[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

YVA-YAP (Yo laci) VY 0,90 WAV Cocdigasa ) — (959,58 ()l ) pad galio 9 cubis dlae

S| g 4SS Cpniziod dihad g B Sk g p3 (w1 5o olo S
539 5wg 3T mm (S Jiho &5 38 LDL gy

YV, Yo . I . (- .
LSsborel d s Sl g so o Sl Lag edow 053 (S dge sdio

oS>

. e

Sl el (s 33 3 e s S e Oliee o it oo 0T (e SV 5 S plie (Solews (n Fals ol iadie
el Aol ey addllas ol Sl G ol Cubs Solse Sl aie slleST e zal s gl clesl (O g
Je &) 53 LDLOLS AenS1 5 SIS 5ltenST ozl ¢ 33551 Gatls sk bl 0553 Sy r (ot
ol (833085 T2 s

A oslizal (6351805 5T s Jie Olgear 55551 e by Cod i s il b odd 2lis &) Slila iy,
4 a5 s oS 5Ly mbs 5 RS slaes S 5 mls 5 J S ey Sl Loy Sols aallls o glaes S
L3l 03 ole G Sl day b S0 3 (ot 2 3 doss /00) e walind b Sl S sle S ke
ey s 5 Sl IS it IS 51 IS« ois s 0bickenST 4 iy Y yuames ST 5 450IS LDL (s s s
AE ) 5 SRS e

3 el oy oedS (5 5 0553 Ol 53 m 5 B SRl Bl U RS 655 4 ol 354K 5T - s sl tlaasily
st emad (IS SIS Jite 5 JLS SIS eS| 5 IS LDL ¢ i35 51 Lasls 0l sy LDL/HDL s LDL
(P < Sk Okt 03,5 4 s et b slod S (633 A5 512 s 05,8 53 oS3 (sla by il oS
sls 0L g5 LB 2alS 0.001)

il Sl 5 LDL 0asinS| 5 4SS (sladly, Slge ey A3 Condy 3 5o 0 4 5 b (it 15 pS 4o 9 o

s slgde Cobs OV 1 6K S 54l S Olse e Ll S e L;jjjkﬁ..ﬂjjﬂ_u.u.li: slao, 5 silas]

}:..;‘J.:...»S‘ J‘j"“‘“‘ cn.\.:ms‘ LDL cAg.s.lfLDL ‘W}SJJ}:".J:"‘”‘ cM c)jjkg.w‘jjji ‘CALLJ 6.\.‘4\5 bgjl}

‘-"j‘i‘ Ld\j.é_‘; Lw)w\ﬁ \_,\:Jj..; nK.w.v\.) ‘é.ﬁﬁ 4.1\.: (’jl& e.,\_<....¢‘.> LJ:JL da.:.w):.s aj)§—\
db—i‘ gq\jé_? gq\jé_? é.wﬁ (’}L;Gl(.m\d\) “;.:.o;- rLA‘ QL;M)LQ.:J t){)OjJJ J,\.&j&.:j);b A_SL“A_SJL“:-’ uu_:j;{, J,SJA—V

Lj:“'“:.’ éjd.:u.a (e Yo s;.\:\.l‘): o&zaly :uS.J.‘)e 4.._:L:\ ‘5‘3.‘.: R4 R ‘L}"f‘“" L;“f"j"ﬁ;u °JJ§ ‘).‘.A:v J:\ e JT J)L; ‘Q‘J‘Q‘S ‘r;Lb‘:u*
Bathai_z@modares.ac.ir 1K o i< s -l (01565 A EVYO =V

VWAY/ N /YF 25yl gyl VAY/AY/NA sl ol 93 50 Gyl WAY/ Y/ ¥ bl o g,


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

=9 4SS (i il 9 08 Cuaid g s Gl b jlasd ol S il i) 5ad 9 Hladas YA-

e DV e A5 5 b ol peaees SLS 5l 4]
5 slSl el il (AGEs) s i oSS
23 SN 5l Grie Ady 586 laedi S s e
D] aS o Wl ege 28 55,0 5T oty sl
g e JLSHS dae enisa Jin S LSS
LSl El 5 bl 3l 5 el LDL usasIS
LDL 3550 e Shs Aulple | ol Sass
Sldlas . [V b e a5l of oud S L eS|
il bt slpe CHLS 5 pwsn S SOk
e o 53 5 el OL 2 53 OAEASIS W5, lee g
Clis (O3p o Slew WOl 51 pan eld sl
ol b oS b sle S eslied oplpls e

DYOT] sl sl il (5 208 25055 5 1,850
L OS5 anb slse Sl eslital Coenl 4 ax s L
Lio Lo oKabsl s S IYAY] el
s s 53 V0] S 5 V8] s slaslid
oy 4 55 e S5y @ a5 Lol sld anllas
5 S eSS bl &5 g Sgr DS 5 sl
x5 b Grames 5 Liea AGEs laslo oy 0 e
(AT 0S| ol J2alS s wialid 2B
S8 S 3 ar g a5 obs sle glp s esle
(GSH) 055658 Slaiy osls Olsieas it (B30
oY 3yls b5 Coeal il (8 OlAST ST S S
S3doms Al 0 53 oS wuallenl ) Ol S Sl S3 w
S el 5 s B 0l el s
G A e p anllas ol 5 Gl b L e
Gk 3l s L pls s s e i
JLSHIIS (gted fbs D5 A5 Cands )
<y Jde 3 LDL sdsl 5 &S (JLS 5l S e

ol ngjjkg.w}jﬂ—&li:

L s

wllas > b

Lol Sl sl3 51 (ain A) 5 ol sl e
@S Olel sl sl 1S 180VAY 03y
ki JS gl Ll s cou Wi A (golh

4o IR0

53 SWH L el pen O3 LI L e nde il
e Ol s n 5 o (DA S e sl
IR G s a8 el STl Sola o Fmld ol
DT ssbe bl 53 2 L 5 0T Joe il 5 55
Olsle 53 s S o Jolo cp g B8 5 5 (soles
ol 02 G 5 Sl baglen 4 Ml b o) 2bs
bt Can s [Y] il b 3131 L 8 B Y sl
5 Ghed Wl LpaE Ll Ll ] sl
3 S as OAS e 4 e Colis o o el 4 sl
I1] 53,8 oo 5K 5T a4 e Calys s 5 a0,
OF &Vl 5 (olew ol o b Sle O3l 53l
LDL oud duS| 5 SIS Olpe b sl 3 .ol
Gt 9 b s Abe RIBE DRSS e s
Slido LBl L s ol S35 Sk
sbl 53 15 28 0 s 0emST LDL oS o313 0L L3
s el OABAST Lasls [E]sls 55 S 5T
[0] ol &€ g2 S Olgs I

68 ST SISl sl Mg L oEas sl
ol ron ROS 45 il5sl 355 e ol jon (ROS) 035051
L otr G5 ST (5T ol w53 I
05568 [V A8 o (g5l cobs oWl Sl s
225 el oS JS05e 055 b s 0p 50015 (GSH)
g Ol rals 5ol i colest 2T el ar
W 55 Sl g5 AenST o ml sl el
A jo Gt wiel Aol (S350 [V] ol ol
03 el O 53 GSH sl s Lol o liS 5 gdoms
IA] Al o 288 Cys 5 GSH a2 5l 3
e Sl s Solse ool gl 5 S
gy opl 53l OAESIS Ly, L ey pl SIS
s LSS wb e Ses OS5 Ol
oS ool e 5l Gl LSS e
SIS Ly Gl Vg Sl S5 5 ol 205
s 05 SN oy ls SIS ol cpdir 5 iz

Lol e 58 Cobs OV sl s atdls

! Reactive Oxygen Species (ROS)


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

YA (Foylasd) V¥ 0,90 N YAY Cadigman yl =30 9 S () ol s galie g Caalas alas

dow s LDL Oljee At Y-1 5l 55000 5
e b 3l G551 Satle 5 V] s b aslee
[YA] s 4wl HDL , LDL 05

JL.‘.SJI‘_;@J.“;«, JL..S}|‘_,\§ u:'.qd...»

o 3 5 esSas SBHPLC ) b S 5
56T as o Seslul el YN zse Jgb
G L) U5l + L misel + Olind 5L oS e
3 e S 2 bl Sl Seay s AYYAL
oslizel (0WJT) KNAUER S & HPLC olKews
..\i:jf

S8 -LDL v

Al S soliss Osa31 sy IS LDL Ol
S oW ols devso LDL ol [Ye] s S s
5> 3 () s eagl SUST el OF & 5 I
1S - UWI B PR W eSS aljfdzjl_w A0 gles
s ool bdge 4 Ao NV Ll Sauly IS 5
Aol Sl O a5 I sy mle o 55k 50
CIA L 5858 e S sden =0 esle LSS 5 60y 53]
Gl S LS s U 8T 3 Ladipad Ol
0 3kl s Sl g s SLSCLDL bl
oS esliad Jlysh,58 Lte oS sds

0S| LDL a5l Ol goas o3 56 iSOl 63 oo
2 baped e Okl G b Sl &S e SOl s
S 2 SOles e S [0] Ad und e gl YYE
5 e A0S ahwsay bl IDL OUd oSt 2 ls L
55 b A3 g5l LDL gladed () Jglee
S s ad s ke 5 s NS WOl S8
el e OIS lS 2) e S s sl 3L
Y s als Olgee O lS blas 3 b g
Gl ol elead Lo S el el
Cyson O chle (Y/A0xV M) oS i SOls

A3 0k 2 dses S

Ol syl e pas s el VY b Ll 4
S e S NEH{ PRI R R A
3 pes ool LBl w5 Sl Ll
S ke £0 Oliee 0 pmgsi st el Gy b slae,
Lis aleow 5 s Wl cabs On 035 p S kS Gll &
GuF Sl A e e 38 G e e
VL A3 S (gl ge 5 A (g Seslll ey 3 05l
b Jde Ol il s nop S e T
b e G5 S gl (sled) LS wb
@ @b oSt e el b b (sl
035 5 fbd 5 JRS 058 MAd el b3 oS
+ U)o S LBl s 5 J xS
s oS Son (e + 203) 5 (G
5 Sadle Gl Jendlysan b Gillae Sl O xS
ozils Jaw 5 ol eslel _al&ilosl blp Sl eslinal
@b, pled 05y A3 1l 5 sl oode DS

A Sl andllas OLL L 5 Sads &0
@l b ardllas OLL B (Y 5 ) (slaey 3) 28 oo,
sl skteas 2bsos S 55 s ldd 4 Ak s ikl
DV Oy dbe Gb 0351 e Sl s IS 51
SIS Al dops o 5 dppads dons S sl
6ol s DV] LS adlae alul, s S eslinad
Glres S o oKislesl L3 3 Slidss 1 edal e
Ao 3 000 Ol ety s cale G ety Glad Lo

LS el S o s

Dy Gy sl pe

J= G p s (kU cele V51 e,
Al e e S e Ve 580 iskls s eels Sles
i 4S5l s O Wsed LA g (p S SLS
oA o3 e b3 B s e Wl g 5 (sl
A S o Kl a3 =V

LS'X'.‘.'.‘;.‘." Jﬂ\é}ﬁg}.\féuﬁq&m
s 4 HDL 5 Js 2ulS o odS (5 sl o

o st O4a3l ook oSy glacs L wﬂ)j


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

=9 4SS (i il 9 08 Cuaid g s Gl b jlasd ol S il i) 5ad 9 Hladas YAY

S 4 (MANOVA) " it i | &l il
byl b aslie gl a5 5 00 b S i,
Tukey Oge31 5 ol SPSS 16 L1380 o3 53 aze diox
23 ol e bt plas gl p P <e/v0 A3 S eslanal

Al a S L

5 JLSHS WIS LDL il g gl
LY dodr o ey S e o o JLSHI S L
S AV (mls gy S s b iie pl e el ol
Lol oo mbs 05 5o 5 2 JRS laes S
ol Ol Ole sy Bl 05 S 4 Gl s

N D

(AOPP) 0S| 5 5 5 455 iy Y guasee lovinn
AOPP L oSl gy b iy ¥ pmme it
Fasl Ve ge Jsb s (e Sl gy bl
e s Sl Yo (s oS L [N] S el
O &) Cond a ol —oland L ke ga sl 53,
5 (ol Olpear 2 dpes oo V02 )T Gl JS
AoSe Ve (el Olgea) Gl ol 3L
Lol s See Yo s A 2 Jseihe WV el
53 Laylllal 5 el ol A engsl Lalls Szl
Chle 3 hbul owe eluly 5 ekl dald il

38 uxd & sad 4> AOPP

LSJL‘T JA’J
meant ) [lae Gl sl £ . SKle &y g0t b sl
Jelos Osesl" 5l bsesls Llos gl s @Iyl (SD

hba 9 J 58 slao 9,8 ju Jleus gl ASJuie g Jless ol AS asUS LDL Ll (y gausd o R yur v g R PREN

oS T
IS 51 JE Jza IS5l IS &8 LDL ksl A 05 5
A dses S A eSS
\Y/A £+ /0" yurE AR A0/0 % 0/4% J S
N e vo/A +1/8" AT i s+ J S
0v/0 £ YN §v/8 145 VoYY v YYA/Y £ IV =
vov £ ) FF YA/o £/ Y FH 1974 & vy o VoA £y/0* e + (S5

$le Grme S s (P <0.05) il s (gols e
2 il Lartle s sy by 5551
AV S slaes S 5l s MK 5T o s slaes S
o=li 5 IDL Jypnls iS55 a2
s it b led S b gy L3 55551

AP <a/en)) sls OLas gols pae O led O &

P < /o)) laos S ple 5 U8 658 o sls e sl Kbl ™
B < /) s S s s s 8 ol e sl Sibas™

(Gogo o V03,5 o )3 3liw) Tukey cus 5 MANOVA (g Ll s,

oA el s g Ll Sl ¥ sl s
L olesd cosd 2ls 5 J xS slaey S 5 (LDL/HDL)
ol Obled Sles Oadk (2l 05 S 4 Cd it
laos S 51 5L abs glaoy 3 oo L pine opl Ol e
03,5 4 S Dl o8 J S 0s S oy JS
Csles Jp S Ol B LS les Ok J RS


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

YAY (Foladd) V¥ 6,90 VAT Coddigaan 5 — (a5 9 58 Ol ! pad galio g cubis dlae

alai 43 (LDL/HDL) 359 557 paalis g (LDL g HDL (J g yieulS (5 yuslS (5 53) (sl Jald g y3 pelocs duslBo =Y Jgua
Oy @8l yo ol S 3 aas (59 ASea g 3T (Sl g J 43S (slaog S

S35 pasls LDL HDL Js s & S s 5 03 5
A s p B ke

TR Vo/q £ /0" o/ E Y/Y? A £ va7 VYA £ YA J s

VALERV N VY¥ £ vof gyt e ke vr/o £ v* s+ J S

VAT \YV/A £ o/ Ve ViR \AAO F0/8"" Wvo ¢/ A

YV gy Y/ R Vo A o FL W2 Vi SR P YL S VAR SR LVAVARS ) S Ot + b

#*

L&uj;ﬁb}J)ﬁSa‘}ﬁwaw Q)Ldji.:\.lhu P<'/"\iHEj P <i/vo
uuj;ﬁbjﬁksa}ﬁw)\bwcjwjﬁhuIP<'/"\#

(Uogo p Vv 03,5 a3 3law) Tukey cus 5 MANOVA (g Ll iy,

=

Gt Dsms 5on) 48 935S Oligs
.

G Jses,550)

koSt (55 s 5y 435 ey Y s

(¢ 035

et ALY

Jlasl Caad (Falas 9 J SIS SLAG ) (3 59 ()9 9 s (a9 5 38 puliny &Y guaians (45 923 5806 (1) ae dlilo - JSuh
ol S Crsads (oS1 )93 O 5o wasya +/+0 590 b (piiiesse
(P< /o)) Lo S sl s s 65,5 sl sls UL ™ @</ 0) Loy 8 e 5 JjmS 05 8 e s ine oosls SoLLS ™
odeSI —LDL 25l Ol gioas 45 g SOles (il (Lise o V0 03,5 ,a 5 3luw) Tukey <o s MANOVA (g bl g,

AJ;JAJJLAQ)Q)}J)LLLL«‘ &Jb}u‘jwil:ﬁ(g:) )Q‘M‘wﬁﬂ‘yud‘}.&MAOPP\iuw‘wﬂjﬁWMQYW (u


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

=9 4SS (i il 9 08 Cuaid g s Gl b jlasd ol S il i) 5ad 9 Hladas YA

(AOPP) sdeS| oig n ad iy Yy amen anlllas
sle Gl fse 5o slanSt o pal el Olgea
0 R P T Py SV I PY CORPJ| [ R
Ol aiel dowl cpl odalS 31 (G 0 IK8) sl
s 53 glenS] il Gals Olgea LTG0 b
sl s a3 il [YE] col sas 55158 ZDF
3 (V0] oS 5 V6] o) sloaialin Lo s 2>
b bl ol s 1S b Sliges 5 S b
R R IS L R R e
Sekr 03 G DB bl edd S slaaalua
ol bl glacase Sl cpl oS oy OIS Conss
] al ]

-l o g bl Cems e U les
L e g - VR WIS PP PR U |
(HDL « LDL cd) 5551 yeli 5 LDL (Js 2l
FeS Solsgre ssbas slas s ol o Gla e o
Jsdm) 35 sled Oy 35S 5T - s slas
S el 5 Ve 55 Lo gla g bl (Y
& 2 0sSE ol Rbsn noaselid ool ks
PN s pl Sl sl gl s ediS S5 (gldlas
Jlsn s 5 JoadS sdals J s J s s
sl b W3 s o L s absar Sy
DeT ol eds 5515 L

LDL 0 4eeST 5 4SS Wiy 51 et canllan ol o
A A S s S dsr) ob Ol ol S
bs ASELT Bl 2 s LDL 042 1S s e
ol ok G155 O3 it 5 et Slaaial
sl ol ot O 9AEAST L LDL o a8 0y, [YV]
odiS Aol (oSt 5l by susasSlS i s
Cll il b Vel s ol e ol
Wil JmSis SLS S Ol el 5 Sls] 2
4 ab 3 (S8 Uste) JLSsl S L 5 JLS IS
eSSl L s 5l Colez 5 DS 5l 51l
ol ad st 5 SIS (s e LX)
5 JLSHIIS alel 28 b oles S s s
el el ol eals SYN 5y s LSl IS e

w iy 2N peaes codeS] LDL el Ol agli
5 JxS Glaoy 3 55 055 5 (AOPP) eS| 55 5
ol SN G S s e b Sl 1 s s
O S T -
055 s S T 0as Js IS slaes S 5 VL
Solgme IRl s Al et les o b
4 Sl iy 5 ekeS| Sbapasls B Sl O S

(P <e/e 1) sls OLES Sl O (2bs o5 S

S St 5 Lo

O3 Coxdy o il Ao Sl oadlllas ol s
5 SIS LDL (Jip S 3 bS5 s by
03 O3 5 ekenS) S bl DY s oS
A o3ls 0L (555 M8y 5T - s ) Juke

dal Aol pl SWpd o aar 5 LGl G s
S bl 515 YT Gad e 53 0 S o 00 ) T s
2l wlie W] el 3l 368 50 b Sl 5 2
wey 53 (1800) Lo olKilasl L3 s plnil Slalas
3 ot 2975 o2l O a4 al sladeal 3 g0
55 e St Gk

Seli s Glafisn 4 Gt s aslllas pl s
Sdals () dads) ds oS b pse tals
33 (s Agaldonl Lo 55 2ls ey 3 053
ol i) 55 (ZDF) Zucker Sl wbs &y Jus
WJs5 03,8 03 Lls ol s caal Aol ol [YE] ol
© SIS s el Bl S b s
[Ye] coul osls QLS o 58 o slad sk
U 531 Gk Sl it o8 0l 5155 (pioeas
CusB 4 e (GLUT3,4) & 5% ¢ SIS st
logads 5 Shse has gladsle 4 SIS 55,5
asdllas 4 S [Y1] sl olys S ciS Jas 5 Sl
gl e 5 A3 S LSl 1 ol

ST el il &S esls 0L S ol

ol 03 [VE] 35 5 e sl Gl S @ s

2 Glucose Transporter (GLUT)


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

YAD (Foylasd) V¥ 0,90 N YAY Cadigman yl =30 9 S () ol s galie g Caalas alas

5 DA s Siss oS 5 ol ols a5
Sosr8 o S Ol (AT 05608 5le iy Ol siees
bS5 ekiS gt S PSS sl sl )
L s ol ol JLSSIS dae onse Jon S
S J S als G Olpear o el 3 aS Aas

238 eslinal Cabs (o5lse 5l 6K Cer
o et 5 Ol elS e addllae ol Gy s
S i ole DS S sl e
S Gas ool ol PSS e Sl
s DAL gl g 5 0 S5 gle el s
Ot OB 55k g Sl Gl e 3515 4l
080kl s Sldlas e 5 Os SIS lgs s

Ay o i (65 5,5 (in test tube or in vitro)

& S e
3t e (Gl ) edel sty s bl
Sl Dles (hd 5 A3 Cunds g e b SO
53 5510S| e ml 2alS 5 LDL 0adansS| 5 oIS

A (65 S 5T mls g,

o Bl

ClSar T ke S oKy iagsy Siglee
-pi)"g ol GRSl gl s

e o ol I & ol

1. Alberti K, Zimmet P. Definition, diagnosis and
classification of diabetes mellitus and its
complications. Part 1: diagnosis and
classification of diabetes mellitus. Provisional
report of a WHO consultation. Diabetic
Medicine 1998;15(7) :539-53.

2. Dvornik D. Chronic Complications of
Diabetes. Annual Reports in Medicinal
Chemistry 1978;13:159-66.

3. Beckman JA, Creager MA, Libby P. Diabetes
and atherosclerosis. JAMA: the journal of the
American Medical Association 2002;287(19)
:2570-81.

4. Bowie A, Owens D, Collins P, Johnson A,
Tomkin GH. Glycosylated low density

Ot b b Gla e slad Al S35 sbokes
Sl () ) sl 0l LS 5 ol Sals
53 aaldonl pl dowse JLS SIS Jze (53100 pls o
sl 0l 35158 I3 ) 3 el I (suS slad sk
A e b 5l S DS YA]
[Y0] 45 S o o 0556508 @ arly DSl S
25 Teen 5 0SS Sl e e (b
AL Gl 5 s 0530408 5 e Ol 2ol
s & mbs Obbey & Gt 2 (nlnle [A]
NS UPH PV IPPY KWL 5 TS G- SRUPE
ol Gl Sl ey e i 65,0 Jis S LS S
el L e 58 0588 crle sl Y sl esle
55 05SE el 5 eVl s Lo sl i ulil
53 IDL 0 ST 5 4SS s s ($)lge Sl 2550

el o Wyl 158 s s 5To abs Jke
0o o Ol ogleie Gl (ol alil
S Bl s S U5 45 Gosba 2y by gl
2 (e ) JK8) sy sl Ok s S 51 i Dles
Sl 055 S Ol 2 et 58 b3 anlll
oMt epl e Yzl [Y8] 55 0k 0L I, ZDF
e 75 5 0dd g it 395 53 DlE (LS o
Lol A3 adlls b ol adllas j3 ol Wl bs
2ot S dlesl G b Sl e el 4 a8

;}LJ BX3Y] J:‘h‘“. iR ‘J-:-;-:-! 9 XE Cuxo

J-Le
lipoprotein is more sensitive to oxidation:
implications for the diabetic patient?
Atherosclerosis 1993;102(1) :63-7.

5. Ahotupa M, Vasankari TJ. Baseline diene
conjugation in LDL lipids::: An indicator of
circulating oxidized LDL. Free Radical
Biology and Medicine 1999;27(11-12) :1141-
50.

6. Du Y, Miller CM, Kern T. Hyperglycemia
increases mitochondrial superoxide in retina
and retinal cells. Free Radical Biology and
Medicine 2003;35(11) :1491-9.

7. Wu G, Fang Y-Z, Yang S, Lupton JR, Turner
ND. Glutathione metabolism and its


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

10.

11.

12.

13.

14.

15.

16.

17.

=9 4SS (e il 9 08 Cuaid g s Gl b jlasd ol S 1l i) 5as 9 Hladas YAS

implications for health. The Journal of
Nutrition 2004;134(3) :489-92.

Griffith OW. Biologic and pharmacologic
regulation of mammalian glutathione synthesis.
Free Radical Biology and Medicine 1999;27(9)
:922-35.

Turk Z. Glycotoxines, carbonyl stress and
relevance to diabetes and its complications.
Physiol Res 2010;59(2) :147-56.

Cantero AV, Portero-Otin M, Ayala V, Auge
N, Sanson M, Elbaz M, et al. Methylglyoxal
induces advanced glycation end product
(AGEs) formation and dysfunction of PDGF
receptor-f: implications for diabetic
atherosclerosis. The  FASEB  Journal
2007;21(12) :3096-106.

Witztum JL, Steinberg D. Role of oxidized low
density lipoprotein in atherogenesis. Journal of
Clinical Investigation 1991;88(6) :1785.
Harding JJ, Ganea E. Protection against
glycation and similar  post-translational
modifications of proteins. Biochimica et
Biophysica Acta (BBA)-Proteins & Proteomics
2006;1764(9) :1436-46.

Gugliucci A, Menini T. The polyamines
spermine and spermidine protect proteins from
structural and functional damage by AGE
precursors: a new role for old molecules?. Life
sciences 2003;72(23) :2603-16.

Jafarnejad A, Bathaie S, Nakhjavani M, Hassan
M, Banasadegh S. The improvement effect of
L-Lys as a chemical chaperone on STZ-
induced diabetic rats, protein structure and
function. Diabetes/metabolism research and
reviews 2008;24(1) :64-73.

Bahmani F, Bathaie SZ, Aldavood SJ,
Ghahghaei A. Glycine therapy inhibits the
progression of cataract in streptozotocin-
induced diabetic rats. Molecular Vision
2012;18:439-48.

Sell D, Monnier V. Structure elucidation of a
senescence cross-link from human extracellular
matrix. Implication of pentoses in the aging
process. Journal of Biological Chemistry
1989;264(36) :21597-602.

Sagara M, Satoh, Jo, Zhu, Xiao Ping,
Takahashi, Kazuma, Fukuzawa, Masamitsu,
Muto G, Muto Y, Toyota T. Inhibition with N-
acetylcysteine of enhanced production of tumor
necrosis factor in streptozotocin-induced
diabetic rats. Clinical immunology and
immunopathology 1994;71(3) :333-7.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ghanem AA, Elewa A, Arafa LF. Pentosidine
and N-carboxymethyl-lysine: biomarkers for
type 2 diabetic retinopathy. European journal
of ophthalmology 2011;21(1) :48.

Deng Y, Peter HY. Simultaneous determination
of formaldehyde and methylglyoxal in urine:
involvement of semicarbazide-sensitive amine
oxidase-mediated deamination in diabetic
complications. Journal of chromatographic
science 1999;37(9) :317-22.

Cohen MP, Shea EA, Wu V-Y. Inhibiting LDL
glycation ameliorates increased cholesteryl
ester  synthesis in  macrophages and
hypercholesterolemia  and  aortic  lipid
peroxidation in streptozotocin diabetic rats.
Metabolism:  clinical —and  experimental
2010;59(5) :658.

Witko-Sarsat V, Friedlander M, Capeillere-
Blandin C, Nguyen-Khoa T, Nguyen AT,
Zingraff J, et al. Advanced oxidation protein
products as a novel marker of oxidative stress
in uremia. Kidney international 1996;49(5)
:1304-13.

Dawson RMC, et al. Data for Biochemical
Research, 3rd ed., Oxford University Press
(NewYork, NY) 1986:12-3.

Brown AP, Dinger N, Levine BS. Stress
produced by gavage administration in the rat.
Journal of the American Association for
Laboratory Animal Science 2000;39(1) :17-21.
Jain SK, Velusamy T, Croad JL, Rains JL, Bull
R. L-Cysteine supplementation lowers blood
glucose, glycated hemoglobin, CRP, MCP-1,
and oxidative stress and inhibits NF-xB
activation in the livers of Zucker diabetic rats.
Free  Radical Biology and  Medicine
2009;46(12) :1633-8.

Lavis VR WR. Studies of the insulin-like
actions of thiols upon isolated fat cells. J Biol
Chem. 1970;245:23-31.

Gazit V, Ben-Abraham R, Vofsi O, Katz Y. L-
cysteine increases glucose uptake in mouse
soleus muscle and SH-SYSY cells. Metabolic
brain disease 2003;18(3) :221-31.

Patterson RA, Lamb DJ, Leake DS.
Mechanisms by which cysteine can inhibit or
promote the oxidation of low density
lipoprotein by  copper.  Atherosclerosis
2003;169(1) :87-94.

Mehta R, Wong L, O’Brien PJ. Cytoprotective
mechanisms of carbonyl scavenging drugs in
isolated rat hepatocytes. Chemico-biological
interactions 2009;178(1) :317-23.


https://ijdld.tums.ac.ir/article-1-5209-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-14 ]

E27 Iranian journal of Diabetes and Metabolism; Vol.13, No 4, 2014

EFFECT OF ONE MONTH CYSTEINE TREATMENT ON THE GLYCEMIC
CONTROL, LIPID PROFILE, GLYCATED AND OXIDIZED LDL, IN THE RAT
MODEL OF DIABETES — ATHEROSCLEROSIS
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ABSTRACT

Background: Diabetes is the most common metabolic diseases and its vascular complications are
main cause of death in diabetic patients. Patients with hyperglycemia, dyslipidemia and oxidative
stress are prone to diabetes complications. The goal of this study was investigation of the effect of
cysteine (Cys) on hyperglycemia, lipid profile, atherogenic index, glyoxal, methylglyoxal, oxidative
stress and, glycation and oxidation of LDL in the rat model of diabetes —atherosclerosis.

Methods: Diabetes was induced in the rats using Streptozotocin injection; then they put on the
atherogenic diet. The groups under study were including of control and diabetic rats, and two
other similar groups under Cys (0.05 % in dirking water) treatment. After one month, fasting
blood sugar (FBS), lipid profile, atherogenic index (LDL/HDL), glycated and oxidized LDL,
AGEs, glyoxal, methylglyoxal, Advanced oxidation protein products (AOPP) as an oxidative
stress index and weight of rat was measured.

Results: Diabetic-atherosclerotic rat groups significantly showed higher level of FBS,
triglyceride, cholesterol, LDL, atherogenic index, glycated and oxidized LDL, glyoxal,
methylglyoxal and AOPP than control group. These parameters significantly (P < 0.001) reduced
in diabetic group treated with Cys in comparison of untreated.

Conclusion: Cysteine with improving property on glycemic and lipemic conditions, inhibitory
activity on glycation and oxidation of LDL and reduction of oxidative stress in diabetic-
atherosclerotic rats could recommended as a drug for prevention of diabetes complications.
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