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AA
ADN
ADP
AGEs
4AP
Asp
BMI
DCPIP
D-Roms test
DDT
DHA
DHBS
DID
DNID
DTNB
E col
EC
EDTA
GLA
GOD
GPx
GR
GS
GSH
GSSG
HbA,C
HDL- ¢
His
HPLC
IR

LA
LDL-c¢
LPO

LPx
MAGE
MDA
mM/L
MODD
nmol / mL
NADPH
NBT

Abreviations

Arachidonic acid,

Acide deoxyribonucleotide

Adenosine diphosphate

Advanced glycosylated end products
4-Aminophenazone

Aspartique

Body mass index

2,6 dichlorophenol indophenol
Derivatives of reactive oxygen metabolites test
Dichloro Diphenyl Trichloroethane
Docosahexaenoic acid

3,5 Dichloro-2 hydroxybenzene sulfonic acid
Diabete insulinodépendant

Diabete non insulinodépendant

5,5¢ dithiobis 2 Nitrobenzoic acid
Escherichia Coli

Enzyme classification
Ethylenediaminetetraacetic acid
y-linolenic acid

Glucose Oxidase

Glutathione peroxidase

Glutathione reductase

Glycogen Synthase

Glutathione reduced

Gkutathione oxydised

Hemoglobine glyquée

High Density Lipoprotein cholesterol
Histidine

High Performance Liquid Chromatography
Insulin Receptor

Lipoic acid

Low Density Lipoprotein cholesterol
Lipoperoxide

Lipid peroxides

Mean Amplitude of Glycaemic Excursions
Malondialdehyde

milli Mole/Litre

Mean Of Daily Differences

nanomole / milliliter

Nicotine amide dinucleotide phosphate
Nitroblue tetrazolium



8 OHdG
PBS
PMs
PON 1
Redox
ROS

SD

SDS

SH

SOD
TAC
TBARS
TCA
TG
TRL-TG

U.CARR
UPC
VLDL
WHO

v Hydroxy 2 Deoxyguanosine

Phosphate Buffered Saline

Phenazine methosulphate

paraoxonase-1

Reduction - Oxydation

Reactive Oxygen Species

Standard deviation

Sodium Dodecyl Sulfate

Groupe sulthydryle

Superoxide dismutase

Totale Anti-oxydante Capacité
Thiobarbituric Acid Reactive Substances
Trichloroacetic acid

Triglycerides

Triglycerides rich lipoprotein

Unit

Carratelli units

Uncompling Poor Protein

Very Low Density Lipoprotein cholesterol
World Health Organisation
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Pro-oxidants (ROS)

(Opara, . e s 30uSY) Glalias bgia g 3 all 5 sdall 30l e il g 531 )2( a‘ﬁu-'ﬁd‘
.2004)

el Lgie dan glgall VLA dae o2l eal) alhiac 3y
4iul yd dic Paniker et al.,(1970)  lein (Al 4as ol g0 308 SLI g daa ol 50 3adll ¢y gaal
Joudadl b Sl a3 50 Jardiss e Glutathione reductase ("’J"\ ali il
Azzi, (2007) 7 siys .ol seall adll culy S 8 ) il gb 5 sind) 55 93 <l i) Dyl
il Cpedt o (g2ushil slea) mlhiae iy o 4S5 eY) () sha s dadla (e
Ngalse 5 LS clgiapds Cun (e el Jall EVs iy el (5 504

clicbadl 5 Gal ) aae ¢ gl 8 anbuy gauslill syl o sl
il eyl e aad g Sl 2138 (gl Y Gand daliad) s la pad
JDlaeYl 5 5 Vincent et al., (2004) Kirkinezos, Moraes, (2001) Neuropathy
lai€ 4 genll 4 oY) Cilicliae 5 Daisuke et al., (2003) nephropathy s siSU
.(Aragno et al., 2000) ,Dominguez et al., (1998), Jain et al., (1989) ! il

B LAY Lay Gaagieg 48 cgauslill slgadd o gl LB Al 6

e s Dennery, (2006) Cnl i) (ygan il 3elay I gam e Jila sy 3a



19
GalaS 5 Gl phual (L gam e aall 8 5 glall il 3 5 ady 8 daalill

(Agget, ,Golik et al., (1993) ,Kinlaw et al., (1983) 3_all )sdall e 2 34l
.Comerford, 1995)

D-Roms  aladiul & ¢ Lol L;msu\ sleall HUWAY &gl 44 yh sl
pro-  sausl <ol ) anti-oxydants 30V Claliae any Jead Caan ctest
138 (83 .(Cornelli et al., 2001)  Aslad CLuy dsaall bl Y1 Jala coxydants
.(D-Roms) hadill rpaus dica¥) ciliiidl e jadyl

S pall 2S5 )53 Y Hydroperoxides 4aamsS 5 o sl ClS jall J 5o
A (e 4ie i8I (Say (3 N N-diethyl-para-phenylendiamine AlieSl!
JU.CARR. :— i yai dubis 328 S @AH\ ol
I U.CARR = ..0.8 mg/L hydrogen peroxide <ua
Jiaall 138 7 5la Ll 300 (250 e asliadl galall (asil) 2ic U.CARR £ ¢l s
.Pro-oxidant / Antioxidant 4w & JOa] s O e @lly Jad

o gkl algaYl Al Al dpaal) @il A o) il i) o

o d e el (B 5 S lall A5 jan oy (63N Gusle sl



20

HbA,C ¢ 3Slaal) o sl sarg
1A ol il g udl) Apany)
Canly 3 gaiall sl garedd il 3o & gene JSIaall i gle garelly aiaiy

Lea cCplall g o) diad) Cilla gl o a3l e Jelii (8 Ssla 40 5a
Sl 8 aDll (Say 138 5 oY) g Conny Csle sasell Gatliad (e am
Ao sl gl Jallail AU ey

L) Al e 3oSlall S A5 3a Cudis S Ledie HBAIC ¢ gill gads

Lon sl seaedl Dl diad (B jud dde i Lee (O slall B Judludl 48 )kl
(lgr Adag el A 3al) & gy e dilids Lol g dulaidl e HDA|C Aluad
g
.fructose 1-6 bisphosphate 44 ja (i sle saaedls Jadi y3 Ladic HbA jal -1
.glucose-6-phosphate 4 ja (u sle garedly Jasi y Laaie HbA a2 -2
.pyruvate 4 ja Cwsle saelly oty Laric HbA Ib - 3
duindY) dad Yl lal e glucose 4% Oy ole gaell Jadi jy Ladie HbA,C 4

B Judlull Valine s el



21

Ay e 32580 < Aolaad) Jalladill dyamd L) s2c ) 340 HDA,C )
DA el i) (s 48 el oSl el ALY DA SSlaall G gB sasel)
B AY) ) sl ADNE
alea¥! g HbA,C R o gle saned) A giae ADIe lia o Dl i 68
die Al 5 sSglal) Al ) jaes I pdise ity Jo¥l ) 5 bagadn (ot
.(Gorus et al., 2006) s Sacks et al., (2002) Sl el Gubadll
Y o 58S slall il g a o Ceriello, (2005) 4w )y iy 28
el Slgal) Elany Lila 5 L8 Undite day o 58l 612 am e aie alidsy)
Luisi ) ga a2l 3sSsla d dasid) gl yY) of Firoozrai et al., (2007) Csw s
& YAl Gaatila Hen Al GSH A 35aY1 5 yaall dldsiud 5 Aldose reductase ?"J"‘
b Sl Ma¥) s e el @ e 5)100/1( Aga sl 53 380 GSH/GSSG A
LY
Mgadl g lis ) Ala Jiay g Sl ¢l2 o Fabryova, Cagan, (1995) ey g
5 lidig plly 5sSlall e 3Y) e el Y1 g 32 (38 83l s sl
Kubisch et al., Cye IS 5 AN g 3ausY) Clobiae (e FNVEN PR COWRAL e
eld e ) Chen et al., (2001) s Xuetal., (1999) <Hotta et al., (1998) «(1997)

BausY) Claliae Joli 8 2k 31 e B I (S 5 Sl



22

S 05858 s Sadl elay el o 3 ) 5y Penckofer et al., (2002)
8 13 Caangy aall 35S glad o il Y1 o cana oSl Slgadl dia e

Boall sdall 2l Ul Jewy s dmpdall 3208V Calias

Reactive
Species
H202
OH O~

NADH/NAD ratio increases
Glycosidation, cP450Ile induction
Cyclo6oxygenase oxidation

N \
Induction or Decomposition of DIABETES
inactivation of radicals MELLITUS
enzymes Hyperglycae
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NADYPIH oxidases
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Ia e Jshe ie |58y ¢’ 25 daynaie o4l g3 benzoquinone-4phenazone

nms500
Triglycerides + 3H,0 =% Glycerol + 3 R-CooH (1)
Glycerol + ATP Glycerokinase » Glycerol 3 P+ ADP (2)
Glycerol 3P + O, GoP OXidase, Dihydroacetone P + H,0, (3)
H,0,+ Amino-4-Phénazone + Chloro-4-phenol _PerOXidaSC >
(monoimino-P-benzoquinone)—4-phenazone + 2H,0 +HCI (4)

e 44kl 28 adiad 5 Flegg, (1973) s Richmond, (1973) 4y sl 44y yhall Caei)

Crnaohed) sl G5 elacy @iasl 5 a gl o€ () i sSU el il J s

439l € e ) Amino-4-Phénasone S sall 2SS0 92 98 5 H,O,
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-(Allain, et al, 1974)43all & S J 5yl oSI) 35S )5 e 4360 305 canlili (50 )5

Cholesterol ésterase

Ester cholesterol + H,O » cholesterol+ R-CooH (1)

Cholesterol + O, ChOICSteml'eSteraSi A4 — cholesténone + H,0, (2)

H,0O, + Amino-4-Phénasone + Phenol ﬂmdase (monoimino
-p-benzoquinone)—4-phenazone + 4H,0 3)

HDL-c = i 4.1

cholesterol oxidase s cholesterol estérase ] Joay 3V 44yl HDL-¢ ol N
S 3o Aanl 93 LDL s 5 a3 [ Peroxidase  daud gy Jishill Jelall ) dalayly

.Bayer-Diagnostic (g2lila 53 )l lea e a5 wixdl g sulfate de dextrane

LDL-c =)} a5 5.1
Jshll dic 3¢l il &5y Sulfate polyvinyl sl s cap il o il ading

<l glel Al x 3,50 = (le surnageant) Aall JiLudl 2 5< 58l onm 500 & sal
.ref.726 290 Boehringer
S Jia el i) J g il oS g e 3l J g il ST 508 5 o 3L

LDL-¢c I

sl <Y aa 8% 6.1
.Boehringer o 3 45,0 * 5 Semi-micromethode 38y oy padll

.(Wahlefeld, et al, 1974):.nm 340 4a 5ol J gk aic Ref 441716

.. Creatini .
Creatinine +H,O " Creatine (1)
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Creatine +ATP CK. Creatine —P+ADP (2)
ADP + PEP PRinase  ATP +Pyruvate 3)
Pyruvate +NADH+H™ —22 4 [ lactate+tNAD" (4)

:QJ‘Q..)S\ ng A |
Boehringer Mannheim Ref. 489 620 4 33Y1 48 yhlly i) A

O3Sl sl B 5 ool ) Lpsall Jsaa o3 Uréase mdl o aaiad 43 5kl

«(Gutmann, Bergmeyer, 1974)

Urée +H,0 —, 2 NH;+CO,
2 o Cétoglutarate + 2 NH, 2 NADH—>2 L-Glutamate + 2 NAD+ 2 H,0O

HbA,C JSIaall (gl gasgll 0385 8.1
o gaal dgad 5. il LS EDTA o sing sl o aall dige 345

iiall Z 0l delas a5 aall & Sl (6 gl sl 481 e s2q) HBAC
0365 372 Gzl E Al 3ae DA

s Jeldnl Jasa
BIO-RAD D-10™ Ref 220-0101 jlgall o ol 48 yh el

Jilall Ll e gile s <1 30! Joliil Tae o Sl (nsle gaell D-10 gali s 2oy
HPLC &)Y 4lle

Ll A8 gk ja Jala i 5 lead) Jala Gl 6yl cilisall (i

Al A8l 0 0 L (alal) e el abiiall Jsladdl g3 lead) Lasy & 55

A sl Al il e pe S dalall e faldie] G sl gased) Juaiy o 4 gl
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filter Cilaall slicaal Gl LA DA e Jgatadl Cymsle gl Wamy yuay

nm 415 dic duabaic)) il s (& ol photometer

S sie (i) 1] Gy e JS cenddl oY) L) Al g il 2l
S8 5l g6l j8 gileg xS s Cua JHDAIC Slaall (i le sapell oS] jpaiill
Algoritme  Jaxall oY) Gaussse  aiy)y gl aladinly A|/C dabise Cawal die
Culill e AIC (e IS Aabiw Uil e Jary g3l Gaussien Exponentiel Modifié.
HDAC Sl sle sael) e i) 5 Gras S Jasi ol

B Baliaal) < yuiigal) .2
:(MDA) 8 Luls) 368 85,12
s Jelanl) Jasa
& 2wl gl ae Jelity Acide thiobarbiturique <l ) s )b sf (aea

umc_is‘)adcw\uc@ujm?,o §M6095 SJ\}%JJJ&GM\@A\
zI A nm 534 Aage Jgh vie Leuld (S dipaliaid calill ol i b b
.(Ohkawa, et al, 1979) s Satoh, (1978) wsallxi gl 3 5

:(GSH) _ga-i3
:Je il Jam 2.2

GSH (s8tislall ae (DTNB) Syl JI ) o pla ) Ao 36yl 385 5
dlipabisial 9 «GSH 35 e o 38 i iy J i) S pal . jheal S o Uiy

X alaiay) opias Aisal) 35 3k Cum 1M 405 i se sk e Lol (K
.(Beutler, et al, 1963) 2,22
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Catalase @gjﬂ\ blis o 8.3.2
:Je it Jase
Jlexinly 4882 2y Jelill) ad 5 24 H,0, (e e slae AaS aa Jelily o Y

.Catalase inhibitor ay 350 ladic

2H,0, —S L 21,0+ 0,
S 3all 5 (DHBS) g delity Hy0, (s i) (b (Peroxidase a3l asay 8 s
< Catalase a3 2aaS ae Lo Caulii 4y gl A8ES 03 5 sle (1S e 7 03 (4AP)
.(Fossati, et al, 1980) s Aebi, (1984) Lla¥l Ll

(Px)

2H,0, + DHBS + 4AP Quinoneimine Dye + 4H,0

dpabiaial 18 ¢ e alea Ja2 2°37  2ic 4383 10 32a) Ciligall paa
510. nm e blanc+ kil Jilie il A g blanc+ 4wl Jilie A il
:TAC _—a85 4.2

:Jeldil) o

soliaa)l pabiall Jelin 520080 saliadl K0 3. SY o TAC BREAS
sabiad) pualiall . jaaddl a W H0, e e sbre $aaS ae Agall 8 5200
Cre il Gl i 5 e s 2l HOp (e FaeS AV e Jand Ainall b 300N

3,5 dichloro-2- S el gt Jady 3 ¢ 3V sl Jelily H,0,

-(Koracevic, et al, 2001) sl z5U I hydroxybenzensulphonate
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:C Omelidl) o 88 5.2
;o) fase
2,6 sl S ) ae dly ) KUYl (meal Redox I FaY! 5 5ausY) Jelis

2wl o Ao glill A ) ety ocaeal) Jaugll 4 dichlorophenol indophenol
S tal Jaall g aall 3 cpaidl o alall ae .déhydroascorbate ) il ) sSuY)
comd ) JSdy oS 3 a8 an) iy

A gall Joha vic Hhidl eldl Jidablanc 5 dall 5 gl Galiaic)l uld 24
.(Harris, Ray, 1935) 520nm

hilany) Al )
é‘“—‘s‘g\ ‘j%j\
c_i\)uuj\.\ dLu.q LSJ\} céuﬂi}” ;)';J\ cﬁhﬂ éba;}?\ dﬂ;ﬂ\ ;\ﬁ) ?"

ool i (sl Sa YL bl G gl %A (mn s Ailias sl
)Snedecor !l T-Test  Lal alasialy & g sl (5 Sl el Guboadl
g oaall Gl aiY) g Jaxdll 21 ja%ul g <Petrie, Watson, (1999) s Cochran, 1982)
Wk p< 005 Zullaial da s die s sind) GLill il &3 L) Mean +; SD (

.(Armitage, 1971) 44 30 1
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DAl Jo Al A Al
Gle all g jublaal
:Alloxan s oY (\

slo et s Su olal Basa 3aleS el el OlaS ) i aasid

8 4o 43aS 15 ALY Merck. Art 1020 4S 3 (e adiivse can 50 3 500 ¢35l
sh el L€ Y1 (e dnliall cile jall s 24 g citrate buffer, pH 7.4 J slas
(Sochor, et al, ) cuuny Jja I =830 200 laie claall Caygas JAls
¢1984)

385 Je laldie) asy .Protamine zinc Insulin Novo — alswd¥) o gasa (<
Jadh (B 5sSshadl

A glomd 2 gad) -
(S ad) ald) gal)
Lei s b 5ie Albinos Wistar g ¢ (s 132 60 e don sl A el ¢y sl

LeS (e gane JS 81350 15)  aaelae o)) () Wil sdic (03 all Caeud ¢l 200
ek
¢ e f Llie ol A Y Al dalll 3sal de gene T i JoY) de seadll @
o g gl oa) S aadis

i ¥ 5 oS sV de a3l 3 el de sene DT :40E) de sand) o
LSl el Alias Ja g€ i Gl i) ) e g0
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s s (S ) e e A 3 3 e gene )DI( AIEN de sand)

M ol 30y o Sl gl e 558 sl Sl
i g S g1 de ja A ) 3 el de gens )D2( ey U Ao sendd) @

pssall amyaall jSla 8ol h Q—.!-J\-J Ay ) e Ol sV 2 all

. ull
Protamine zinc Insuline Novo l sui¥) () se s zod)DI( Ae gena Al
dosaae 5)dYzd 200 Ge S Y aall (B 5eSslall gl Hseda b Cle ya
i 3sSstal 25k sl e sLie YU el Eipia e gt e 300D
e Lo e i sne il e il (S ol 8 acli ) e ,85eS )
4c gaa.lld Katyare and Satav, (2005) ¢yl PRGN Z kAl Cad A g aall <l ydigall
e el & sl e lgria e g )D2( A0EN 5 aladl & sl (e Leaia e ey )DI(
de gaaall Claiu Laiw «Cakatay and Kayali, (2006) Wilcox et al, (1968) uwa
) sl 4 i) Ay ye dad ga @l Gl g dallaall e 5 Sl elay dladl DT

20y 5 s Gl pmiVU Aadlaall Ay sl 5 Akl o gy ) s g el gl

comsall S selh e anbd day e



59

e

ad 3,3):.3&5&33&\3\50\chége)mdgd\b)#\weﬂ\w@.qcu

Cuad) e ¢l LS EDTA e Jle 3 canlil 4 caall cans 2y s <libitum

.(Hoffiman, 1963) il z 5 & A sead cppall JaIAN oY)
Ne gg3y 15 3 4483/33000 g S all 3kl dileal aall Cilise gy yai
AN e sl il pipall il Le DL Cudadl ey &35 4 5 ) s Ay
A G gaall 5 Sl i g8l ¢ g i oS AEDEN iy pualad) ¢ 5S olall

) gl eall aall iy S e ¢l Aillall liagd) LAY Al badd o
(PBS) PH = 7.4, (0.02 M oalall cilins sill J slaey <l o 0 Jpusl Gilaal Caa e
320 2aliadll il el 58 3 jala sy o 5S5 phosphate; 0.123 M NaCl).

(MDA) 48l 50u8Y1 358 x5 yCAT 5GPx, GR, SOD il

AtloasS gual) & pdipal) .1
Js rind ST 5 A LI AN il junlall ¢ e DN § oS slall e JS a3

ALK A2 b a5 Gl Gl (el e

radll Capd gl b pai1.1
Takayama, et al,  4ui sl daa Y1 48 Hhally Culand g sil) a6 dilee o

S cpansy) RS 45008 aay Jsahy Amino-4-antipyrine  Jleainls (1977)

Aall Jaly o] giu gdll < 5 L_sj.c: 4505 a8 g cL..gJJJS\ Ol ¢ Quinoneimine
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.505 nm @ﬂ\ d#\ dic ujm A% u.uu.i H202 M‘XL

1) Phospholipide + H,O Frospholibae choline + acide phosphatidique + acide
lysophosphatidique N acyl sphingosyl phosphate

2) Choline + 20, Choline oxidase , Betaine + 2H,0,

3) 2H,0, + Phenol + Amino- 4- antipyrine "% Quinoneimine +2H,0

A adl saa ekl 2.1
33l all 1,2 38 54 Vanilline 21 S e oty A G gaall s

sl arialeS Sl iy < e 5 800 ML S sia 3 s il (el
ol (50l (g3 e 45 gSe AN (gl Jelit 55 s83) S5l 3gms B
J gkl die 43 gaall ZESY Ll s Lo Pl A 4K () gandl 1S )3 ke 480
.Zdellner, Kirsch, (1962) 530 nm = s«l!

B Baliadl i pdsad) .2

:(GPx) Jaldd 485 1.2

:Jelaal) fass

0580 sl Gy 1Y) La dle e lus 54 GPx a3 Tl i

&) euan ey GPx Aol g1 (5 saand) 2uSY) (368 J) s die xiiad) GSSG S 34l
Jeldll 43 LS Glutathione reductase e,zj.'f)!\ il 902 GSH A 3adl 45y gua

: uju\

R-O-O-H + 2 GSH GPx R-O-H + GSSG + H,0

»
>

GS SG u NADPH2 Glutathione reducta;se 2GSH + NADP+
nm 340 e dpabaicyl b (mlisd) aliay NADP' Y NADPH s8]
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— LW NADPH  — (aldll 3 sall Julaall pliali) . oy 331 Jalial il i Lilase
.m340 e cm / M 6220

sie dualaie)l dad &5 H,0, Jeldll sale Ailaly Jgtiny ooy 3Y) Jelial
Il ge 5 pila it 2 gall Jghall 138 die dpaliaiey) (aliadl de ju .nm 340
-(Paglia and Valentine 1967) duall & a1 )

&) Y

Ll g1 53 3 saall haiall cladl (g alaal (4)  da )l Al Glld dey 6l peal
4°C 2ic 38 10 32al 43801 335934000 (538 pall 2 lall dalaal (5 ginall (yia yay
L) Bl Gl dglee \le S ) QpalY) (e AEEED Ll ARl Gl dey pan]
e J 48y [ nm 340 die dpabiaia) (mlids) Jaw o8 lus Joladdl 7 5
O am ¥ Y paliaiayls Lo gl g g i) slall die Jilie (3362 3
oy 458 e 2% 138 9 488/0.05 s2em Y A sall dpaliaicyl g di8y 1.5 saxm

838 5o A

:halddl Gl
clusy 48830 8340 nm dabiaicy) die Lliill & (alisdyl de ju 20a3
Al 120-60 (w dpaliaicy) & (3l
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:Aa1a) A8l Madiuly (nmol/min/mL)

1 U/g Hb = Inmol NADPH / min/ gHb = Aj49/min
00622,0
il Jalae X 121 X Agge/min = (U/gHb) (oes 33¥) bliall olua
0,00622

:SOD Jaldd jua85 2 .2
:Je il Jas
ases sl Syl 1 a) dilee dayd e oy 3391 5508 e Jelill adia

.(Nishikimi, et al, 1972) ,nitroblue tetrazolium 42uxal phenazine methosulfate

&) Y
& Janiunal) mBiall ele (s Lgalaal day )l 48l o) yeall aall <l S jas

4°C sic 383 15 322 10000 X g (538 al 3kl dibaal (5 giadl) (yia as <HPLC
LYY Bl el dilee Lo a0 o pl) 8 AT Llall A8all Gl asy aan
%60=%30 O 4 she Janli A eldac) (i iy digal) C2idS

(A Lall Jslad e IS @8 5 320d nm 560 aie 4y pabiatial) 3ol )
°C 25 5_)) ya da 2 2ie (A A sample) 4=l 5 A control )

gl 3 sl gl s

100 X A A control — A A sample
A A control

(PMS) 48Lal (e 3B 5 22y nm 560 e duabaicyl & il A A control Cua
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Adall Gl (8

& (PMS) 4dlal (e @EY 5 2eynm 560 e dpabaic)l & 5ailA A sample
Al 2 sa g

-Jaxiue Hb g /L X 3,75 X Inhibition % = U/gm Hb rhlédl) Glua

GR :hlis paai3 .2
s Je i) fas
g 1Y) 5,00 dga g A GSSG Sl JI sl Jelis GR - iy
Jsh aie dnalaia)) (mlisd Cuusy (NADPT ) s 550 auslyy o3 NADPH,
.(Goldberg, Spooner, 1983) nm 340 4 s«

GR

NADPH + H+ + GSSG — NADP" + 2GSH
) Y

Jarindd) =B glall o Lpana < e Gy 5} d8lialy o) pead) anll il S s

HPLC
4°C  xic Zad 15 310000 X g 5 38 oall 2kl Aleal (5 il jomym

Y Bl Gl dglee Lgde a5 Al gl (e ZEEEY Lled) Adall Glld dey pend
S Apaliaiayl T 5 %0 25 5l yall da yo aie @B dam @Y g
G5 a8 AGEy aay 3e) Al Alad nm 340 Aa gl sk die of gl de Jila

AN 8 dpealiatay) il e Jgaasll
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:laad)
DAY Cuwa U/ g Hb an33¥) s Caeny
a1 3¥) Ll U/ g Hb ) = 4019 X A 340 nm / min

A )l 35S A8 k) ey <o Catalase @ DS an 3 Jaldd 085 42
Cilay 3V 33 sS0a (§yhally Cai ) peall pall iy S a5 Jrud AaSuulSY)
AL

Aoy Al jall 85 5 5SAdl) 44 yhall iy i GSH s 4l J5AY) 8 a8l a5 5 .2
Al ey 3V 835583 (3 shally i o) pead) adll il S padi g Jaut

Lilasy) 4,
temoadll ¢ 3adl
i pally Blaty (o2 5 o yadl ¢ 3l libull Slaa) dalaill o ja) o

S VL G ad) s Sl gy ladll o) il sie sl slgaYL Lalal)
(One way ANOVA) One Way Analysis of Variance ¢ plill ;i) ddad o
el Sl gia o Alasy) clERY) aaail (Duncan) (Ko Jlal Hasiul g

G e g ginall 3 luial 5 g sl <l i e s i S B dilia

(Armitage, 1971) 4i ] 1 lila p<0.05 Zolaia)
.( Mean = Standard error; SE ) il Waddl 5 Jandd) 21 ja0ul 23

Pl LS die puaill S dulBall dan il A4S Cibdazall J glae

p=>0.05 Laic (5 gina yc
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p <0.05 Ledic (g gina(¥)

p<0.01 Laic e (g gina(**)

p <0.001 Lic faa Jle (g gina (***)

- e L il (e ) JLia) da 0p S
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b Gpend ) Lple Jeaatidl RS auds
Ags itey) ity
Slea! Cms Leb L Lan sl € il 405l il (gl ymia) L Lo

Delana¥l( dad suall 5 g Sl el Lliadl de gand) dic ot

el AUSY Jaia g paad) 1
(o pial SLEAD ki Lo an ) Al By peal 0 )4 Jand) sy

will e a2l 4l a g 5 OBMI( Ayessall AKSH 5 5al pnsily g ¢ allll (10 gl
A gl 350l panm 55 Lild 003l Aat Al de genall (520 Ly el
39l Cpana dle V) 35 Lad cagale Galdy Yl 3 il ) 81 amy lacle
sl e pendd Dponsall ABSH pige 8 dysine s 33ly) seda GllS g cAgmplal
Casmay 3 wa g Alagliall de genally Aijlie 0 & il 5 Sl Sl oy ubiad)
b ool Bal s Al de sanal o il ate e L 030 (350 350

DB 5 (4( Joal] 4nun sn (a sall Ae gl



67
asliall do ganall & Zpcual) ALK ph5e g yacdl 5 slaad) il jaiY) £ das giall o(4( Jeand)
)29 = 2e( S ¢ gl o Sl sl Gliadl de ganall 3 )1 1= 22e(

Fd) gl o pall Lyl guall ie ganal
A g 5 & yizal
57.57 1239 49.80 + 14.88 (o) o
(35.00 — 82.00) (27.00 — 73.00)
(9/20) 6/5) Yo/ i) il
28.70 £ 4.98 30.27 £ 4.87 Faad) ALSY e
(20.96 — 41.02) (521-3894) | gy (g
1-20 (pe) vaupd B
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40 - B 3ag galt
35 - B iy
30 -
W 25 -
Ni' 20 -
15 o
10 o
5
0 1
sz dadall soBe
B Ldyod
Hsdoad
80 -
70 -
60 -
50 -
.9«’ 40 -
30 -
20 -
10 -
0 .
)ele (ol

Ualal) de sanall 8 ) e/mll) Lpaall LK H85a5 (ple) yardl Jaw i e 3 )8( zpdl
)29 = axe( u,_aL“ﬂ\ t}ﬂ\ Lﬁ)&d\ el Gibiadll de ganall ) 1= axe(
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:Liey) Julta
5 Sall ey Ualii ) SV Zlaas gl il 5l Calide Zud pall gl

OSIaall G sle sangll 5 ¢ D 3 Slall S g e Blaty g cailicLiaa g
Oz ) 88 DA aall S Allad g el daglic s e Ja 163<S JHDA, C(
5l o328 PR sdie Al Al 23 (e ¢ sei 43

i gl o 5] KU OTG( AN <y puandall cdgiaall <l el dusl 3 a3 €l
g8 ol )LDL-¢( AESY dizabiie donadll cilisi g yll HDL-¢( 486SH dlle dall
pladiul (& Jaddl Saall 42 L gaa Sadl Al jlaial) ) oot AlSa) (s00 e

e Sl elal aaliadll g a8 Al Glicliadll g Sl elay Gaubad) die 3 € glall
Glie bl e ol Al (gae JLidY il )SI juai g ¢yl il alaliS
Ol e Al HLaaY Yl sall( Ly sl

il (2 jaiad L Lasd g
D) Sbwayfade( pll jeSsla 1
Ll o yall e gane )P <0.01( a2 S (5 sine S Alle dysinasaly) ang

1)9(:dsa §)5( dad] Ansliall Ao genally

D%( Sl G 8 sargd) .2
P < 0.05( Sl o o¥ sanedl A 8 G gina Baly ) gl < el

J)9( S 5)5( dses [ Uailiall do genally & jlia  in yall e gene
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) s/ )Ll Lssd .3

A)lie ot yall Ao gene Lo b (8 L) sall (6 shue (8 dysina 2 32b ) 2a g
1)9( 28 9)5( Jgad] Abajlall de senally

1) el iy S0 4
Al ie senall o Lo Sl 6 il S (5 ane b 5 sine 58 a0 Y

A gl 3 ganll e Ay 43 V) (i sl die dad I e a8 L Dladll

1)9(:dsi 5)5( e[
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e yanall L3l b 2 pinl) gl 45l pinnsd (5 el i iy ) & L il 1)5( g2
)29 = 2e( S g gl g Sl play Gilbasll de ganall 3 )11= 22e( daylinll

£ Y LSl ol Alaal) {asliat i ganal
e & el
ok 95.27 +23.80 ;
154.52%%* + 59,93 ) sl zha) pl 58sla
(76.00 — 277.00) (73.00 — 151.00)
7.96*% +£2.09 6.27+0.75 Slaall G o gasgl
(5.00 — 12.60) (4.92-7.60) )%( HbAlc
39.79+ 11.78 36.70 + 8.44 ’
) Al e gl
(21.00 — 71.00) (26.00 — 54.00)
1.12 4 0.03 1.14+0.18 ) i
) Alasasy o Cpadily I
(0.90 - 1.61) (0.92 — 1.48)

P<0.01 &dlaa) aie 4lle 4 gina AVF* 4 P< (.05 ddldal) aie 4 gine AYa *
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101 -
94 )
W il 250 1
81 ' [ [EDRIRR
6 4
5 1 150 -
. ¥
e ]
5] 100 -
2 4
50
1 4
0- T o
ol ed 0898 e o s
B alzal
60 1 wETIN!
50 -
40 +
i) 30 -
e}
20 -+
10 -
O .
losd Oglepl)

Saad) Onsk sl 5 ) silians/m I JsSslall e JS Gl i i gy 1)9( 2JsA
Lo &) Al ot O sibfalo( Losl %( JHbATC(
ne( S e gl g Sl la Gilaall de ganallg )11= 20e( dnyliall de geanall

)29 =




73

1) il a5 adl) iy pesla 1.5
Lt Lboadd e sanal) (5] LDl puulal) 3 5 sine b (alidd) aa

— 46.00( sl JAQMJA{:J}J;QAM&J&A} dlaliall de ganally cuiy 8 La 1)
J(10) JS& )6( Jgaad] (Llsy/zte 198.00

1) Alany/za( adl) J g sia oS .2 .5
Lo 13 Lnai bl Ao ganall ] Jg piansl 51 3 (5 sina e mlisil 2

e 267.00 — 134.00( = ) dic dadi jaoagan g ¢ddajliall de ganally <l y g8
J(10) JS&Y 5)6( Jssad (ilees/

1) Alsws/=lo( HDL-c ¢ABUCY ddlle dpanth clisg W .3 .5
5 B Alle Ayl iyl 3P < 0.05( 5 sine s alisd Jan g

il g aliall de genally 45 le S g il g Sl ol el lad de sandl
syl e U Lee (iltfe 25.00 = 204.00( oxbadl die Wle il sial
J(10) JS&Y 5)6( Jsaad] ageal Geaall 4 alall

:(silsy/mbd LDL-c 4BESY Liadlie yalh clisiy ) .4 .5
) AESY (ymidie Dyl i g sl 8 Gy sine 3aly ) 2 ga s il skl

dodge]  Aalial de peaally &l B & gl oSl Jad) el diliad)) de gendl

J)10( adoAcs )6(
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daliall de gaaall Jras & sl @ g (amd (5 jbmall Gl syl £ das giall (6) Jgaad)
)29 = e S ¢ gl o Sl sl Giliadl de ganall 3 ) 11= 22e(

Sl g1y dslaal)
(SEN £ s

idaLal)

-

is gaaall

&) i ‘gad)

106.90 + 43.09
(46.00 — 198.00)

124.45 + 46.37
(49.00 — 201.00)

BRIPEINCEL IR

180.66 + 35.11
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1 Sl zWYI 5 <dga 3« Rubin et al., (2006) s Haidari et al., (2002) s
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DAY g pulall 8 da s e 0 silan ) i) die g sl oS0

Saxena et al., (2005) Ay B ek Al el ae L s Uil 380 cps 8
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¢ ,Donma et al, (2002) s Seghrouchni et al., (2002) ,Gurler et al .,(2000)

e bl (aliddl Jaw dus g Sl el Gubiaddl die auall 8 35S glal) 48) ye
IS s 8 «CAT, GPx, GR Jie 3_all s3all 4115 o &gl ey 3391 (e
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5 ol 3aust (568 Al il g3 Noberasco et al., (1991) Aiay s A
Gallou et al., 5 Sull el Cmbadl die Klaall G dle garedl 5 3 oS lally Lidle
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Gl (e 0y ilay ) (5 Sl elay o sall die sauSHD aleaYl di 5 s

Caai A Al Ol i) uds & 5 Chang et al,, (2005) 4l il
Benrebai, Bl g€ gL el o 58l elay Bbadll o) il IS e Lgilaadl
.Hawary, (1994)
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320 il e W pd) e Ll gl 5 ooyl die MDA 3 55 5 coudl 0 Wil
43l 5 Hsu et al,, (2006) 4 MDA 4uiaall 3008V 560 50 38 5 o
Glicbiadl ¢ gl Jaaail 1 S0 Dol aall oo iy Lae ¢ yall 320y Ll Jasi

cg Sl ¢y ddad yal)

: GSH Jiaal) ¢ o5 glal)
ool amat 8 Allall 3. SH <) Huadll dlala 4 354y 3 a8l GSH diad
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(C) g (mabihl) jpa i

el shass)

Tampon 100 mM/L ahis Jslas - 1
DCPIP 1.0 mM/L - 2

Jaal) 43, sk
ml Lzl Blanc ml
0.1 — iy Ll
_ 0.1 Shid) oLl
0.5 0.5 R1 abiall Jslaall
1.0 1.0 DCPIP

i) Ll Jitie blanc s disell 5 suall (abeata¥) Gl o s clisell WL 83
sl s Aol sl s 5 mg/L350 L Lhall LlELY) 520 nm ds sl sk 2ie
! ibal)

il X410 X A 5y~ A plane = (mg/L)Aial) 3 C pselis

A = Absorbance

Catalase i1

$ by glassl)
100 mM/L salaiall |
il Jglad 1
-Tampon Phosphate pH 7,0
-Détergent
100 mM/L -H,O, (substrat et standard 2
-Dilué x 1000 avant utilisation
_ Chromogene -inhibiteur. 3
> 2000/L -Peroxidase 4
2 mM/L -4-Aminoantipyrine

-Préservatif
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Janl) 4y o
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ml ml ml ml Al stal)
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ml :\-‘:‘.—’d\ - {
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Gﬁc&éﬂ\ﬁ)\ﬁ:\;‘)di\cJ*EM&EJJ&;@M\G%
SV Ll Aa g 5 A58 15 5a4) 0 <3 23000 ie

0.5

0.5 s slall il
1.0 1.0 2R
0.1 0.1 R3

120 4l 4dadll g Jblanc bl il nm 405 4a sl
mg/dl
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:Total Antioxidant Capacity j—ais
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r;ﬂ ml skl
B 0.02 bl el
0.02 B Qg
0.5 0.5 R1
a"37 die 3 10 Grany 5 laa hlay
0.5 0.5 Janll s gla€
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mM/L 2 &l 4hall &) . nm 505

‘Malondialdehyde (jsaa)) Luls) §gd o &5
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10 nmol / mL L;“""M\ JM\ 1
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Thiobarbituric acid
Détergent
Stabilisateur
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s Jand) A&y b
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4 Ll

-
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:GPx _gads
el sl

ahic slas 7.0 PH abidll Jgladl | 1]

50 MM Sl b
1 % TRITON x-100
NADPH lyophilisé 2
Glutathion (GSH)
pm_ol 24 Glutathion réductase
Ul2> B-nicotinamide-adenine
4.8 umole

dinucleotide phosphate reduced

5 plee Ala3iuY) U8 5 e 100 3835 % 50 G gouel) sl 358 | 3

s Jand) A&y b
Aaal) el
ML by slesl
1.0 (R1) alaidll Jgladll
0.1 )R2) NADPH
0.01 Al
0.1 H,0, (R3)




146
ol el adll il S 52 (10 V/1 V) 2k ale Jslaar sl peall adll il S Juuk

6 sinal) G ymy lis¥) g 53he 2l Ll (e laal (4)  day ) dilaly @lld 2y
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SOD 4l

il shassl)

8.5 PH alaic Jslas 1
NBT 2
NADH 3
PMs 4

Jlaxiul¥) J8 3 50 100 caidy 4 Joladll ¢ jhaiall eladl e Jla 10 Lead) caliat o4 (3 2 Jallaall
3yl
(A phll) il aile agay b 3sala aall Lo Db dial
ABEYY

«HPLC &b aninal) ZEA ole o Lgalaal dry Jf Lzl o) paall adll il )€ s
A8l b amy 2023 4°C e 4883 15 32 10000 X g 5 S pall 2 phall dilanl (5 ginall (yin y2y
) Bl Gl Alee Lgle S5 GgailY) 3 A8AAD Llel)

%60—%30 A gie Jandii duwi glac) (e diaall 2835

Lgal BLANC Ciligall
ML

ML Jalladl

1.0 1.0 (R1) abaidl J oladll
0.1 0.1 (R2)NBT
0.1 0.1 ( R3 NADH)
0.05 _ L al

B 0.05 Sl gLl

Al Jelitl fay tlay s cligall zr
0.01 | 0.01 (R4 ) PMs

WL Jslaall cpe JSI 3380 5 304 nm 560 2 abiatie¥) a0l j (ol
2C 25 5 3 4a 0 aie (A A sample) 40—l 5 ( A A control )
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GR : ads
NADP" + 2GSH NADPH + H+ + GSSG
el e
Bufferabic Jslss 1
100 mmol/L _
1 mmol /L Phosphate de potassium Ph 7.5
EDTA
30 mmol [ GSSG Jelidll sala 2
2mmol /L NADPH 3

334 %2 20 — die 4y paliiaY) (Ka R1 alaiall Joladdl e Jle 12 ddlialy alay R2 Jsladll
°a20 — sic 4y BUERY) Sy okl sl plall e Jle 10 ddlaly of gine alzy R3 Jslaal)

SBVEES

Akl aall aole aga 3 3salal aall LoDl sl

ABEY)
0.050 o
ML
1.00 Buffer (R1 ) ml
0.10 GSSG (R2 ) ml
0.10 NADPH (R3 ) ml

Sl we M 340 A sl Johal) aired Sl ie )58 a5 Ca 25 die @y dam @l 2
A &SN fApalai¥) G e duass 335 am & Al 5 e 1E L Gl daed ol )

A340 nm / min
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Abstract: The present study was carried out to evaluate the oxidative status in Urban
Algerian patients suffering from type 2 diabetes mellitus (T2DM) and treated with
hypoglycaemic agents. Investigations had been conducted on 29 adult T2DM patients as
compared with 11 healthy adult subjects (as control). Plasma glucose level and haemoglobin
A1C (HbA1C) were determined, as well as total antioxidant capacity (TAC), catalase (CAT),
glutathione reduced (GSH) and lipid peroxides (MDA). Kidney function tests were also
assessed depending upon blood urea and creatinine values. The result revealed that fasting
plasma glucose level was higher (P<0.01) and HbA;C was markedly increased (P<0.05) in
T2DM group as compared to healthy subjects.. Patients revealed higher concentration of
MDA (P<0.01) and low activity of CAT (P<0.05) as compared to the control group. GSH and
TAC concentrations decreased (P<0.001) in the tested group than the healthy control group.
A negative correlation was found between fasting plasma glucose levels, HbA;C on one hand
and TAC, CAT, GSH, MDA values in T2DM patients on the other hand. no alteration in
kidney functions was found as indicated by urea and creatinine values. It was concluded that
T2DM patients are undergo an important oxidative stress, even under hypoglycamic control,
they were considered to be poorly controlled.
Key words: Type 2 diabetes mellitus, Oxidative stress, total antioxidant capacity, Catalase,

GSH, MDA, Algeria.

INTRODUCTION

Investigations on diabetes mellitus had showed the involvement of
reactive oxygen species (ROS) including free radicals in the genesis of chronic
complications related to the disease, as cardiovascular affections, renal failure
and neurodegenerative changes [1-3]. Oxidative stress is more obvious in type 2

diabetes and this appears to underlie the development of diabetic complications



[4]. Hyperglycemia leads to metabolic disorders, characterized by alterations in
the metabolism of carbohydrate, protein and lipid. Diabetes induced disturbance
in lipid profiles, especially an increased susceptibility to lipid peroxidation [5],
which is responsible for increased incidence of atherosclerosis [6]; a major
complication of diabetes mellitus. Macrovascular complications, which manifest
in about 80 percent of patients with type 2 diabetes, are a leading cause of

morbidity and mortality worldwide [7].

In non-insulin-dependent (type 2 diabetes mellitus), oral hypoglycaemic
agents are used to stimulate the pancreatic beta cells to secrete insulin and/or
increase the sensitivity of peripheral insulin receptors to the action of
endogenous insulin [8] with the hope of achieving better glycaemic control and
attenuating related complications.

Among hypoglycemic agents; Rosiglitazone used currently by type 2
diabetic patients due to its efficacy for improving the sensitivity of tissues to
insulin and reduces insulin resistance [9,10], which in turn improves markers;
HbAlc is the most representative marker of hyperglycemia for assessing
glycemic control and glycated albumin) of cardiovascular complication
[11,12,13]. Metformin, is another hypoglycemic drug used in clinical treatment
of type-2 diabetes for over 35 to 40 years, it enhances the sensitivity of both
hepatic and peripheral tissues to insulin, it inhibits gluconeogensis in the liver
and lowering plasma triglyceride and low-density lipoprotein (LDL) cholesterol
and total lipid levels. This drug is most often associated with sulphonylurea to

exert an evident lowering effect, on blood glucose level [14,15].

Previous studies have shown that diabetes mellitus can worsen antioxidant
status, hense deficiencies in some vitamins and trace elements related to the
extrinsic antioxidants, such as vitamin C [16, 17] vitamin E [18] and zinc [19]

can aggravate the several complications of diabetes.



This work was conducted to evaluate the oxidative status in a group of
urban Algerian with type 2 diabetes mellitus (T2DM) treated with
hypoglycaemic agents (non-insulin-dependent diabetes mellitus) compared to a

normoglycemic group.

MATERIALS AND METHODS
Subjects:

Twenty-nine patients suffering from T2DM including 20 males and 9 females
with a mean age of 57.57+2.39 (range; 35-82) years were randomly selected
from the Center of Diabetology Al-Kantara, Constantine, Algeria. Patients were
informed of the purposes of the study. Eleven age and gender-matched healthy
subjects including 5 males and 6 females with a mean age of 49.80+4.49 (range;
27-73) years, who came to the center for check up, with no known family
history of T2DM, were also enrolled to the study as the control group.

Key exclusion criteria included smokers, pregnant women, persons receiving
trace element or antioxidants supplements in the previous three months, persons
with gastric or diuretic treatment, patients with acute renal failure (creatinine
>1.20 mg/dL) and patients with a recent surgery or acute infection. Only patients
with fasting blood glucose >150 mg/dl and HbAlc > 7.5% were included.
Blood Samples and Biochemical assays:

Blood samples were drawn from each T2DM patient and control healthy subject
after an overnight fast at the Center of Diabetology Al-Kantara, Constantine.
Three blood samples were collected from each subject. The first sample was
collected in a tube containing sodium fluoride for plasma glucose determination.
The second sample was collected in a tube containing heparin for estimation of
plasma antioxidants, creatinine and urea. The third sample was anticoagulated
by ethylenediamine tetraacetic acid (EDTA) and was used for determination of
HbAlc. Fasting plasma glucose was estimated enzymatically using glucose
oxidase [20], creatinine value using Semi-micromethod [21] and urea using

urease enzyme [22] were determined using an Auto-analyser ; ADVIA 1650



Chemistry System Bayer-Diagnostic Laboratory of biochemistry CHU IBN
BADIS Constantine. Glycated haemoglobin (HbA1c) was measured using BIO-
RAD D-10™ UNITED STATES, Bio-Rad Laboratories, Inc Hercules CA 94547.
The D-10 Hemoglobine A;C program utilises principles of ion-exchange high
performence liquid chromatography (HPLC).

Antioxidant markers assessment:

Plasma lipid peroxidation product (MDA) and antioxidants status were
measured using specific kits purchased from Bio-diagnostic, Dokki, Egypt.
Plasma MDA was determined according to the method of [23]. This technique is
based on thiobarbituric acid reacts with MDA in acidic media at temperature of
95°C for 30min. to form thiobarbituric reactive product the absorbance of the
resultant pink product can be measured at 534nm.

Plasma glutathione reduced (GSH) was estimated according to the method of

[24]. The method depends on the reduction of 5,5 dithiobis (2-nitrobenzoic acid)

(DTNB) with glutathione to produce a yellow compound. The reduced

chromogen directly proportional to (GSH) concentration and its absorbance can
be measured at 405nm.

Plasma total antioxidant capacity (TAC) was determined according to the
method of [25]. This determination is performed by the reaction of antioxidants
in the plasma with a defined amount of exogenously provide hydrogen peroxide
(H,0O,). The antioxidants in the sample eliminate a certain amount of the
provided H,O,. The residual H,0, is determined by an enzymatic reaction which
involves the conversion of 3,5, dichloro-2-hydroxybenzensulphonate to a
coloured product and read at 505nm.

Plasma catalase (CAT) was estimated by the method of [26]. The method
depends on catalase reacts with a known quantity of H,0O,. The reaction is
stopped after exactly one minute with catalase inhibitor. The presence of

peroxidase, remaining H,O, reacts with 3,5 Dichloro-2 hydroxybenzene sulfonic



acid and 4-Aminophenazone to form a chromophore with a colour intensity

inversely proportional to the amount of CAT in the sample and read at 510nm.
Statistical analysis:

All data were subjected to statistical analysis including the calculation of the
mean and standard error (mean =+ SE). Student t-test was used for the evaluation
of data. Differences were considered significant at P<0.05 level [27], using

SPSS version 10 computer programme.

RESULTS
The individual characteristics; age, gender and duration of the disease (in

diabetic patients) and healthy subjects are shown in Table 1.

Table 1: Age, gender and duration of diabetes in healthy subjects and type 2 diabetes
mellitus patients. (Mean + SE).

Groups Healthy subjects Type 2 Diabetes
Parameters (Control, n=11) (n=29)
Age (years) 49.80 £ 4.49 57.57+2.30
(27.00 — 73.00) (35.00 — 82.00)
Gender (Male/Female) 6/5 9/20
Duration of diabetes (years) Non 1-20

SE = Standard error.
Fasting blood glucose level of T2DM patients was a higher (P<0.01) than

that in healthy adult subjects. Also, the HbAlc exhibited clear increase
(P<0.05). There was no significant difference in the level of plasma creatinine
and urea in T2DM patients and healthy adult subjects during the period study
(Table 2, Figure 1).

The plasma lipid peroxidation end product, malondialdehyde (MDA)
increased in T2DM patients (P<0.01) as compared with the control group,
while, the activity of plasma CAT was decreased in T2DM patients (P<0.05).
GSH (P<0.001) and the total antioxidant capacity (TAC) (P<0.05) decreased in
T2DM group as compared to the control group (Table 3, Figure 2).



Table 2 Values of some plasma biochemical parameters in healthy subjects and type 2
diabetes mellitus patients (Mean * SE).

Groups Healthy subjects Type 2 Diabetes mellitus
Parameter (Control, n=11) (n=29)
Glucose (mg/dl) 95.27+7.18 154.52 £ 11.13 **
(73.00 — 151.00) (76.00 — 277.00)
HbA;c (g %) 6.27 £0.23 7.96 £ 0.39*
(4.92 - 7.60) (5.00 — 12.60)
Urea (mg/dl) 36.70 £ 2.54 39.79+2.19
(26.00 — 54.00) (21.00 —71.00)
Creatinine (mg/dl) 1.14 £ 0.06 1.12£0.03
(0.92 —1.48) (0.90-1.61)
SE = Standard error. HbAlc = glycated hemoglobin. * =P <0.05. ** =P <0.01.
200 -
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Figure 1: Plasma glucose (mg/dl), glycated haemoglobin (HbAIc), plasma urea (mg/dl) and
creatinine (mg/dl) in healthy subjects (control) (N=11) and type 2 Diabetes
mellitus patients (* = P<0.05. ** =P < 0.01).

Table 3: Values of some serum oxidative stress markers in healthy subjects and type 2
Diabetes mellitus patients (Mean + SE).

Groups Healthy subjects Type 2 Diabetes mellitus
(Control, n=11) (n=29)
Parameters

Lipid peroxides 42.87+1.37 51.21 £ 1.61 **
(nMol/ml) (29.47 — 45.26) (34.74 —71.58)
Glutathione reduced 7.99 £0.93 4.45 £ 0.25%**

(mMol/l) (4.44-11.10) (2.22 - 6.66)
Total antioxidant 3.81£0.15 2.91 £ 0.09%**

capacity (mMol/l) (2.71 -4.59) (1.95-3.95)
Catalase activity(Unit/l) 317.81 £18.34 283.80 £ 5.78%*

(262.73 —490.62) (231.90 — 356.56)

SE = Standard error. * =P <0.05. ** =P <0.0l. ***=P <0.001.
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Figure 2: Plasma lipid peroxides; MDA (nM/ml), glutathione reduced; GSH (mM/1), catalase
activity; CAT (U/1) and total antioxidant capacity; TAC (mM/]) in healthy subjects
(control) (N=11) and type 2 Diabetes mellitus patients (* = P<0.05. ** =P <
0.01. *** =P < 0.001).

DISCUSSION

Fasting plasma glucose level was a high (P<0.01) in T2DM group, even
they took hypoglycaemic agents as compared with healthy subjects. Although
this condition is consequently accompanied with a marked elevation of HbA ,C
(at P<0.05), indicating that glycaemic in our diabetic population was moderately
well-balanced, which explains the low rate of non-enzymatic glycation of
haemoglobin A;C observed essentially in diabetes.

Oxidative stress status of patients with T2DM was evaluated by
measuring plasma lipid peroxidation end product MDA, an impotant index
marker of the extend lipid peroxidation and evaluation of oxidative stress, as
well as glutathione reduced (GSH) concentration, total anti-oxidant capacity
(TAC), and the catalse enzyme activity. In this study, oxidative stress status was
disturbed in diabetic patients with T2DM as compared to healthy subjects.

Plasma MDA concentration was higher in T2D patients as compared with

healthy control subjects, indicating higher lipid peroxidation [28]. The elevation



of lipid peroxidation is related to the duration of diabetes [29,30]. This was
consistent with the previous studies [31,32] especially in patients with vascular
complications [33,34]. Thus, moderate, as in the current case, or poor diabetes
control may enhance lipid peroxidation, and diminishes the body‘s anti-oxidant
capacity, hence a negative correlation between hyperglycaemic and oxidative
stress was observed and agree with [35]. This increase of lipid peroxidation is
frequently observed in diabetes due to mobilization of lipids for a further use as
an energy source rather than glucose.

Plasma GSH, decreased in T2DM patients as compared to healthy control
subjects which indicates the extend degree of oxidative stress in diabetes
[36,37], it accompanies the decrease in the activity of catalase, which plays a co-
enzyme role for scavening H,O,. On the other hand, the decrease of plasma
glutathione reduce may be due also, to a decrease in ascorbic acid concentration
which plays a synergic role with GSH in the regeneration of vitamin E, during
the elimination of free radicals [38]. The depletion of GSH is due in great part
to a deficiency of NADPH, used in some oxido-reduction reactions like polyol
pathway over and above its reduction formation through pentose phosphate and
malic acid pathways owing to chronic hyperglycaemic as showed by [39] and
[40], leading to impairement of GSH regeneration and depletion of an important
free radical scavenger [41], this condition disturbs the antioxidant defenses and
accelerate the oxidative damage [42] and hence reconfirming the negative effect
of hyperglycaemic on GSH levels.

The TAC, represents the extrinsic (micronutriments) trace elements,
vitamins (A, E, B-caroten and ascorbic acid) and intrinsic factors including
group of organic anti-oxidants such as enzyme catalase glutathion peroxidase,
superoxide dismutase and non-enzymatic anti-oxidants (GSH) and others like
flavonoids, bilirubin and uric acid [43]. In this study, a very drastic decrease in
plasma TAC in T2DM patients vs the control group was observed and agree

with [37, 44], but less than that reported by [32]. In this respect, [45] reported



that this diminution is due to poor control diabetes, which concords trully with
the disturbance in HbA C [46].

Treatment of T2DM patients with hypoglycaemic agents is often followed
by a strict regimen, which in turn must be well adapted to each diabetic patient,
to avoid depletion in extrinsic antioxidants, that were not be influenced by auto-
glycation as it‘s the case with antioxidant proteins .

Catalase (CAT) is a hemeprotein catalysing the reduction of hydrogen
peroxides and protects against highly reactive hydroxyl radicals; decreased CAT
activity during diabetes disease could result from inactivation by glycation of
enzyme [47]. The present decrease in CAT activity in T2DM group was 10%
(P<0.05), however, [46] observed a diminution by 30 % in type 2 diabetics.
Negative correlations between serum glucose level and HbA,;C and CAT were
noticed in this study. The diminution in the catalase activity is also observed in
diabetics with poor glucose control and vascular complications. Previous studies
have shown that plant hypoglycaemic extracts like Syzigium cumini seeds
increases catalase activity by diminishing blood glucose level [48], and vitamine
C, as a potential antioxidant, also increases catalase activity [49], this may be
due to the alleviate action of hypoglycaemic agents on enzyme glycation.

In conclusion, results from this study suggest that hypoglycaemic
treatment has no favorable effect on antioxidant system in T2DM patients
compared with healthy subjects. This condition suggests that under
hypoglycaemic treatment a supplementation with micronutriments is necessary

to improve the intrinsic antioxidant system.
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Résumé

Malgré I'existence d'un état de stress oxydatif dans 1'organisme, toutefois
sa fréquence augmente dans le cas du diabéte a cause de I'hyperglycémie, cela
peut l'expliquer pas la conjugaison non enzymatique de plusieurs molécules
protéiques avec le glucose, notamment les enzymes, ce qui bouscule I'activité de
celles-ci; particuliérement celles dotées d'une activité antioxydante (Catalase,
SOD, GPx, GR). A cet effet une accumulation de substances oxygenées actives
apparait, d'ou l'installation d'un état anormalement ¢levé de stress oxydatif.

On a pu observe cet ¢tat ¢leve de stress oxydatif dans notre étude chez les
sujets DNID, contrairement aux controles; malgré le traitement suivi aux
hypoglycémiants, la taux ¢élevé de I'HbA;C témoigne pour sa part du
deéséquilibre glycémique des DNID.

L'étude parallele expérimentale sur les rats; a prouvé l'effet du diabete sur
la hausse du stress oxydatif, le traitement a 1'insuline a rétabli 1'état normal de ce
phénomene; on ramenant l'activit¢ des enzymes anti oxydantes a leur état
physiologique proche de la normale; ainsi que le taux du produit de la
peroxydation lipidique, le malondialdéhyde, cela explique d'avantage que la
diminution du taux de glucose dans le sang a réduit le stress oxydatif chez les
diabétiques. De ce fait, le régime alimentaire reste un facteur de soutien du
traitement hypoglycémiant, de part son apport en d'oligo-éléments qui
contribuent a I'élimination des prooxydants chez ces sujets diabétiques.

On conclusion, cela nous permet de penser a instaurer une stratégie de
supplémentation en oligo-éléments qui aident a neutraliser les prooxidants et

atténuer le statut du stress oxydatif.

Mots clés : Diabeéte type 2, Stress oxydatif, Hémoglobine glyquée, Capacité
totale antioxydante Catalase, , SOD GPx, GR GSH, MDA Constantine.



Summany

In spite of the existence of a state of oxidative stress in the body, however
its frequency increases in the case of the diabetes because of the hyperglycemia,
it can be explained by the non-enzymatic reaction of several protein molecules
with glucose, particularly the enzymes, what pushes aside the activity of these
molecules; particularly those endowed with an anti oxidizing activity such as
(Catalase, SOD, GPx, GR). In fact an accumulation of active reactive oxygene
species appears, where an installation of an abnormal raised oxidative stress
state.

We have to observed this raised state of oxidative stress in our NIDM
subjects, contrary to the controls; in spite of the hypoglycemic treatment, high
rate of the HbAC testifies for its part of the glycemic imbalance of the NIDM.

An experimental parallel study on rats; proved the effect of the diabetic
state on the increase of the oxydative stress, the insulin treatment have restored
the normal state of this phenomenon; once returning the activity of anti
oxidizing enzymes in their physiological state close to the normal; as well as the
rate of the end product of the lipid peroxydation, (the malondialdé¢hyde), It
explains of advantage that the decrease of glucose concentration in the blood,
will reduce the oxydative stress in diabetics.

Therefore, the diet remains a supporting factor of the hypoglycemic
treatment, of part its contribution in trace elements that contribute to the
elimination of prooxidants.

We conclude, that it allow us to think of establishing a strategy of

supplementation in trace elements which help to neutralize prooxidants and to

ease the status of the oxidative stress.

Key words: Diabetes type 2, Oxidative stress, Glycated hemoglobin Total
antioxdant capacity, Catalase, SOD, GPx, GR, GSH, MDA Constantine
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