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Deoxyribose nucleic acid

Di acyl glycerol

Distal water
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Fasting blood suger

Fasting plasma glucose

Fatty acid

Glucose oxidase

Glutathione peroxidase

Glutathion-SH

Glyceraldehyde 3 phosphate dehydrogenase
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Glycerol kinase

High density lipoprotein

High-performance liquid chromatography

Mi_chaelis constant

Lipoprotein lipase

Low density lipoprotein

Malondaialdehyde

Mitogen activated protein kinase

Nitric oxide synthases

Nuclear factor

Para oxonase 1

Para oxonase 2




Peroxidase

Protein kinase

Reactive oxygen species

Nicotinamide adenine dinucleotide phosphate

Noninsulin-dependent diabetes mellitus

Streptozotocin

Super oxide dismutase

Thiobarbituric

Thiobarbituric acid reactive substances

Thrichloro acetic acid

Total cholesterol

Triglyceride

Very low density lipoprotein

Vitamin A

Vitamin E

Xanthine oxidases
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Introduction 4esial .1
oSl £139 3uSY) Jajd (p ABMY) (1-1)
Relationship between oxidative stress and diabetes mellitus

L 4 o dpal (ahel degane Al @Sl 3KaY1 Sl Addaie Cayed
Olgn¥) Jad Conam ol bVl 518 (et (e Aaslill; Hyperglycemia »al 4 <

.(Diabetes care, 2012) LS 4
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.(Ferdinand & Michael, 2010) 4uall dleaall JL5
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AV ()5 Aima WA 3 1) 5m Hyperglycemia 4,8l b cuasls

Jsdy abati A lysal ey A<l b dhlug WAL ol Calagin) G 3
il A )yl Geend e WA 5508 axe Gls (WA #)la 03855 o L) vie 5SS
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i Laxie Jimiall 35S5S00 Janae 8 it A el ol Ap)Sull Loy 4k (gd) ) el

.(Kaiser et al, 1993) LAl Jals )il b jay duiie o038 5
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.l Jals Advanced glycation end products (AGES) (S salyy .2
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.Hexosamine jluw Lliikg 5

e dblug Lehadd gy dwadd) GV o3 o) ) cluhall e sl i
Reactive oxygen species dllxdll dyuanssY) g1 e LS gilal) -l Jajd g aaly

.(Barwnlee,2005) (ROS)
Ly die iy 5auSY) Claliaey ledll LS N1 £ 1Y) 6l G cplall aae ()

(Halliwell & Whiteman, 2004) : & 4dlse Jiah ) 52.8Y)
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Ol ann 8 520G gdall (el (KTg Alladll gl (e ddbida g sl Slliag

3x Agmpdall YA 8 DAY AadY) 8 Adle Alels iy ROS dimaSsl H5ia o
(Droge, dstall cLalls (golall alasll o180 Lygpin ysdall oda (e ALE 515 2l
DNA I & [hual sty jsdall oda z 1l 305 ()6 Ayl <V 3 W 2002)
Gabe¥) spil (gasal) (golal) gl o)SU amilay asadlly CihaagSlly il

Bade Al Gy Jraliadl clgally cdiandly ¢l pdll alian cL.;)S.‘.J\S

Superoxide ix LVl ava 83205l ROS dladll diiac& Y1 50al) Ja

Nitric oxide s (HO") JwSs,uell 3as Hydrogen peroxide (H,0,)s (O,
osall A e Jgseddl 8 NADPH oxidase apl 2 cbdill WA 4y (NO7)
<Polymorphonuclear cells LAl golall clasll o ady sdlly Aladll dyiaiS,Y)
wAYl alayls «(Bablor et al,2002) dsdle ) 4dUall LAY, Macrophages

Nitric daals Superoxide z Wy Asall G Al Y Jar e 3500

Cytochrome <Lipoxygenases «Cyclooxygenases <oxide synthases (NOS)
.(Selemidis et al,2005) Xanthine oxidases (XO) «P450 redactases

Iael s g s Jaill Judls ey LS gilall Jals 28l Nt DUA Cpa

.(Kovacic et al,2005) Superoxide s (sl oyt Calig SV e AL

Lyl (5 Bpmal il 330 o) W) Adle Alad il sialloda o) e a2l oy
elie @lifa ol Hea® o) (Saall e pala) 138 ey lealli) adlge Jams
osdal) 2 Y Dhaas 1 Gl i gdlly ddiil) Judldl Ciliiae e gslall LaS i)

[(Fortuno et al,2004) ROS asagl Ly oo Ly a2h s dinnS Y1 55al
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Lo 223 ROS (e WSl zll o) I sae bl plal s

9 S o ) g @y (Prabhakar et al,2007) dasuS V) Gali <N
Al dane Goall @B (b caplll ey ROS I algall Jelall b salal)
LGSy Gl a4 Jlall Gl LROS & salpl sda edi ol Al

.(Turrens,2003) alal)

3auSal) aladly A55lie 385 J8l Wajilss vie sale (5) Ll 3auSY) Cilalias Cagali
Jelus (Halliwell & Gutteridge,1990) salall ¢lli 50.S) Laiii 5 ja5 () e
Sl saliaal) clagiV LAV e s $papi) AadaV) (e JS 2uSh aliad) gl
H,0, I Superoxide 3 Jass3 Jte Jary 3 Superoxide dismutase (SOD)
llad JBY)

N SOD
O._g + O._g + 2H —_— H202 +02

S AEeY) e My o addieg 4 LS caali) adse e il Ay g

s Catalase I o) e gosind LAY o) LS TS50 Sale zraay 13gas Jpmsiled

sl N HyO, Jsi Al Thioredoxins Glutathione peroxidase (GPX)
e Ol

2H,0, — $2H,0+ O,

2 Al Al il Al Jeae 8 HDL-C 4GSl e caaidll iyl Jas )

oRdA (B e (o4l W 3yaY) Gl P S Z4lay Para oxonasel (PoN1)

Culpill lai )yl Macrophages I e s edueaaill cilisig ) e 3008 L il
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@SB lmeS Jony cdeadl) b s AansV) 3 Jilsidll; Para oxonase2 (PoN2) 3
Cuball Gl el ge dgleall ) Legd PON2 5 PONL 1 385 glall (sgiall e

.(Rosenblat & Aviram,2009) Laush Taloas 4iias

Cs Es A (palid Juo clialiall Joid da)V) e 320SY) Globas W
I e apsally 5l (85005 (il Gulailly apidudl Jie coledlls B-carotene s

3l sdall s Jexi Al Phytochemicals

g 3 S e @l Gli A ey daryV) 50V Claliae e i
a5 ROS 4lad 40y 8 anlen 5055 Wjdls (&) Lo AL L3l e 500830 50l
.(Zulet et al,2009) ulisigyllg 3all duie) (alealy) el AL
e gl ) pdall Lasall 4y <) Jajp cldi (2-1)
Mechanism of hyperglycemia induced damage
Aol gy Caaay illy (Sl age sl Flesll )yl o) I cluhall alaea 5
Gilahall it s il Leal) Ll Al Guedl) LYY Aalusy (gya dpSaadl Jajd
Ob S b papall (gam duwedl) Ghluall e add aaly e caldy) o) ) Ayl
elo¥l e WSl 2l b s aaly Jele dblug hadi LK eedll Gl

. (Geraldes & King,2010) ROS allxall dyaussY)
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Increased flux polyol pathway Polyol J) jlewe (3845 3045 (1-2-1)
st Al Aldo-keto-reductase <layl e gaas Ao Polyol 3 jlua ading

&) NADPH dblug ledyias, Jelall ulul s0lS LEmy) dauds JoisplSl cilS je
S dsay SIS b ) A ey IS 85 POlYOlS JiS s puel) saxie LSl
&V 2ty 3 Sorbitol 3 as & (a5 Aldose reductase ayl akaluss Sorbitol

Jaele Sale 4iasy NAD' a5 Sorbitol dehydrogenase i 4kl s Fructose

(Stephen et al,2003) (1-1) Jsall

AR SDH
I Glucose == Sorbitol === Fructose
\
NADPH NADP NAD* NADH A
GssG = 2GsH } / NOx 224
GR ﬂ

' ROS ——— AGE

/17
N RadE

Figure(1-1)Polyol pathway—induced oxidative stress. AR competes with glutathione reductase (GR)
for their co-factor NADPH, leading to a decrease in GSH. Increased NADH causes NADH oxidase
(NOKX) to produce ROS. Fructose-3-phosphate (F-3-P) and 3-deoxyglucosone (3-DG), metabolites of
fructose, increase AGE formation. AGE and binding of AGE to receptor of AGE (RAGE) increase

oxidative stress.
(opal)l Kbyl QLY S daw¥) & Aldose reductase il
wall 4 (Prabhakar et al,2007) dsle gl Wally 455K bl i) luaall

S 5805 13l ulpe) o adia Y U eSS0 ol Aaai] o3 (e
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Eni Al AESH o sl sae il Camgitly Ayl Jajal Uilse aiy DAY Jaly
G SV amlally L sl ) jall Gl POIYOL 31l (385 5015 4Kl Lo Ly
U ol 3 .NADPH eDlgiuly duuiall Redox stress 3 dlalall salpll o 1
58 GSHs «GSH J3adl (5Kl algi saley ad) zlsy selus Jule NADPH
oulad Jajd aVh o) LAAl Jals sansh b Casy Cogw 1385 ROS U g e
Jayy o)yl 8 Atherosclerosis ol calai (e a3 31 Aldose reductase
(Vikramadithyn et al,2005) GSH.GSH alg saley dadaiall dgall Gl
Aldose Ly ek i) Transgenic mice I ciluaall b adliind 2 Loay Jysdl)
Lladl e bl Gleasy )l gRUL Llad) ghdll Gluae 85 reductase
(Lee & Chung,1999; Chung et al,2003; Zhang et al,2000; Ji et <l
.al,2004)
) Substrate 1 4ias SN jeday Al (G- iayal diile ) LAY 8
& S Aldose reductase ! Km o)) s Aldose reductase lede Jo
A0l WAL & ey A WAL Jaly S0 585 Wi «<100mml/L

. (Zhang et al,2003) 30 nmol/mg protein s dsle

44180 Jals AGE g 52k (2-2-1)

Increased intracellular AGE formation

Glycating 3 il e diyy 358681 AV e cOlelal) dalu gy AGE ()5
Laan¥ dsile o) ADall LAY 8 dviaall (alaaW) 30081 30L)5 (jay 35S0 (pe ARLA

&= 3-deoxyglucosone, Methylglyoxal, glyoxal Jis (Dicarbonyls Jts) sl
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(g lull oy A .(Candido et al,2003; Vikramadithn et al,2005) <bisg )
(Nishino et al,1995) LAl = )lA dadiall & dails luals 3,850 AGES
tot Aale bl D DAL )l Gaasy LAY Jal AGES o Ll
Aty (e kg Lee WAL daby clifis e A
Al pe oanb e S0 Jeli Ldany Lo AN )8 dadiall Glife jsa3 B
e silgal Matrix (Integrins) 3 <ldiue aey Matrix dssiall cilifa
DAY
sl AGE cliive ga lehaiy AGES ol dblugy WPl cilifisy ysai .C
Vascular endothelial 5 Vascular smooth muscle cells Jis WA #slan
ROS zul &usy (RAGE) AGE Jiiwse Llsyl o) <Macrophages s cells
«Pleiotropic transcription factor nuclear factor (NF) -KB l.is Al
SLzi (Goldin et al,2006) 4l uleil) b Loyl il e paal) Bask
by Al Agle gl 40U WDIAY & Methylglyoxal claajtic salyy e
(Réjean & Jean-2-1) Jsall .glaall K dglegdd a4l Ll

Pierre,2004)(
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Hyperglycemia
T Glucose > AGEs
GLUT1 RAGE
I's
I'4
Glucose Oxidant systems \
Polyol pathway NAD(P)H Xanthine Mitochondrial

Oxidase

Electron
transport chain

-
Antioxidant
o — /

Figure(1-2) Schematic representation of the mechanisms responsible for the formation of

Oxidase

DAG

PKC

reactive oxygen species (ROS) in glucose sensitive cells expressing the glucose transporter
GLUTZ1. Increase in extracellular glucose concentration is associated with increase in glucose
uptake via an upregulation of the expression of GLUT1 and the formation of advanced glycation
end products (AGES). Increase in intracellular glucose activates protein kinase C (PKC) while
AGEs bind to specific receptors (RAGE). Activation of PKC and RAGE synergistically

stimulates oxidant systems resulting in the formation of ROS

Increased protein kinase C activation — julS g Jaaddi 3445 (3-2-1)
Al A sl JSG 358150 11 isoforms e J8Y) e 45Kk de 9aaa PKCs
Slo 8 Aapy adiay IsOforms 3 blis ofy JAdlise iy y a) Caagiugg LA
2009) (Zulet Ll 1 45 A58, Phosphatidyl serine 5 Ca™ cilig)

(Francesca et al,2012) (3-1) J<&l Diacylglycerol (DAG) dklu s
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[T} Growtt st

Figure(1-3) Integration of protein kinase C (PKC) signaling circuitry. PKC isoforms can

be activated by the second messenger inputs calcium (Ca®") and diacylglycerol (DAG) generated by
the activity of phospholipase C (PLC). Intracellular calcium activates PKCa, B, and y via their C2

domains, whereas DAG and 12-O-tetradecanoyl-phorbol-13-acetate (TPA) activate PKCa, B, v, 9, €,

n, and 6 via C1 domains. Src family kinases can also tyrosine phosphorylate and alter the expression
of PKCS. The outputs of PKC signaling are isoform dependent as indicated: PKCa. (differentiation-

associated growth arrest and cytokine-mediated inflammation), PKCP (melanogenesis), PKC3
(squamous differentiation, growth arrest, and apoptosis), PKCn (squamous differentiation and growth
arrest), and PKCe (hyperplasia). PIP,, phosphatidylinositol 4,5-bisphosphate.

angy BE e calsh PKC is0forms e aaedl Janisi dyjlyaind 3045 ()
oo DAGO S 305 of ROS I i) 4 Sl dajd ddalis gy Canny (5301 sl 52
Lial ROS 32l s Wjilss alay sdlls Triose phosphate (b o 5sSsKU
Jals DAG triose phosphate <ilsiue il «((GAPDH) Glycolytic apsl alladl

.(Inoguchi et al,1992) Lol
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AGES  Jelilll (o L gty PKC isoforms i off ) coluall i
.(Derubertis & Craven,1994) WAl #gaw e 38 il LDl
WAl adlse 4 B o & isoforms of PKC iy 2pSull Ly ashy L saley

.(Xia et al,1994) asle )
Increased hexosamine pathway flux ~ Hexosamine Jbws (88433345 (4-2-1)

oo Db Ayaall alea¥) 30u8) 50k) 5255 Galsmsd) dagliag Ayl Jajd
Fructose 6-phosphate (385 33k Gl e (=Sl ela Glieliae o pii 8 Lgiaalia
.(Sayeski & Kudlow,1996) Hexosamine Ll

ash 5SS st e o<l Fructose -6-phosphate o8 Ll 138 4
Glutamine: fructose 6- ¢ jludl 13 & 3siae il Jaaal Jelilll 3ale jieany
(Michael 2001) (4-1) J<& phosphate amidotransferase (GFAT)

)5 Glucosamine 6-phosphate I Fructose 6-phosphate Js~: GFAT

.UDP-N-Acetyl glucosamine I ¢lld axy Jeaiiy

for post translational 13 Jexiw Specific O-Gicnac transferases

modification of specific serine & threonine residues on cytoplasmic &
.nuclear protein by O- Gicnac

STGF-00 e JS #laind 3245 sl e i Sl Jajh aiay GFAT Lasis )
.(Kolm et al, 1998) TGF-p,

sy Hexosamine slue A (e (@8l 3345 48 moiag ade (1 a2l e

5 TGF-0 Jie cliall il Flasa) b salll L) apad) 2pSll Lo baugiy

el day ) Ly laia 3aL) LTI LUl b ol c.a.'aﬁ\ 4l Y PAL-l 5 TGF-B;
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sladll dliaall LAY ohidl SP1 Fludiul Jalel O-Gicnac acylation
igles Sl WA & PAI-l; TGF-B1, (Chen et al, 1998)aslel

.(Du et al,2000) 4l pal

Glucose

Figure(1-4) The glycolytic intermediate fructose-6-phosphate (Fruc-6-P) is converted to
glucosamine-6-phosphate by the enzyme glutamine:fructose-6-phosphate amidotransferase (GFAT).
Intracellular glycosylation by the addition of N-acetylglucosamine (GIcNAc) to serine and threonine is
catalysed by the enzyme O-GlcNActransferase (OGT). Increased donation of GIcNAc moieties to
serine and threonine residues of transcription factors such as Sp1, often at phosphorylation sites,
increases the production of factors as PAI-1 and TGF-B1. AZA, azaserine; AS-GFAT, antisense to
GFAT
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Resource of free radicals §,ad) jsdall jalas (3-1)

S8 aaly e il e b ggind a5 50 ) 4l all sl Cial
5o ALl Ale Wl cpe s Aigiaa) e il pSIV) oda LAigl) e clig 5KV pe

.(Vartanian et al,2003) 4pdall je \@pls e ddeld i) maal Cuny 455l

o e ¢ S o ) L Led (lias Spall sdall d88ad) A5kasSl) ddledll

I s gl edall g sl ol g anls (i5ism le gslall H Gmosouedl D3 ol Jial)
asndll 3auS) ey b)) (oya) clia e H AL Wle 3l Judladl jsda Jelis
el Basae doglall 405D 3all 50l daales e 4aslll Lipid peroxidation)

(DNA sl salally cilag bl Aty L)

sonl Ll 501 b Jlall g LS cade OS5 aall giall (omay Al
A sSI And¥ly ol (558 Ax3BU (il e Al dall A by el A8l
Ay AVl paailly (Jeallly Adladl clila¥ly cSbsladly uS) Al
. (Akcha et al,2003) Xenobiotics

Gligall o3 ol Gafiss dall jsiall il Al ke g 55 sl Ys
ki 9900 s> o)y casll 550 10000 325kl DNA 3 Jasd 5oty aales dleldll
Caaady Gl g e paniid Al Ll DNA J 230l sale) alas dalug Leadial ol

(Current Diabetes &Y (ala¥ly layd) eol i iy dilide g )yl

.Scenario in india,2007)
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Jad a da () eslis Gl 1Y digyia g gaaldl allil) b clyiall alaeae o

Bua By sda (eSS eda COleldll Alulu e mis Aiall e Glgiall s deldy
S gl V) s Aelll Heall cdlelss e 5L Radicals beget radicals
ralall cddll 4 as Al cLipid peroxidation assill sanS) dseaill clig )
13 e JBll Jan e Aanall JSLElS Gabel) (e S £ 15 (grangasSll ulaY)
Purine & 1 xld aale Lald (DNA I e ol Galg Jaalg el saa cals

.(Kumawat et al,2012) <)kl 4 pyrimidine
Lipid peroxidation ags&ll saus) (4-1)

Gladl Judld) e aasyae 53 Jiials (NO7, O7, OHT) all sl o
e 0ol A 40 Polyunsaturated fatty acids dawiall e dpaall alea
sl B)Y (e yia

H

—C— X — > XH+ —C—

0O —o0O
. |
— C—+0,—>_C—
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a5 dgiaall GialeaSU dilall Judludl dealeas asi 52 Peroxy radical 4 s

Jaas LaglS Taa

?—O' ||_| C|)—O—H

—C —+—636— —> —é—+—C—

Jladll adl 3l s Losass Al alaaVl s caal deliill iy o5 ey

Lipid assil) 2 pm 0ol Apiaall (aleadU dpslall Judlal) (e el 50S) alaiv

sl Ada oy lee dglall aell iyl Sl ) son e peroxides
.(Rosenson,2005)

Glad) Judlall e Gangpued) 550 Al Peroxyl I Jas aodiiy JEa) Jass Jlad

o A W @l pgiall _al jledl @iy Byjees Hydroperoxidesisiie a sl

O LS gslal) bl o) Camia VA e sl Byl 8yseay WA e dale il

OusS Guladll 5 sl Jie EYT Galadd) pe Jel@ill okt sda JaSg el sda

Agslall eV )yl Glaa) L diall Malondialdehydes Jie dal clalgal)

)y egin A sam bl A Alloxan s Stereptozotocin (STZ) slae! )

Thiobarbituric acid reactive substances (TBARS) (& sal) 4ie it 3] ¢(g)Sull
o RSy Aallaally Al (Sapy pall sl Zlul Jeo il ey g8 b sag
oSer LS Aspirin sl Melatonin <Nicotine amide Jie auSEl saliadll @il yall

.(Hunt,1990) B-carotene 5 Cs E clilid (e Jagdiy dallenll
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Lipid profile Saall gwi (5-1)

<l Sl 5 «Total cholesterol (TC) S Jssid &I e nal) Guall (<5
High density (HDL-C) 4l Jle el (45505 <Triglyrides (TG) 4534
Very low- density lipoprotein las 266 misie >3l g lls <lipoprotein
Low- density lipoprotein (LDL- 43Ul midie asill 455 5lls (VLDL-C)

)

Total cholesterol (TC) AS! Jgiwlssh (1-5-1)

Jafind Sy ¢ paly) Hpalll iy agalll dapl Adpad K Jg il KU ya8,
4 aldig s Atherosclerosis uhall calaai casy 4w 3al5 o) Cun slall (g)5 pa
e 203 Joa oy sl BieVly D cpelid chaiall Clisasel)l piea B sl

o3 e b AL 1/3 5 28 U8 (e g aueall J i S

SV JndS) By coadly Al ey 4 Joad ) gl il
«Nephritic syndrome 4ug,all 4aally <Primary hypercholesterolemia
U= Gy Primary biliary cirrhosis JAs¥) claall acdis <Hypothyroidism

.(Lamarche,1996) Polycythemia vera dggall jeall 3S5 alall
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Triglycerides (TG) A& @y sl (2-5-1)

s dosids €l 3 Jall g LS all jpailly psndl) Al Guldl Jexind
ibisina adiig «VLDL-C 5 Chylomicrons & iyl sSall oo AEDEN il jund<l)
SN aalpaly edal) 2l lgilly g Sadls Hypothyroidism (iall sl cla b

.(Y0shino,1996) 4yl (il (iazyg (ubySull Qalgill
High density lipoprotein (HDL-C) LU e andd] i all(3-5-1)

Ischemic heart (gylaall &l olall g (a6 HDL-C o A cluhall i

S oo Jiad Aygeall Ao V5 il ()Y HDL-C U 4560 sl o) «disease

S olaily Ayl Anas) (yo (i) Jg piind s o5 I3 Jlia g s S1 pusal) il

O ) BLEYL Lyl Cligeyell ddad) clae¥l ) chiall ge aalaY
s Anti-inflammatory Luledl) 1sleas s Anti-oxidative Laush Tslae 23 HDL-C

.(Thavatchi et al,2006) Anti-apoptotic features
Low- density lipoprotein (LDL-C) 48Ul (addia aadd) oy pall(4-5-1)
e Yo dyshad Kl alal) aal (3e 2als s cosal) Jgsind S adde (3l

e o Al Jy AW & alila (0 a5 LDL-C .Atherosclerosis gahall cless

.(Ramchandra et al,2012) JgiudsSll 506<5 e lagd 5 281 <Dl
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Jan ABUSY) (idia eeadd) Gig ) (5-5-1)
Very low- density lipoprotein (VLDL-C)
(Suryawanshi et suall elsil 4855 asll ) ZAEN Gl pundl Jos 8 2oLy

.al,2006)

dpaadd) iyl oSl o dadadl (6-1)

Relation between diabetes mellitus and lipoprotein
Low-density lipoprotein A<l dcasdia dueadll culisiy pll il i ¢ i) o
oaleds) g8 A5 Triglycerides (TG) 4idal <lyllls (LDL) cholesterol
A High-density lipoprotein (HDL) 486l dille dsasill culidiyll Slisis A
Dy Cpallaall ol Aald dflesll Qi Galel Gpa e fon (oSl g

.(Georg & Ludvik,2000) LDL-C I dcadaiall cilysisall (593 (o (iliad)

Oxbdl) alail slas ) Anti-inflammatory il slias sy HDL-C oY
Ol cliail abiae (I Sl alas e Jsa ) Anti-atherosclerosis particle

Sl ey g Al YW 8 LY Apro-inflammatory particle
DR laiey Aaea) SI Ay Laily ccannd 4 ad) b el Gl disea) (S
. (Ishfaq et al,2012) Lk s HDL-C ) aiasy (s
Lpeadtll Wligig ) e ABES SISV, s dendll Ciligis )l 8 HDL-C &)

cilSye (e illy HDL-C Il e oeniill # 3allé ((d=1.063- 1.21 g/ml) Ldull i
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Sphingosine-1-phosphate (« =ld J<& 434l Sphinogolipid s ceramides
(DU slme o dale asl Bas elal 35 (Yoshino et al,1996) (S1P)
(Ishfaq et al,2012)

o«ls Precursor particles 4yl Slawa 3ysa Ao LDl 8 HDL-C saus
4 Ka Glapuall 2385 cLipoprotein 4 A Jsll s LS cdpaad Glidigp 3ypa o
apo of akhlu g 434l Unesterified cholesterol s Phospholipids ¢« ik (e
.HDL

oo lmb dailly 480K, Size aaall & CalAS sawieysas HDL-C s
(Kangralkar et Cellular cholesterol gglall Jg Sl liss dan 3 LedDUal
.al,2010)

58] 8 Lage Dsd o5 ) ARl b s oSl ely Clhses sl ()
3auS) danyy gerally dlall LS L e ddle Llsy) ddle  jilgn 3 «LDL-C
e V15 Qi) (Y asill yladlly L) LDl 8 LDL-C 52081 545 ofs «LDL- C

.(Nakhjavani et al,2006) 4, seal!

Jlaall Sub endothelial space dsle il 4Dl LAY cui jaladl ¢ )8l )

DAl cdliiee Gpb oo LDL-C b ) cblud) go aaedl Ay byl
Sl Agle gl AUl dadall LA ¢ Lulall dliaed) LAY Macrophages aselgl)
s Monocyte Jssi o LS a5 LDL-C 328l o)) LS Foam cell 552, WA (<
U 2ny 53y Jyiad€IL 4l 3025 WA ) Jlyal sl 8 Macrophages

2l 3 LDL-C 58] 5243 a3 LS <Atherosclerotic ol cabeal Lulu)
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Aalil) ahdl) (el il Angiogrphically 4 seall dae s¥ ¢ oli pasdl uaaalal)

.(Saverio et al,2008) ¢yl lais

Cilagpul€l) i sise g liiyly HDL-C (mliail Ly L Wle aall 280 b o)

3525 Lagy AN oyl 3005 (e Al gpunal) L) (s pall 3 I g siaad oK1 2000
) WS cdpanil) culigigylly daall TG 4w ,aliy, VLDL-C I oSl 1l saly
35S yall dviaall (alaaVls TG U datiid) algall cilisives 30k) ) Gy JSE aga3
(Yi-Cheng & Lee- .Lipoprotein lipase (LPL) ddlzé (o asdy AN lag

.Ming,2012)

Vitamins clislidl) (7-1)

il WS pdlia Hgean Hall Hsdall dpen 430 E, C, A linliall oy

sy a-tocopher] Jé cilpaall fnall o Clialial) s3a (536S8 s0le) Gllee 8 &
Dihydroascorbic s dallaa Ascorbic acid clu)sSu¥) acla oy Lavie 4 &5
add doy clikliall o3a s «Glutathione (s8N dhlag acid; tocopherol
Sl sladl AUaill (e eda s B cpualisy L Lguds Cag ylall ¢uas Prooxidants Ll
Superoxide ' Lsaas  Peroxyl J s 5l aleliy Peroxyl I s dun
E opelid a0y Asanl) 30uSY) G Bslal) Bate¥) anys Aall CumaSYy
(Firoozrai et asus¥) (e waall & Aldehydes 5 Peroxides 1 sl as oli

al,2006)
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OLaY) (B oSl el B E ualid oo ) dplaaiall )l e sl Pehe
Lo liay ol Ll b 4clii) ) udy Lo sk ¢« (Onyesom et al,2011) clsalls
(Hisalkar et sall jsdal) aa daus¥l dilea A& Al 0)50 b agally caalias) yi

.al,2012)
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Luhpdll e cingd) (8-1)
r bl I Al Cangs

L gl e oSl e (530 adl) e s 30uSY) Lo (G DAl A e A

S 5l e 8l e b el ilaal e 50uSY) baji 3,8 aoai B
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Materials and methods Jaadl &hhg palddy) —2
:Chemicals 4ysbassll 3gall (1-2)

Chemicals and their suppliers L sjeaall IS 315 45 5Lkl algall (1-2) Json

Lially Lg) 3emall 35,0 Aassoad) sall o -
Spinreact N}
Aol .Glucose ssldsxe || 1
Spinreact -
Ll .Cholesterol sslésxc || 2
Spinreact _ _ ~
Al .Triglyceride _«lésac || 3
Biolabo “
s il .HDL- Cholesterol- _sldsx || 4
GCC N
AUyl (TCA ) il (sl a8 D5
Himedia .
Ll - (TBA) ¢ysin)ly sl sl || 6
BDH “

Sigma Chemical Co.

RN .Trans-Retinol Jsiv, sulyi|f 8

Sigma Chemical Co.

H o QL\\ .
2l .Retinyl Acetate Juin)ll e 9

BDH

il .Methanol Jstw ]|l 10

BDH

RES ‘
gl .Ethanol JsG) || 11

BDH

Lol .N-Hexane ;jLsa —ff 12
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daiuaal) cils i)y daadiall 333aY (2-2)
Instruments & manufactures companies

Instruments & manufactures dxiaall IS il dasdindl 3)eal¥l (2-2) Jsas

companies
L) daiadll 45,3 Sleadl aud <
kbl Kokusan .Centrifuge ¢3Sl Ll Slea| 1
i)y JRAD .Incubator daals | 2

ksl || CECIL CE-1011{ -Spectrophotometer sl csbdaall jlea | 3

Opal KEDEE .Water bath b 2l | 4
LS 5 Beco .Freezer saas| 5
Lulall KNAUER .HPLC x| 6

1 N-EVAP .Nitrogen evaporator /116 i Sea| 7
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Blood Samples s wlis (3-2)
:Control Samples 8wl clie (1-3-2)

Oe sl Y elaal uabm‘ﬁ (u_alj 100 +,53 100) o2 due 200 pan o

A (80-40) o atylee) gl oSl ela e i Laylse

:Patients’ Samples sl cwlie (2-3-2)

gsll) Sl el Cmbas Y (U 100 + 83 100) due (200) pos
(S8

Jsanll 2y caall s J Aol 12 5add agall dlla 3 Glinl) auea cul,
D Alals 2011 S i saall adeill Aygiey Lidie o iliall oda e
oayalls ¢Sl plaall A o yall A gan gl Clpinall iy 3 L2012 Ll

(LYY Sl el (Y + HSA) el iy 5 YT e laaaY L Sl
tadl) il Juad Ailes(4-2)

B Ay G 30 saad Ay ¢ Ll Apdl 3 gl pll G Je 10 X
& by (3563 10 32d 488 f3)50 3000 depus WiSHe iyl & 3l e jal dajl)

Al A8 e deadl) Juad
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Biochemical assay methods (wlall &k (5-2)

pdll Juaa (A 5Slsl) (ggiama b (1-5-2)
Measurement of glucose in blood serum
el Kit dilsill sae alaiad dalugy 2l Joae 8 5S5KI (sgiun (uld &
LAnbuY) Spinreact 48,8 J8 (e
Principle Jas)) fasa o
oada ) 58K sa.Sl Glucose oxidase jsSosll awSsl anl s
&y 3l Hydrogen peroxide HyO, (asssuedl a5 5m5 Gluconic acid <l € <1

syl dklus (Phenol of aminophenazone (s)sudsial=dsid) (S DU allas

:Peroxidase juawuS gyl

GOD
B-D-Glucose + O, . H,0 » Gluconic acid + H,0O,

POD
H,0, + Phenol + Aminophenazone »Quinone +H,0

-( Kaplan,1984; Trinder,1969) ausll A 36Kl 385 aa canliis oslll 3ad
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Reagents <idijsll o
Y]l e ulal) sae (ggial

R1 TrispH 7. 4 92 mmol/L

Buffer Phenol 0.3 mmol/L

R2 Glucose oxidase (GOD) 15000 U/L

Enzymes Peroxidase (POD) 1000 U/L
4-Aminophenazone (4-AP) 2.6 mmol/L

GLUCOSE CAL || Glucose aqueous primary standard 100 mg/dL

A g )l aal Gligiae 4403 0 (Working Reagent) Jasll Jslas jucass

lagindl Q55 ol Ml s Blass (ol Jslaal) R g 58y dals b R2

.(oe 8_2) 'é)bé :\A‘)J.\ 4.25;‘5 E):u'aaﬂ Az J;b J@.&BM JM\ :\:ﬁ)ﬁ JA:}ME} Ll

Procedures Jaall 4yl ®

tolial Jyaall b mase LS 3l (kg

Blank Standard Sample
¢Sl Jlaal) bl Jslaal Ll
WR (ml) 1.0 1.0 1.0
Standard (pL) 10
Sample (uL) 10

A lladlly Al 58,00 (Ll

Joall Jslae o iy Siko 1000 I (qulsll Jsladll o iy Sols 10 Caneal 1

.\J..\A adals ej}
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a5 Jaall Jslae g il &l 1000 I pdl Jeaa 0 iy Sila 10 Caneal .2
Jas abals

°a 37 3)ha Ay Gy 10 ad alall 8 uli¥) Caay W3

bl Joladlls sample z3gaill A dpalaia¥) s0) 5 .4
- fiasili 505 2 Jsb vie Blank el Jslaall Jilis standard
YD e dada 30 saa) s iy ol ol Lle

Calculation «llwall ®

Y] Asbead) o FBS 35S0 585 s o

(A) Sample
Conc. of Glucose = » X% 100 (Standard Conc.)=mg/dlI

) (A) Standard
glucose in the sample

Conversion factor: mg/dl x 0.0555= mmol/L

el Juan B ASh g ial gl (g gina (il (2-5-2)
Measurement of total cholesterol in blood serum
Kit Julaall sae Jlaatind Giyh oo pdll Jaas (& JSH Jg d I (g5iia (uld o

by Spinreact ASyd U8 (e sieaadl
Principle Jas) jam o
V) iV alaal s Ll T Lipall 3 i) g jinsd sSU (oS0

CHE
Cholesterol esters + H,O ——» Cholesterol + fatty acids

CHOD _
Cholesterol +0O, » 4-Choiesterol + H,0,
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2H202 + Phenol + 4- Aminophenazone POD Quinonimine + 4H,0

(Meiattini et al,1978; Naito dusll & Jg i < 585 e anlits olll 30

.et al,1984)
Reagents <idijsll o

Ay sl e Gulall sac ggian

R1 Phenol 90 mmol/L
Buffer PIPES pH 6.9 26 mmol/L
R2 Cholesterol esterase (CHE) 300 U/L
Enzymes Cholesterol oxidase (CHOD) 300 U/L
Peroxidase (POD) 1250 U/L)
4- Aminophenazone (4-AP) 0.4 mmol/L
Cholesterol CAL || Cholestrol aqueous primary standard || 200 mg/dL

GlygylE aal Glgiag k_IS.uA\ : (Working Reagent) Jesll Jslas jucaas
Ll clygiad) s o a2 lalad) el L R1 alid) Jyladl I R2 s
(p 8-2) 3)ha dnpd (8 opncantt aay jedl 4 adl Jolaall Asisd el
Procedures Jaall 4yl ®

saal) b LS adl Jeme (b I i S (s5ine il o

Blank Standard Sample
2l Jslaal) il Joladl) Ll
WR (mL) 1.0 1.0 1.0
Standard (pL) ——- 10 —
Sample (pL) 10
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Jsbae (e iy Sile 1000 A @l Joladll (e jids Sole 10 d8lal 5.1
Jaa adald g Jelal

Jeléll Jolae e il Sole 1000 ) ol Jeme e s Sile 10 Zilal 3.2
Jaa adald

Lo 37 3)ha Aoy B 5 sad daalall b V) Gy 3

A Standard wldll Jolaally A Sample z gl Joaal dpalaial) se) &5 .4
. Blank el Jsladll Jilie yise 513 505 asall Johll xie

Calculation «lluwall ®
(A) Sample

Conc. of Cholestrol= —____, x 200 (Standard Conc.)=mg/dI

. (B) Standard
cholestrol in the sample

Conversion factor: mg/dl x 0.0258= mmol/L

Measurement of triglycerides in blood serum

Seaal) Kit dilaill sae alasiuly aall Jema 8 DN @yl (55inn uld 3

LAxlusY) Spinreact 4S5 J8 (e
Principle Jaal) fax o

Glycerol JsmaS) W Lipase 3 apsl Jzy 4D ClagyeadSll Jlai
Jo il ) Glycerol Js,malll Jsaiis .Free fatty acids sall dusall (abeal,
Adenosine -5-  Cliug s =5— (usials Glycerol-3-phosphate ciliug -3

G3P Jssius .ATP 5 Glycerol Kinase xS Js € a3l dalug diphosphate
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Dihydroxyactone ' Glycerol phosphate dehydrogenase 4klus
Wy deliy Jeldll 4l 4 .H,O, Hydrogen peroxide sphosphate
Al & P- Cholorophenol s 4- Aminophenazone 4-A  x« HyOp  ang sl

LPL
Triglycerides+ H20 —, Glycerol + Free Fatty acids

Glycerol Kinase

Glycerol + ATP » G3P + ADP

GPO
G3P +02 _— DAP + H202

H,O, + 4-AP + P-Chlorophenol ————» Quinone + H,O
Buccolo et al,1973; Fossati et 4wl & Sl pndll 585 e ol ol 32554

.(al,1982; Kaplan et al,1984

Reagents idlesll o

P AEY) @Al e ulal) Bae ggian

R1 GOOD pH 7.5 50 mmol/L
Buffer P- Chlorophenol 2 mmol/L
Lipoprotein lipase (LPL) 150000 U/L
R2 Glycerol kinase (GK) 500 U/L
Glycerol-3-oxidase (GPD) 2500 U/L
Enzymes Peroxidase (POD) 440 U/L
4- Aminophenazone (4-AP) 0.1mmol/L
ATP 0.1 mmol/L

| TRIGLYCERIDES CAL | Triglycerides aqueous primary standard | 200 mg/dL |
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gyl as) cligine 403 230 (Working Reagent) Jasll Jslas juass

culd o) M iam &5 el R (SN ) e saals dala) 3 (GBsame) R2 aiV)

(%0 8-2) B Anpd b oyant day bl 6 52al Jslaall Afigh ety . Lalai il ginal

Procedures Jaall 43,k ®

: Uyl 8 LS LS il pend€l) (il

Blank Standard Sample
Cai<l) Jslaa il Jgladl) Al
WR (mL) 1.0 1.0 1.0
Standard (uL) - 10 —
Sample (pL) 10

el Jolaa o 5ids )il 1000 Y kil Joladll o 5ids Sole 10 d8lal 5 .1
Jaas abls g

s deldll Jolaa (e il Sile 1000 ) adll Jiae (e sidg Sile 10 d8lal 23 .2
Jas 4kl

237 sl Aapa 3ilEs 5 3ad dialall 8 Cull) G .3

xie A Standard «Léll Jolaalls A Sample z3sall Joladl dpalaia¥) se)8 5 .4

Blank ¢l Jslaall Jilia jiaasili 505 el Jshal
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Calculation «liwall ®

(A) Sample
Conc. Of Triglycerides = » x 200 (Standard Conc.)=mg/dI
(A)Standard

triglycerides in the sample
Conversion factor: mg/dl x 0.0113= mmol/L

adll Juca ‘“,A A Adle clivigul) g giwa (uld (4-5-2)
Measurement of high density lipoproteins (HDL-c) in blood serum
sheaad) Kit Jidaill sae alatind dalusgy ol Joas 4 HDL-C (55t ol &
A @l BIOLABO 4S)a J8 (e
Principle Jas)) fasa o
Jax A8ESY Aaisial cligglly LDL-C 436S) dimididl caligig ) o

23 Phosphotungstic acid aklus dusll 4 35850 Chylomicrons s VLDL-c

Total Cholestrol I Jyiud &l @il ae ulsy & ¢ giSyall Bkl dilee

.(Tietz,1999)

Reagents «adigsll o

Reagents Contents Concentration of solution

R1 Phosphotungstic acid 13.9 mmol/L
Magnesium 570 mmol/L

R2 Standard 100 mmol/L
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Procedures Jaal) 4yl @

5 ydanally 43,laally ligall jrans

Pipette in Centrifuge tube Micro-Method
Sample 500 mmol/L
Preciptant 50 mmol/L

adll Jemn o il Sile 50 ) sl Jslaall e il Sile 500 dilal i .1
AR Bha Aayn b 3 10 5aal Bjfiee S5 T leade -2
Aagall 33y (4000-3500) L 4da 15 500 53S5al 2yl Sleas s 23 .3
e sl S Gelil) aniiaall Cail€l) we Jasinls b)) Jucd L4
Assay (aadll e

Shard) Jslae aa bl o5 403l Bl da)s (A Dfie Guully Jolaall &l

. u.nl:\sn RS @ J‘P)AS‘

Blank Standard Sample
Sl Jglae =kl Jglaal) Aaal)
Cholestrol Reagent (ml) 1 1 1
D.W (ml) 25
Standard 25
Supernatant 25

0 37 s Ay (3162 5 5add Iy 54
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: 48Y) Cshall Al 3 HDL (old

e sl Sile 25 ) Jasid KU CaslS Jolae e g Sile 1000 4Ll 5 .1
2l Jae 5 bl Jylaal
L35 10 520) 48 jal) 5y Aayd 3 s lam e 2

oS Jolaall Jilie Jinesils 500 ase Jsbay dpaliaia¥) (uld &5 .3
aals de i 3aa) Dyis iy ol o) Lade

Calculation «liwall

Conc. OF HDL mmol/L = 2%l conc. Of standard (2.58) x1.1
A Standard

adll Juaa (b Jan ABUSY daiiia 400 clisigl il (5-5-2)
Calculation of very low density lipoproteins (VLDL) in Blood Serum
;AU Asladd) sy VDL 4 zhassy (Wilson, 1998) 4syla Jlasind
VLDL- Cholesterol (mmol/L)=T.G/2.2

adl) Juaa (B ABUSY) Aadiia dpiaal) i) qlua (6-5-2)
Calculation of low density lipoproteins (LDL) in Blood Serum

1Y) Aabaal) sy dad = 1aiuY (Wilson,1998) dayyla Jlasind

LDL- Cholesterol (mg/dl)= Total cholesterol — (VLDL-HDL)
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adll Juan (B wlguall gha o ilall (g gia (uld (7-5-2)
Measurement of Malondialdehyde (MDA) in Blood Serum
s (Aayhll o3¢) gy Thiobarbituric (TBA) (ada Jelit 46yl crardid
il sl Jia 3 Malondialdehyde (MDA) alegall gla osllall 385 (uld o
o delill o Gl ading 3 caleall 03g] Thiga olgivne days (ysaall 520S) Aileal A
.Thiobarbituric (TBA) & Malondialdehyde (MDA) xleadl sl sl

.(Muslih, et al.,2002)

daddiiall Jullaal) @

Thiobarbituric Jslss .1

asisall 1Sy yu el 100 8 TBA Jssle e bt 0.6 3L 5l

. e\;s;m‘i\

Trichloro Acetic Acid )5Sl G clilall yadls Jolas .2
e abe 17.5 L3l yumsd %17.5 J¥) 5850 i€ Jolaall 138yl
AL pmadll %70 S6 385l ¢ il 100 asays shidll sl 3 TCA sk

.‘).\u;u\ 100 (‘sAA-i} ‘)LSAS‘ cw\ é\.@.us.\'édw\ L’\A(‘.\‘\)Q 70

Procedures Jasl) 43, ®
555 TCA Jslas (e jillie 11 a9l Canaly aal) Jumas e il g Sile 150 385 .1
G A s Zh el ) TBA Jstae e sillae 1 4l Caals %175

.:%3513.3 15 EJAJ o(‘a 70 :\AJJ.I ‘;‘114\ (QLQ;
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gl &5 %70 585 TCA Jsbae e sillie 1 gl Cinaly il sy 2
.A885 20 3240 %5 37 Aa)n

5 saaly 48dal/ 3)50 2000 demw giSHdl Hhll Glea alatinly mEL Juad .3
REYER

sl 532 asall Johall die dpaliaia¥) seld 2.4

Calculation «liwall

A Sample

Conc.of MDA= ____ x Mitigating factor

Eo XL os .
0

L = Light path (1 cm)
Eo = Extinction coefficient (1.56 x 10° ) mol */ c¢m™

Mitigating factor = 6.7 (0.15/1 ml/ vol. Used in Ref)

pdll Juaa AE g A el S 5 (B (8-5-2)

Lain 35l Adle cul€y AsldY) Sigma basue (e sl paea aladiul
& N-hexane glsa—g 5 Absolute Ethanol Gladl JsGYs Methanol  J st

.BDH 45,3 (4 Wede Jpaall
HPLC jga o
B8 AalY) Sleal (S ba xe Knauer gsi (e S aadiadl HPLC 1 lea

150x 4.6 ] (C18) 25e2ll 53 5000 akaiall 3 1000 43205 2500 ailsll UV Al
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Ly Jusl) dalugy e silag KU Jeadll 25 23 08 [mm (i.d.); 5 pm bead size
(3835 Jaxa 8 (95 :5 by volume) (Methanol) Jsitisls el (e bada ae aidie

«iagili 287 (e J b die e 438y /2.5

Column 5um 150 x 4.6mmID
Mobile phase methanol/ water (95/5 by vol)
Flow rate 2.5 ml/min

Detector 287 nm

Temperature ambient

disl) julasd e
o Sl Sk 200 e Khan il 4 sl Jae e jidg Sl 200 poag

Internal standard  Jalall wldl) Jolaall (o lends 0l o g5ing ) J530Y)

.Lmé‘;djﬁ.ly)bwh:\;”djkh}

dalga A Gl 5 sad plla—y e idy Sile 1000 e Sliall padlasial

el

GAN ) 8 il Jslaall e sids Sile 500 J& &5 (535l 25kl ey

.micro centrifuge g e
S ol J8 gl aad) Al el (e Sl caad il ciml N,
Siall syan b il Cuiag 2 (Jiliall Jolae e sids Sile 500 i Ll sale ]
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02 Jias & Retanol s B-carotine s Tochopherol dias iy colua o
S @l Jlaall alasinly gleall Jmid) DA e slaaals oSl a s

.Internal standard

AL -

Figure (2-2) Nitrogen- evaporator Figure (2-1). HPLC (knouer)



40 Jodl oy olt¥t /11 Juaill

Statistical analysis (Alasy) Jdaill (6-2)

(SPSS alai Jlexinly Libiaa) Leldaty duball cilins dalal) clilal) el
Jwin) 53 (SPSS, Chicago, I Ilionois and U.S.A) Windows ) .Usil14)
Gsuill J8 dipd canalysis of variance (ANOVA) auelaall G Lo cplall Julas

. (L.S.D) Least significant differences 4=l

Linear ha Llg) Jelbee K& o lecany ao hsiall (any cuday) a3

Ll agial) Gsmpm dalae DA (0 bLyY) 58 Lulé 35 correlation coefficient
o ohall LoV g e bl g LS Person's moment correlation
b L OlS Laaa) o) i Y citie ol o SN S5 o) 3 claghayy &5 Gpicie
Significance of correlation Lo Jalee AV Hlia) &3 GA ¢ AV yuaiall il

(1983¢ase 5 mlla ol) P<0.05 a¥a (s5iua coefficient
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Results gl .3

ot (P < 0.001) dflaial (gsine Y gsine gl il (1-3) o) Jsaall el
M slaa) degenay S oyl desens Gn MDA cilaugica ad
b (ssina g i) L)y sl e i /0 e 15.808+4.433 55.142+0.828 il
b ¢ sl e 5il/Jse e 3.091+1.566 5 1.752+0.557 a1 555K cullasssia o
Mls axi illy aall Joma 8 MDA Glysioss £ 165 Gaes aall 4980 b il e Jyy
et At e Al paleal) o dam SV Ball el il e bl
Clisalid Glgise Galias) ddaadle dic lagiay 35S0 OG0 el el
14.223+ 522.785+7.400 E Y Jse e 1.394+0.406Vs 0.988 + 0.488 A
&b Sl Glibas e lamy s (P < 0.001) Jal) e 5il/Jse e 7.322

Sy b Gugan e Sl dary Lee ¢ slaal) e ganay 4jlia adl) June

Glaw i ad 3 (P < 0.001) ddlaa) (s5ine dic Ggine leliyl Jsaall ekl
Vs e 3.48420.76 5 4.427+1.684 LSV sie TC AU J il S
sl 1.435+0.7375 2.526+1.583 LDL-C XSl aidic sl of50lls
s e (goine paliAdl 5 e o i) o elaally el e seaad i/ Jse
oyl desena o HDL-C 486SN e eadll oyiigll 3 (P < 0.001) bl
s ( Il e 5/ Jse Jo 0.99120.380V51.226+0.354 uxly 3 )sSall ¢ laually
las ALSN midie enll Ggylly TG AN ClapnlSll cilavsio o Lgme o

2l Joan A Leiligine 8 g i) il (e aigl) o 30uSY) hjds S 3 VDL
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Gigaa Ao Jalag S daal Gl a3 Al TC D HDL-C o dnail) Gl 2ic

3shdll Jae ea ) 4.467 = cul& Atherosclerosis ouhdll clai (s
LDL-c : HDL-C ds W) . S8 434 - 5.0 o» sbw 3 Average Rate
yshad s Loal) oo Al 0285 1.0 — 3.6 (s sl 8y5had Jama (g (10 2.549 cilsa
(NIH Publication,2001; Report of the national cholesterol lall )yl Je

treatment program,1988; Vance D. & Vance J.,1996)
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Jine & E A @‘-’-‘t‘s‘s P q’_'&,d\ Gl (MDA ¢ S0 o sia (1_3) &) dsaa

slanall Ajlia <Al S gl (Sl ampe o

Non diabetic subjects Diabetic patients
Parameters Male Male
Mean £SD Mean £SD

Age (Year) 55.180+9.431 59.710+10.942**
FBS(mmol/L) 5.142+0.828 15.808+4.433***
MDA (mmol/L) 1.752+0.557 3.091+1.566***

TG(mmol/L) 1.810+0.604 2.000%1.152
HDL (mmol/L) 1.226+0.354 0.991+0.380%**

LDL(mmol/L) 1.435+0.737 2.526+1.583***
VLDL (mmol/L) 0.882:0.274 0.909:0.524

V.A(mmol/L) 1.394+0.406 0.988+0.488%**
V.E(mmol/L) 22.785+7.400 14.223+7.322%%*

pP**<0.01 P***<0.001

TC(mmol/L) 3.484+0.764 4.427+1.684***

(P < 0.001) dllaial (55 e dpsina iy il ) (2-3) o) Jyaadl L

slaa¥) e sanar Ajlie LYY S £ sl Sl e die adll 35S 585 Jauigia
Tsgie by Ly o Vil e il /Jge ode 5.20420.857 513.22244.712 il
da¥l deseaes S gl S ape degead MDA )

L s e dy e ol e i/dse e 1.248+0.468 53.060+1.276
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(P < 0.05) sl (s5ine vic B (palid 585 (it o laysn Sl Al 3a08Y)
OSG (h GRliad) i e el (o A nelid i Sl Al e

Gllavgie ad A& (P < 0.001) ddlaal (g vie (goina gliiy) Laadl WS

AN Gl penlllg ¢ 3/ Jge e 3.74240.693 5 TC4.359+0.885 AU J 5 sl <)
A [amddie endll Giigylly ¢ i/ Jse o 1.548+0.5895 2.868+1.430 TG
¢y A gl e al [ Jsle e 0.703+0.267 5 1.303+0.649 VLDL-c as
sy LDL-C RS (it oandll fisll 585 Bt dad i) G (B

.(P <0.05) dillaa)

HDL-c 4l e sl oyl 385 (gsine palidd) Joaall (e Jasdlg
ey slaa¥l  desena Aplie AWV e oSull e e
<= (P < 0.001) dlaa) ssiwe e 5il/Jse 10.999£0.551Vs1.294+0.421

s

3.3 - C}w Jaxa (e 4.363 Lﬁ)t““-’ cilks TC : HDL-c 'éljjaa L
(NIH 15— 3.2 ¢ zshis daxe o 2.158 = LDL-C : HDL-C i5ha Joxas 4.4

Publication,2001; Report of the national cholesterol treatment

.program,1988; Vance D. & Vance J.,1996)
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o G E A Jualis 5 Jaall Guills MDA 55850 cillanssia (2-3) o3y Jsaa

elanall Ajlie V) B g sl g Sull iaye a

Parameters Non diabetic subject Diabetic patients
Female Female
Mean +SD Mean +SD

Age(Year) 51.160+8.867 56.100+10.645

FBS (mmol/L) 5.204+0.857 13.222+4.712***
MDA (mmol/L) 1.248+0.468 3.060+1.276***

TC (mmol/L) 3.742+0.693 4.359+0.885***

TG (mmol/L) 1.548+0.589 2.868+1.430%**
HDL (mmol/L) 1.294+0.421 0.999:+0.551***

LDL (mmol/L) 1.744+0.751 2.156+1.215*
VLDL (mmol/L) 0.703+0.267 1.303+0.649***

V.A (mmol/L) 1.011:0.366 0.959+0.366
V.E (mmol/L) 19.038+6.633 16.407+8.424*

P*<0.05 p***<0.001

ayad Asadll ulaall aen e 3208V Lol Taals 1l cllia o) (Gl ,SA)
o pelly Lsime il o) 0 A (el 55 T el S g5l G oS

uUa.uj.lA ﬁa ;ur.s'.b\ 2w LelaaY) ACJM 4..1‘)13.0 G.-.a).oj\ e obl‘.m u.al&a.\\
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g lSls ¢ 5/ Jse e 3.61320.739 5 4.393+1.342 TC KU Js sl S
Sialls i /ds e e 2434+ 1.366VS1.679+£0.609  TGamul
s 0.7631£0.276 5 1.106+0.621 VLDL-C las LS (midie esil

5 1.589£0.758 LDL-c 4GS amidie  esdll oiiglls il Js
O b ¢ (P <0.001) adlaal ssise v Jsl) e 53/ Jse Jo 2.29141.427
Blee gl pay vie HDL-c 4 Jle jealll ofigpl) Jangia 385 (aidd)
Gsie 2 jil/Jse e 1.260+0.390 5 0.99520.472 &l 3 claa¥) de sanay

sl e (P <0.001) dileal
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Jan uﬁ E E A @:m\_\,}s E @Aﬂ\ M\ MDA cjjs}lﬁ\ Qh}l‘a (3_3) (sﬁ‘) dj-\h

elanaYL A5jlie Y1y oS o)<l iy o

Parameters Non diabetic subject Diabetic patients
Male +Female Male +Female
Mean =SD Mean £SD
Age (Year) 53.160+9.350 57.905+10.981

FBS (mmol/L) 5.173+0.841 14.515+4.743***

MDA (mmol/L) 1.500+0.572 3.075+1.425%**
TC (mmol/L) 3.613+0.739 4.393+1.342***

TG (mmol/L) 1.679+0.609 2.434+1.366***
HDL (mmol/L) 1.260+0.390 0.995+0.472***

LDL (mmol/L) 1.589+0.758 2.291+1.427%**
VLDL (mmol/L) 0.763+0.276 1.106+0.621***
V.A (mmol/L) 1.202+0.431 1.052+1.237

V.E (mmol/L) 20.911+7.256 15.315+7.948***

P* < 0.05 pP**<0.01 p*** <0.001

psl) (led SV mpalls AN iyl Gy Al (4-3) W) ol mas

sl 15.808+4.712 5 13.222+4.712 &) s FBSaall 585K 585 (amliail (pa
Sl Sl il giie ¢ W) sy a3l Y1 (P < 0.001) Zallis) (gsiwa die 51/ Jsa
die lax A3ESH (midia ceadll (pigydly oP < 0.001) ddlaial gsivee e TG 450

P < Zllaal (ssiue dic AUSN jmidia caadll (g plls (P < 0. 01) ddlaial (g6ina
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Gylae GLY) 2e (P < 0.05) Lllaa) gsiwe dic B palid 385 g5imag (0.01)
¢ il [dse e 2.000£1.152 5 2.868+1.430 \gilawgia o caaly 2 KAl
e 2.526+1.5835 2.056+1.215¢ 5/Jse e 1.303+0.649Vs0.909+0.524
g Y s G e /e (e 14.223+7.322 5 16.407+8.424¢ 5/ Jse

c0sSA SV a all (g gAY Clan siall 0l (84 gina B 5 18

GUYL 4jlia oSM) g Sl age

Diabetic patients Diabetic patients
Parameters Male Female
Mean £SD Mean £SD

Age (Year) 59.710+10.942 56.100+£10.645*

FBS (mmol/L) 15.808+4.433 13.222+4.712%%*
MDA (mmol/L) 3.091+1.566 3.060+1.276

TC (mmol/L) 4.427+1.684 4.359+0.885

TG (mmol/L) 2.000+1.152 2.868+1.430%**
HDL (mmol/L) 0.991:+0.380 0.999:0.551

LDL (mmol/L) 2.526+1.583 2.156+1.215%*
VLDL (mmol/L) 0.909+0.524 1.303:+0.649**

V.A (mmol/L) 0.988+0.488 0.959+0.366

V.E (mmol/L) 14.223+7.322 16.407+8.424*

P*<0.05 P**<0.01 p*** < 0.001
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Correlation relation dshysil) cidMall 2-3

sHDL-cs TG TC s FBS ubigina C:utucaa MDA 1 (55t C:utu _Lu_) o
L)) el 6 e Al dcgans ea B s A lislids LDL-c sVLDL-C

:‘";S/ls Correlation coefficients

I FBS 5 MDA 1) (s5ise o Ayl Aplali Ale 15 (5-3) Jsaall yeka)
DAl sl jeday ol ey ¢(10-3) JS& (P <0.01) Aysies Ay Auhall desens

iapus TG 5 MDA (e o unph bl i0le Jils Jysall Lelihy LS
MDA (s5isa 0 dane hls ale cuils i, ((12-3) J< (P <0.05) dgine

(13-3) J<& (P <0.01) isine &ayx HDL

4giea )0 VLDL 5 MDA (s5iue o dpnh bl A8le Jil0 Joaall jekls

-3) Ui LDL s MDA (55 0 @le Jsanll el o5 «(14-3) <5 (P <0.05)
e die A alid 3 MDA (5t Gn dpuSe d8le Jilg Joaall o S (15
Oselishs MDA (s5imse (2 e 38le el hudly « (16-3) JS& (P <0.01) iysine

(17-3) J (P <0.01) Aysixe dayy E
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«HDL TG (TC FBS s MDA  (s5us (n Aol il A8Dall eiasy (5-3) Jsoa

E 5 A alis 5 LDL «VLDL

Serum OF MDA

FBS Person

Significant

Number

TC Person

Significant

Number

TG Person

Significant

Number

HDL Person -0.220**
Significant 0.000

Number

VLDL Person

Significant

Number

LDL Person

Significant

Number

V.A Person -0.147**
Significant 0.003
Number 400

V.E Person -0.139**
Significant 0.005
Number 400
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R=0.468
P=0.000
N=400
12
MDA
(mmol/L)
0 5 10 15 20 25 30 35 40
FBS (mmol/L)

¢l Jias (A FBS 5 MDA O dokadl il A83all oa 53 (10-3) o8, JS&

R=0.052
P=0.296
N= 400

12

TC (mmol/L)

pl Jiae A TC s MDA O dadadl il 283all o g3 (11-3) 48 JS4
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12

MDA
(mmol/L)

R=0.122
P=0.014
N=400

10

4 6
TG (mmol/L)
2l Jena A TG 5 MDA O ksl 5l A8l e gy (12-3) by IS
R=-0.220
P=0.000

12

N=400

HDL (mmol/L)

pdl Jiae A HDL s MDA ¢ dasl 5l A8all e 59 (13-3) a8 JSS
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12

R=0.123
P=0.014
N=400

VLDL (mmol/L)

adll Jeas 3 VLDL 5 MDA (s dulay) il 28Mall mem 53 (14-3) o8, U

R=0.084
P=0.092
N= 400

LDL (mmol/L)

12

el Jose 3 LDL 5 MDA G ko) il 483al) zem 53 (15-3) o8 JS
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R=-0.147
P=0.003
N=400

V.A (mmol/L)

2l Jeas 3 VA 5 MDA O Aubad il 483all i 52 (16-3) b S5

12

10
8
MDA
(mmol/L)
0

R=-0.139
P=0.005
N=400

0 10 20 30 40 50 60

V.E (mmol/L)

pdl Jias B V.E s MDA 0 Ak 5l A8all a3 (17-3) o IS
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Discussion 4daliall .4

oSl 5139 3ausY) Jajd s 4Bt (1-4)
Polyunsaturated Fatty Acids 4suiall ye dpaall (alea¥) 30uS) oo @u
sl Jiae 4 MDA i glaiy)l ¢l old 13 <Malondialdehyde (MDA) (s all b
o Syl usS  ball sdall Jaug o 5auSY) Lajh Cigaad LS Ty 3a)
Jalall okl yall 301 gl ¢(Jenkin,1988) (sslall sLiall dueadll il <l
G le lanly Yod (30 Bal) jsial) clilee Alalugy Aapid) e Ayl (aleadl
g1y Jie (alye¥) e s (A uniiall 320SY) Jajd anfil as Jila g ¢ ol = jalls d1A0)

(oSl

e gaen ad Qe b dysine Aoy Camiy) MDA ol 4lall dul)all ciaa )
yall Hsdall (sS850 (e ol s2uSh oy Cigan I ey Lae e lawal 4lia 5 Sl

Lol ADle Al Ll 2uSEl aliadl) e laal) dlaill e syal) Hsdall il o)

Slo elgm Gliclaadl Sigag g)Sull ela Hehai & ISV ddads 50uSY) da day
e oad) o) I cluhall il Slegl Qi e gl d38a Dy ganl) Lo V1 (g5

& aiaalid ¢ andll jpall Gedyll dasusll 33 Superoxide gl saby o

et Loy b sl LS clgilislinay Gabe¥) o g 8 diiall dsedl) sl Japtis
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Endothelial nitric oxide synthase la sawasl cladll Chslias (e Cpas

.(Ferdinand & Michael,2010) Prostacyclin synthase 5 (eNOS)

(Thavatchai et il st ciluhdll (e S e dnlaie bl o3 Cielag
e 15 paen 8 Ligine i) 38 L)l MDA cilisins Gl aielens @l,2006)
MDA st b dysine @l o doany oy slanall A3jlias aall bag (5l
Aldehyde o a8 Gaad I s Ly cundl o) G Ikl o) O
AP A age s 4l A Lol WA Wl e )l dehydrogenase
O Aady) dleny aludl plealV) aphaad Gk oo (Pl G el ClaS

L)

Jadll sy e agiulpy 4 aielas (Ramchandra et al,2012) gzl
i) 308V Jaji ) 25my Juaall MDA g i)l o SN g5l (g ySaally cpadall (g5I<H
Jis & MDA (i 13gd 5 cgslall o Liall Lpeaitl) il Kall 5l 5dall danlea Alalugy

uab—o‘}“ & g ‘;A IAJJJ} 3uSY) .E_).‘. f‘:‘:‘i‘l REEN

MDA cligiae glil o) ) aielaas (Kumawat et al,2012) L) &

Slo el AShl sladl plaall Gamlidsly adl) S0 Gligie i) g ol
o P sl Sl age die (5Bl

Glgiae gyl o) N hLi) s (Varashree & Gopalakrishna,2011) Wl

Chalae & palissl o) Aladll 3l )l 2l Glsiee gli) N g2 MDA

Glycation 32k A 292 Ly MDA (s5iia 8 WY1 138 o) A LI LS L3ausY)
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Ias lhag lewss Glycation protein Jass iy «gSull a2 Of protein
iy Ally 5SS 38100 o padll ClawSs yn G A Adaly ABle clling 3yall )sdall

cSal) ampe die agall s 53l 8 st 535 Ly

2SUL Baliaal) cilivalidlly 3acsY) hajd o dMal) (2-4)

Relationship between oxidative stress & antioxidant
vitamins_

ey g g Eoopalid Glgie (mlias) ) dgdlal)l duhall il o)l

Al Sl clicloae s I agm Lays elanal) aelaay 43)ae S gl (g <)
4S5l Lals) 528V Claliaey Apall 43eY) Joli A ) gy Ly 5l .CHD (il
(Thavatchai et ewall Llall Caaca A 5l daall Alall Canca o (ilghuadlly

.al,2006)

Ajlie S (g ySull mye sl Ligina Laléds) cuelal aid A (el g L)

A LS ¢ il 138 lgiae e Ll (o) dygine LRI 15 jeli ol slauaYL
(V) + A ) elaal] aelaas el paalas (n Aysiee ClBUA) g el
e Allae bl oda Cela Y ompall eVsa 8 (midty Al cualidll 1 ol Jl) oSays
al B-carotene s A clisalig Clisius o) I 15 L) Laxie (Thavatchai et al,2006)

.(Olmedilla et al 2001) (Sl cae aaalaal adll LDl 8 (jddss

slmall g laal) b liselidl) asali g3 agal) sall ) luhall e aad) L)

ROS il duanS¥) il am A, E, C, B-carotene culislbié (Jie anshll
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Inflammation «wLleills «Cancer gl Jie Glai¥) 4 (bl ¢ gl 3 dunidl
alaill 8 el s 580 Gl Sl aoage vie L cArthritis Juaalaadl cilgal)

.(Kretzcheman et al,1991) salall call 8 Zuyall 2 J)) L auslill sladll

Lae¥) & ilaaly oeaall & ol aushll slead) Guiyll ualigll s B cpalig
Gl Jaill lgie iy 5y chalaal gaill Ll o) el clinglls a0l
salyy () asmy a8 laliamal) 3 g (alisil Lol Alledll sdall A1) 3 Agllal) 5 LS
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Abstract

e Back ground:

Observation studies showed that patients with diabetes mellitus are
more prone to oxidative stress because of hyperglycemia. The over
production of free radicals by this hyperglycemia production may

exacerbate cardiovascular complication in diabetes mellitus.
e Objective:

The aim of the study is to investigate the oxidative stress related
parameters in type 2 DM. The comparison between serum
malondialdehyde (MDA), glucose, antioxidant nutrients vitamins A and
E, and lipid profile levels with their healthy group may be used to

determine the susceptibility of oxidative stress in this type of DM.

e Subjects and Methods:

A total of 200 patients of type 2 DM (100 males and 100 females)

of age (40 to 80 years), who were already diagnosed to have type 2 DM

based on the criteria of the expert committee on the diagnosis and
classification of diabetes mellitus. Compared with 200 healthy subjects
(100 males and 100 females).

Blood samples where collected after 12 hours over night fasting 5
ml, venous blood samples were collected in plain tubes, the samples were
allowed to clot for half an hour following which a samples were
centrifuged for 10 minute at 3000 rpm, and serums were stored

immediately at -20 c° until analysis.




e Results:

Results of statistical analysis showed availability of high
significant values means in lipid profile of male TC and LDL-c and
significant decrease in the values of the mean HDL-c while it did not
appear values means TG and VLDL-c any significant differences despite
high levels in patients. They also showed means values of vitamins A and
E significant decrease in patients with diabetes mellitus compared with

healthy control.

The means values of female patients showed all components of
lipid profile rise significantly except HDL-c values that showed

significant decrease compared with healthy controls.

And when merge groups of patients, male and female and
comparing with totals healthy males and females found high significant
differences in the scale of the lipid profile except HDL, which showed
significant decrease, as well as the case for vitamin E without vitamin A,
which does not appear significant differences in patients with diabetes

compared with healthy control.

Despite the availability of significant decrease in blood glucose

levels in females but the values mean of TG and VLDL-c were high

significant in females compared to males, while signals values LDL-c to

higher levels in males compared to females, also values showed vitamin
E increased significantly in females compared to males and vitamin A did

not show significant differences.

When finding the ratio between cholesterol: HDL found that they
are within the rate risk, which ranges between (5.0 - 3.4) in males and




(9.9 -3.3) in females, reaching 9.967 and 4.363 in both males and

females, respectively, and is this ratio as evidence key of atherosclerosis.

Also found the ratio between the HDL: LDL, which is also
evidence of dangerous heart diseases, which was part of the rate risk,

which ranges between (3.6 -1.0) in males and (3.2 -1.5) in females

reaching 2.599 and 2.158 in both males and females respectively,

informed that the all patients groups showed a significant rise in blood

glucose, compared with healthy control.

The serum MDA was significantly higher in all groups of type 2

DM compared to normal healthy.
e Conclusion:

There is a balance between oxygen free radicals and defense
systems anti-oxidants, when any imbalance cause of many diseases, and
there is an impact on the level of vitamin E which is found mainly in
LDL particles.
HDL is accompanied by a lack of complications of diabetes mellitus,

heart diseases and blood vessels as Atherosclerosis.




