandl pall culy SI JSE3 33 ) e dad g
Coroa Gy JULY) LlaY €l jlaall iy L 138 g slall s Jhlal)l el jleall Cana )
(Aderson et al ., sbanll aall Gy S ol JS JiSii Tapiti 5 gl | AL Caany LS ¢ o liall agallas
1995)

gl pRisgs B Askall WAL mayudl el ) HAPS J ppadll o5 LS
@ Asall e AH Ps i) slaall (Salas and Burchiel , 1998) Aseliall i 5 olall
e Ao sena A8 5Liay 138 5 il Jie dum jeall CSH 8 lapud) skt Gilaal e 5 i)
clall A Gl oAl 2L LSyl Xénobiotique AsYasall Gl jall Jisas e 6 alal) e 33Y)
AHPSs J: 523 &4 cytochrome p 450 de saaal 223 MON0OXYgENases & ey 331 o
G5l ciligig 55 ARNs ADN J) e dsla Jelisii i)l s AHPs diol époxyde s e
(Albert et al., 1991 ; EFSA , 2008 ; Jager 4wma_ ssall i jihall e aall ) sela il
.(and Rakovie, 1974 ; Lafon et al., 2000

s 2uaSLal) Sgay) 111

o O aolal W jlae A i A ga 5l 300 e sobe 4l Lo sall el Caay

L ¢l ) Y (5 AN da sl iy jall ae dn o) L s Lle L Ualis 40y Las oz 5l e
LOAY eyl isall dplee s slall AL@VIS da gl (il gl e HESH 8 B all gl
glaall il daludl 45l aaen 8 (Davies, 2003 ; Favier, 2003 ; Droge, 2002)
33uSY) () e Of Jsis Alladl 028 8 (200 311 3 ad) [ sdall yuaxig dgal ge Ao 5 a8 52uSD Baliadll
shaoall sdall Ul & Lol W) o Gl g VAl (any 8 ST ()55 8BSy Cilabiaa g /
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sall sdall Ul G o) sl OB ) e e Y1 sl 5208 Baliadl) 508l 8zl
Sl dgall Coyay Y GansSUN agall S il Aladl o3 cand 2SN glaall alkg
3aSO saladll 3yl g (prooxidants) sankY) Aadail o oalall JDual

e OIS o Ada 3 (antioxydants)

.(Pincemail etal., 2000 ; Pincemail etal., 2000 ; Leeelal.,, 2004)

Clasd g b BU) e dlle 308 juati Al B adl )sdad) oS) 5 ) JBEAY) 1 g0
i 5 S 3l A ol ) iy ) (s i e 1)l s WS (Gilbert, 2013) 4aie Y
aeall dl iy LS ¢ (Sevais, 2004 ; Lerbours, 2009) 4 s sill (mlaa¥) ey Sl ¢ saall
Daa 3l (a5 gl i e S reand) Slead) il el (8 LAY <ge il (sausSTHl)
.(Desport and Couration, 2002)
lelaly Ayl 3 al) giallg

oxyde nitrique « (OH) Radical hydroxyle a3 dsausY) 5 all siall Gn (e
sl ey dypanll B el Hsdal W <8 &) (0,°-) Anion superoxyle
Lealdl ddee DA Peroxysomes Jdie dgall cilaaall am e o Y15l
Ll Jalall by dall e aaall A8 30uSY 5 (s dlal) L) PO

3,08 Aol daanSYI 3 5all )93l (Ceurtin et al., 2002 ; Valko et al ., 2006)
Go ATl (S 5eS o paail) el Leig S g5l B slaall iy jall o SY AT e
Jia 4l 3 a5l e Baas Hedn OS5 ) g3 Lo 135 (aa )eS i pali) L5 5]
(10) Singlet oxygen ¢«(ONOO.) peroxynitrite «(H,O,) peroxyde d’hydrogéne
.(Ceurtin etal., 2002) &l .......
A 3 al) Hgdall ASIal Jua¥) - 1-1

ALLS dan gl ) Y] 6 il cleldl) eyl JA Sall sl g
Jalall by 3all e el A1 300SY) (g lall ALY aaldl JBA ¢y oS ginall Lyl
Clandll el sl ey Sl il =1 (AcetylcoA) s &) L Fenton kel dysla
NADPH, a3l das ) daa 331 @lél yall | COp (HyO () WS aiansY (S dala Jay
o b S IV el ety ikl ddle iy K e g sia FADH,, NADH,
Aalull 8 ele ) iy sslall (a1 DA ellginnall uansSY e %095 s cpuadiil) ALl
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Js¥ Suadl)

s B £ 58l

cytochromeoxydase mi 255 & 1wy 8 del) dulee a3y ,500 S Sl Al

(Lee etal., 2004) ( 6) Jsall

O, +¢é (Or)

Agent stressant

(=7
1] 7 o,
o
10, x xt
{oxygene singulet) X
HEOZ
{peroxyde d'hydrogéneg)
S
&";}'
G,

OH°®

{radical hydroxyle)

0O, (anion superoxyde)

w
%o,

ONOO-
{peroxynitrite)

. (Auberval, 2010) s_all dis suS V) 53l o1 551 5 jaleany( 6) JSEN

WAL a5t deald) M5 NAD oxydase a3 b ol Leal 0,7 Lds IS

Dl LD 3 el o) iy daBall il AsilSa e liall a0 8 il )50 a iy ol denld)
NADH _six; (Gradé et al., 2003 ; Milane, 2004).cs slall saill alaii & 5 Ll 3l dpealy
e YOSy daelia)l L) ) 8 elli s ROS ) g WY bl jaias wald) oxydase
Joati Sl i) e 5 jalal dacalal) deald) 418l Jalis pe Jadiiyy Jald 4alal) ailla
a3 J3 (0p7) xS G5t da ) dpenlil) LAY Jd (g0 llgiuall GannsY) (e 8 43S
.(Dlton et al., 2002 A4l Jeléill cas o 320 eLiall e a5 (53 NADPH oxydase

202 + NADPH, H* —> 20, + NADP" + 2H"

H* 2o SOD a5n5 (& Jelihy cauall & A geun ity (Jeldlll B8 Q) 7 ey
;QJ\ZJ\ Jeladl) st mae WS H,0;
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SoD
20 + 2 H — o O+ H0>

3sa s b dlady s e dlle 5,08 aly 4 lall use Y e HyO, iy of (S WS
OH 5 'OH = Fenton Jeléi s Fe2+

H.0, + Fe?* OH + "OH + Fe**

G 3y LuSoonedl Jialls OH (had O L3 an HpOp deliny off (S
.(weissHaber) Jels

H.0,+0;” ———> OH+ OH+ O

& cl™ osls myeloperoxidase 3525 & (H202) Ossoned) 2S5 om Joatk Ll

. hypochlorous acid (HclO)
e 253 9] (sl ey ApineY) il gl Gl ) o ) iy e e a8 Jela,

: Sl Jeldll s chloroamines <ibsS e

HclO + RNH, ——> NHcl + H:.0
HclO + NH; ——— > N Hacl + H20

O souell 2S5 5 ae hypochlorous deléi (e (103) 2okl GuaasSY) o Shy LS
Sl Jelal) s

HclO + H,O0, ———— Hcl + H20 + 10,
HoO Oy Jie tne&Y) 3 all Hodall fpe dadl pe G dealdl JDA J<GS 1Ka
102"OH

(Tillement, 2001 ; Milane, 2004 ; Borg and Reeber, 2008 ; Favier, 2003)
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e dexy 3l Xanthine oxidase a:i Jasi iS5 all Hsdall (5S35 o) (Sa
S Je i) Coa 28V 38 53 5 b sl iaes ) sV 2535 2 hypoxanthine Js s
.(Jessen, 2004 ; Hauss, 2006 ; Amiel-Tison and Gosselin, 2010)

Hypoxanthine + O + HLO — > xanthine + H;0;
Xanthine + 20, + H,0, —— > acid eurique + 20, + 2H*

oan gl 8 Jaxn il gasl cytochrome P450 a3 Jaxi O, JSdny Lol
ke L Abubud 3 e Cilay 33 e (g it Al Aga 3Dl sl ASLEN (5 slaa o g el all Gl )
cytochrome P450 Sl xY1 o3a aal (e s Al dacadl 3 sa 5 402l dpiaall by jall dpav g 3
(Turrens and Freeman, 1982) 4dxuidll Lall dpmaall gl asSy (G

Sl delall @3 st galal Hia 2l) e s )al L LAY e aiaedl of LS
: AU Jeladll caws NO-synthase(NOS) a: ¥k

L-argenine + O, + NADPH ————>L-citruline + NO + NADP

e O dilasall 4Ual) LAY A ity bl Lia ol sad 1550 (NO) <53Y) 2l
Peroxynitrite  125e(027) 2uSY) 558 (ol ae Jelily bpsll Clalldly sl
JaS sl 5 (R®)  JeaS S ) 53a Jsi | (Favier, 2003 ; Servais, 2004) (ONOO™)
10, "OH 35 O, ddaul s Azxaiia il dyiaall (alea) 30081 e (ROO")
.(Valko et al., 2006 ; Valko et al., 2007)
cal gall 3k 5 all el | jaae Al Gl all e daell AN 3auSY) et WS
Crpala 5all A1) BauSY) O LS «0,77 sa Llle il p3al) Al 0 9 g puel) ¢Sl ¢l Y
U e daald duanll () el s 8 LOAL me )l Cigall Gllee 8 Gaaie o3 (A
. (Thannickal and Fonburg, 2000 ; Lee et al., 2008 ; Lee et al. , 2004) s1S L)
Ay 3 al) jgdall oo B Jual) -2-1

Jie 3 all Hsdall zlu) e 0l L jlall Jal sl calise il L) ava (2 iy
Can AiliaSll 4 guall et 5 (X) diad) AxsY) 5 dmndiall (3 5l 223VIS 43 0¥ e lai)
Jie Al Aliyia g5 07 <OH <10, Jie suall Hsdall 2l o dsudil dll 422y
.(Favier, 1998 ; Germain et al . , 2003) «s_all Hsaall 5 e W50 3,060 H,0,
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Sl dgal) i Ol ¢Sy Aailall 4y guand) i slall @ilall G el G Lpaall il all s
G bRl eyl Gl b 8 Le clislll 3 Jaad s ol Bae 335k o
&) s Lee pd Sl (5155 JOA) e GlElal) Baastia Ay slaall ClUs S5 puell s ) st sdll
e 5 WS ¢ (ROS) AuuansY) 3 all Hsaall U 33455 glutaminergique alas ol
(Wisternik, 2014 ; Halliwell, 2006 ; Sharma, 3383 sbcaal) oUaill <l Ko calide Jals
o el I Ay Haall e SV o) ) S 8 S 50 yilad) (pas caly LS 2010)
Ul e 5,08 ol Ghbliaes Lpall GbladS 4oV (e ) Ala) ¢ pha

3uall sl

.(Peinetal., 1995 ; Germai et al., 2003)

(ROS) Ao lial) Aaus) g1 iyl -2

s.SlS dnslpull iy all 3odbe 1)ual sl sl Fll 8 L)Y
Cuv (o8be ) gl il s WS El L abSull g aal wlids sl (ADN
sl Pla dala Al lpad mls il dagn WAl 5 jihalls Al iuala
.(Halliwell and Cross, 1994 ; Favier, 2003) .04l
ol e ROS Lli-1-2

3 1aaty 1o oY) A e el ol Dt Y (A 55 Al sdall jee Caal e ad )l

Lol soall ol aales | Gal el epds by o)l aae s sl e Al sy
@5 e 12y Apliall Clad il 8 saalgiall drade el dpaall (mlaad Al
oM S sinall pfel€ 4gal) LaeY) Q) N gam Lee ospall Al sy Gigan )
Aolial) el Ll e i WS dpgpall kel de g s M g caillag it
ponsall  liiae bl gaiS Lo Y BLY el 0 o
AianSY) Hsaall e ("OH) damSsouedl J3a Liixy (Magalhaces and Church, 2006)
saalsiall dmade Ll Agadl)l Calead a3l Bl )l aale Al las dladall dgelid)
G sodel) 303 £ 5i TOH L3 a0 saall 48 gdl) 30SY) Cpan il 5 edibiall clad giu sdlly
SV g oSN Hhal) Jeliy celall A3 a5 (R) (HseS Lds JSE8 L sa e 1da g
(ROOH) SSiw JAl L8 (aes ae Jeliy ;a1 13 (ROOT) peroocyl S A a5
<l Fe2+ 255 4 hydroperoxide - <S¢ 35 SI )0all JS55 sale ) 5 hydroperoxide
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diad A8 5l 5auSY) (ge Baaa g0 Gigan ) a5 Adladl a3 a5 (RO®) alkoxyle 3
(MDA) Jie Clagal¥IS 510 e 4y il Cliidia ) ISE0 5 jiwe e LS jo Claw g 5 j0e])
,(7)‘_55&!\ Osaall 438 4l saus™ Gl gaS ) gall o2 yriat hydroxynonenal s

@
HO 4
ANV AN COOH
arachidonate ‘
— — COOH
radical arachidonyle
éaction en
— COOH haine
radical diene conjugué radicalaire
02
= ®co *
ANNANANAS AT

radical = == COOH
peroxyle
+ amchidonate

/\/\/\j\-ﬁ/—v—wcw" /vv\/\olt"/=\/=vv°°°"

endoperoxyde hydroperoxyde

bl \ \

H,C—CH,
=
ethane
H, H, - B
~C__-CJ
c cH, NT\/VO
H,

pentane Hydroxynonenal isoprostanes
Produits terminaux

(Favier, 2003) Aanlal) o gall g Aadl) alaal) saust 40 :(7) Jsdd)
ADN s i) ddaasy) i 186 2.2

s2cld Jie 415 5Y) 2l sl (any 0S5 5 ADN Gl 5dha i dpianY1 5 all ) 5hal)
W ands Sl daalge ol (gacli je aia ge (3130 L désoxyribose o 2l sl 5 cquanine

K g2 «lisis ull s ADN O sl daalen (S WS dddasuad) 21L& adad Casy
sl il e aal e el ik G gan @l Luise ADN dudls (8 & s gan ) <l 3l o2a
& guanine e Jaus s suell )i daalen oo min 3 8-oxoguanine ,S3 ADN J st
«8-nitroguanine Jie dase 5,40 20l 8 J8i ) 5 5al) Hsiall il o WS «C-8 ad sl
. (Singal etal., 1988) (9) Jsall 5 (8)Jsall &l .....8- oxoadenine
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ADN( guanine) 2! s e "OH ) damS 5 el jia ,ilidsy Hha (8)Jsll

(Singal etal., 1988)

upure de chaine
(simple brin)

pontage

ADN-protéine
hodification de la base
oxydation, alkylatior,
réarrangements)

upure de chaine
(double brin)

(Singal etal., 1988)  5:.8YL 3 jilidl ADN mal se: (9) JS&U



s B & 5l Js¥) Juadll

onxill Ge AN sl clia aid pmiad Ay 2uSH dlea ) ey IS
e Al Lhale e AR Gaaw @ gl aa JBA, G1 Al As pall B8 4 3y
$ouSsiall ADN o ganslill sleay) (i LS el cigall 8 Ledsan Jlaial
(Vonsonntage, 1987; Valko et al., 2006 ; Clavel etal., 1985 ; Dodet, 1991)
Gl gl o Aaddl) ey Jlead) i 3-2

anit L sl (Thiol) geslaal Aalall s gl o 5oal) [ sdall Al JSY) cili gl
Gl gl o gl bl p Cilay WY 5 4B i S Sulfhydryle (SH) il s
Loayl i g ) 32080 Jelii 05y LS 30uSO Lgum ya Aaid protéases e Y dslus SIS
ot ganal lediial Sy Al Fe2 yaall 5 (CU2) el e dpiaeall il gl Ll

ol 5 5 e A5 gyl ALubdl 3 pae s paial) Jagd 55l Aalasall 1 5Y) de sanal
Ay a3yl A e JSEL Cua ol 30.SY) 38 e Al ) sall dil)
Coda dagts elall Aa S an 3auSlAl Gl syl maal LS oo ol sad) Ledaldty iy s i sl
sanSlial clig gyl Sy 43S pall lall Za N alaliall Hlel) of Aliall 4] aaladll
(Levéne.,2002 Singal.,1988 ; (10) Jsall  &dall Jeay  Jab dmpla je UK
.(Vonsonntage., 1987

HO® H202 HO®™ ONOOH HO- "()' HO HO"
g ,1, (. S
NH2 y2
’;m ‘“ “H2 e
L H2 1 S
L, ¢ g <H uz I |
M2 N\ / i 2 “H2
“H2 CH i 2 42 Im
n ---LIIIIEI-I lll II-J---.l--l-- munfennnm

é

5 4
E 000 - fot

-::--II..J---ILIIIIL---L--I‘--I-I 1:.‘:11- ]:2---

LiaY) palaa¥ldlids e Lian€ W) sdal) Lhand 8l <l sl sy dagda(10) JS&
.(Favier, 2003)

~

TE
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s duuslill Agay) ua plaal) alai -3
g%’J&‘J gii\.ﬁ\ éustd\ Ayl va &&.ﬁ\ el.zs -1-3

O A8 (e b€ e Lgie Gl 8 @llging (2SO Baliae il sac LDIAN Jasiass
led a3l ol S je e 5)be 30uSY) Clobiae oSO il o193 (6 gl 481 ye Ja]
ods)siand) 8 s slall eliall 3 Cluias]l abire o oa) 53 BanSY) Cad g ol Jayii e 35l
catalase (SOD) superoxyde-dismutas Jie & 3 328l Cilodbiae ) anii of (Say , &)
U5 wali S (GSH-Px) glutathion peroxydases Ll s &dasll 50 caali Al (CAT)
(Germain et al., 2003 ; Avissar et al., 1989 ; Gradés et al., 2003) dramll dlas
Cilinalig Jie daa Jla s «Glutathion Jie Aalals A 3 el 32008y cilalias Loayl Jarias WS
.(Milane, 2004 ; Favier, 2003) & .... Qlugbaddll Jia Jsudl Glaeia C E A
A5 BacsY) cilaliaa -1-1-3

(gly-Cys- sl alaa] & (e (58 ual ain o 35ke ((GSH) Glutathion
Ly LS oauslill Galill (e ddall cany all ) sdal) Llaill 50 slaS ) 50 c2ly Glu)
(Milane, 2004)alal) Jalas jall 5 odall o) <5 dlae

Hy05 = 28l LS ea i) uan¥1 5 Ja 5 Hael) 5 s3al (aili€ Glutathione s LS
(Favier, 2003) il cllelill 8 miage s LS caaally (ulaillS olaall cili sl 39a 5 8

H.0O2 + 2 GSH——> 2H,0 + GSSG

GSH + 'OH — GS'+H>

GSH + F&&"— GS'+ Fe** + H

GSH + Cu*—» GS"+ Cu" + H

D JSI piay o Jaae g p o= ke (SOD) Superoxide Dismutase <
za5e s WS Hy0, ) Op 7 st Disg s 3SY) (358 0 sl (g WD) JauS e
S Jelad)
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SOD
20 + 2 H — e s+ HO>

oAl el Adlise JISEL SOD aalsi il L) plisg Vs WL Jelil 13 Casy
. (Mates et al., 1999 ; Dodet, 1991 ; Milane, 2004)cuxall L&y

SV slall W HpOp Ge Ot s i iY) 138 Jsay :(CAT) Catalase

AT
H>0;

2 HO + O

(Favier, 2003; Milane, 2004; Borg and Reeber, 2008 ; Woold et al., 2003)
(Gpx) Glutathion peroxydase <«
dandl dulel Ay slll Gy A 3dlsull ASLE g a S sl oJy sl A aal s
Jezy <Sélenocysteine JS& (A asanbis Gl 4 e (g sing an 1Y) 13 Jladll 28 gall culpail)
a8 138 LS ((ROOH) sl S g 55 06l 5 (H205)cnn somed) 2S5 0 dpens Al ) e
J_yaall glutathion e o s ¢ S Ja=aS (GSH) J sl glutathion 2 s ks
m ) Jaxh 2GSH ) 4l sl &b 6l (GSSG) sl AU glutathion ) ~S 55 (GSH)
WS S xS NADPH (o 3Y) @81 all Jaris 3 Glutathion Reductase
.(Favier, 2003 ; Woold et al., 2003 ; Milane, 2004) A4l Jelal)

H-

292 GSH NADP"
GPx (};DC
GS[sG NADPH
H.O

daa A ausS Balaal) dalai¥ -2-1-3

Cun Sl Clabizae e 5 lke jall s KIY) Llal e s 0l elliag ) o sall JS il
Boall ) shall el A (e (sanSll sgall Cad g o T e Jand

. (Halliwell and Gutteridge, 2007 ; Halliwell and Gutteridge, 1999)
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Bl ¢ 5l SN Sl

E Ombish -1-2-1-3

o Jie sall sdall BlEl e aipnd Sadh gsaall 8 gl sauSl sbas ge 3 ke
e 3l ¢ IV Lgila pa & Clall 48 gall 5auSY) Il (a8 e ae iy Lo 138 5 sanlll 4S5 5l
Cragona 30 Algeun a5 Al - TH Al idall Al dgdasll o B opelid 4 5 4 il
Lyia A aam peroxyl L3 o & < g-torophérol (o - T) L3 ) Jssiss
(Valko etal., 2007 ; Gardés et al., 2003) Jull Jelall & WS hydroperoxyde

RO;+«-TH—> RO H+ x-T

B opelidl paiise 3327 L g 2 5all B el gla ) (B age 552 C (palid aaly
C Omalid -2-2-1-3

Jiaty s2Slll sgall dliaeS agall 553 celall 3 ()l ol AL 520SY) Cilolias (e yiing
....... peroxynitrite <hydroperoxyl <hydroxyle Jie oasns leliil) JKSY) alisdl
. (Gardés et al., 2003 ; Carr and Feri, 1999) &l

il i g s -3-2-1-3

el Aalla) Jsia U 3l i) aadl Ll LS 138 g sl 5,080 o) g e
O Jia 3 yall 5 sdall L&l 3 (e 3ol CilalianS age 550 A (el Ml (el ¢ (A
4 gl Lpmadid) (5 8ll Al Lgpans ) ) e a8 5 el ) 90 Canli LS <10 2 il
Ly g lls 5 adl sdall o Jelii asa sl 300N Sladl W50 aa s «(Chen et al  2012)
asii G 5 jall [ dall Cliaili€ Jaad Al 5 drpdiall yad) Aldid) Jsla o aa) siall 4 50 3l
sailbadll (ady Lad 3 € doaal edat WS cclanll 4 58l ausY) aca 2okl Anke V) Alasy
(Antimutageénes) sl &l dhall 3aladll
(Gradés et al, 2003 ; Milane, 2004, Deshpande et al., 1996)
Gy 5l g8l 4-2-1-3

Claaa e 3 A i) 5l yhll oy Sl 8 dile ol clilall JS 3 sl 6

anall 8 Mo 58 55 aal 65 Ll VI (31505 Sl sia (e colall Al o) 3aY) & i Al
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Al A Apndandl) LA Adle dday 38 patiy ¢l Lgaia jat Conn L 38 55 adll 1 ¢ ) el
DY ol daala L) iy bl UV dasedidll (358 4a3Y) o dgleall Ll (a5 Cun
il e baade 25838 4300 (e ST aad 5 ) jAS) 23 8 5 31 sY) 5 Ll
.(Bruneton, 1993 ; Wihem, 1998)
il g1 gAY Al A3l -1-4-2-1-3
Yol EBE e dejse gmSEy0 15 o gsiad e dan Ll Ly
@ ) SV peaie o (g sind Auilaia e Al Legnand By A (ke G e (5SS
Aadl & A dalad) 1 han A 53 5800l JSLell ASAA) () 5 jSIE ) A «CB-C3-CH JSill (1
saes Gile oo Al 453 Q OsS) G pe B ddlal Ll ccDlal) cilas S (e
(William, 2003) lusisdall el el Jia (11) JSE; il

( Bruneton, 1999 ) a3 583l (saclall JSaells (11) Jsdd)
iy o BN apii 2-4-2-1-3
daphg dmiagy e o llde) g Gle sanall 0 ol ) Dl 55 80 4l
LS oall Al s B 5 A gilall e ((dasSaladl s diall G padl JuaS 5 aell aala) ¥ asiuall
flavone, flavonols ,flavanols, flavanones, dihydroflavanols ,isoflavones, i «C
S dasiye 5l s iy oS5 jsoflavanoneschalcones, aurones, anthocyanes
sl eliac 3ae & S el Aile ol bl JS 8 ale JSG0 83 5a g (112) JSE glycosides
[(Bruneton, 1993) 4atiaal) jLaill ¢l _s¥) <Xy la 3Y1
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e Lgidban Liagl 5 <l puiad) g ol sladll (e apaeldl sl colilall 85 ) 50 oy 3 683U (a5
A dyifie S e sl Qb Lug Ol clSod) el dsadnll G daEY)
.(Bruneton, 1999) (12)Js3ll 47 2° 4,6 tetrahydroxychalcone

4,6°4", 2, tetrahydroxychalcone S e &y 1( 12) JS&l
(Bruneton, 1999)

8l can iy 3 830 Ll Calise ) tetrahydroxychalcone 4°,2°,4,6° sl o
(Bruneton, 1999 ) (13 )JSall & daica se slud¥) 028 cilay 35!

.((Bruneton, 1999 ; Hollman, 2004) <l 53 830 oLudl 3(13) Jsidl
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led clay 3 83N () Lside ) () saad) e el ) dpaladl il jall 5 Cgad) s

LeS dilasSl L ) 138 5 30T CilaliaaS & piie ] Cua ial 1Yl (e S (8 daadle @l il
cadl (Martinez et al., 2010 ; Tunon et al., 2009) ke 5 L il ClabiaeS & e
cae Y15 QR () el (ge et il 5 N ) (2008) Hooper Ui (e cuoad Sl &sadd)

I Aalall il 2S5 LS el pull Gl jal e auall Lles (8 age )90 caali SIS
o el Jie ddlidall Gl ja¥) e uand) Slgall Alea 8 )50 (Saif et al., 2009) & dua s
.(Alvarez et al., 2008 ; Ahmad et al., 2000) 4 S GlabasS & e ) WS ¢ uanll Calil)

(Quercétine) G SN 5-2-1-3

i flavonole aud ) ey Sl 8l dlle (e age sgin O SI ey
3-OH 4l (8 JauSsouell Ao sana 5asd Abasl) 4ty o 3008 soliaall it
i s ySl Ao gana () LS cclall 438 ga) 3anSY) daydis e 3 0S5 )08 2y 3 5Dl il C A8l (e
LLill 3 age )50l CAB (8352 e S (o Le da 5 hall Adail )l 255 5 C4 psall
sl (ailall Llill d age )0 B A3l 8 catechol de sese canli LaSe 3008 aliadll
alall (& JuS s onell amlae 20 plii)lh JuSyHnell Hial (ailall Lliall alajy LS 3 all
(14) JS&ll & daiase 32uSBU 3aliaall dads ol il jualiell 5 s SN 4y (B

(Van Acker et al., 1996 ; Hollman, 2004 ; Ahmed et al., 2011)

530S Baliaall ddada ol 4l yaliall s Quercétine i sall Al (14 ) Jsid)

.(Cazarolli et al., 2008)
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ROS J gl e & lygighiill il 6-2-1-3
| dae 0sS8 Of LgiSay Gulall s apaall :(Jie Liliac] 8 3aa) siall dpineal) il o™ Koy
Jelis Caa Ho0, Wi Ji g 50l (e Uil l, Alafi sl AeuS s yugll il 2Ly

fenton

H.0, + Fe?* OH ™+ OH + Fe?*

3,38 gl N g dpasall Gl ¥ pa B il Cilaieall Jayy o L a8 culay o3 ) aals
i) sded ua Jayl S a5 M it 3} |ROS gl 4l e <Xy Fenton Jelis s
(Milane, 2004) (15)JSill 8 dgaeal) <l 51 Jay 5 a8l gall il ¢Sy 5 dyiaedll

(Me™") dianal) il a1 Jay 4 da jilall Lgad) ga g il g 685N 2 ( 15) JS&)
.(Milane, 2004)

cllds ROO%s 0,°- :Jie sauS5all Hsdall e Juldill e 508 clay s @Dl el ) ddlayl
o) Jelisll 3 i g 5 LS im s el i

FL —-OH +R° FL -0° + RH

deliil) 1 siud) quinone 4 JSi dal e g AT Hsds ae delill (FL-0°) Ll (Sa
(16 )dSal iy 55 8304l peroxydant skl ge J s sase

.(Scalbert etal., 2005 ; Van Acker, 1996)
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OH g 0 0
¥ 1
l v L £ ﬂ I‘ 0
A ,m‘l ,,v"f:‘u v, ‘,_,«’ OH ) ‘ %, J,"QH “ e "‘\A. ; g";;
.r’f "H:‘" s :\ ‘ T \f{::' M b, w‘\‘;'—": 4 1 h
‘.\ \‘Y:, .U“.y _r*-', .\.'Vm.. __.."4 '? " .
| gl L
I K 4 %, - c -‘f«
quinone

.(Van Acker, 1996 ) <l g3 g3l ddaci) g2 5 jall giall aliB) 1(16) Je&l)

Aadlal) 4 guant) il glal) Lgs AN 32sY) Lnd) g9 dpuant) drand) -4

Dsdallde gena Ao 53 (s2uS V) alga ) G Clagiall el o Apaad) il Hall i
b sall (e yaind gl ) AdLaY Ly ecolpail) il 8 0 saal) 3ausl (oay o iy g A1Sall 3 jal)
Parkinson (S (cuasll jlgall ol b L dasd) LAY Gli o) ) 5 D

D @l Al e 2aadl @il S (Lee et al., 2012 ; Verrna et al., 2009)
saill Lapu saill Cagae Lail g a0 Jaly saill Al 8 clalall saaeie <l o S5 aedl 5 Claaall
ian) s S dlgal) dagi 13 5 5V ) s (o yaip 3V gl U8 oa il ol uaall
.(Perera et al., 2009 ; Ahmed et al., 2000 ) 3 sall o3¢y UK 3 all ) gdall de sana

O Lo b 8l A8e 5a 5 ) agill jo 8 (12013) Soltkin et al Ja s JUall Jua e
10 55 o JubY) xie (A Juals (zliss) s Chlorpyrifos die 4y dall Gladl (el
Ol ey sal Gl abeill @l pay gla (8 el D il bl all ekl Syl i
ClaallS Al 4y ganll i slad) (e ddlide ¢ 5Y delia )l a5k e 5l aa )l 8 G el
Lnandl LAY dae alidls) Aot 138 5 cculalall soaria 4y jlasll iy S5 aell 5 4, guiac 5 5K
Dl oy Anmall LAY Cige inie Jaea 32l Adlidal) ¢ leall (3halial Lia 518 ) gall 2lai¥)
.(Lee et al., 20013 ; Ahmad et al., 2008 ) 2 sall s3a (e 4a3lill 5 2l 53al)

Coladll O3 el e aalil) ausll slea) Als ) Paul et al (1995) Wl Ls

15U 3aY gl amy g Ji8 3 gcandl Ol glall m gl oy (5 Sy A ALl (Ll saiDU 32Y 1)
bl Gl G ety Bl i e o Sl G 8 daial g a8 Al Ay
6 siall o 4@l 5 S all g 4 el il 8 Jla g G gl HAPS (e Jagdad 52Vl
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Gsime o ) el G i s Cytochrome oxydase babis (i) s (i) (aii Ay jal
. (Crepeaux et al., 2012; Gilbert et al 2013; Ahmad et al.,2003) #luiiuY!
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axiosall 3kl 5 Jilus 5l S Joail

Alaniial) 5kl g Jibu d)
Alaztial) 3l gal) -1

U ) ) sl AAY aldtiosal) -1

falew U daladll Gond) (e lele Jemaidl Jll g o 5all 138 8 Lieadid
el Axidl (e e Apepds 38 5k S Cadadll Bruneton (1993) 3i sk cawa (A
4ued 3340 ((hydro-éthanolique 8 : 2) Jslse (e J 4 (2 Gommsall 00 400 poai skl
aldlai agle Jeaniall ¢ 3all ¢ sl ) Slea B adle Jeasiall Jlaall el i ¢aldl
LAY Gl Je J sasll lyophilisateur S

Ayl a5 il sast) o ylaill 8 Leadin) 3l g olibe gai¥) -2-1
il g (Sigma-Aldrich) Asse e G SI e Ulass sl g ¢ <) -3-1
Jaall e
Ul clil g 4-1
S 155 on W W z sl Albinos Wistar  laall &bl Al jall eda 8 Jeaiin)

Gl sl o sise (8 Lgle 5 5 Aaaladl il jall ) siuly agme (e lple Jandl &5 Gl 2 199
3 all da o Ll Ampds g0 gl 138 i BelaY) CuilS s daalag Bhall 5 degdall 4 le 448,
ey Al el gl sl ol (e s el L a8 222422 e Canl i
ialee aci @lld gy g asiuall 8 BN LT 10 32a) A el cay J8 il gall @S 5 g LAl

(S Al gall e sanall 1 355 OS5 Al 6 3l 5 adll (33 5k e ) sall Caliday ) gl

O L) eal Lant) 4080 e END g Nap 4w -1-4-1
Q\J\)P6UA:U}SA:\L}AMJSQLC}AMEJTQ\:\JJ;3\DJA@w\u\d‘)ﬂ\w 3

¢ (N=6) gl

Jal sl Cuy e de ja Llae | 2 s (N=6) ;3L ds gaal) o
.2mg /kg < S END (e de ya Ll Jaxi (N=6) :END 45 ganall
50mg/kg A= s> Naphtalgne (s 4e sas de sanall 03¢l Saci(n=6) :Nap 4s sanall
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axinaall G50l 5 Jilus sl S Joadl
Nap <END J (e i j»  4e gaaall o3¢l kel (n=6) :END+Nap 4s sapall
sl Ae50mglkg s 4 mg/kg Jlda s
oo Ml gt andl Y olad)  (Quercétine) i SU Al [ eal) Al 3 -2-4-1
Aguaal) 411
(n:6) Lﬁ\g"_ﬂ_\\}m6w%;&kw&&bwumg\uﬂ\a& Gl s Crand

.-.~

o 1 Ltk oy Cun Alddzs yadl e sanall a5 TEMOIN 3ALEN oY) As gaall o
050 ) O

2mg/kg < saEide a il a1 e dldladll @lli 4 5 : END 48Ul 4s gageal) o

Sle ya Ques END I (e JS de sanall 228 Julxi :END+Que 431 ds ganall o
Sl Jde 10 mg/kgs 2 mg/kg

¢ 5ol Slgall Ao Uiall g AiiasS gl pulaall to Galli8Tl) g ¢jlibu g2 pand) Y o -3-4-1
S 9l 3 eill) Galdiual) g VItE, VitC, Quercétine ¢ JSI A gl gl g

LLIL}\P6L)AM)SAI\.GJAMJSQLC}AMS‘_A\MJJ\D&Gﬁw\u\dﬂ\w
(Sl aladall (535 ALl 8 32l adll (53 yha (he 2 sall Caliday Cila se Cuas (N=6)

o5t Cuy e dle ] Wilae) by s TémoiN s2alill Y1 de sadll -
A8/ ded @ 58 Epdosulfan e de s clase t END 48l de ganall -
S/ e 50 < L85 Naphtaléne (e 4e ja Clase (Nap AUl de seaall -

Naphtaléne sEndosulfane (e dS (ede o Close : END+Nap 4xl )l de saall -
sl e (/50 5 JS/ade 4 0 o

4883 30 205 1S/3de 8.3 Ao o C (palidly, e ser END+ Nap+ VC Aeall de gandll -
sl e 118/ake 4 5 11S/ale 50 4= Naphtaléne s Endosulfan < <ule se

4881 30 a9 115/3de]00 4y E 0l lage :END+Nap+ VE 4wl de sanall -
(sl Je il8/ada 50 5 (S/iled e naphtaléne s Endosulfane <
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30 25 1S/3ka10 4= y> Quercetine = <la e : END+Nap+ Que Axbull de gasall -
Sl e 1d8/31e50 5 1lS/ake 442 a naphtaléne s Endosulfane « 4sss

Dhiay Sl Galiiuadl de senall o28 il se :END+Nap+EXT 4l de sandll -
Sle J8/3de505 JS/iledde o naphtaléne s Endosulfane « 4483 30 205 #15/2.100
sl

Adaziall 3kl -2
Ll clise M g ) gl g i -1-2

Corgs gladll & 55 asii @l ) gaal) o 3805 5 padS ol B 5 V) G el Bules B
58O Balizaal) il 1Y) el 5 20Ul agall jualic o Cllleall Cilide 5l (saa pai

Ja) sl o Jguanll 4y s 222

asii 5 PH 7.4¢(0.1M) KH,PO4 s sl ki (g alaal3 g grall (e 2 3 oy

@24 3 ) all A 50 Cad 438y 15 JAA 552 2000 Ao ey gl (3 sasall (5 3S jall 3kl dylany

Ao 3 (o A8 30 8aad 38835599 9600 Ae s (538l 2kl ) puady g (AU e Sall an Sy

Al g sl il s o ) Bl () Ll Joaniall Al 8 3455 094 5l e
(Igbal, 2000) aull 48 sill 328y

(17) JSE0 L dam g GaSaTuY) Ay jha
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découpage | Broyage cellulaire et extraction du cytosol |

centri. du surnagy.
92600 rpm /30 min

& o o7y >
SoUL€e "0)/‘9,"'”7:»:

(Igbal, 2000) Azsandl LAY J 35 i padiind Jal ja :(17) JS&)
il i g sial) (MR -3-2

(Rustin et al., 1994) 38 jla cn Apaall LAY Glpui Sl padldial o
0 oabe Jglaae dand gn Judy Aoy G2 all Fe &) A%l o Laidls ¢(Fan et al., 2000)
soma adid ) adaly gl Al e el peall pall LA 5 aall Giliad (g S ala) g2 0,86%
250 «PH 7,4 <10mM Tis-HCL (e ¢sSiall (EDTA) aiial Jsladll (3 3 58l aun 5
shadl (e sV 4) Gillay 5 0,5Mm ethylene diamine teta-acetic acid mM sucrose
Ofie dusial (5 38 pall skl ddee ) sl il pliad) s sl B oy Sl 22y 060,55
LS el (e Blaa e Jgeanlly Joall alaies s a1 550 lay ¢ odlel ) Shall alaiall Jglaally
=D Jasin o g s sS sall FUEY) o END il 4l 50 (8 Leie o 5 Jleriad o
A3 S gl 3 giall
A i 58 gizal) B giad) (DAt -4-2

Jeaniall (5,28 giall Glaall (pa Uil Lpaall UDAL 4y 50 gial 3 sdiall (adlainl a3y
anall (A (53 oS giaall (Slaall dpend iy Cus oDl 5 oShall L i gl Gadladiul ke b 4de
O Al s Gaull acliadl 5 (20 22 — 24) il da o dnia g 4al ja) 2560 20 - 2



daxiiall (3 yhall 5 J5lus 5l B Jeadl)
I lial) il o5l e sae laal) 02 3ale ) e 4y a0 S gaall Adle V) (M aag Ultraturax
Jhas O sSie SH) LiUall dadall g la il Ay sead) AAle V) ol Jal Sy lldg 5 3K el okl dlee

(18) S GSH , MDA )aas NI SOD 5 CAT 32083 3aliaall iy 33Y)

-~ Brovage dans le tampon

d'isolation des mitochondries

(pH 7.4)

centrifugation
t 2X4500 rpm -15 min
morceaux tll' cervean

SS source de
MDA, GSH,

CAT, SOD
culotS éliminé ] S1 =
1 & =
débrits mem. mito & .ga’“
. . 52 P culot 1
homogénat centrifugé —> Lulot 2
3 . 15
210000 rpm . 15 min centrifugation
10000 rpm.
- - pd i
homogénéisation 20 min
centrifugation
10000 rpm. S3 éliminé
20 min lavage
D —— -— -— =%
S4 éliminé 5 Culot 3: Fraction
i mitochondriale
culot 4 If“ ¢ Culot 3 remis en
transféere dans .
suspension

un poter
Culot 4: lavé:source de suspension mitochondrial

S5: stroma mitochondrial, source de MDA, GSH,
CAT et SOD

Agpuand) LDAL 4, a3 oS gizall B gudal) addiad 1(18) Jsd)
.(Fan et al., 2000 ; Rustin et al., 1994)
Lapanl) DAY il paiS a5 J o)t (B g ammS oY) gl B pigal) Jal gl i -5-2
MDA S S i -1-5-2

sk cuas MDA ¢ sine by (uanll gl (8 0 aall 28 ) 50uSY) 8 oy

deldii 3 TBAR &l jpasill e 43, )kl o2 aaiad dus (Okhawa et al., 1979)

Zugieda,n 100 50a Aa3s PH: 2-3 omals laus 3 TBA (e Ciiia o MDA
() Jeldll Cua 4883 45 5ad]
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axiosall 3kl 5 Jilus 5l

H H
£ ca

hila kb ndizldehwde
[hiCwa)

SYN
e

caH

[H]
(4

o H

Acide thiobarb tunque
(TE.A)

Ho NYSH
=

ccaH

Dérive DAl |;:"|_"]:jﬂ-ﬁL_“,|2

Ccolordé Ben rose

S Joail

uaiar 5 n-Butanol d =S Jie g sae cude daul g Jeldll mU padlaiul (Say Cus
.(Okhawa et al., 1979) e 5l 530 4a 50 J sk 2ic (53550 o5l 53 3Ll

("3 Ll \.4@.}3:; Janiall \_1‘)..3&.1}5}@\ L FVEN Ji d}JM‘ e 0.5ml hﬁ j saly

15 331 22100 Y @il Llall s 2 (%0.67) TBA 1mls (20%) TCA 0.5ml <l
3000 Ae s (s 3Sall 2kl dlae (s yads n-hutanol (e 4ml 4all Gl sy a5 Al
Jsb e Spectrophotométre Jles A s AdUall A5 uall 430 guall ZAUSH 2ay 15 A&AYs 50

Malon

aiale) 2y JL=eS 1,1,3,3Tetraethoxypropane desiey 530 nm s e
gl &/ Jse il MDA 32s 5 s | dialdéhyde

Glutathion <) aii-2-5-2

idaul 5 GSH 5201 e 43y yhall o3 adiad (Ellman, 1959) 4& ay GSH ) 5 e a3y
(TNB) Jsis I 23 e (DTNB) 5,5 — Dithiobis-2-nitrobenzoique (e~
Dle Aol g3 038 ransy Laa ) jtea¥) 208 b A 138 aah Eus Thionitrobenzoique
il deldll s 412 M 4a 5« J sk 2ie Spectrophotometre
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COOH
COOH
COOH
DTNB + GSH ﬁ
s

TNB
COOH absorbant

@ —un—uwn

Acide glutathionyl-dithio-nitrobenzoique
NO,

spiall 5 Jyjsul) sl 5e 0.5 ml A (%10) TCA o 0.5ml by
B3 5 5aad (5 38 el okl dlead anli¥) pliad) oy WD 2ay A88A] S 3ol 2 5 o(20 S siaall

Agdall 4/6 5502000 Ac g

Jslae (e Jle 1.7 4d) Gy Ellman Jstae (e Qe 0.1 liia) Gl 8 pas o

(o 3483 5 x5 sl AHSH i clisus 5 jumnall Al idall (30 Jlo 0.2 5 (o3 sill alaial

sinie QS5 g dag pill udi (A pasa hlanc cssl 2o e il 412 Aa e J sk die Jelal)
(ol GSH €55 yaatl allaaind s GSH J s _le

Catalase U oo Y L) yais -3-5-2
A8 sl s Agnanll LA L x5S ga 8 pda 5 5 ) s 4 Catalase I bl e o
240 :‘-3}“ d)ln e @mLALY\ alads) ‘_Ac I\.A.UH\ oda Adlixd Cua (C'airborne’ 1985)
Y Jelitll Cusa Hp0, SIS oy i 5l

Ll A (AouSshal ssdall (Jadsindl) caiY) saadl s S0P pas S
phiall Jolaall (& yumss (19MMol/ml) S5 Hy05 dslae (e 2.95m1 4] by 56 Ll
240 NM Aase b o dpalaia) i dalic aiy (KH,PO4, 0.05M, PH7) (i sill
L A8y JS 2my 23 10 e e i gual) Galiaial) dad 2al el 4l J5Y) AsdN P
(Ul /min /g de protéine ) osis s alue JS1s aads JS8 430 gall 3aa gl a3V Laliall Gl
- 48V Aobeall oo
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ddaxiiaal) (3 yhall g Jils ) Sl Jaadll
Ul /g=(2,3033/ T) X (10g A1/A2)/g de protéine
Al A88al) die Galiatal) s A2 Y1 AESN die Galatal) s Al
el Jualdl) ;T
CAT
H; Oy ——2 H,O + O;

SOD pejil blii s -4-5-2

Gl (re Bl o 5 pasgl) [y JSU5 iy ¢ 3 Jali 33 ama (4885 2 0o 30k SOD

S e litl i anga 38 LS H,0, ) 075 disad sy 30SY1 (3.

SOD
20 + 2 HT —_—e 0, + H:0,

Ay Hla s 35 01 S sl 3 gdiall 5 gyl 2 SOD alis s o
L e a0 30 138 5508 e 43 Hlall s3a aaiad Cus ¢ (Beauchamp and Fridovich, 1971)

Lo Jsall Jelilll e =il O, 7ssY1 s (NBT) nitroblue-tétrazolium =S e o e Jelis

Y Jeladl 3 LS Méthionine Jie 05 5SIM ile 3525 4 Riboflavin 5 Oy o

Riboflvine+ 0 ——» 07,

Superoxyde+NBT » Formazan

dpalaial) (il ddaul o 43l (S Formazan &l O'p 4daul o NBT glald 13

0650 o LiSaly 3 g 3591 40Ky SOD Ll 538 5 (o ya 5 560NM G 5 J sk i 44 guall
e el o gy el dawg juamad S 43 plaedy Formazan ) NBT gla)) (o«
&= Aml « (NBT 0.176 mM) Jsls« &= 0.1ml ¢(0.01M) NaCN Cyanide de sodium
sl olaidl Jladll s Riboflavine (0. 002Mm) Jslss ¢« 0.15 EDTA (66Mm)
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ssdall due 5 Js)stndl de e Sl Aeliill Tl 13 Gilay &3 (KH, PO, , PH 7. 2)
Méthionin (1M ) dslae e 0,1l 4 sl

il oLkl Ll 8 clie sl ahie Jslae e s 5iay (controle) cossl sy
o o (38310 JA 15 Watts 450 zliadd 45 s daidl ) i) i e iy ilisal) Y
LLal ey ¢ B ) € e cUVE Jlexinls 560 M da 5o J ob e DU 445 gall A8UKY 3¢ ) 3
D) A sy @lld s SOD o Y

% d'inhibition = (DO ;onpie - DO scaaniition” DO coneriie) X 100

Bvie @il e s 6,35 3 il dus e SOD (UM ) 3 e Y Ialaall ey

O gl sasas

S g ) AgaS s -5-5-2

Ol cpleld e adiad Al g (Lowry, 1951) 48yl cava Clisi 55l 5 jilaa o
sl o (38554l 58 53 53 pall Ll Ll 5 W Jelii Cum Biuret Jelis e 5 e J5Y06
Jelidl gla ) sgd AU Lal gacl8 a5 8 sl

4laul 51 (Folin — ciocalteu) (phosphomolybdique-phosphotungastique)
o) gy Jalaall (s g 50l
Al a3 750NM 4 s Jsb 2ic 5 sSall Ol axy dailill 4y sl salall 435 gacal) 48U L8 a1
Albumine sérum bl Saiadl Jlaxisls mg/g tissu = <lisisdl 381 5 Glea

. (BSA) bovin

Glutathion S—transférase hlii aii _6-5-2

4kl o2a aaixi Cua ((Habig et al., 1974) 44k cava a3V 138 Llis 50 o
3aall ae Jelas ) Chlorodinitro benzéne (CDNB) Jeli saldd ay 31 13 (g 5 e
850 Tampon phosphate ¢« JSée bla jumat o jlaials GSHs GST wil JSil (4
s 54°37 die 310 33 Laddl 138 (emay s CDNB (20Mm) o 50l 5 (0.1M),(PH 6.5)
Jssisdl Ze (e 50pls GSH (20Mm) Jslae (e 50U Jadall 13g) Gl vie Jelidl
A5 guall AU ul&s | i i) alaial) Jslaall o (g sind i plall (il A 30l 4y sl jumaa
Al (e gl Coeat (3380 5 DA A3 S 340NM s 50 J sk 2ic
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K= ( DO ichanition - DO cnerzy) X 100/ (9.6X0.053)
(6 S 58 siall L) Al j3 -7-5-2

(Kristal et al., 1996) w52 5S sisall FUEY) o END U and) Y1 008 o

a3 pdle guanll muall (e dadde Jianiall (5268 gl Blaall 4 puall AAUSD sy &l

515 80108 4l llas (EDTA) o Jol.8 il pan & 4ipmaty Jofila] 3 i 4nadlaial

Flny) Gaad Gl i) e (18 ) Al iliay sl (e 2 1 220 ¢(6MM) Succinate ¢

(b 3 2y 2 (200pM) Coias S a5l s2a 1 (0-200-300-400 M) xS s (5 535S siall

5 JMA 4ady < spectrophotometre e Jueainls 540Nm As 5o Jsh dic 43 gual) A3
.(UV-vis mini 1240 spectrophotometere SHIMADZU, China) .3%

adl) clie A3 -6-2

(retro-orbital-sinus) cuell dai¥) 4y ) 31 (e pal) cilive 241 a3 AANAN 4 i) dlgs
OsSolall e JSI A sull 3l Laydlll 358 Cus Lu]2 33l Il alua axy Mg
Alanine) e JS simes Losdls oub S GASSEN Glay juadall S J g il I
oAl Gle LS ((Aspartate Aminotransferas AST) s Aminotransferase (ALT
5l (Tube héparines) oibued) o) hlaill sl saldd) e (5 sind canlil 8 aucasis adll (e
(Globule Blanes) sbaaull 4y geall il KU JSH 00ill ((FNS) daeliall s 45 5eall el
L5 (Monocyte) 853l cibalal delidl LA (Lymphocyte) < stiall JSI sl
Uxiaall Leliall LAY 5 (Basophiles) 4aeldll e lial LA 5 (Granolocyte) 4wall 4 lidll
glyaall Al @l & sy (Eosinophiles) dcadall delidl W5 (Nitrophile)
Csle saell

Ol gangll g ) paad) aal) iy S g Apeliall LAY a5 -1 -6-2

S dleainly Guglasangdl 5 elseall aall @l € 5 deliall LA & gane i o
Jas Y5 Al dteey JiW3l i Lappareil d’hémogramme ) e sasel)

ApibasS gll laal) 385 -2-6-2

A Y5 Ahall adtie Il jde 8 AibesS sl juleall i o
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JeSslad) JaS 5 il - 1-2-6-2

Glucose a3l 1S3 cus Kaplan et al (1984) 4 yha caus 35S sla 5 plas Coad
€ gl a3 Jany ¢S elall 0585 ae Gluconique oaes ) 35S skall oxydase
Jgn 5 o8 bplaall Jslae 83 5a sall 4-Aminophenasone sauSi Luiis Jle (peroxydase)
ie Aagall 8 5S glad) 3 5 ae 4508 anlil (O sl yeal QUINONE S e 0 sSH inn&Y L)
A Y aledd i a5 505 Za sl s

D-Glucose + O+H0—  Glucose oxydase — Acide Gluconique+ H;0,

H,O,+phenol+4-Aminophenazone L » Quinone + H,O,

— Peroxvdase

G0 Sl Jeldll Mg e el W camiy Jeadl ejids K]0 38U
Glucose oxydase (2,6mmol) s peroxydasse (1000 u/l) s Aminophenazone (10 u/l)
. phénol(0,3mmol) s Tampon Tris PH7 (100mmol/l) 4Lyl

A ) Alokeally oS shad) 54858 osnany

D.O Echantillon

Glucose (g/l) = , =1

D.O standard

Lol JaS 5 palli -2-2-6-2
p2 ik Jeadll Jalzy Balleterl et al (1961) 48y Jlesiasly ) sall 38 3 0 o
Salicylate g _aiall a s sa¥) il ol Jelii ca s ga¥1 5 < g KUy a3 218 Urease
da sall Jgha ie 4 gual) AU T )8 umd W () 5le 3820 A1S5a Hypochlorite de sodium
Al Al (385 sia 53590

Urée +H,0O, +Urease » 2NH3+CO,
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Ol S 38 8 S -3-2-6-2

<) Larsen (1972)s Henry (1984) ¢ JS 44 )k e il SI 3 plas (8 Liadic
S 18 () sla diaa SSEe (il KU e Jelily Cun (g 18l Jasi gl 8 by QU1 (mas g Jantiany
492nm A sall Jsh 2ie

AN @l el 38 5 S -4-2-6-2

ials) a5 (Fossati and Principe, 1982) (s JSU 4 slll e 391 4y phall el
Js=ir Lipoprotéine lipase i sl 3 dad (aleaal s J s pmde ) A8 iy jaunlal)
Al 3 ghall 4 Glycerol kinase m») 4daul 9 ADN s Sl 8 3 Jgpmls A J g pedall
Glycerol-3-phosphate a3 il st aaansV) asay 8 ling 3 Jspmals 2l
i) il cand A 138 ST el 5 liag st (S50 S oS e ) oxidase
Quinones ¢ ) Js=% p-chlorophenol s 4-Aminophenasone 25> 5 45 peroxidase
Crn 505 dase Jsh die Ll 3 A Gl julall 3 55 a0l aulis ¢ o5l g3
- Al Y alasl)

Triglycerides +H,0, Glycerol + free fatty acids

— Lipoprotéine lipase —

Glycerol+ATP  — Glucerolkinase  — Glycerol-3-phosphate+ADP

Glycerol-3-phosphate+O, — oxidase —»H202+Dihydroxyacetone phosphate

H20,+P-Chlorophenol+4-Aminophenazone - peroxidase —> QuUinone rose +H;0,

AST (GOT) SALT (GPT) ¢ 8 a3y Jaliadl) 3485 .5-2-6-2
ALT(GPT) 2 (Y hlail) pasi-1 -5-2-6-2

AUl Jelal) ol ga padiul o35 Bergmeyer et al (1978) ds ks 3 plaall
5 L- Alanine (500mmol/l) <5 ax 2 30 30l 4a 3 A& Tampon Tris PH 7.5
Jelalll 245 ketoglutaric acid(15mmol/L)<NADH (0.18mml/L)<LDH (1200 u/L)
s AUl Y aleall Lad

a-ketoglutaricacid + L —Alanine Gi»L-Glutamic acid + pyruvic acid

LDH

Pyruvic acid+NADH*+H*+ » L- Lactic acid +NAD*
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axiosall 3kl 5 Jilus 5l S Joail

AST(GOT) (s i¥) Bladl) ikl -2 -5-2-6-2
Al Jeladl) o sa alaaiubiBegmeyer et al(1978) 4s kv 3 jalaall
Lsie da 3 303,0al 4a 0 3 (PH 7.8)(80 mmol/l) Tampon Tris abiall Jslas
o -ketoglutarate s MDH (600u/l) « NADH (0.18u/l) « aspartateL-(200mmol /I)
s Al YAl 6 g Jelall o3 9 (12mmol /1)

Aspartate + g¢-ketoglutarate + GOT —> Oxaloacetate + Glutamate
Oxloacetat NADH* +H*+MDH ——» Malate +NAD*

duilasy) dul ) -3
syl gl 23 g g mall Gl iV COLlaall das gl 2 S5 o gl cylac
ASl L@l £ J 4wl dadll  Student test. Jlexiuly S llaall Ao giall adll 45 jladl
Laall jlas s 38l de ganall g Cile ganall Calide G e (DAY
S5 e 3l =0.05 <p
s 341 =0.01< P < 0.05
Aadl yo & gieas 34l = 0.001< p <0.01
Aadl yo 2 4y gieay 98 0.001 > p
EXEL 6.0 g=biodl Gukly ddlasll jaliall oda Clus g

48



QA il
ED




ALl gl A il

Lﬁl.'\db @lﬁuﬁ\
Agand) 40800 o D s A sl dgal) o cllaleal) Calidal cand) Y1 all -]
MDA S5 -1-1
G sime e Lliia 1,80 i datiad) codlabadl o (2) dsaall 8 A saall bl g
lalaall U gall de gana i Ssima e t\sq_)\d;...u&:\; (avaxll 4141 dj_)jl’-wg_é MDA
daul g ezl I35l 2ie (P<0.01) ¢ (P<0.05) 4:s=e 33h)s <Naphtaléne o ¢
(19) J&l Je END + Nap LeealSs dlaladl &lli s ENDA

1,2 - * %
% 11 B Témoins (ED)
E 0 8 a b il b e
E Y * e 44 O NAP (50mg/kg)
S T +
S 061 ns | +
5 3 * ® END (2mg/kg)
) +*
S 0,4 A +*
o : 0 END+ NAP (2 mg +50
S 02 - \ $ mg/kg)
=
*
04 ﬁ + .
Groupes de rats traités

Ol duasll LAY J 5 ) st 8 MDA dad Gle cdlalaall ciliae 13l :(19) Jsil)
Gl g aalall G lleal) o gia 45,80 N=6 ‘Lﬁjw\ ol )W) £ Jaus glalls Lgie | yuma ("‘ﬂ‘
FP<0.01; *P<0.05. Student t Jlis) Jleatinly
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ALl gl A il

Al g sl ilifi gyl g GSH (g 38 5 -2-1

LAY Js)sime 4 GSH 3855 & Anlie 4giee 3ab) ) ddbisd) clabeall ol
Alalaal) Gl gand) g2l (P<0001)} (P<001) (S sina &\A.U\ das ol G ¢ 2a LAl A5 Hlie Anvaal)
(20) JSal e il e e callianl) g il g2l g el sl Alaleal) @lli 5 ¢ cplliaally

Al el n Al sand) iyl S 5 (21) (85 JSA 3 Rin saal i) Rnade
e genall gaen 52l o 3K 3 & (F%4P < (0.001) 5 sime abiadl Jaw Cun Aaluadl 3 sl el
ALEN e ganally &5 e Gl 551 e callial) 5 A ¢ il gL Alalaal

1 -
:E\ 0,9 A
S 081 ok ok . B Témoins (ED)
€ 0,7 - T
€ s O NAP (50mg/kg)
m 1
g 051 D END (2mg/kg)
= m
S 04 - g/kg
2 03
> 03 FIEND+ NAP (2 mg +50
I -
5 0,2 mg/kg)
O 0,1 1

0 .

Groupes de rats traités

Al ) e pandl Calite sie Rusanll LY 3 555l GSH 35 uid +(20) Jed
Sl g Ll el o sl &3 laa cn = 6 ‘Lﬁ)lﬁ*“d‘ ol W) 4 Jaw giall Leie \)gme:.\ﬂ\

CFERP<0.01 **¥*P<(0.001 . Student t il Jleatiuly
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ALl gl A il

QEND+ NAP (2 mg +50

\ mg/kg)
N

Groupes de rats traités

(4]
o
1

300 -
E
2 250 1 & Témoins (ED)
0 i kk k
§ 200 % aNAP (50mg/kg)
— %k %k k
S 150 { T
2 NEND (2mg/kg)
W
3 100 | N\
w -t -4
[+]
c
5
o
o

o
|

Cle senall Calise die dpuaall LIAD 8 4y gl Gyl 5S 5 e 1(21) JSad)
Ol illans sia 4 e = 6, e ndd) CaiY) + Jans sially gie | e adll il gl
*¥#kP<().00] Student t WS Jleaiuly ¢ 2aldlly

Catalase a8 hléi-3-1

clially Alaladll de ganall 2ie CAT blid (s sia & (P< 0.05) s 5ime (alddi) Ja
Gl 52V Alalaall de ganall 2ie (P<0.001) 5 ¢lilus s23YL Alalaall de sanall 2ie (P<0.01) 3
(22) JSal 5aaLal) de sanally 4 jlie e il

0,3 -
*

0,25 m Témoins (ED)
o
= 0,2 A
a > Hok aNAP (50mg/kg)
T
S 015 1 T S * %k
g N SEND (2mg/kg)
: 0,1 T b4+ 4 gooo
S 29940004 nEND+ NAP (2 mg +50

0.05 mg/kg)

0 - \ '
Groupes de rats traités

Aguanl) LAY 8 55 sl Catalase a il blis e dabisd) codlaleal) Ll £(22) JSi)

¥ P<0.05 ¢ ** P<0.01 « ***P <0.001 «Student t JLid) Jleainly &l
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ALl gl A il

.(GST) Glutathion S-Transférase 5 SOD 3l hldi -4-1

Cilide die Lnaall LIAN (8 o) sisedl SOD il Bl i il (23) JSE) e sy
a2 NAP 5 END (osense Yo (gsine po palidd) Lady 3 Al cle sandl
( 224.8+34.154 Ul/g)salill de sendls 4 )30 188.8 +14.503U1/g 5 208.7+27 Ul/g
Nap +END ie sexdll 2ie (** P<0.01) dlle 4 sinar o 3391 130 1Lk A Caaddi) (g b
Lalissl  (24) JSall 4 Dsaad) il DA e Badly oo 8 5Ll de peaally 4l
45 Jlie Alebaall 4 pall e ganall IS die o) sisall GST il balis & (P<0.01) Lisine
3L de ganally

300 ~
250 - T "
_ - e B Témoins (ED)
9- T k%
a. 2007 N O NAP (50mglkg)
E |
9 150 ] e i b e
é :¢ : @ END (2mg/kg)
Q 100 - 444
8 *444 M END+ NAP (2 mg +50
444
50 - 444 mg/kg)
444
& +o44
0 - ‘a2 2 .
Groupes de rats

Aoanl) LI B g5 shad) SOD il bLi Ao ddlidal) clalaall il 1(23) Joil)
WLENL Cdlalaall clau gia 45 8a N = 6 (s kal) il adY) + Jaw gially L | e addl)

NS gsira ;& ¢« ** P <0.01 . Student t L8 Jlanialy ell 4
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42814l 5 il S Joadl

0,35 T
S 031 T —
© B Témoins (ED)
o * %
o 0,25 A
S ok * % O NAP (50mg/kg)
= 0,2 A
v -
g 0,15 - & END (2mg/kg)
; selbe
2 017 44 MY END+ NAP (2 mg +50
o Laadld
— | re el mg/kg)
0 0,05 HEY
O b b

0 - e e ol |
Groupes de rats traités

A gl e panall it e Taall LAY 3 L 5 sandl GST L i 1(24) g

s Jlnal) G yai¥) £ Jan sialls Lgie | yema aill | 1 = 6 2 LEIL Cidlabaall cillaus sia 4 )lia
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ALl gl A il

PR TR

Slaall el @l 4 Ly A al bl o) gl Aol s deall dpedl (S

Parkinson 41 = e Jie dasanll () 50 Ll L ¢y ylaal) cilalal) 3aaaie <l g IS 5 el
Al ol gall 038 (e SN V) cmnal & & Neurodégénérescence (suasll il
sl 2gall gl IR e clld 5 dpa)¥) Lol se ol Apla¥) Gl yal o) g Lginans 45 yea
il jall dealea ol Cun oy gumall dpaa sall jataal (e maall ol Gl 58 5AY) 138 0 S
oe i ((ROS) Al At &Y JIKEY) dasd 53 ¢ saall 5 i gl GADN ) Jia (S
ClS o) par ligig oyl Addag plais o sall A ) 5auSY) Aol g dpplall Ly 8 s el
ADN JI (s siua e ddlina il jih i) Iy edpa 30 shans g Ailie O iua g S8l 3 Ay il

Cle ganall Gy any s sl MDA i JMA (e Lle deaniall i) @ kil
oaldasl ol lae g gaall 438 gl 5auCY) dolee 8 5 S B2l ) Guliil) 5 il sasD A geal)
(6 sise B 3 Apnanll LAY 3 liall Jalill o) 8 Alla ladd Gl Lwse 3 oall A2 V) A g
Calida 833 5 gall A 50 3al) o) 5 )l aiaalea (o 3 2 5% sl 8 (s2uS Y (50 (O)
L V) odgd il clisis ) aaley LS Ailiall chland sin gall Lulod 0SSN Ll (aleaY)
e ¥ A dpanh e Glabaes s JS85 ) AUl (505 Lae AL i 5 ) 5 COLELLIS
(Il (33 55 5l (o simall plasd L 5 4 sas)

) gaall Alalae gl ) 5 (Vuchetich et al., 1996) i ae dl jall sda il 38 53
§ e g 1) it Cum ¢ pmanll Jleall Je o yili s adll 33 5k Ge NAP (e 100mg/kg de s
ildxe 23 (Omurtag et al., 2000) Ll doosi i) Luiis MDA 485l 2SY) il
lae A5 simadl MDA 8 s sie glii ) () dlaladl ol Cum Lagy 30 32al Ao ) (puiiy o ydll
iau) s NAP oliiul die @lld 5 uanll Sleall LA Pladly eliall Ag Gle A s
zW a naphtaléne 1,2 époxyde 1 ,4naphtogiunone Jie ducayl o se JSi 5 ey il
Liis Jead Al 5 Lpanll LAY J212 ROS J (88008 5ab 3 o5 3l g H,0, 4 s
LAl a3 e ML 5 dliad) claglll 5 ADN sausi e
.(Baghi et al., 2002; Sotchs et al., 2002 ; Motandon, 2005)
e s sing A GSH SO aginll L (e ¢ sansSlll 53 gill aia £ 1823 jeal dpaldl 40A0) Jasius
A 30y ) i Aleall g liall dlec (e pdie (5 e o 5auSOU 5aliae SH dals ik g e gana

(Morin et al., 2001; Emre et al., 2007) . sl ROS -
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ALl gl A il

Al 5 IV A sl S pally 4Ll Jly A5V cpilly 2081 3 ROS- 335 GHS 48l 52
g Bk Lelelis il DA e 2 Ll (GST w3l il st AHPS A 3 sal) Jie
(Drignen, 2000; Smegne et al., 2006) .GSSG 28 sall JRAN dudasa 3 all <l ) all

LAY e el b gl Jalall GSH (s sime Lalidd) Cigan Gl 50 3ae Canal

JS =ly WS ((Behl, 1998; Ebadi et al., 1995) Parkinson, Alzheimer Jic 4zl

3uSY) Clabizas 5 300SY) G i o o)) st e Lliall & las age 550 GSH 5 GST
Adail) g€ V) QIS L jaall 2Ll LA i 23 Alls 8 Prooxydant /Antioxydant

Oe ol 5 22 GSH J (s 51l (5 ginall (5 sina (mlias) ) (Smegne et al., 2006) Al 2 s
sliae YU 4 jlie dygmnl) LAY 3 Laph of e (i ) 48la) (NAP 8aley <l guall dlalas
| oY Cus (Emre et al., 2007) ) Jeasi daiill uds (Drignen, 2000) A

.Benzopyrene ¢ 200mg /Kg 4e e Gl gl dlalas 22y nanll GSH S 3 (alaas)

Aldlae 2oy ol 5 25 1) Al (0 S 3 (Omurtage, 2010) Ll dua st il i
NAP J dacall) ol sl (any (e dadlill suadll duanll (Rliasy) 138 aa )l s NAP 33l o)y
Ay de ed) g 38 el danl o i Gl « Naphtodiol s Naphtoquinone il
.(Vravaidya, 2004) )il o oll (3 GSH <l il 5 lBlgind 334 )
Alzheimer g e (e Oy (Al sl o Pasten, 2007 L ol 4ul s caua gl LS
GSH (e Uaidia (5 siua o dnanll aaldA (g 5ia

daiy 3 Al dlaall o sall el & 35 dlae (50 (LU shall YA Tas age GSH ey
& Lage 192 by WS (Tbrahim, 2008) 4xs Jadl g dallall of sall e ol Gl & 339 Jas 3
- ddagije Cldiee JS3 Apan¥) Lol ges AbAall ke 6 IV Al o) sall (e aliilly g laa)
GSH a5 WS (Smeeyn et al., 2000 ; Chen et al., 2010) ( (GSH Conjugués)
.(Shechan, 2001) <l 48 5 30uSY) e A3l 3 sall dpans (o paliill Jia (s AT aills o

i) gl Cile ganall JS die GST arl Bl (8 (5 sine (alidil duljall o gl el

J<a I (aladsy) 1 gl ) oSary bl Ao ganally 4 jlie Alexivsall Al af sally Alaleall
S oY) Cliiiey Alcene Gl Jie dsdl sdgd ¥l Jeadl OO Alad o) e
oalaas) ) Al pal) eda il el GST m Y Jel o ge uiad Al 4y gaaall 2S5y 5 el 5
028 (381 53 ol dused 32l (pllil) (e 50MQIKG Ao s O3 sadl il dlalas die GST ay il Lalis
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ALl gl A il

s e Benz pyréne il 4wl xie (Kiruthiga et al., 2007) 44) dua s Lo g il

Jucial GLEES) 5 il Bpaal e o) 3i5 Naps END o IS5 aalaal) o il &yl
Cun ouandl aud) Laa il 5 il Gialall Giila (s Synergisme sk Jad 3
Legr ) gall Alalaa axy Gialad) o) Gla (S glal) Jaall 3 g 5 A jall o2 il caiy
51 32083 Balizaal) Jal sall (alids) 33k 55 dsandl LAY e ald) W pils ¢ lasl J3A (e 3
138 3 g 5 b Hall e el Cina ol LS (MDA s2usSUl 53 6il) 3 g 515 5 50l Jal sl gL )
Jad 3sa s el Cun el ) Cudeel Laxie Cut il s NAP Jald o glail) Jadll
Lpan il cand 3auCU saliaal) dadaiV) delas Gmlianl dagh ganslll gl sy 8 sk
.HAP

oSl s sl ) H,0, dlssi 4 Lulid )5 Catalase myl sl
dananll LA GO ) (5 slad) Jau ) (e Laia 43l 5] (5053 3 (Racheo and Gousesa, 2009)
(Ahmed et al., 2011) 2.8 sliaaS agall o 5 sal aanl 5 138 5 Feall 8 eliusin
- Al 3l xie Catalase ml blis b s sine e (alisil ) Al jall oda gl
HAP o <l sl dlales Ladie o Al cpfialy Ll doa 5 4 o0 05 2 (38055 1385 . NAP
o=lea) 1 sy (Ambuslvan, 2007; Kiruthiga et al., 2007; Oto et al., 2010)
Lalud) o sl a8 daiiall 3 Hy0p e 5SS elSiy dald dic oy 3V 138 Gl ity
.(Xenobiotics ) 4 &l

all Laaisy Cus iy pll e € S anslill il b e Sl 53 s )
i gl 40323 HSA5 ) padll o3 G e AIAN 8 A sl Tk 5 Leilag ) (g0 Laa dpadall
Lalad Ll g g Lgtanda (j)lagd 1) A8LeaU Led ACaal) (mlaa S dilad) Sl a0

.(Barbara et al., 1997)

ve Ay ) sl Clinpll de gaaal (sgire e (Rl ) Al Al eda il s
A5 sianad) i g pll o add A o sl ja g g a2e a2 ld L NAP @ dlalaal) il gl
Glose Cun | ol all Ll LAY e cy gl s AT dlagl dlln o Y1 dguaall LAY b
Gsinall S Galaas) ) cals del 24 J3a 50 mg/Kg Y 0 mg/Kg o ddiaa 380 i
.(Choi, 2007) <l s ull s siad)
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ALl gl A il

(**¥P < 0.01 «** P <0.001) 5 sine (aliai) ) Sl i gll @l ydige il yui
alidoy Aalaall 4l goal) e ganall vie J5)shndl 3 i il Je CAT 5 SOD (e il halil
Lo (Blary da il A sV JSEYI A ) 8 laa ald 50 (nen 331 0 Al o) sl
&> (Altuntas et al., 2002) dLiSic 465 H,0, 5 Oy 208 358 (il g0 JSAIY
Alalaa 2ay danand) LAY & M sbu & ROS J ) 3508 30k ) g 30 0t mléas)
Laaid Lae Ay s ) <y Jall 3all ) sdall o3 aaled Lea LagdSs 5| Napsl END o <l sl
sl a3l diaall S Ledalis da s LeSginl 4nlSa) ) ALYl ddadall 4y
.(Kalender et al., 2004; El-Hossary, 2000)

2mg/Kg = dlleall 013 all e il dliae o cyjal Al dulj Caun
SOD s CAT e JSU (5 sixe (il canlad 6 324 adll (33 2 0= Endosulfan

AN 5 2SN (e IS 8 bl i ) s Al Al o clasis | (Kalender et al., 2004)
(e ¢ 20mk/Kg 4= > Chlorpyrifos J) auad (3 all S Gl e Ladie all 5 uiall
Al Ll 85 €50l ) ) Aleleall il s Jeall (e e el asdl e ) Gualid) a5l
.(Zama, 2007) MDA ¢ s b gléi)) J) dilayL CATSOD
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A8l 5 el ) Joadl
dppanl) LAY @iy 368 gia & END (o) JAY) olad) Quercétine (S80Sl il j2 -2
lantl 48 681 SausY) a8t _1-2

Osn A A8 Gl 5080 g 5d5eS MDA i b Lgle Joaiall il DA (e oy

2 JGEND = alabaall 3 jall vie (0,185+0,015n0M /g ) 4asis (p < 0,01) 4sine 2a 534 )

e MDA J s st Lsins ity ol Lin (0,109 + 0,009 NM / @) 5L de sandll,
(25)J<all ( 0,113+0,0010) nM/g) Que END ) (e JSs Alelaal) de sandll

0,25 -
02 4
)
© 0,15 4
£
S5 O Control
.‘? Endosulfan
§ ‘I’ M Endosulfan + quercetin
g 0,1
=
0,05 4
0
Group

Que 85 Jaill 5 5 S sndl MDA s siase e END Ll o(25) Jsal
Gly 5 2 lall EOlladll e gie 43 )i N=6 .5 kel Gl i) Hhas giall leie juaa Al
J*P<0.,01 Student t s Jleainly
Gl g ) paii-p-2
de ganall die 4,00 S glall 3 gdall Clitig (A (p<0.001) g sime  alisdl Lo
Olilis 5391 5 Gpiann ;SIL Alalaall G sanall die (5 sine CaDEA) Jaus al ety (il 390 Alaleall
(26) IS saalall de seaally 4 )i
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ALl gl A il

900 +

800 -

700 +

600

OControl
Endosulfan

M Endosulfan + quercetin

400 +

Proteins pg/g

300 -

200

100 -

Que S Jadll 5 ()13 ) vie 3 )i oS ginall i 5l (5 gine Ao END i 1(26) Jsil
Al 5 alall el Slau gie Lijlie N = 6 skl GlaiY) tlas gidl Lie e all
Axdi e aa Ay sinay AN **P < (). 00] .Student t olia) Jlexinly
.CAT, SOD 3ausH aliiaall cibay 331 Jali s 3.2

& @l il salVL Gl gall Adlaa o (128 5 27) CplSEl 8 A gaall il cuiy
O 8Ll i) pall 4 e SOD s CAT il blii & (P< 0,001 ) (550 alids)

Gl 531 G Alalaal)
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ALl gl A il

GSH s -4-2

WAL (5 0 sl GSH (6 siane b s (i 29 o8y JSEN 3 Aial) giliill & el

3auS dliaall pdigall 138 a5 il Ciaef s (il sl Alaleall Gl gl (gl dyuasl)
sl Alalaa yll Ul gpally 45 )l5e (0,088+0,09NM/g) < L8 Cua (P< 0 ,01) (5 5ine alisil
2 (Rl Que Aallaal) de sanal) I & el 5 AT dea g5 (10,4750,02nM /g) Ll
dc senall Gl a5 gire gl ) Jaws LS LAl 45 )lie (0,433 + 0,074nM /g) o size
Sl sl ) sedn ey olile sl Albeall el Dl lalu a1 g i S Alaleal)

0.6 5
0.5 - 'I'
0.4
O Control
O Endosutfan

B Endosulfan + gquercetin

GEH activity fmmelg)
=]
L)

&
(X}
A

Hew

0.1 4

Group

.Que B a5 50 S siall GSH e END  (oand) Jadll £(29) Jol)
Axdi yo 2a 4y gieay 3l F¥#P<().00]; .Student t i) Jlaxinly

(5.2 58 gial) FUEN Alas yyal il 52

Apliall 438 e END Jad 4 jre Chagy OIS sl 8 (5,0 ginall FLY) o ()

b il Celal Cua Gidaglls el LelalSil 5 Al ol s Al Ly S sisall
DS s Lo Ll canliyy | paiie Lialids) o0 S ginall sleall 43 guall dpaliaial!
AV (52 S siaall FLEBY) 3ol ) Cpw Lae ¢(30) JSEN (500 oS giall cLial) 4 END A 3) yiall



A58l 5 il Sl Jaal)

Sl sl (31) Al JSAN b da el sl @opedal Jiaaly capall Bl Jiall 3051 o3a

038
08
0.7
E 06
05
& e

o

S 03
0.2
01

0
[END pmol] © 100 200 300 400

Ol gs 551 (55 5S gl FUEBY) Alae a3 il a5 1(30)JSEY

03
08
07
06
05
0.4
03
0.2
0,1

0
ENDuM 0 100 200 300 400
QUEpM - - 200 - -

DO (520 nm)

Oiame S Al g 581 (5 538 5 gl Y1 Alae 005 S gy 1(31) S



ALl gl A il

-

A8

ol gall IS alay) o D) A8 ol Aga oo dabs AilasS B3l JS Ll (do ol Ca gl
Cilanal) s3a b je 28] Lo A5 f Lol g Lete ) oW dae ) ) 31 Jualaalli 3 paall 4y piall g 4l
A 25 el g LYY 85 5 il ) Cadae | s el sl | S Lalas

3 jlucall coliluil) g ) pdall Tt gl dals o se e B le Colanall x5 AT dga (e oS
Gl JS s Adlall oda 6 ddagiie Cud AT LK @l oy oS e Al
ax Msall a3 S5 lal) (e ESH a8 Gl i) sadl e Aadlll ol sall g Al
s Al L) Al glall s jltie) (Say Sras b ilSE5 ab gai cagilin o 3 phad s Al
3 @A sl ladl) Al djles e il La e LS colall g 4y 5ill 5 o sell 2380 43 sl o gl
. (JaWich, 2006) alt=ll

Cancérogénes, Mutagénes et Reprotoxique 2 se sl Ciad Glanall (e 232l 2a
ol seY) g AR il il 5 dgta pud) () ja¥) (e el LSS & e 0S5 Ml (MCR)
.(Sauborn et al., 2004) g dic adall 5 cliall Coriall g daliaall dyuaal)

Al Aslaall 83 S 3 piiall Gl dall (e de gena Badatall A gidll LS el JSES
30S 3aliaall (yal pAll Aayti 400 gall g doa o) gudl Ol e el o) gadl oda aled juciyg
.(Bruneton, 1999) dalall culul jall zil (e el Cos lgia SN jpad Al oo juil)

Jeall o Aaih Ay guae sale iny A END ) Aews (530 anis ) Al jall oda Caags
138 dgpanll LAY aids ol 5 A 5all JalSill e daludl o T dala g cojladll il s vie sl
<a5_mall Quercétine Jie <Y sidll Clasaia aaY A5l Adladll jLA) Al dga e 5 hen (0
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i) L) ga il Aats ACEA L W) 5dal) (33 sl (e @lld g el )€ gLl D 5 sind)
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.(Benlhani et al., 1987) »all i sS JS&5 (e Y ghase yiiay (3)
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AMP-activated protein kinase _lwe Jsad Gk e 320 oLl A& GLUTY
.(Bahhadoran et al., 2013)

O i L 5 Adaiall Ay oY) JISEOU Al ) i) e Adledl) 300 ol &S
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Résumé

Résumé

La toxicologie environnementale est, de nos jours, devant un grand défi surtout qu’elle
s’adresse a 1I’étude d’impact des polluants toxique sur 1’organisme vivant des populations
générales, contrairement a la toxicologie professionnelle ou pharmacologique qui visent des
groupes limités dans leurs milieux professionnels et médicaux avec une approche
diagnostique et thérapeutique bien connue. En effet, beaucoup de matrices biologiques
alimentaires sont contaminés par des pesticides, des hydrocarbures aromatiques polycycliques
et des metaux lourds avec des micros concentrations négligeables au quotidien mais qui

s’accumulent en chronique de par leur solubilité dans les différents organes.

La présente ¢tude porte sur I’effet préventif de quelques composés bioactifs tels que la
vitamine C, la vitamine E, la quercétine et I’extrait phénolique du zeste d’orange Citrus
Senensis, contre I’impact toxique d’un hydrocarbure aromatique polycyclique, le Naphtaléne
et I’endosulfan, pesticide organochloré, sur le cerveau et le systémes immunitaire. Les
résultats obtenus ont montré une variation significative du statut redox neuronal tant
cytosolique que mitochondrial. En effet, 1’endosulfan et de naphtaléne administrés seuls ou
en mixture aux doses respectives de 2 mg /kg et 50 mg /kg, a montré une perturbation de
I’équilibre Prooxydant/Antioxydant dans les compartimentations cellulaires étant donné qu’ils
ont causé une chute significative du niveau de GSH, GST, SOD et CAT cytosolique chez le
rat traité par ces composés chimiques. Les résultats de ces travaux ont montré également une
augmentation significative du MDA cytosolique et une réduction hautement significative du

niveau protéique cytosolique a été également enregistré comparativement au groupe controle.

Par ailleurs, les résultats de ces travaux ont signifié une diminution trés significative de
I’activité enzymatique mitochondriale de la SOD et de la CAT parallelement a une chute du
taux de GSH. Par contre, une peroxydation accrue a été enregistrée via 1’augmentation
significative du MDA stromacale, suite a 1’exposition des animaux a 1I’endosulfan seul a la
dose de 2 mg/kg, témoignant ainsi d’une perte de I’intégrité des membranes mitochondriales.
A D’inverse, I’administration de la quercétine (10 mg/kg) associée a I’endosulfan (2 mg/kg) a
pu prévenir cette toxicité neuro-mitochondriale chez les rats. L’étude in vitro de I’intégrité
mitochondriale a montré, en présence des concentrations croissantes de 1I’endosulfan, une
diminution de 1’absorbance des suspensions mitochondriales, démontrant ainsi que les
mitochondries subissent une entrée massive de [’eau via D’ouverture des pores géants

mitochondriaux en causant leur gonflement. Par contre, les tubes contenant I’endosulfan et la
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quercétine ont affiché une absorbance comparable au tube contrdle, ce qui renseigne sur le

maintien intacte de I’intégrité mitochondriale ne permettant pas ce gonflement.

Cette étude a montré également un effet toxique sur les systémes immunitaires et sanguins a
travers une augmentation tres significative du nombre global des cellules lymphocytaires chez
les groupes de rats traités par la mixture endosulfan et le naphtalene. 1l a été constaté aussi
que dans cette méme étude, une réduction respective significative et tres significative des
granulocytes et des monocytes. L’évaluation de certains parameétres biochimiques du sang a
fait apparaitre une déficience de la fonction du foie, rénale et pancréatique via I’augmentation
significative des enzymes transaminasiques dans le sang (TGO et TGP), du cholestérol, des
triglycérides, de I'urée, de la créatinine et de la glycémie comparativement au groupe
contréle. Parallélement, les substances bioactives utilisées dans ces études, ont prévenu la
survenue de ces perturbations dans la fonction de ces organes chez les animaux exposés a ces
produits organiques persistants. En conclusion, a partir des résultats de la présente étude, il
ressort que I’endosulfan et le naphtaléne sont pourvus d’un pouvoir neurotoxique et immuno-
modulateur a des doses environnementales, que ce soient administrés en individuel ou
associés chez le rat. Par ailleurs, il apparait que ces produits organiques persistants modifient

significativement la fonction hépatique et rénale.

LesMotsClés:

Hydrocarbure, Endosulfan, Naphtalene, Pesticides, Systéme nerveux, Systemes immunitaires,

L’ extrait phénoliquedu zeste d'ronge, Vitamine C, Vitamine E, Quercétine, Mitochondrie, Stress
oxydative
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Abstract

Environmental toxicology is nowadays facing a great challenge especially as it is addressing
to study the impact of toxic pollutants on the living organism of the general population, in
contrast to professional pharmacology or toxicology which target limited groups in their
professional and medical milieu with well-known diagnostic and therapeutic approaches.
Indeed, many food biological matrixes are contaminated with pesticides, polycyclic aromatic
hydrocarbons and heavy metals with very little concentrations that we consider such
negligible daily doses but which could accumulate with the time because their solubility in
different organs. This study focuses on the preventive effect of some bioactive compounds
such as vitamin C, vitamin E, quercetin and phenolic extract from orange peel Citrus
Senensis, against the toxic impact of a polycyclic aromatic hydrocarbon, the naphthalene and
endosulfan, as organochlorine pesticide on brain and immune systems. The results showed a
significant change in neuronal redox status in cytosol and brain mitochondria. Indeed,
endosulfan and naphthalene administered alone or in mixture at the respective doses of 2mg /
kg and 50 mg / kg, showed a disturbance in the balance prooxidant / antioxidant in cell
compartmentalization since they caused a significant fall in the level of GSH, GST, SOD and
CAT cytosolic rats treated with these chemicals. The results of these studies have also shown
a significant increase in MDA cytosolic and a highly significant reduction of cytosolic
proteins level was also recorded compared to the control group. Furthermore, the results of
this work have showed a very significant decrease in mitochondrial enzymatic activity of
SOD and CAT parallel to fall of GSH rate. Increased peroxidation was recorded via the
significant increase in mitochondrial MDA following animal exposure to endosulfan alone at
a dose of 2 mg / kg, reflecting a loss of integrity mitochondrial membranes. Conversely, the
administration of quercetin (10 mg / kg) associated with endosulfan (2mg / kg) was able to
prevent this neuro-mitochondrial toxicity in rats. The in vitro study of the mitochondrial
integrity showed, in the presence of increasing concentrations of endosulfan, a decrease in
absorbance of mitochondrial suspensions, demonstrating that mitochondria were received
massive internalization of water via the opening giant mitochondrial pores (MPTP), causing
them to swell. Inversely, the tubes containing endosulfan and quercetin showed similar
absorbance to the control tube, which provides information on the maintenance of intact

mitochondrial integrity which not allowed undergoing this swelling.

This study also showed a toxic effect on the immune and blood systems through a very

significant increase in the overall number of lymphocytic cells in rats of groups treated with
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the mixture endosulfan and naphthalene. It was also found that in the same study, a significant
and very significant respective reduction in granulocytes and monocytes rates. The evaluation
of some blood biochemical parameters did appear impairment of liver function, kidney and
pancreas Via the significant increase in transaminases enzymes in the blood serum (TGO and
TGP), cholesterol, triglycerides, urea, creatinin and blood glucose compared to the control
group. Meanwhile, bioactive substances used in these studies, warned the occurrence of these
disturbances in the function of these organs in animals exposed to these persistent organic
products. In conclusion, the results of this present study showed that endosulfan and
naphthalene have neurotoxic power and immunomodulator effect in environmental doses
which have been administered individually or associated in rats. Moreover, it appears that
these persistent organic products significantly alter liver and kidney function.

Key words:

Hydrocarbons, Endosulfan, Naphtal éne, Pesticides, immune Systems, VitaminC, Vitamine E, henolic
extract from orange, Quercétine, Mitochondrie, Oxidtive stress
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Abstract The neurological damages resulted by endosulfan
poisoning is not completely elucidated, especialy in cellular
organelles such as mitochondria. In the present study, the pro-
oxidant effect of endosulfan on brain mitochondria was first
investigated. Gavages of endosulfan into rats at the dose of
2 mg/kg induced oxidative stress in this organelle since it
provokesasignificant reduction of catalase (CAT), superoxide
dismutase (SOD), and glutathione (GSH) level. In addition, a
significant increase in mitochondria swelling and
malondialdehyde (MDA) levels were observed in neuronal
mitochondria, indicating clearly an intense peroxidation with-
in mitochondria. Second, the protective effect of quercetin
(QE) (20 mg/kg) against endosulfan-induced oxidative stress
in mitochondria was also assessed. Indeed, the pretreatment of
rats with QE protects brain mitochondria from oxidative
stress, lipid peroxidation, and mitochondria swelling induced
by endosulfan. The activities of antioxidant enzymes and the
mitochondrial content of GSH and MDA were returned to
control values. Thus, although endosulfan can have neurotox-
ic effects in brain rats, this toxicity can be prevented by
quercetin.

Keywords Endosulfan - Brain mitochondria - Pro-oxidant
effect - Mitochondrial swelling - Quercetin - Rat
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Introduction

Endosulfan (END) is an organochlorine insecticide belonging
to the cyclodiene subgroup. This compound has been widely
used for its broad spectrum insecticide/acaricide since its
introduction in the 1950s. Exposure to endosulfan mainly
occurs through ingestion of contaminated food, but also hap-
pens via inhalation or dermal contact (WHO 2002; Silvaand
Gammon 2009). This xenobiotic induces neurotoxicity in
insects by binding and blocking the CF channel linked to
the y-amino-butyric acid (GABAa) receptor at Synapses,
resulting in uncontrolled excitation (Silva and Beauvais
2010). Subsequently, END is a persistent organic pollutant
and has shown a large environmental ubiquity, persistence,
and toxicity (ATSDR. 2013; Sunithaet al. 2012)..Asaresult, it
is now banned for sale and use in Europe and has been
proposed to be listed for a global ban under the Stockholm
Convention on Persistent Organic Pollutants (POPRC-4
2008). Nevertheless, endosulfan isstill in usein severa coun—
tries, including North Africa, whereiit is detected in fruits and
vegetables at 1.20 mg/kg (Zerouali et al. 2005). However,
higher levels have also been found, reaching 4 mg/kg in
tomatoes harvested in Jijel (Algeria, unpublished results).

Human organism produces oxygen free radicals and other
reactive oxygen species (ROS), as by-products through nu-
merous physiological and biochemical processes, such as
cellular metabolism (respiratory burst and enzyme reactions)
which confers free radicals to the cellular environment.
Adding to that is the human exposure to pollutants such as
polycyclic aromatic hydrocarbons and pesticides. The most
common reported cellular free radicals are superoxide (02),
hydroxyl (OH'), and nitric monoxide (NO). Even some other
molecules like hydrogen peroxide (H202) and peroxynitrite
(ONOCEF) are not free radicals; they are reported to generate
free radicals through various chemical reactions (Halliwell
2006; Uttara et a. 2009; Kebieche et al. 2009).

43 springer



Author's personal copy

Environ Sci Pollut Res

Overproduction of free radicals can cause an imbalance in
cellular redox status producing oxidative damage to biomole-
cules (lipids, proteins, and DNA). At the same time, antioxi-
dants, such as glutathione, arginine, citrulline, taurine, crea-
tine, selenium, zinc, vitamin E, vitamin C, vitamin A, and
polyphenoals, help to regul ate the generated ROS. The antirad-
ica system is further supported with antioxidant enzymes,
superoxide dismutase, catalase, glutathione reductase, and
glutathione peroxidase, that exert synergistic actions in re-
moving free radicals (Mytilineou et al. 2002; Uttara et al.
2009).

The brain is particularly susceptible to oxidative
stress because of its high 02 consumption, its lipid-
rich congtitution, and its limited amount of antioxidant
capacity (Halliwell 2006; Ng et a. 2009). There is
substantial evidence that oxidative damage and mito-
chondrial dysfunction play a central role in different
cell death pathways, leading to either apoptosis or ne-
crosis which is the origin of neurodegenerative diseases
such as Alzheimer’s and Parkinson’s diseases (Cassarino
and Bennett 1999; Emerit et a. 2004; Uttara et dl.
2009). This report describes the impact of endosulfan
on the brain mitochondria redox status and mitochon-
drial permesbility transition pore (MPTP) and deter-
mines also if lipid-soluble antioxidants, such as querce-
tin (QE), are useful to protect endosulfan toxicity in
rats.

Material's and methods
Chemicals

The mgjority of chemicals were procured from Sigma
Aldrich, Germany. Assay kits for enzymes were purchased
from Biomerieux, and endosulfan was purchased from
Pharmacia, St. Quentin in Yvelines, France.

Anima maintenance

Male albino Wistar rats (body weight 220-280 g), originally
from the Pasteur Ingtitute in Algiers, Algeria, were used in
these experiments. Rats were bred in our animal facility in
stainless metallic cages. The room housing the rats was tem-
perature controlled (average of 22 1 C, 50-60 % relative
humidity) and kept under a daily 12 h light/dark cycle. Rats
werefed food and water ad libitum. Fasted rats were deprived
of food for at least 16 h, but were allowed free accessto water.
Rats were adapted for 1 week before the indicated treatments.
All experimental assays were carried out in conformity with
international guidelines for the care and use of laboratory
animals.

&) Springer

Animal treatment protocol

The animals were grouped as follows: Group 1, control rats:
Rats were administered 1 ml of olive il per 0s(p.o.) daily for
6 days. Group 2, endosulfan-treated: Rats were administered
1 ml of endosulfan at 2 mg/kg in olive ail per os (p. 0.) daily
for 6 days. Group 3, preventative group: Rats were adminis-
tered 1 ml of QE (10 mg/kg)+endosulfan (2 mg/kg) in olive
oil p.o. daily for 6 days.

Preparation of mitochondria matrix fraction

Mitochondrial matrix (stroma) was prepared by applying the
method described by Fan et al. (2005) and Rustin et a. (1994).
Briefly, brainswere quickly removed and washed with 0.86 %
cold salineto completely drain all thered blood cells, chopped
into small pieces, and placed into ice-cold isolation buffer for
mitochondria (10 mM Tris-HCI, pH 7.4, 250 mM sucrose,
0.5 m methylene diamine tetra-acetic acid (EDTA), and 0.5%
bovine serum albumin). After being homogenized, the ho-
mogenate was centrifuged at 750 g for 10 min. Next, the
supernatant was centrifuged at 10,000 rpm for 10 min at
4 °C. Mitochondria pellets were washed twice with isolation
buffer and then resuspended in the same buffer solution. The
mitochondrial matrix was extracted from freshly prepared
mitochondria by freezing and defrosting with repeated ho-
mogenization in order to burst mitochondria. After centrifu-
gation at 10,000 rpm for 10 min, the supernatant was the
source of catalase (CAT), superoxide dismutase (SOD), glu-
tathione (GSH), and malondialdehyde (MDA). Protein esti-
mation was performed by the method of Lowry et al. (1951).

Biochemical evaluation of MDA, GSH, CAT, and SOD in rat
brain mitochondria

MDA levels in the mitochondria were evaluated using
the method of Ohkawa et al. (1979). MDA amounts are
expressed as nanomoles per gram of brain and were
calculated using a standard curve prepared under the
same conditions with a solution of 1, 1, 3, 3-
tetragthoxypropane that produces MDA after hydrolysis.
Levels of GSH were assessed using Ellman assay
(1959). The GSH amounts were calculated using a
standard curve of GSH and were expressed in milli-
moles per gram. Mitochondrial CAT assessment was
performed by using the method of Clairbome (1985).
This assay is based on the disappearance of H202 at
25 °C in the presence of mitochondrial enzyme source.
Mitochondrial Mn-SOD assessment was performed by
Beauchamp and Fridovich (1971) technique. The enzy-
matic activity was caculated in terms of international
unit per milligram of protein.
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In vitro mitochondria swelling essay

The assessment of mitochondria swelling is realized upon
mitochondrial suspension according to the method of Kristal
et a. (1996), with modification. Briefly, amitochondrial sus-
pension isused at 1 mg/ml and incubated in total volume of
1.8 ml of breathing buffer added to 10.8 p.l of succinate
(6 mM). After 1 min of incubation, 18 p.1 of different concen
trations of endosulfan (0-200 to 300-400 pM), associated or
not with QE (200 pM), is added to induce mitochondria
swelling. A decreaseof the absorbanceat 540 nm ismonitored
by spectrophotometry (UV-vis mini 1240 spectrophotometer
SHIMADZU, China) every minute during 5 min.

Statistical analysis

The numerica and graphical results are presented as meani
standard error (SE). The significance of the difference be-
tween two treatment groups was verified by the Student’s t
test The degree of statistical significancewas set at alevel of
P<0.05. Statistical calculations were carried out using the
Statviews 4.5 statistical package (Abacus Concept, Int.) and
the Excel 6.0 (Microsoft, Inc.).

Results

Assessment of in vivo lipid peroxidation in brain
mitochondria

Levelsof MDA, thelast product of lipid peroxidation caused
by oxidative stress, were assessed in brain mitochondria of
different groups of rats. MDA values were significantly in-
creased (/*<0.01) in brain mitochondria (0.185+0.015 nM/qg)

Fig.1 Effect of endosulfan 0-23]
treatment on brain

mitochondria level of MDA in

rats and protective role of QE. 02t

Values are meanzSE (n=5).
**f><0.01 as compared to
normal control

006

in the endosulfan-treated group compared to the normal con-
trol (0.109+0.009 nM/g). However, no significant difference
was recorded between the normal group and the preventive
group (0.113+0.010 nM/g) (Fig. 1).

Assessment of antioxidant enzymesin brain mitochondria,
CAT, and Cu/Zn-SOD

The administration of endosulfan caused a highly significant
(PCO0.001) decrease of CAT and Cu/Zn-SOD (1.270+0.66
and 140.63709.184 1U/mg), respectively, in rats when com-
pared to the control group (2.018+0.083 and 335.307i
19.184 1U/mg) successively. On the other hand, the protective
treatment of animals with QE (10 mg/kg) and endosulfan
normalized clearly the cellular content of these antioxidant
enzymes in brain mitochondria (1.819i0.015 and 290.835i
18.998 IU/mg) in order compared to the levels contained in
normal controls (Figs. 2 and 3).

GSH evaluation

The GSH-reduced levels were significantly decreased
(PcO.Ql) in brain mitochondria (0.088+0.09 mM/g) com-
pared to the control group (0.475+0.029 mM/g). At the same
time, there was no different between normal group and pre-
ventive group (0.433+0.074 mM/g) (Fig. 4).

Mitochondriaswelling essay

Thisin vivo essay showed aproportional relationship between
elevation of mitochondria swelling and endosulfan concentram
tions (Fig. 5) with strong correlation (r=0.98). By contrast,
when endosulfan (200 p.M) is associated with quercetin
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Fig. 2 Effect of endosulfan 28,
treatment on brain mitochondria
level of CAT in ratsand

preventive role of QE. Valuesare 2

meani SE (n=5). **/><0.01, - I
*['<0.05 as compared to normal -

control 1,
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(200 pM) in the same tube, mitochondria swelling was very
low and reduced by half (56 %) (Fig. 6).

Discussion

Theobjective of the current study was planned with an aim to
investigate the effect of acute endosulfan exposure on homeo-
stasis redox in rat brain mitochondria, oxidative stress gener-
ation, and itsimplication in lipid peroxidation and mitochon-
drial swelling. GSH depletion can enhance oxidative stress
and may also increase the levels of excitotoxic molecules;
both types of action can initiate cell death in distinct neuronal
populations (Jaswinder and Christopher 1997; Uttara et al.
2009). In the present study, the mitochondria preparation
from the rat brain treated with endosulfan demonstrated sig-
nificant decrease in mitochondria GSH uptake, and on the

Fig.3 Effect of endosulfan i
treatment on brain mitochondria
level of SOD inratsand ]

preventiverole of QE. Vauesare
meani SE (n=5). ***/,<0.001 as
compared to normal control
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other hand, mitochondrial GSH was increased when the ani-
mals weretreated preventatively with QE. Thisresult may be
dueto denovo GSH synthesisor GSH regeneration following
ROS neutralization by the phenolic compound. In this study,
because of their high reactivity and short life, the ROS has
been analyzed indirectly in vivo by measuring the changesiin
antioxidases including SOD and CAT. Reduced activity of
SOD and CAT was observed in mitochondria when endosul-
fan was administered to rats. This abnormality in the rate of
different antioxidants might be the result of intense ROS
generation induced by endosulfan administration in brain
mitochondria, which in turn might cause an increase in
malondialdehyde, as a result of enhanced lipid peroxidation
(Silvaand Beauvais2009). Thus, environmental toxicantscan
directly attack the mitochondria, inducing the generation of
ROS, which can further induce the depletion of antioxidant
defenses and mediate other oxido-reduction reactions that
promote mitochondrial damage, ROS formation, and
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further investigations are essential to elucidate the precise
mechanismsof endosulfan injury upon brain cellsand if there
isan obvious possibility to beexcitotoxic molecule. Recently,
much attention has been focused on the protective biochem-
ical functions of naturally occurring antioxidants such as
flavonoids to prevent neurodegenerative diseases in men. It
would be interesting, thus, to determine the mechanism by
which QE protects brain mitochondria against ROS and nor-
malizes its swelling and regulates MPTP opening to prevent
the incidence of neurodegenerative diseases in the general
population.
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Abstract

Endosulfan (END) isstill in use in north-Africa athough it has large environmental ubiquity and toxicity. The non-enzymatic
peroxidation and redox status in rat brain mitochondria gfter END toxicity have not been sufficiently investigated. In the
present study, wefjrst investigated the pro-oxidant effect of END on brain mitochondria and its effect upon lipid peroxidation
in this organelle. Gavages of END into rats at a dose of 4 mg/kg induced oxidative stress in brain mitochondria, so it
provoked a statistically significant reduction gf catalase (CAT), superoxide dismutase (SOD), glutathione (GSH) levels and
proteins. Significant increase in malonedialdehyde (MDA) levels — an indicator gf lipid peroxidation — was observed in
neuronal mitochondria. Second, the protective gffect of quercetin (QE) (5mg/kg) against endosulfan-induced non-enzymatic
peroxidation in the same organelle was also investigated. Indeed, the pretreatment of rats with QE protected brain
mitochondria from oxidative stress and membrane modification. This treatment conserves the integrity of mitochondrial
membranesfollowing the inhibition of lipid peroxidation. Thus, QE works through the prevention of mitochondrial membrane

perforation and the antioxidant (Jefense system of brain mitochondria.

Keywor ds: Endosulfan, brain mitochondria, redox status, quercetin, lipid peroxidation, preventive effect..

Introduction

Endosulfan is an organochlorine insecticide belonging to the
cyclodiene subgroup. It is composed of a mixture of two
sterecisomers: a and p-endosulfan, in the ration of 70/30. This
compound has been widely used for its broad spectrum
insecticide/acaricide since itsintroduction in the 1950s, but little
information is available concerning the volumes of production.
As an indication, it was estimated that 10,000 metric tons were
produced worldwide in 198412, Nowadays, this rate remains
comparable3. Subsequently, END has shown a large
environmental ubiquity, persistence and toxiCity4'5. As a result,
it is now banned for sale and use in Europe (EU Directive
2005/864/EC) and has been proposed to be listed for a global
ban under the Stockholm Convention on Persistent Organic
Pollutants3. Nevertheless, END is il in use in severa
countries, including north-Africa, where it has been detected in
fruits and vegetables at 1.20 Mg/kgb. However, higher levels
have been found, reaching 4 ppm in tomatoes harvested in Jijel
(Algeria, unpublished results).

Exposure to endosulfan mainly occurs through ingestion of
contaminated food, but also happens via inhalation or dermal
contact4. Due to its liposolubility 7, this xenobiotic accumulates
in human tissues3, including brain9, where it is able to cross the
blood-brain barrier. Exposure of the unborn and the new-born is
also observed since END is able to cross the placental barrierl0
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and is lactationaly transferred through the lipid phase of breast
milk1l. Overstimulation of the central nervous system is the
major characteristic of END poisoning. The most important
reported symptoms are the induction of epileptic seizures, focal
motor seizures, UNCONSCiOUSNESS, agitation, disorientation and an
increase in aXiety12. The neurological damages resulting from
END poisoning can be permanent. This xenobiotic induces
neurotoxicity by binding and blocking the CI" channel linked to
the y-amino-butyric acid (GABAA)-receptor at Synapses,
resulting in uncontrolled excitation13. Increase in serotonin
concentrations in the cerebrum and midbrain regions have been
aso enlightened after oral administration in male rasl4. In
addition, it has been shown that END exerts oxidative stress in
vivo when administered at low doses, in severa tissues,
including cerebral tissuelb.

The oxidative stress, as a pathological condition, is defined as a
state of imbalance reached whenthe production of potentially
destructive reactive oxygen species (ROS), that are products of
normal and aberrant cell metabolism, exceeds the capacity of
detoxification systems, leading to cell damage induced by the
interaction of ROS with cellular constituents. Mitochondria are
considered to be the major ROS producers, the free radicals
being formed during the enzymatic cascades of the oxidative
phosphorylation16.
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As the brain is particularly susceptible to oxidative stress
because of its high Q2 consumption, its lipid-rich constitution
and its limited amount of antioxidant capacity"” *® and because
substantial  evidence that mitochondrial dysfunction and
oxidative damage may play a critical role in the pathogenesis of
neurodegenerative disease such as Alzheimer's and Parkinson’s
disease or multiple Sclerosis1920, we were interested in assessing
the pro-oxidant activity of END and its implication upon non-
enzymatic per oxidation in brain mitochondria and to determine
if quercetin (QE), a well-known anti-oxidant compound, could
exert a protective effect in vivo against sub-acute END toxicity.
Indeed, according to Heijnen et al. and Kebieche et al.
works?%, QE is the most active scavenger of ROS and reactive
nitrogen species due to the presence of two pharmacophores
within the molecule. More, it is one of the most widely
distributed polyphenolic flavonoids, highly abundant in food
and beverage sources (broccoli, lettuce, apples, tomatoes,
onions, tea and coffee). The estimation of daily consumption has
been set at about 25-50 Mg/day23, and QE has been shown to be
safe and effective at relatively low (0Sages24.

To achieve thisaim, END was orally administered for one week
to afirst group of rat while and a second group was treated with
END in association with QE, after that malondialdehyde
(MDA), glutathione (GSH), proteins levels as well as
superoxide dismutase (Mn-SOD) and catalase (CAT) activities
are assessed in the rat brain mitochondrial matrix and compared
to acontrol group.

Material and Methods

Chemicals; The majority of chemicals were procured from
Sigma Aldrich, Germany. Endosulfan was purchased from
Pharmacia, St. Quentinin Y velines, France.

Anima maintenance: Male Wistar albinosrats (body weight
220-280g) were originally from the Pasteurinstitutein Algiers,
Algeria, were use din these experiments. Ratswerebred in our
animal facility in stainless metallic cages. The room housing
threats was temperature controlled (average of 22 °C, 50-60%
relative humidity) and kept underadailyl2h light/darkcycle. Rats
were fed food and water ad libitum. Rats were adapted for
Iweek be fore the indicated treatments. All experimental assays
were carried out in conformity with international guidelines for
the care and use of |aboratory animals.

Animal treatment protocol: The animals were grouped as
follows.Gro«/;7, control rats: ratswereadministeredimlof olive
oil peros daily for 6 days.Group2, Endosulfan treated: rats were
administered 1ml of endosulfan at 4 mg/kg in olive oil, per os
daily for 6 days.Group3, preventative group-, rats were
administered 1Iml of QE (5mg/kg) + endosulfan (4 mg/kg) in
oliveoil, p.odaily for 6 days.

Preparation of mitochondria matrix- fraction: Mitochondrial
matrix was prepared by applying the method described by
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Rustin et d.25: Brains were quickly removed and perfused with
0.86% cold saline to completely drain all the red blood cells,
chopped into small pieces and placed into ice-cold isolation
buffer for mitochondria (IOmM trissHCI, pH 7.4, 250 mM
Sucrose, 0.5m Methylene diamine tetra acetic acid (EDTA) and
0.5% bovine serum abumin). After being homogenized, the
homogenate was centrifuged first at 2000 rpm for 20 min to
eliminate cell membrane fragments. The supernatant obtained
was centrifuged at 10,000 rpm forlO min at 4°C. Mitochondrial
pellets were washed twice with and then resuspended in
isolation buffer. The mitochondrial matrix was extracted from
freshly prepared mitochondria by freezing and defrosting with
repeated homogenization in order to burst mitochondria. After
centrifugation atlOO00 rpm forlO min, the supernatant was the
source of CAT, SOD, GSH and MDA. Protein estimation was
performed by Lowry method26.

Biochemical evaluation of MDA, GSH, Proteins, CAT and
SOD in rat brain mitochondriaz MDA levels in the
mitochondria were evaluated as follows27. First, 0.5 ml of
mitochondria matrix fraction was added to 0.5ml of
trichloroacetic acid (TCA) (20%) and 1ml of thiobarbituric acid
reactive substances (TBARS) (0.67%). The mixture was placed
in boiling water. The tubes were moved to an ice-bath, received
4ml of n-butanol and were centrifuged at 3000 rpm forl5 min.
The optical density of the supernatant was then assessed at 532
nm (UVmini 1240 UV-vis spectrophotometer SHIMADZU,
China). MDA amounts are expressed as nmol/g of brain and
were calculated using a standard curve prepared under the same
conditions with a solution of 1, 1, 3, 3-tetraetoxypropane that
produces MDA after hydrolysis.

Levels of GSH were assessed using Ellman 8S5ay28. Then, 50 pi
of the cytosol fraction were diluted in10 ml df phosphate buffer
(0.1M, pH 8.0). Twenty microliter of 5, 5'-dithiobis 2-nitro-
Benzoicacid (0.01M) (DTNB) was added to 3ml of the mixture
dilution. Afterl5 min, the absorbance of thionitrobenzoic acid
(TNB) produced after oxidation of GSH by DTNB was
evaluated at 412 nm against a blank prepared by TCA (5%)
under the same conditions. The GSH amounts were calculated
using a Standard curve of GSH, and were expressed in mmol/g.

Mitochondrial CAT assessment was performed by Clairbome29
method. This assay is based on the disappearance of H202 at
25°C in the presence of mitochondrial enzyme source. Briefly,
the assay mixture contained 1ml of phosphate buffer (KH2P04
0.1 M, pH 7.2), 0.975 ml of freshly prepared H202 (0.091 M)
and 0.025 ml of the enzymatic source. The absorbance was
measured at 240nm each minute, for 2 min. The enzymatic
activity was calculated in terms of 1U/mg of protein.

Mitochondrial  Mn-SOD  assessment was performed by
Beauchamp and Fridovich30 technique. The assay mixture
contained 2ml of reactive milieu (cyanide of sodium1(2 M,
NBT solution 1.76xI04, EDTA 66mM, methioninlO'2M and
riboflavin 2 pM, pH 7.8) and 5 mL of the enzymatic source
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(Mitochondrial matrix). This solution mixture was exposed to a
15W lamp for 10 min to induce the photoreaction of riboflavin
and (2. The reduction of NBT by a superoxide anion on
formazan was measured Spectrophotometrically at 560nm. The
enzymatic activity was calculated in terms of 1U/mg of protein.

Statistical analysis: The numerical and graphical results are
presented as mean *standard error (SE). The significance of the
difference between two treatment groups was verified by the
Student’s t-test. The degree of statistical significance was set at
alevel of p <0.05. Statistical calculations were carried out using
the Statviews 4.5 statistical package (Abacus Concept,Int) and
the Exel 6.0 (Microsoft,Inc.).

Resultsand Discussion

Mitochondria, as a primary site of cellular energy generation
and oxygen consumption represent itself alikely target for END
poisoning. Therefore, the objective of the current study was
planned with an aim to investigate the effect of acute END
exposure on homeostasis redox in mitochondria brain in rats,
oxidative stress generation and its implication in non-enzymatic
lipid peroxidation.

In this study, assessment of in vivo lipid peroxidation in brain
mitochondria through MDA levels in control group, END-
treated group and preventive group were significantly increased
(p < 0.05) in brain mitochondria (0.150 + 0.016 nmol/g) in the
END-treated group compared to the normal control (0.124 +
0.002 nmol/g). However, no significant difference was recorded
between the norma group and the preventive group (0.121+
0.011 nmol/g), (figure-1). Lipid peroxidation at the level of the
mitochondria impairs mitochondrial metabolism and induction
of the Mitochondrial Pore Transition Permeability (PTP). In
previous studies, cytochrome ¢ which is bound to the inner
mitochondrial membrane by an association with the anionic
phospholipid cardiolipin has been shown to be released via
oxidation of cardiolipin during apoptosis which precedes its
release to the Cytosol31.

In present study, GSH level, such as non-enzymatic antioxidant,
was significantly reduced (p <0.01) in brain mitochondria in
END-treated group (0.068 + 0.043nmol/g) compared to the
control group (0.435 + 0.147 nmol/g). In the same time, there
was no different between normal group and preventive group
(0.344+ 0.074 nmol/g), (figure-2).Regarding the decrease of this
tripeptide, which constitutes the first line of defense against free
radicals, is possibly due to its action against the ROS generation
in the END-treated group but the increase of GSH level in
preventive group may be due to de novo GSH synthesis or GSH
regeneration following ROS neutralization by the quercetin. The
previous studies have showed that GSH is a potentialy
important  link between oxygen radica production and
mitochondrial damage, because of the scavenging activity of this
tripeptide against accumulation of oxygen radicas and its
decreasein the brains of parkinsonian patients22,32,33,
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Proteins assessment in brain mitochondria is shown in figure-3.
The global value of these proteins was significantly decreased in
END-treated group (p <0.01) compared to the proteins level in
control group (454.212 + 37.780 pg/g; 707.372 + 30.27 pg/g of
tissue) successively. Moreover, these reduces values observed in
the intoxicated group with END are normalized in the preventive
group (727.372 + 73.37 pg/g of brain tissue). Assessment of
antioxidant enzymes, CAT and Cu/Zn-SOD is shown in Table-1.
The administration of END to animals caused a highly
significant (p <0.01) decrease in CAT and Cu/Zn-SOD levels
(150.84 + 35.9 Ul/mg and (0.994 + 0.299 Ul/mg) respectively
when compared to the control group (352.4 + 23.5 Ul/mg and
1.932 + 0.325 Ul/mg) successively. On the other hand, the
treatment of animals with QE (5mg/kg) and END normalized the
cellular content of these antioxidant enzymes in brain
mitochondria (260.34 + 32.4 Ul/mg and 1.636 + 0.359 Ul/mg in
order, compared to the levels contained in normal controls.
Because of their high reactivity and short life, ROS, in this study,
have been analysed indirectly in vivo by measuring the changes
in antioxidases including SOD and CAT. SOD catalyses the
dismutation of 02 Radicals into H202 and (2. In paralel, CAT
decomposes H202 into 02 and H20. The reduction of these
antioxidases explains the intense production of superoxide anion
in the respiratory chain following the probable ateration in its
electron transport system. This abnormality in the rate of
different antioxidants might have resulted from ‘intense ROS
generation induced by endosulfan administration in brain
mitochondria34,35, which in turn might have caused an increase in
malondialdehyde, as a result of enhanced lipid peroxidation.
Thus, acute organochlorine exposure has the potentia to disturb
cellular antioxidant defence system and dterations in lipid
membrane of brain mitochondria. In previous studies,
researchers have largely demonstrated, through different
mechanisms, alterations in the redox status induced by
environmental stressors. Indeed, environmental toxicants can
attack the mitochondria directly causing intense production of
ROS which can therefore deplete antioxidant defences and
mediates other redox reactions that promotes oxidative Sress36.
Environmental stressors can also induce oxidative stress by
mediating a variety of reactions through different metabolic
pathways such as those mediated by detoxifying enzymes. These
phenomena have a crucial impact on the mitochondria damage
and its integrity in the C8l37'38. It is conceivable therefore that
regardless of whether oxidative stress or mitochondrial damage
represents the initial insult, these toxic mechanisms may both
contribute to neuronal degeneration via changes in glutathione
levels38§*0. |n the current study, the treatment of animals with QE
maintained the norma content of GSH, SOD and MDA.
Therefore, QE showed really antioxidant properties against ROS
observed during animal exposition to endosulfan brain injury and
traduced consequently its cytoprotective effects. In our previous
studies, the same results were obtained when rats were
administered by QE to prevent hepatotoxicity against oxidative
stress induced by epirubicin22.
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Table-1
Enzymatic activities of SOD and CAT in brain mitochondria in different rat groups
Parameters Antioxidases activity
Rats SOD CAT
Control group (Iml of dlive ail) 3524 £23.5 1.932 +0.325
Endosulfan group (4mg/kg in olive oil) 150.84 +35.9* * 0.994 + 0.299*
Preventive group (END4 mg/kg+ QE 5mg/kg in dlive ail) 260.34 + 324 1.636 £0.359

Valuesaremean + SE. (n=5). ** P<0.01 and * P<0.05 as compared to control group

Conclusion

In summary, thisisin vivo experiment to demonstrate that END
has oxidative stress and non-enzymatic peroxidation effect in
experimental rats. Redox status imbalance was showed by

inc

reasing of antioxidant systems (SOD, CAT, GSH) and

intense peroxidation indicated by MDA eevation in rats

rec
foll

lipi

significantly  protected

eiving END. QE has a protective effect against the damage
owing END brain injury in rats. The oxidative stress and
d peroxidation were normalized and brain mitochondria were
following QE administration |

association with the pesticide. However, further investigations
are essentia to elucidate the precise mechanisms of END, its
impact upon mitochondrial integrity and respiratory function.
The mechanisms of QE prevention against brain injury of END
must also be deeply investigated.
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