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Abreviations 
 
AA    Arachidonic acid, 
ADN    Acide deoxyribonucleotide 
ADP    Adenosine diphosphate 
AGEs   Advanced glycosylated end products 
4AP    4-Aminophenazone 
Asp    Aspartique 
BMI    Body mass index 
DCPIP   2,6 dichlorophenol indophenol 
D-Roms test  Derivatives of reactive oxygen metabolites test 
DDT    Dichloro Diphenyl Trichloroethane 
DHA    Docosahexaenoic acid 
DHBS   3,5 Dichloro-2 hydroxybenzene sulfonic acid 
DID    Diabète insulinodépendant 
DNID   Diabète non insulinodépendant 
DTNB   5,5‘ dithiobis 2 Nitrobenzoic acid 
E col    Escherichia Coli 
EC    Enzyme classification 
EDTA   Ethylenediaminetetraacetic acid 
GLA    γ-linolenic acid 
GOD    Glucose Oxidase 
GPx    Glutathione peroxidase 
GR    Glutathione reductase 
GS    Glycogen Synthase 
GSH    Glutathione reduced 
GSSG   Gkutathione oxydised 
HbA1C   Hemoglobine glyquée 
HDL- c   High Density Lipoprotein cholesterol 
His    Histidine 
HPLC   High Performance Liquid Chromatography 
IR    Insulin Receptor 
LA    Lipoic acid 
LDL- c   Low Density Lipoprotein cholesterol 
LPO    Lipoperoxide 
LPx    Lipid peroxides 
MAGE   Mean Amplitude of Glycaemic Excursions 
MDA    Malondialdehyde 
mM/L   milli Mole/Litre 
MODD   Mean Of Daily Differences 
nmol / mL   nanomole / milliliter 
NADPH   Nicotine amide dinucleotide phosphate 
NBT    Nitroblue tetrazolium 



8 OHdG    Hydroxy 2 Deoxyguanosine 
PBS    Phosphate Buffered Saline 
PMs    Phenazine methosulphate 
PON 1   paraoxonase-1 
Redox   Reduction - Oxydation 
ROS    Reactive Oxygen Species 
SD    Standard deviation 
SDS    Sodium Dodecyl Sulfate 
SH    Groupe sulfhydryle 
SOD    Superoxide dismutase 
TAC    Totale Anti-oxydante Capacité 
TBARS   Thiobarbituric Acid Reactive Substances 
TCA    Trichloroacetic acid 
TG    Triglycerides 
TRL-TG   Triglycerides rich lipoprotein 
U    Unit 
U.CARR   Carratelli units 
UPC    Uncompling Poor Protein 
VLDL   Very Low Density Lipoprotein cholesterol 
WHO   World Health Organisation 
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1712000

30020305,23%

7%,WHO (1998),Froguel, 

Velho, (2001)Ruhe, McDonald, (2001) ،(Wild et al., 2004).

Insulino résistance 

)

(

Barroso, (2005) Hyper-insulinémie

)(

β

.(Biesalski, 2004)
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NADPH ,GSHNADH

)(

HbA1C

34

LDL-cHDL-c
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(DID)  Diabète type 1

(DNID)Diabète type 2

1DID

Iβ

Kloppel et al., (1984)

Bindokas et al., (2003)

126

WHO, (1998)

2.DNID

IIβ

Sakuraba et al., (2002) Butler et al., (2003)

)(

Robertson, (2006)

)(



            5

(BMI > 27 kg/m2),Kim et al., (2004) 

, Coffey et al., (2002)Graue et al., (2003)

,Baynes, (1991)  Seghrouchni 

et al., (2002)Shimabukuro et al., (1997).(Shimabukuro et 

al., 1998)

 Simmons, (2006) 

Bavdekar et al., 

(Forsen et al., 2000) ,Eriksson et al., (2000) ,(1999) .

HbA1CUKPDS, (1998b) 

β (Levy et al., 1998 a) ,UKPDS, (1995) . 

 8126أ

WHO, (1998)
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Novo lipogenèse.Rubin et 

al., (2006) 

ب

Baynes, (1991)ج

1(Opara, 2004)

Gavin et al., (1974)(De Fronzo,. 1988)

 Polyurie Polydipsie  ,Sailaja et al., 

(2003) ,Celik et al., (2002)(ADA; 2005) 
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 Perte de poids (Quinn, 2002) ,Sindhu et al., (2004) 

 Perturbation de la vision Wolff, (1993) 

  Retardement de la croissance 

 . 

 (). 

TG

HDLLDL

(Rubin et al., 2006) 

ب 

Scanu, (1965)Fredrickson et al., (1967)

Hypertriglycéridémie  < 150 

.Phillips et al., (2004)Taskinen, (2003)
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Bennion, Grundy, (1977)

Alavaikko et al., (1973) 

(8-12 ± 0-54 mg/g)(6-85 ± 5-66 mg/g)

Chen et al., (1979)

Lipoprotéine lipase

Stampfer et al., (1996)De Man et al., (1996)

 

Tushuizen et al., 

(2005)  

 

Bassi et al., (1996)

Evans et al., (2000) 
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Phillips et al., (2004) ،

-493G/TVLDLLDL

LDL-c

. 

جـ 

LDL-c 

HDL-c

HDL-c

Maladies 

cardiovasculaires

Mastorikou et al., (2006)
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Durrington, (1994)Taskinen, (2003)HDL

IIIPON 1

Mackness, (1998)Boemi et al., (2001)

Mackness, (2000)HDL

LDLShih, 

et al, (1998) ,Watson et al., (1995)(Aviram, 1999)

TG

Syndrome métabolique 

(Isomaa et al., 2001) 

(Isomaa et al., 2001),. 

Alavaikko et al., (1973)

. 
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د 

Podrez et al., (2002 b), Podrez et al., (2002 a)

Friedman et al., (2002)

(Januszewski et al., 2005) 

Hu et al., (1994)

8

Bassi et al., (1996)

()

n-6 

Huang et al., (1984) ،Chattopadhyay et al., (1992) et al.,  
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Ruiz-Gutierrez (1993)  AA DHA

 

Sima, Sugimoto, (1999)

Brenner, (2003)Raccah 

et al., (1997)Désaturase

Coste et al., (2004a)Coste et al., (2004b) 

Faas, Carter, (1980). 

Hödge et al., (2007)Stéarique

Esterbauer et al., (1991)

Marnett, (1999)
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Pools

Trichopoulou et al., 

(2000) 

1 2

3 4)

(

5 6

7 8

3

(SOD)
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DiSilvestro, (2000)

،

Walter et al., (1991) Honnorat et al., (1992) 

Chausmer, (1998) ،Car et al., (1992) 

Narang et al., (1997) 

30< 100

Brandao-Neto et al., (2003)

hyperzincurie

 

Anderson et al., (2001),Chen et al., (1998) ,Tobia et al., (1998Brandao-Neto 

et al., (2003)

.(Duzguner, Kaya, (2007)
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Intégrité 

conformationnelleChausmer, (1998)(Brandao-Neto et al., 2003) 

(1) (Murphy et al., 1975)
 

Mg / 100g 
0.30 

1.00 

0.70 

1.00 

1.00 

6.10 

0.60 

0.10 

0.60 
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(2)70

(Jackson, 1989) .
 

ZN  )(  ZN % 

1.53 57 

0.77 29 

0.16 6 

0.13 5 

0.04 1.5 

0.02 0.7 

0.01 0.4 

<0.01 0.1 

<0.01 0.1 
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4. 

(ROS))(

C, E, Aβ 

carotène

Halliwell, Gutteridge, (1999)Opara, (2002) ،

Habdous et al., (2003) Bonnefont-Rousselot et al., (2004b) (1)

,Halliwell, 

Gutteridge, (1999),Baynes, Thorpe, (1999)Hartnett et al., (2000)Ahmed, 

(2005).

ADN Pitozzi et al., (2003)

(Opara, 2004) .. 
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 ,Opara). ( :2 )انشكم
2004) .

Paniker et al.,(1970) 

Glutathione reductase

()Azzi, (2007) 

NeuropathyKirkinezos, Moraes, (2001)Vincent et al., (2004)

nephropathyDaisuke et al., (2003)  

,Dominguez et al., (1998), Jain et al., (1989).(Aragno et al., 2000) 

β

Dennery, (2006) 
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,Kinlaw et al., (1983),Golik et al., (1993)(Agget, 

Comerford, 1995)

D-Roms 

testanti-oxydantspro-

oxydants(Cornelli et al., 2001)

(D-Roms)

Hydroperoxides

N,N-diethyl-para-phenylendiamine

U.CARR.

0.8 mg/L hydrogen peroxide..=   U.CARR1 

U.CARR  250 300 

Pro-oxidant / Antioxidant
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HbA1C

HbA1C

β

HbA1C

1- HbA 1a1 fructose 1-6 bisphosphate

2- HbA 1a2 glucose-6-phosphate. 

3- HbA lb pyruvate 

4  HbA1Cglucose

Valineβ 
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HbA1C

 

HbA1C

Sacks et al., (2002).(Gorus et al., 2006) 

Ceriello, (2005)

Firoozrai et al., (2007) 

Aldose reductase  GSH 

GSH/GSSG ( 1/100) 

Fabryova, Cagan, (1995)

Kubisch et al., 

(1997)Hotta et al., (1998)Xu et al., (1999)Chen et al., (2001)

 



CAT, GPx  
SOD 

ANTIOXIDANT  
ENZYMES 

DIABETES 
MELLITUS 
Hyperglycae

mia 
Ketonaemia 

Relative 
insulin 

deficiency 

Glycation of enzymes, decrease of GSH levels, 
Alteration of micronutrient levels 

Decomposition of 
radicals 

Induction or 
inactivation of 

enzymes 

NADH/NAD ratio increases  
Glycosidation, cP450IIe induction 

Cyclo6oxygenase oxidation 

Reactive 
Species 
H2O2 

OH    O‾ 
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Penckofer et al., (2002) 

 

 (3) :(Szaleczky et al., 

1999)

Micro 

albuminurieMicro albuminurie

(Alamdari et al., 2007). 

Vincent et al., (2004)

(2004 )Scott, King,، Segal, (2004)Davi et al., (2005)، 
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Davie et al., (1992)Robertson et al., (2003)

Asgary et al., (2002)

 (3)(Szaleczky et al., 1999). 

micronutrients

، ,Baction, 

Woodman, (1990)Halliwell, Gutteridge, (1999)Robertson, (2006)

micronutrients

GSH

ROS(Kajanachumpol, Mahaisirivodom, 1997) 

Yadav et al., (1997) 

Catelle-Lowson, 
FitzGerald, (1996),West, (2000),Devarage et al., (2002)Hodgson et al., 

(2002)،,Ceriello, (2003)
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AkesisOpara, (2002)

 ROS  MDA  ,Evans et al., (2002) 

(2002)Turk et al., . Komosińska–Vassev et al., (2005)

  Simmons, (2006) 

 ROS

β Lenzen et al., 

(1996)  Tiedge et al., (1997). β

Grodsky et 

al., (1982)  ،Lenzen, et al (1996)  West, (2000) .(Robertson, 2004)

Armstrong, (1996)

Giugliano et al., (1996) 

Lachili, (2001)
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Eriksson et al., (1991)

Carone et al., (1993)SOD

 

5

 O2
•¯ 

 ,Brownlee, (2001) Brownlee, (2005) 

,Hanefeld et al., (1996)The DECODE, (1999)،Bonora, 

Muggeo, (2001)Hanefeld et al., (2004).Cavalot et al., (2006) 

(2000)West,Turk et al., (2002)(2002)Bonnefont–Rousselot,

Ceriello et al., (1991)Ido et al., (1997)Siman, Eriksson, 

(1997)

 



            26

Tamai et 

al., (2006)Huang et al., (2007).

(UKPDS Group. 1998 a)  .

 Wolff, Dean, (1987)(1991 )Baynes,ROS

ROS Aragno et al., (1999) ,Bonnefont–Rousselot et al., (2000)

,Robertson; (2004)Yasushi et al., (2005)

 Hyperglycémie 

 ROS Nishikawa et al., (2000) Feroza et al., 

(2006)  (3) Szaleczky et al., (1999) NAD(P)H 

oxidase Kim et al., (2002) Inoguchi et al., (2003)  .( 4 )Dröge, (2002)  

 ROS  

Atalay, Laaksonen, (2002) ,Sakurai, Tsuchiya, (1988) 

  )1991 (Baynes,
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 4 ROS (Dröge, 2002) 

 
 5  O2

•¯  Semiubiquinone  

(Dröge, 2002) 
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 6 : ROS 

(Dröge, 2002) 
 
 

 
 

 7ROSKinase(Dröge, 2002) .

 
 
 
 
 
 
 
 
 



            29 
.6  (TAC): 

(ROS)

Chélateurs métalliques

Wierusz–Wysocka et al., (1995)Opara et 

al., (1999), Ceriello et al., (1997 b))

(Superoxide dismutase, glutathione peroxidase reductase

glutathioneCatalase GSH, flavonoids, bilirubin uric acid

Se, Mn, Cu Zn,

A, E ,CIrshad, Chaudhuri, (2002)
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7  ROS  

1- 

2- 

1.7 

(3)

Pro-oxydants

anti-

oxydantsNADH, NADPH, GSH,

GPx, catalaseSODC

A,EPro-oxydants / antioxydants 

TACGSHGPx

(Firoozrai, et al, 2007).

Oxydative stressRuhe, McDonald, (2001)
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(Dröge, 2002)

(3)Murray, et al, (1993)

  

 EA carotèneβ
1O2 

SOD,E

carotèneβ

O2
 

 OH• 

 RO• 

EC ROO• 

Catalase GPx H2O2 

GPxLOOH 

2.7ROS 

 O22H2O 4

ATP

0,4 4 

H2O
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 (Anion O ¯

2) Superoxide 

OH•¯Brownlee, (2005)

(H2O2)

LOOHO2
•¯

Fe2+Cu2+incontournables 

 (Valko, et al, 2007)

  

(Curtin et al 2002). 

 NFκB ,P38. 11. PKinase))

(Froguel, Velho, 2001)  

Codant  
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8 

1.8

McCord, Fridovich(1969)

.SOD, (1971)Herzberg 

(Miller, 

et al, 1990)

 

 Ridnour, et al, (2005) ,Valko, et al, (2001)

Kovacic, Jacintho, (2001)(Jakus, 2000)

 
 

http://en.wikipedia.org/wiki/Gerhard_Herzberg
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 ADN

  

- 

Lipoperoxydation 

Acides gras polyinsaturés

β Dennery, (2006)

Bonnefont–Rousselot et al., (2000)

2000)(West, 

 (AGEs)

Wolf, Dean, (1987)

Brownlee, et al, (1984) (Mullarkey, et al, 1990) 

ROS

Valko, et al, (2006)  Irshad, Chaudhuri, 

2002)β)1998(Rabinovitch, Skyler,(Oberley, 1988) 

 



            35
Serafini, Del Rio, (2004)

2.8

X

UV Light 
H2O2        OH* + OH* 

Fe2+Cu2+

()

Métronidazole 

Adriamycine 

Phénacétine 

DDT 

(Review, 1961)
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.

 

, (2006) Palmeira, Rolo, 

(O2
•)

 Semiubiquinone (4) Review, (1961)Dröge, 

(2002)

O2 Dodet, 

(1991)

 

(UCP)

(Turrens, et 

al, 1985).
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NADPH2 oxydase (O2
•¯)

(H2O2)

ROS

ADN 

 
O2

•¯

LPO) )MDA

. (1989 )Cino, Del Maestro,

MDA

Slater, (1984)Valonzuela, (1991)Lepage, et al, (1991)

TBARS 

Malondialdéhyde (MDA) 

L'acide thiobarbiturique MDA

.(Yun-Zhong, et al, 2002) 



            38

 
 
 
 
 

 

 Feroza, et al, (2006)

HbA1CHalliwell, (1994)

(Yasushi Tanaka et al, (2005(Sathiyapriya, et al, 2006) 

 

Hydroperoxides (ROOH)
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. 

.(Dalton, et al, 1999 )

 ADN

ADN Guanine 8 OHdG

ADN 

ADN(Dröge, 

2002)

,GPxSODCatalase

, 

β.carotène C ,Eflavonoïdes Elements 

traces(Zn)(Se)Cu))

1

1.1SODEC 1.15.1.1

 

Hemocuprein cuprein(1969) McCord, Fridovich



            40
(Hepatocuprien)

(Cerebrocuprien)

1960Cuprein

O2
¯ + O2

¯ + 2H+      SOD       H2O2 + O2 

SOD Oe-
2

(SOD)O2
¯H2O2

SODDismutation 

. 

SOD 
(Dodet, 1991) O2

•¯ + O2
•¯ + 2 H+      H2O2 + O2 

         SOD 
.(Wall, 2000) 2 O2

•¯  + 4 H+                  2 H2O2 
 

(2006)Furuta et al.,SOD

HbA1C

SOD ,.(Komosińska-Vassev, et al, 2005)
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O2

5

SOD Thioredoxin reductaseGPx

CatalaseGlutathione reductase

SOD

Yun-Zhong, et al, (2002)

Fe/SODMn/SODProkaryotes

Cu/ZnSOD

Eucaryotes  

SOD-Cu2++ O¯
2                         SOD- Cu2++ O2   (1) 

SOD-Cu2++ O¯
2+ 2H+                       H2O + SOD-Cu+2  (2) 

O2
¯ + O2

¯ + 2 H+      SOD   H2O2 + O2     (3) 

in vitro

in vivo

(Zago, Oteiza, 2001)

2.1 EC 1.11.1.9 (GPx) 

(Se)

GPX 



            42
(Halliwell, Gutteridge, (1999GPx Séléno dependent

GPx) 

GSH 2GSSG 

H2O2 + 2 GSH    GPx    GSSH + 2 H2O

H2O2(Mills, 1957)

3.1CatalaseEC 1.11.1.6

s peroxysome 

H2O2

2H2O2 → O2 + 2H2O 
500

(Hème)

 O-OFe(IV)=O

H2O2O2

H2O2 + Fe(III)-E → H2O +O=Fe(IV)-E (1)

H2O2 + O=Fe(IV)-E → O2 + Fe(III)-E +H2O (2) 

200.000

http://fr.wikipedia.org/wiki/Peroxysome
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2: 

GSH 1.2. 
GlycineCysteine

Glutamique

GSH

GPx (Peroxydes 

neutralisation)

E

C Winkler, et al, (1994) ,Reed, (1990) ,Wefers, Sies, (1989) 

GSH 

0.5,Reed, Fariss, (1984) 10 mol/ l ,Mannervik, (1987)Deneke, 

Fanburg, (1989)Kretzschmar, Klinger, (1990)

 Samiec, et al, (1998) 



            44 
.22C

Paolisso, et al, (1994)

Carty, et al, 

(2000)Steinberg, Chait, (1998)(Halliwell, 2000)Dietrich, et 

al (2002),ADN 

Padayatty, et al, (2003)

CLDL

Acide. dehydroascorbiqueA-Ascorbique 

GSHE Murray, et al, 

(1993)Dominguez, et al, (1998) 

3.2 E

-tocophérol 
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A carotènesβ

E 

E 

E 

A 

 

E  

 (Lonsdal, 1986). 

E 825.

 Vit E /cholestérol4,4 700
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)()(

)(

)(

ZnSe

CuCEA

 

(Anthropométriques) 

 

Kits

Boehringer mannheim GmbH Diagnostica 
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 Bio-diagnostic Diagnostic & Research Reagents

 

 Statistical Package of Social Sciences

SPSS 10.0 

Sujets

(29)

3582II)11(

2773

)

(
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Critères d’exclusion

<1.20

03

Mooradian, Morley, (1987)Walter, et al, (1991)

DiSilvestro, (2000)Anderson, et al, (2001)Bonnefont-Rousselot (2004 a)

Olatunji, and Soladoye, (2007)Valdivielso, et al, (2007)

BMI 30 2.202م/لجكManuel-y-

Keenoy et al., (2005).

Critères d’inclusion

HbA1C > 7,5 %1,50 <

>1.20

 )(11

96 



49 

 )(

29150

Randomisés

 

((BMI

 
BMI =  ( )  

2( )  
 

7:309:30

Vaccutainer

)(Sodium)(Héparinate de

CatalaseGSHMalondialdehyde(MDA)Total Anti-

oxydante Capacité (TAC)CCréatinineUréeHDL-cLDL-c

(HbA1C) 



50 
Complexant

(NaF)

3000154

1.

2.

Auto-

analyseur ADVIA 1650 Chemistry System Bayer-Diagnostic

Kits

220-0101 D-10™ RefBIO-RAD

1 

1.1 .

500nm Trinder, (1969)(GOD)

O2GluconateH2O2Amino-4-Phénasone

PeroxidaseQuinoneimine

H2O2

Glucose + O2 + H2O   GOD Gluconate + H2O2    (1) 
 
 

 



51
2H2O2 + Amino-4-Phénazone + Phenol Peroxidase          (monoimino-p-

benzoquinone)–4-phenazone + 4 H2O  (2) 

2.1.

Wahlefeld, (1974)Trinder, (1969)

EstéraseGlycerol 

1-PADPGlycerokinaseGlycerol 1-PO2

Dihydroacetone PhosphateH2O2

PeroxidaseAmino-4-PhénazoneMonoimino-p-

benzoquinone-4phenazone25

500nm

Triglycerides + 3H2O  Esterase Glycerol + 3 R CooH  (1) 
Glycerol + ATP  Glycerokinase  Glycerol 3 P + ADP  (2) 
Glycerol 3 P + O2 GOP oxidase Dihydroacetone P + H2O2  (3) 
H2O2+ Amino-4-Phénazone + Chloro-4-phenol  Peroxidase 
(monoimino-p-benzoquinone)–4-phenazone + 2H2O +HCl  (4) 

3.1.

Richmond, (1973) Flegg, (1973)

H2O2Amino-4-Phénasone



52
(Allain, et al, 1974)

Ester cholesterol + H2O  Cholesterol ésterase cholesterol+ R-CooH (1) 
Cholesterol + O2  

cholesterol.ésterase Δ4 – cholesténone + H2O2 (2) 
H2O2 + Amino-4-Phénasone + Phenol Peroxidase (monoimino  
  -p-benzoquinone)–4-phenazone + 4H2O    (3) 

4.1.HDL-c

HDL-c ]cholesterol estérasecholesterol oxidase

Peroxidase[LDL

sulfate de dextraneBayer-Diagnostic

5.1.LDL-c

Sulfate polyvinyl

500nm (le surnageant)3,50×

726 290 Boehringer.ref

 LDL-c.

6.1.

Semi-micromethodeBoehringer

441716.Ref 340nm(Wahlefeld, et al, 1974):

Creatinine +H2O Creatininase Creatine   (1) 
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Creatine +ATP  CK Creatine –P+ADP   (2) 
ADP + PEP   P Kinase ATP +Pyruvate  (3) 
Pyruvate +NADH+H+    LDH  L-lactate+NAD+ (4) 
 

7.1.

Boehringer Mannheim Ref. 489 620

Uréase

.(Gutmann, Bergmeyer, 1974)

Urée +H2O   2 NH3 +CO2 
2 α Cétoglutarate + 2 NH4

+ 2 NADH             2 L-Glutamate + 2 NAD+ 2 H2O 
 

8.1.HbA1C

EDTA

HbA1C

23

220-0101  D-10™ RefBIO-RAD

D-10

HPLC
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filter 

photometer415.nm

HbA1C

A1CGaussseAlgoritme 

Gaussien Exponentiel Modifié.A1C

HbA1C

2

1.2. (MDA): 

Acide thiobarbiturique

9530

534nm

Satoh, (1978)(Ohkawa, et al, 1979) 

(GSH)

2.2. 

(DTNB)GSH

 GSH ا

 405nm  × 
22,2 (Beutler, et al, 1963).
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3.2. Catalase 

 H2O2

.Catalase inhibitor

2 H2O2 
Catalase

 
  2 H2O + O2 

Peroxidase  H2O2(DHBS)

(4AP)Catalase

Aebi, (1984)(Fossati, et al, 1980)

2H2O2 + DHBS + 4AP  (Px)  Quinoneimine Dye + 4H2O 

1037

A blancAblancnm510

4.2.TAC

TAC

H2O2

H2O2

H2O23,5 dichloro-2-

hydroxybenzensulphonate(Koracevic, et al, 2001) 
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5.2.C

Redox2,6 

dichlorophenol indophenol

déhydroascorbate

blanc 

nm520(Harris, Ray, 1935)

T-TestSnedecor) 

Cochran, 1982) و Petrie, Watson, (1999)

(; SD   Mean).p 0.05

(Armitage, 1971) 
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Alloxan

50Merck. Art 1020

citrate buffer, pH 7.4

200(Sochor, et al, 

1984)

Protamine zinc Insulin Novo

)(

60Albinos Wistar

20015)(

 T

 

 DT
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 (D1)

 (D2)

(D1)Protamine zinc Insuline Novo

هلج200 (دل/ 

(D2)

Katyare and Satav, (2005)

(D1)(D2)

Wilcox et al, (1968)Çakatay and Kayali, (2006)

DT

.
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ad 

libitum3EDTA

(Hoffman, 1963)

300015

4

 (PBS) PH = 7.4, (0.02 M 

phosphate; 0.123 M NaCl).،

GPx, GR, SOD   CAT  (MDA) .

1

1 .1  :

Takayama, et al, 

(1977)Amino-4-antipyrine

Quinoneimine
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H2O2505 nm

1) Phospholipide + H2O  Phospholipase Choline + acide phosphatidique + acide 
lysophosphatidique N acyl sphingosyl phosphate 
2) Choline + 2O2  Choline oxidase  Betaine + 2H2O2 
3) 2H2O2 + Phenol + Amino- 4- antipyrine   Peroxidase      Quinoneimine +2H2O 

 
1 .2   :

Vanilline1,2

800 ml/L

530 nmZöellner, Kirsch, (1962)

2

2 .1(GPx): 

 

GPx

GSSGGPx

2 GSHGlutathione reductase

R-O-O-H + 2 GSH  GPx        R-O-H + GSSG + H2O 

GSSG + NADPH2   
Glutathione reductase

   2GSH + NADP+ 
 NADPH NADP+340nm
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NADPH

6220/ M-1 cm340.nm

H2O2

340nm

(Paglia and Valentine 1967)

(10 v/1 v)

(4)

4000104°C

340nm 

3

1.50.05

 340 nm

60120

NADPH 
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(nmol/min/mL)

1 U/g Hb = 1nmol NADPH / min/ g Hb =       A340/min 
0,00622 
(U/gHb)A340/min X 121 X  

0,00622 
2 .2SOD

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

HPLC × g10000154°C

30%60%

560nm5( Δ 

A control )(Δ A sample).C 25

Δ A control – Δ A sample  × 100 
Δ A control 

 
Δ A control560nm5(PMS)
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Δ A sample560nm5(PMS)

U/gm Hb%Inhibitionx3,75×LgHb

2 .3 GR 

GRGSSG

NADPH2NADP+

340nm .(Goldberg, Spooner, 1983) 

GR 
NADPH + H+ + GSSG → NADP+ + 2GSH 

HPLC

 × g10000154°C

25

340nm5
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U/ g Hb

U / g Hb ) = 4019 × A 340 nm / min) 
 
2 .4 Catalase

 

2 .5  GSH  

One Way Analysis of Variance(One way ANOVA)

Duncan

p 0.05(Armitage, 1971) 

 Standard error; SE  Mean

 p > 0.05 
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(*)  p < 0.05 

(**) p < 0.01 

( *** )   p < 0.001 

 p 
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()

1. 

(4)

(BMI)

[(4  (8)]
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(4

(11)(29) 

 

 

 

57.57  12.39 
(35.00 – 82.00) 

49.80  14.88 
(27.00 – 73.00) 

)( 

 (أوثى/  (5 / 6) (20 / 9)

28.70  4.98 
(20.96 – 41.02) 

30.27  4.87 
(25.21 – 38.94) 

 
 BMI      )   2و/  (

 ) (مذة  انمرض ---- 20 - 1
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2

 

0
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السن )عام(
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ة المصاب

 
( 2م/جلك ()( (8): انشكم

(11)(29)
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(HbA1C) 

34

(TG)

(HDL-c)(LDL-c)

()

1()

(P < 0.01)

[(5) :(9)] 

2()

(P < 0.05)

[ ( 5)( 9)] 
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3()()

[(5) :(9) ]

4()

[(5) :(9)] 
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(5 :)  

(11)(29)

 

 

 

154.52**  59.93 

(76.00 – 277.00) 

95.27  23.80 
(73.00 – 151.00) 

) / ) 

7.96*  2.09 

(5.00 – 12.60) 

6.27  0.75 
(4.92 – 7.60) 

             
 HbA1c   )%( 

39.79  11.78 
(21.00 – 71.00) 

36.70  8.44 
(26.00 – 54.00) 

 (/ )

1.12  0.03 
(0.90 – 1.61) 

1.14  0.18 
(0.92 – 1.48) 

(/ )

*0.05P<**0.01P<
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0
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 :(9): ()

(HbA1c)()()() 

(11)(
29)
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5

5 .1.()

(46.00 

198.00(6)10]

52()

(134.00267.00

[(6)10]

53HDL-c ()
(P < 0.05)

(204.0025.00

[(6)10]

54LDL-c (

 انجذول] 

. [(10) نشكما و (6)
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6

(11)(29) 

 

 

 

106.90  43.09 
(46.00 – 198.00) 

124.45  46.37 
(49.00 – 201.00) 

(ديسيلتر/ )

180.66  35.11 
(134.00 – 267.00) 

190.55  17.65 
(152.00 – 208.00) 

 ( /) 

43.64  22.91 
(24.00 – 139.00) 

41.67  41.20 
(23.00 – 164.00) 

 

(HDL-c)  ( / )

108.04  41.99 * 
(25.00 – 204.00) 

135.75  10.98 
(113.00 – 155.00) (LDL-c( ) /) 

 
*< 0.05 p 
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0

50

100

150

200

250

*

 
(دل/ملج)10

(HDL-c)(دل/ملج)
(LDL-c)(دل/ملج)(11)

(29)
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6

 LPx))(MDA)

 (GSH)

 (Catalase; CAT)

 (TAC) 

 (Vitamin C)

: (7)(11)

61()MDA))()
(P < 0.01)(MDA)

(134.00

[(11)(7) :]ملج267.00

(( )GSH) انجهىتا ثٍىن انمختزل62

(P < 0.001)

[: (7)(11)]
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63(Catalase; CAT)()

(P < 0.05)

[: (7)(11)]
64(TAC )( )

(P < 0.001)(Vitamin C)

[: (7)(11)]
65(Vitamin C)(ملج)

(P < 0.001)

[: (7)(11)]



            78 
  ا (7) :

(11)(29) 

 

51.21  8.65 ** 
(34.74 – 71.58) 

42.87  4.54 
(29.47 – 45.26) 

(   (MDA 
 (مهم/ واوىمىل)

4.45  1.32*** 
(2.22 – 6.66) 

7.99  3.10 
(4.44 – 11.10) 

( GSH ) انجهىتاثٍىن انمختزل
هٍمىل نتر)  (مه

283.80  31.10* 
(231.90 – 356.56) 

317.81  60.82 
(262.73 – 490.62) 

(          CAT) 
 (نتر/ وحذة )

2.91  0.48*** 
(1.95 – 3.95) 

3.81  0.48 
(2.71 – 4.59) 

 
(TAC )( هً مىل  (نتر/مه

26.86  5.10*** 
(15.17 – 38.95) 

54.83  7.53 
(40.59 – 68.47) 

ه ج  امٍ ( Vitamin C)فٍت
 (نتر/ملج)

= * 0.05p < **  p<0.01 = *** 

p < 0.001. 
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0

1
2

3

4

5
6

7

8

GSH TAC

**
*

**
*

 
(11 )( GSH ) ،

(TAC) (11)

(29) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



             80 
(8)SD

 (11)
(29)

 

 

 

 

154.52  59.93 ** 
(76.00 – 277.00) 

95.27  23.80 
(73.00 – 151.00) 

(   /) 

7.96  2.09* 
(5.00 – 12.60) 

6.27  0.75 
(4.92 – 7.60) 

 (HbA1c)  
)%( 

4.45  1.32*** 
(2.22 – 6.66) 

7.99  3.10 
(4.44 – 11.10) 

 (GSH) انجهىتاثٍىن انمختزل
ههً مىل )  (نتر/م

51.21  8.65 ** 
(34.74 – 71.58) 

42.87  4.54 
(29.47 – 45.26) 

((MDA (واوىمىل /

 (مهم

 
*0.05p < ** p < 0.01= *** 

p < 0.001 .
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1

(12)207 ± 

7.20)(176.22 ± 7.08)(

176.43 ± 5.43)(

 

2

(13)

355.00 ± 22.88)(

275.00 ± 19.92)(

)4(

Wilcox, et al, (1968)

3

(14)

(142.43 ± 11.50)

(
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4

(15))(

57.67 ± 

7.69)(

5

(16)

(B2)

(B2)138 ± 1,81)(

6

(17)438.22 ± 11.83)(

)(382.57 ± 12.40)(

)(

(18)

)(
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SOD( 0.22 

± 0.05 Hb 0.04 ± 0.46)(وحدة/جم 

Hb وحدة/جم)Hb)0)(Hb 0.08 ± 0.44 وحدة/جم)8))

8(Hb 

(0.04 ± 0.25 وحدة/جم

(19)

SOD
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(A

()()

Laakso, 

Lehto (1997)Zargar (1999)80%

Baynes,(1995) ,Bonnefont-Rousselot et 

al., (2000) Anderson et al., (2001) Quilliot et al., (2005) Saxena et al., 

(2005)

1

> 126WHO, (1998)

2
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ROS

 Fabryova, Cagan, (1995)

Ceriello (2005)Firoozrai et al., (2007)

HDL Howard (1987)

Taskinen (1990)

)(

)MDA

GSHCAT ((TAC

Lachili (2001)

)
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SOD, CAT, GPx(GR(GSH)

)(Baynes, 

(1995)

 Bonnefont- 

Anderson et al., (2001) ,Rousselot et al., (2000) (Quilliot et al., 2005)
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BMI

Firoozrai et al., (2007)Sekeroglu et al., (2000)

)) 30.27  4.87 28.70  4.98 2(

232

 Lee 

et al., (2005),Shimada et al., (2005)Farvid et al., (2005),Medina et al., 

(2007)Stefanovic et al., (2008) ،

Harris (1992)

(4)BMI

Lee et al., 

(2005))(

% 7457%
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% 37

(20.96 – 41.022(

Anderson et al., (2001)( 28.9 ± 0.15 

± 0.1529.6 2(

)(

(5)

Molnar et al., (2000)Kassab et al., (2003)

<  12Anderson et 

al., (2001)(Save, et al., 2006)

> 126
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p < 0.01HbA1C

p < 0.05

,7.96  2.09 %) (6.27  0.75 %Medina et al., 

(2007)

)2003(Kassab et al., Farvid et al., (2005)Seckin et al., (2006)

DCCT19931998

Save et al., 

(2006)

 

Jain et 

al., (1989)

(MDA)

HbA1C)(

Siems et al., (1995)
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 Komosińska–Vassev et al., (2005)

HbA1C

Manuel-y-Keenoy et al., (2005)

HbA1C

SpermidineL-arginine

Méndez, Balderas, (2005)

HbA1C
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((HDL-c((LDL-c

(Isomaa et al., 2001)Taskinen, (2003)Phillips et al., 

(2004)Mastorikou et al., (2006)

Durrington, (1998)Tushuizen et al., 

(2005)10

(106.90  43.09 (

Grundy; Anastasia, (1986)(25178(Shimada et al., (2005)(157.6 ± 

158.4(Medina et al., (2007)(161 ± 59.0(Farvid et al., 

(2005)(1.19 ±198(

30

30200

100E

Black et al., (1998)Davidson et al., (2001)Save et al., (2006)
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Atorvastatine 10

Levy et al., (1998 b)

(157 ± 75((159 ± 58(

Anderson et al., (1999)Kassab et al., (2003)

(180 ± 1.04

((0.87 ± 0.60((Van Wijk et al., 

2005

Haidari et al., (2002)Rubin et al., (2006)

VLDLlipoprotéine lipaseAdeli et 

al., (2001)

Sniderman et al., (2001)  
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BHypertriglycéridémie 

Hyperapo B

HDL-cLDL-c

HbA1C

,Beylot, Gracia, (1983)

Haidari et al., 

(2002)Rubin et al., (2006)

Kassab et al., (2003)

Wirta et al., (1996)

(180.66  35.11(

(190.55  17.65(Levy 

et al., (1998 b)Farvid et al., (2005)Shimada et al., (2005)
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.

ROS

Ruhe, McDonald, (2001)

Harris (1992)

Anderson et al., (1999) 

4.69 ± 0.16, 4.74 ± 0.17)(

Grundy et al., (1986)

Saxena et al., (2005)

Medina et al., (2007)

Baynes, (1991)Giugliano et al., (1996)
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LDL-c

LDL

LDL-c

p < 0.05108.04  41.99)(

180.66  35.11)(

(Levy et al., 1998 b). (Medina et al., 2007)

LDL-c

(Polymorphisme)

Rubin et al., (2006)

Grundy et al., (1986)

LDL-c

)(
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TG, TCLDL-c

Grankvist et al., (1981)Kassab et al., (2003) 

 Macrophages 

SpermidineL-

arginineMéndez, Balderas, (2005)

P < 0.001LDL

SpermidineL-arginine

HDL-c

Bon cholestérol)(

(41.67  41.20(Grundy et al., (1986)43 ± 2.0)

(Wolf, Grundy. (1983)

HDL-c

Medina et al., (2007)55.6 ± 2.8)(

p < 0.05
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HDL-c

43.64  22.91)(Shimada 

et al., (2005)55.1 ± 17.1)(

38 <

HDL-c

Banyou-Bredent, Szmidt-Adjide, 

(1990)Sniderman et al., (2001)

(Chol-T/ HDL-c)-)1.53(4.13 ± 

Méndez, Balderas, (2005)L- 

argenineSpermidine

HDL-c
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Giugliano et al., (1996)

Opara, (2002) Bonnefont-Rousselot et al., (2004 b)

Ceriello (2003)

O2
•

 

Seghrouchni et al., (2002) ,Gurler et al .,(2000),Donma et al, (2002)

CAT, GPx, GR

SOD

GSH

)(
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GSH (CAT)  ،(TAC)

()

Peroxidation lipidique  (MDA) Malondialdehydes  

Steinberg, 

Lewis, (1997)Chang et al., (2005)

Manuel-y-Keenoy et al., (2005)HbA1C

Komosińska–Vassev et al., (2005)(Méndez, Balderas, 2005)

MDA

TACManuel-y-Keenoy et al., (2005)

p < 0.01() 42.87  

4.54)(51.21  8.65) (
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TACp < 0.001

Samiec et al., (1998)

GSH

GSSG

p < 0.057.99 ) 3.10

4.45  1.32(

Huang et al., (2007) 

CAT

H2O2)

(

(7 ) (11)

p < 0.001
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MDA

Catalase

GSH

Santos et al., (2008)

26.86  5.1054.83  7.53

1Insuffisance du traitement

2Par négligence du malade
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(MDA)

Lepage et al., 

Valonzuela, (1991) ,Esterbauer et al., (1991) ,(1991)(Firoozrai et al., 2007)

(MDA)

p < 0.01

Mooradian, Morley, (1987)Gallou et al., (1994)Thompson, 

Godin, (1995)

Ceriello (2005)

Szaleczky et al., (1999)

(Yan, Harding, 1997)

,(Manuel-y-,Keenoy et al., 2005) 
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Robertson (2006)Alamdari et al., (2007) 

(H2O2))

(

Greismacher et al., (1995)

MDA

Firoozrai et al., (2007)(6,5 % 

< HbA1C > 8,5 %)

Méndez, Balderas, (2005)HbA1C

Ercayas et al., (2004)

Varvarovska et al., (2003)

MDAHbA1C

 

Noberasco et al., (1991)

Gallou et al., 

(1993)
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Ceriello et al., (1997 a)

LDL

MDAAgarwal, (2003)

Deng, Yu ,(1999).

Chang et al., (2005)

Benrebai, El 

Hawary, (1994)

(8)

51.21  8.65) (()

42.87  4.54)(% 21

Jakus et al., (2000)Varvarovska et al., (2003)Huang et al., (2007)

MDA

Preziosi et al., (1998)
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MDA

Firoozrai et al., (2007) 

MDA

MDA 

MDAHsu et al., (2006)

 GSH: 

GSH

GSSGp < 0.001

45% 4.45  1.32)

7.99  3.10(

Samiec et al., (1998)Felliet-

Coudray et al., (1999)Ananthan et al., (2004)

GSH
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(12)

p < 0.01

p < 0.05

GSHp < 0.001MDAp < 0.01

Felliet-,Coudray et al., (1999)Ananthan et al., (2004)

GSH

GPxGSH

H2O2

Masella, et al., (2005)NADPH

Aldose reductase

,GSHKomosińska-

Vassev et al., (2005)GRGSSG

GSH

Roger et al., (2002)Martin-Gallan 

et al., (2003)Stahlberg, Hietanen, (1991)
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MDA.GSH

Pastore et al., (2003)GSH

(Vitamine C et E)

(GSSG/2GSH)

TAC

()

Irshad, Chaudhuri, (2002)

p < 0.001)24(% Kassab et al., 

(2003)(% 30)Stahlberg, 

Hietanen, (1991)Felliet-Coudray et al., (1999)Tanaka et al., (2002)

Firoozrai et al., (2007)

Komosińska-Vassev et al., (2005)

HbA1C

Leinonen et al., (1998)

(1250+/-199 vs. 

1224+/-198 microM)
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Aguirre et al., (1998)

Telci et al., (2000)

Chaudhry et al., (2007)

(Ceriello et al., 1997 a)

Firoozrai et al., (2007)

TACGSHMDA

Catalase

10% 

p < 0.05TAC, GSH(7)

)(



            116 
Komosińska-Vassev et al., (2005)

30 %

(Yan, Harding, 1997)

Stanely Mainzen Prince et al., (1998)

Felliet-Coudray et al., (1999)Ananthan et al., (2004)

Santos et al., (2008)

Vitamine C

50%

26.86  5.10)(54.83  7.53)
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(p < 0.001(11)

VanderJagt et al., (2001)(p < 0.02)

)(

GSHMurray et al., (1993) 

(Chertow, 2004) 

Hegde et al., (2005)

Dunn et al., (1990)Ortwerth et al., (1992)

Lysine
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Felliet-Coudray et al., (1999)

(Ananthan et al., 2004) 

Leinonen et al., (1998)

Santos et al., 

(2008)

Catalase(MDA)

Cederberg et al., (2001)

(Wayner et al., 1987)

0%25%  
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(B

Albinos 

Wistar

(D1)

(D2)Wilcox 

et al., (1968)

T

DT

 

(13)p < 0.05

)(

% 21 
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Méndez, Balderas, (2005)348 ± 9309 ± 17 

Yan, Harding, (1997)

Sathishsekar, Subramanian, (2005)

17016030

StreptozotocinChen, Ianuzzo, (1982)

(13)Méndez, Balderas, 

(2005) L– argenine

Spermidine352 ± 19362 ± 21

299 ± 10314 ± 14

Patel, 

Katyare, (2006)16 %30 %

238.0 ± 6.7)(288.5 ± 7.2)(
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(Wilcox et al., 1968)

hyperglycémie(D1)

(D2)(14)

Platel, Srinivasan, (1995)Rao et al., (1999)

Momordica Cymbalaria.

Momordica charantia

(78.22 ± 

17.80 81.86 ± 27.85(p < 0.05

(14)

βO2
•)

(ROSSzkuldeshi 

(2001)hypoglycémie

48
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β Okamoto, (1970)

(29%)

(15)(D2)

p < 0.05(D1)

142.43 ± 11.50)

(D2)

Dang et al., (1991) Platel, Srinivasan, (1995)Gupta et al., (1999)

Rao et al., (1999)Méndez, Balderas, (2005)El-Batran et al., (2006)

(D1)53.14 ± 7.86)(

57.35 ± 10.20)(

(D2)

(D1)(D2)
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(D1)

 

Wing, Robinson, (1968)Patten, (1970)

Lipoprotéine lipase

(D1)

(D2)

Hirano et al., (1991)

(TRL-TG)

 

(16)p < 0.001

(D2)(D1)68.34 ±) 10.17

78.95 ± 8.82(

67.17 ± 12.85)(
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Platel, Srinivasan, (1995)Rao et al., (1999)،Méndez, Balderas, 

(2005)

63 ± 0.4)

82 ± 7.9(p < 0.01

D2Saudek, 

Brach, (1978)Méndez, Balderas, (2005)(D1)

( )،

(D1)(D2)

79.17 ± 6.46)72.00 ± 7.21(79.83 ± 7.81)

73.00 ± 7.55(

Uchida et al., (1974)(Young et al., 1985)

Bassi et al., (1996)
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(16)(17)

(D2)p < 0.001

(D1)،

(D2))

(p <0.001

hydroperoxyls

Hirano et al., (1991)34
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(D2)

(D1)(D2)

1.85% 1.87% 

)% 2.01 (

Patel, Katyare, (2006.

Dang et al., (1991)، Kumar, Menon, (1993) 

Pari, Venkateswaran, (2004)

arachidonate, 

docosatetraenoate (n-6),docosapentaenoate (n-6)

linoleate .docosahexaenoate 

docosatetraenoate  (n-6)docosahexaenoat
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Patel, Katyare, (2006)

Mastorikou et al., (2006)HDL

(Januszewski et al., 2005)

Ishankhodzaev et al., (1984)

(18)p < 0.05

)((D1)

(D2)388.56 ± 38.48))،362.78 ± 44.12)()374.43± 22.94

()(

338.78 ± 45.22)(

Platel, Srinivasan, (1995)Rao et al., (1999)
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El-Batran et al., (2006)547.5 ± 23.8)(

670.8 ± 31.1)(

p < 0.001

95.00 ± 5.50)(

54.89  ± 13.91)(338.78 ± 45.22)(

319.67 ± 14.31)( 84.44 ± 12.15)(

388.56 ± 38.48)(,(Nikkila, 1973)

Schonfeld et al., (1974)Bennion, Grundy, (1977)Sosenko, (1980)(Platel, 

Srinivasan, 1995)

.(Bennion, Grundy, 1977)
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إلجهاد انتأكسذي

Giugliano et al., (1996)Jang et al., (2000)

(Yadav et al., 1997)

Donma et al., (2002) ,Gurler et al.,(2000)

(Seghrouchni et al., 2002)
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)200 )

(D2)

GPx, GR, Catalase, SODGSH

(19)

(Wilcox et al., 1968)

)(

(19)SODp 

< 0.05 
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(D2)

(D2)

(GPx)Glutathion Peroxidase

GPx(19)

GSH

8.34 ± 0.51)Hb

(7.55)0.22(Hb)0.6312.5(Hb p < 0.05

El Missiry, El Gindy, (2000)Kassab et al., 

(2003)

4078 ± 800)4267± 886

(

Tribe, Poston, (1996)GPx

)(
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(D2)10.5 ± 0.10)

(Hb

12.5 ± 0.63)(Hb7.55 ± 

0.22)(Hbp < 0.01

Komosińska-Vassev et al., (2005)

(15%)

(36%)Chaudhry et al., 

(2007)

GPx

Valko et al., (2007)

Yadav et al., (1997)Prechl et al., (1997)

Forsberg et al., 

(1996)Firoozrai et al., (2007)
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203 ± 96.7)( 89.1 ± 11)(GPx50.72 ± 4.5)

(Hb52.2 ± 5.6)(Hb

GSH

Glutathion Reductase (GR)

(19)GR

)

(2.66 ± 0.23)(Hb4.40 ± 

0.21)(Hb(D2)

3.56 ± 0.05)(Hb

p < 0.05

Valko et al., (2007)

GR

Komosińska-Vassev et al., (2005)

Yadav et al., (1997)
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Chaudhry et al., (2007)

GR

GSH

GR

GSSG/GSHGSSG

GSH

GR

(Lyons, 1991)

SOD

(19)SOD

0.44 ± 0.06)(Hb(0.22 ± 

0.03(Hbp < 0.05
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Komosińska-Vassev et al., (2005)Chaudhry et al., (2007)

% 81

Lu et al., (1993)Frank et al., (1999)

NO•Tesfamariam, (1994)و Li, Förstermann, (2000)

SODH2O2

H2O2

(19)

 HbA1C 

,Lyons, (1991) Kassab et al., (2003)

SOD14 %

Felliet-Coudray et al., (1999)Ananthan et al., (2004)

Kennedy, Lyons, (1997)

 Sekeroglu et al., (2000)  
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< 0.05p 

Kesavulu et al., (2000)

Aria, (1980)

SOD

10

(Prechl et al., 1997)

Yadav et al., (1997)Kakkar et al., (1998)dismutation

O2
•

Chaudhry et al., (2007)SOD

catalaseGPx

O2
•، Oliveira et al., (1999)
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 SOD 

El Missiry, El Gindy, (2000)

 

 

(19)

%41< 0.05p

)0.030.66(Hb)0.081.12(Hb

H2O2

Komosińska-Vassev et al., (2005)

%30GPx

% 22

)(p < 0.05Yadav 

et al., (1997)

catalase(Kesavulu et al., 2000)

Prechl et al., (1997)catalase
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Koya et al., (2003)

Glomérules

CAT, GPx.SOD 

(Yan, Harding, 1997)

GSH

Jones et al., (2000)Nogueira et al., (2004)

GSH/GSSG

< 0.05p)2.09± 0.06(Hb)4.55± 0.16

(Hb

GSH)3.95± 0.11(Hb
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Yue et al., (1989)Seghrouchni et al., (2002),Bravi et al., (2006)

El Missiry, El Gindy, (2000)

Chaudhry et al., 

(2007) 

Jacquot et al., (1990)Terada et al., (1992)  

GSH  GR 

GSH

thioredoxin, protein disulfide isomerase thioltransferase

Jain, McVie, (1994)GSH

Yadav et al., (1997)

Çakatay, Kayali, (2006)
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 (C) 

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

 

 Blanc mlml 

  0.1 

0.1  
R1 0.5 0.5 

DCPIP 1.0 1.0 
blanc 

 nm520350mg/L 

C(mg/L) A blanc   X A 410X 

A = Absorbance
 

Catalase 

1  
-Tampon Phosphate pH 7,0 

-Détergent 

100 mM/L

2 -H2O2 (substrat et standard 
-Dilué x 1000 avant utilisation 

100 mM/L 

3 ِChromogène -inhibiteur  
4 -Peroxidase 

-4-Aminoantipyrine 
-Préservatif 

> 2000/L 
2 mM/L 
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blanc

ml ml
H2O2blanc

ml
H2O2

ml 

 0.05 0.05   
0.05  0.10 0.05 

R1 0.50 0.50 0.50 0.50 
R2  0.10  0.10 

25 
R3 0.20 0.20 0.20 0.20 
R4 0.50 0.50 0.50 0.50 

1037 AblancA

blancnm510

Glutathione reduced

R1 TCA 500 mmol/L 
R2 Buffer100 mmol/L 

R3 
DTNB 

100 mmol/L

 

ml 

Blanc 
ml 

 0.1 - 
0.5 0.5 

R1 0.5 0.5 


300015

0.5 0.5 

R2 1.0 1.0 
R3 0.1 0.1 

510

405nmblanc120
mg/dl 
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Total Antioxidant Capacity

1 R H2O21000
2 R  Chromogène 

R3  +  (Tampon) 
 

)R1 1000 ( 10μl  + 10mlيخفف 

R2R3

 
Blanc 

ml 
ml

0.02 _ 
 _ 0.02 

R1 0.5 0.5 
1037

 0.5 0.5 

537

blancABASA   
505 nm  2mM/L

 Malondialdehyde :

1  10 nmol / mL 

2 Chromogène 
Thiobarbituric acid 

Détergent 
Stabilisateur 

25 mmol /L 
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 mlml 

Blanc 
ml

 0,2   
  0,2  
Chromogène ,01 ,01 ,01 

30

 

  0,2 

blanc
nm534 6 100nM/mL

 

GPx:

1 PH7.0

TRITON x-100
50 MM

1 %
2 NADPH lyophilisé

Glutathion (GSH)
Glutathion réductase

Β-nicotinamide-adenine 
dinucleotide phosphate reduced

24µmol
U 12 ≥

4.8 µ mole
3  50 %  100  

ML
(R1)1.0 

R2) NADPH )0.1 
0.01 

H2O2 (R3)0.1 
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(10 v/1 v)

(4)

4000104°C

 340nm 3

1.5
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SOD 

 
1 PH8.5
2 NBT 
3 NADH 
4 PMs 

234104100

)(

 

HPLC

 X g10000154°C

30%60%

 

BLANC 
ML ML 

(R1) 1.0 1.0 

( R2 ) NBT 0.1 0.1 
( R3 NADH) 0.1 0.1 

 _0.05 

0.05 _ 

( R4 ) PMs 0.01 0.01 
560nm5

( Δ A control )(Δ A sample).C 25
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GR 

NADPH + H+ + GSSG    NADP+ + 2GSH 
 

1  Buffer
Phosphate de potassium Ph 7.5 

EDTA 

 
100 mmol/L 
1 mmol / L 

2 GSSG 
50 mmol / L 

3 NADPH 2 mmol / L 

R212R120

R31020

)(

ML 

0.050 

Buffer ( R1 ) ml 
 

1.00 

GSSG (R2 ) ml 
 

0.10 
 

NADPH ( R3 ) ml 
 

0.10 
 

25340nm

5Δ 

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 HbA1C 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, HbA1C 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 hypoglycæmic 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; 

HbA1c 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 HbA1c ≥ 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 

HbA1c. 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 A1C 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-nitrobenzoïc 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 

(H2O2). The antioxidants in the sample eliminate a certain amount of the 

provided H2O2. The residual H2O2 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 H2O2. The reaction is 

stopped after exactly one minute with catalase inhibitor. The presence of 

peroxidase, remaining H2O2 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 
Parameters 

Healthy subjects 
(Control, n=11) 

Type 2 Diabetes 
(n=29) 

Age (years) 49.80  4.49 
(27.00 – 73.00) 

57.57  2.30 
(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 HbA1c 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                      

Parameters 
Healthy subjects 
(Control, n=11) 

Type 2 Diabetes mellitus  
(n=29) 

Glucose (mg/dl) 95.27  7.18 
(73.00 – 151.00) 

154.52  11.13 ** 
(76.00 – 277.00) 

HbA1c (g %) 6.27  0.23 
(4.92 – 7.60) 

7.96  0.39* 
(5.00 – 12.60) 

Urea (mg/dl) 36.70  2.54 
(26.00 – 54.00) 

39.79  2.19 
(21.00 – 71.00) 

Creatinine (mg/dl) 1.14  0.06 
(0.92 – 1.48) 

1.12  0.03 
(0.90 – 1.61) 

SE = Standard error. HbA1c = glycated hemoglobin.   * = P < 0.05.    **   = P < 0.01.  
 

 
Figure 1: Plasma glucose (mg/dl), glycated haemoglobin (HbA1c), 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 

 
Parameters 

Healthy subjects 
(Control, n=11) 

Type 2 Diabetes mellitus  
(n=29)  

 
Lipid peroxides 

(nMol/ml) 
42.87  1.37 

(29.47 – 45.26) 
51.21  1.61 ** 
(34.74 – 71.58) 

Glutathione reduced 
(mMol/l) 

7.99  0.93 
(4.44 – 11.10) 

4.45  0.25*** 
(2.22 – 6.66) 

Total antioxidant 
capacity (mMol/l) 

3.81  0.15 
(2.71 – 4.59) 

2.91  0.09*** 
(1.95 – 3.95) 

Catalase activity(Unit/l) 317.81  18.34 
(262.73 – 490.62) 

283.80  5.78* 
(231.90 – 356.56)  

SE = Standard error.   *  = P < 0.05.   **   = P < 0.01.     *** = P < 0.001. 
 



 
 
 

 
Figure 2: Plasma lipid peroxides; MDA (nM/ml), glutathione reduced; GSH (mM/l), catalase 

activity; CAT (U/l) and total antioxidant capacity; TAC (mM/l) 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 HbA1C 

(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 A1C 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 H2O2. 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 NADPH2 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, β-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 HbA1C [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 HbA1C 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 l'existence d'un état de stress oxydatif dans l'organisme, toutefois 

sa fréquence augmente dans le cas du diabète à cause de l'hyperglycémie, cela 

peut l'expliquer pas la conjugaison non enzymatique de plusieurs molécules 

protéiques avec le glucose, notamment les enzymes, ce qui bouscule l'activité de 

celles-ci; particulièrement celles dotées d'une activité antioxydante (Catalase, 

SOD, GPx, GR). A cet effet une accumulation de substances oxygénées actives 

apparaît, d'où l'installation d'un état anormalement élevé de stress oxydatif. 

On a  pu observé cet état élevé de stress oxydatif dans notre étude chez les 

sujets  DNID, contrairement aux contrôles; malgré le traitement suivi aux 

hypoglycémiants, la taux élevé de l'HbA1C  témoigne pour sa part du 

déséquilibre glycémique des DNID. 

L'étude parallèle expérimentale sur les rats; a prouvé l'effet du diabète sur 

la hausse du stress oxydatif, le traitement à l'insuline a rétabli l'état normal de ce 

phénomène; on ramenant l'activité des enzymes anti oxydantes à 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 à l'élimination des prooxydants  chez ces sujets diabétiques. 

On conclusion, cela nous permet de penser à instaurer une stratégie de 

supplémentation en oligo-éléments qui aident à neutraliser les prooxidants et 

atténuer le statut du stress oxydatif.  

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

 
 
 
 



Summary 
 

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 HbA1C 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 malondialdéhyde), 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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