P09 bl o 43 yaogd] oSS ST ] SuyygSwl ji U oy
rxu:m@_.\ L0 ;YQQJM aaals ;“)Loa.a TRt
VWAP/OXIYY oy Gl WA/ V/YY 23l 50 5

SY5Sgs,Sle 5 ;Y oSugg Sae ISt 4y ymie g Sl oo I8l (mgtale ol 50 (AGES) b ity (y50nlSlS o5 S guasmo |t 10 9 Ao iy
Je casdlln ol 55 5l 3B a1 o (2)lse 5 Colis Spty 5 oy il o o (St 5 (onmbs (slooaiiS s 41 (0L ax g5 1o 0,5 e
(AA) sl Syl G5malSlS (T 51 adlllas gl 0aiiS AU Jule olgieas 35515 5 Ban oty Slsieas Gmagll ol (B0pg OoemlSlS
28,5 15 oolizuls g0

mMM1 cbale L AA jpam e 5 50> 50 SIS M5/0 clilé L (Bovine Serum Albumin (BSA) s9l5 (pogdl oy (ufig 155 gy 9 Slge
oS s g 5 il yold AGES iS5 e . mnlSals (yand (8l id gl o5 il 4,0 TV (glos ;o azin F ko 4 (UM1000
S5 AA Gl DIl G pslaieny D90 (b Dleed LSS g (el 0l 65l U 5 JeissS (eon ol (ean
38,5 00lil T (ThT) ¢35 dbosisleol o3y slacss, 5l cpmaged] (ol yesd laazs

e s isesS slaos,S GRS L (ui s cygemstionST s sins oo oD/ 0) AGES LS55 s g 551 sine psboas AA a5 sls (LS gl :aasdly
Sl ebler s Gpendl S5 gadsheel Slaozs LSt oo Jomily AA oaslonsas @mls ol 1 (izmos (6 100) 35300 S5 slaos,S ials
oyl 1 omaged] CysmsleyilS

s Nlgy Sl (San g 0392 gy GgeslienST 5 oSS 0 Sz 2V Jily SIS AA 558 slaadly (bl I 16 S At 9 Sy
Sgd ol ;0 AGEs 4y atisly ()lse oo b 5 r—"L'

u.wj.ﬂ PRV g_i..»)jS.,.;-\ ‘4..3).....4 uww L_S"LQ‘ QYM waobo ‘wa :Lﬁojls-\.:JS
YYAT ols e FPY-YVY P ‘ﬁb'e‘ oyleuds ‘VJJA 9 St 095 cdwa g ) ‘é.&j: A.L"u

Al o il o 09,5 ¢ Sy 008l (LIS Sy pole ol il Sty lol csisly b Il B fraghS (L5l A5 S0 o y3T

<AYFYYVOTY
Email: bahmani@kaums.ac.ir

Slp clidl a4 gy 9 cauas lase Sl () Sgdiso pllu ol doaudo
sl b (Sl bls)l el cul a5 ojls 0525 ¥ g5 Cobis 285 039 1 S gl 0aé glasleny (el alexjl cobis
5 Sbod) (Flays «Slgy ale Cobs (olse 4 L b g slml Gelgmil 08oe b g @di o (o b JolS ol il
ailosls ol saszte Oldllas (V) w3l Bg,e- 8 sl Lo aile peje sl loan 0gd oo ooy Rl cewsdE ule
anlys o 5l ab olse 5 cubs el 5o ol Jule as cgo g wlools 13 5T cou 1) (e Cumaz woyd VY ol
565 oM STy 45 genlSAS (B-F) wiloa (pgenlS LS 251y o S8l I ()l 5 00l (e (2l Lo D
L oS Col glaiwal ol e slo 2iSTly alam3l 5o o oasali pauigs dr b o8l jas Jsb ialS Coge el pl aiS e

Ol (Ol Dlaals Ay oDl sl3T olEils cayly o sk 0 a8y (ilidins 5 05,8 ) Sulii IS
Ol colaals Olaals dml s ol 15T oSy caly ke oSl plidiinny 3 03,8 slisbial T
(J ss oy 59) Ol OIS QLA Sy psle oliils oS e (slanslont 53 4385 5 ot i 55 0 5kl ™

! Glycation
2 Maillard reaction

yy



Sen g jlare i

e Ongdl eSS STy sl Spgsl il ()

2 AA i A 0 &S gladlas wiz 0 (VF) o) a5 els]
ol odslCmdds canbigus 2l sadplodl Sus5g 5 ¢aunl LS
Sl SIS 5T s (6l AA a5 soie, il Sladllas (S 40
By elSlS pled DY gazee St 5l ile Wlgi o0 5 0392
GGl eSSl & eadelil Koo (Sn 0 5 deb
AVY=10) 358 o0 HgelSell Wais crgo g Canl (S90Sl 5
Gl plosl 5l Bas ez g0 Lardignd mli 5 398 Ll azgi L
2 S b ead lll o SCIS p AA B (s aslllas
E3dse (D (phgy ST odD (o 9 M3l Grosl (s
it goaizr Sl eegdl (efisn b SIS STy 2 AA I

255 1R o) 590 6B 5 gmslinnST (G gnlSIS

IS Ll 9 alge

orogdl Sid ez 35 b gl (gl gl
1AW

BSA) 515 0 sl (850 Jslee ssline ol sl
M Slawsd Bb o Yae Lo de e S5 LY mg/ml clale |
cle ool il a0 YV gles o wan F o 4, pHVIT L
595bSal =St 3 (Ve e o UMD YMM a] S oSl 98>
Jglome 5 diges SO iz ab 41553l (oldT GFL 3031)
Sl g alie Ll d b J 28 Glsisas 5555 90 ol
oolitul auopd /oY Wl mow 5l b SL Sogll 5l 6ol
Ldgd 51 S o 5l ade o LL o al eols e ¢/TY
S bl 5l e b 5,085V C 508 55 g 00 (51 pdiged
)5 Do 5 by b aaised LT adasS
Y gazmo (5 mSo3lnil
:(AGEs)

s pldil (6 ya,0l8 3 SeS 4 AGEs (e (5503l
@) S Sland Bl b Giolesl 9590 slaeg S og, cnl o
JERENIK L VERRPENEIERIR U S5 RETERPS IS
o8 SaS a4y Lo Jslme 51 Sy o byl fee (lind
0,75 zaasb 5o (5, PerkinElmer-LS55) ,ias 5l
(YY) 03,5 (6,503l 2oyl FF+ (g5 5 yragli YV
g S (g Slgiomo (g S ojlul
s Levine (g, 5l Jogn)S oefan Ol s pSosll sl

el Jeige S 2590 9 ONPH) Glhoee 87558 0¥

wdpiey  oewlSdS WS

5 Advanced glycation end products (AGEs
¢ Glycoxidation

A3

aalol jo .04 oo s 5b b @ bl V¥ sase 4 e g 0
Loy o sl (Ol omel3siSsyd OlaS 5 a4 s b
S NVgame ol b czge in JiSse glaglls
O5elSelS Wb sz (V-F) 0 amlss Caid iy (pgenlSS
JUCTRAUYOUN RUUN 1 X ST g [N BCIUOH [N JOR SO VOO 1 I I
Sl QM (93 oS ebal W5 0 S0l lgreas SIS
09> (B9 i 5l (o 090 sl pp a9y (0 e
oAt (yegd iz b Ve l8 Lsle glyls wols JSas
BAD 5 KDab6 JoSIge (39 b o)lSaaz (g ol atlioe
oKl 50 5 o yzanl 4 Jlail ol can o pogo (ol j0 aS o ls
2,08 0529 lag s ez po colais] a4 Jlail ol
5 Sl Sl @ e eepdl eilnd el
Sloige (omedSymle Lulpl 1o 03940 (5SS (gl aaailS
50 ool g,lbe &l s Jdo 4 Cuegdl 4SS 55 (V)
395 Sl il Canols g il glanilEd 4 Jlasl a8 )]
@il oYU S gigile o3 (V) aes o s I
Sebe sdslel slak yd JSiS o )l Ol s
AY-YY)
397 5% 985leaST (sl 5 (9anlSlS (oee A5 4 455 L
&S GLS S w00 B 4 wubs it o)lse cd i
Cqz il Wl GhanSI ST s GeelSIS ST ple>
SleSy alaz il ai S 138 eolanuls jee Zubs yleys 9 (6 ,mSion
Sl SoyeSnl oS5 Conl axgivyge Aty opl yo &S
Sirpte dexil AA aib . (Ascorbic acid AA)
o ok g Lwdly j0 a5 ol Ol o Joloe (slaglonsT 251
Sl Sl yaumiss o8 4 Sojgle b Lulyd 5o 018 sg25
o o 1) 658 GlayeS S Sl )k Wlsioe 9 3500 S5

3 Schiff base
4 Amadori product



WWAF oy & oyless YA 0)0

dyog)l (S alore

zsedsb o (5,] PerkinElmer-LS55) yias )olé olSiws
b (55503l gl FAD gk g yrogll FYO Sy 0
15 ybol LT

OleSe s alie Lyl 3 5k ds Cend o ladiged (ooled (sl
Oolds 00,5 5,55 SDE (1 Sibe 90 @S 5 0l S5
Il ol slaces Gk 3l dilise oligle)] b ol
ohnd e 5lo 503l e g OnE-way ANOVA)) aé,b.S,
A slegine sylel Dglis plgiea P</o8 s S et

REEER s

Laaisls

el Ygame p dawl SapyaSal il o)y

win ez (b J5S 5 silesl glaeg S 0 AGEs (fje
AGEs ;i polie ) ooz [0 .ol glite (g pSojll Jlgte
ol ooly lis (6, 505ll Jb ez b aslllassge 05,5 4w o
ol S diged 0 0gd e cdalin aF joblen ol
s OVsame pagdl b SelS 1Sy 31 s BSA+Gle
2 oo el gld hils a5 oad i ad iy (genlSIS
5 S¥game nl 0 selioe S GVob eenlisSl pley 4
Slase 5l ol ol aS ) sbas aub oo ial33l ol b il ld
FoVYIAO £ YANE e a0 Jol aian 0 YYYONO £ YF/VY
355 L 6 Josinn Soli5 45 sy o el s oz 5l o
Syl ¥ ‘5@"&)‘1 09,5 9\ J S

wied b S b Jeie)S GeSsn b Sl 5l o DNPH
Sog 2dx Gl a5 WS e i ) abgrre (il Fde
ogids i8Sl oKy (SeS 4y g 009y NM3T70 zge b o
gy Cle 03,5 (g,Sojlil (LualSsl CECIL-CE2021)
$b ez g el 1 Joo 02 o b il eolinal b Ligy S
235 Olo g n o5 (oo 2 e
SINCINE FUTPE ST

&g Ellman (g, wlol 52 Jo5 09,5 (e 65050310
O hodedlgw Tl Tlog S STy b, ol o (Y0) <88
Sl SS9509 505 Y Guriged 60 0" B (my Bllman &y
Oeen 4 bate wdlsn 63 (glle K4 g 4 e (DTNB)
4 (nitro-5 thiobenzoate-Y) lgjogds s gl Joo o g
Sls3asais i ogeil 09bis0 Joyteilyw T sy 09,5 0 (olj)
ool iz mor Sle Il 7agili FAY zoa ol )5 5 039 5055
(oS CCECIL-CE2021) yiogib Sl olSins (KaS &y 45
3 il gmmie 3l solatul b oljT Joud cdale o (5,505l
O eBan eSS 2 Jge 5L e g dalne et
a5
ATHT) T 3395505 uilus 1918 3l 5 (5 5503l

Pl syl gy & ThT (uiler )5l (e (650503l
soSsbal B slo,lisle jaseis cus 6,5, ThT (Y9) o
A oolaiwl ThT Pl lsicds Yoo /) Slawd 3L 51 .ol
5 bsle aigas g See A0 e L THT 51 g S Ve e (e

b ol ol olpmo G (slos 59 5ol ol o o

(AU) AGEs il 5lé

o5 @9,
ol in PYWIPLETY PPRRLETS Jol aan
B+ V/EY £ VAIVY 08+ £ YVA-. Yav/as £ \#IvF YAIVO £ YY/EY BSA \
£.YY/A0 £ YAIVE? B YOIVE £ /pY0 YAOAAY * £5/. 2 YYYONO £ YHIVY? BSA+Glc Y
\YEVIEY £ YO/ P
AFAY/+\ £ YA/FARD Y -FIAD £ YOINYHP YOSY/F. £ FA/VARD BSA+Glc+AA Y

Sl aegdl b og,S o duslie Lo Pt/ (puagdl bog,S o dwslis jop/idia

Ao go las Slwle 0)l8 ¥ 9V ;1S (sloes 5L (s lo sxe
AGEs polie .ol oo AGEs LSis aoyn Vo Lo

o

5elSelS Nyaa s S g AA 3 aslic

IV 09,5 L alie )5 4S5 psbay s AGES (2als g aid iy
Olywe a0 Jol aan ;o YYEYIFY £ VOND Slade 51V 09,5 10 )l5e
3l 4 ) yprnsisSl i g 5l ey OFOY/ Y = YAIFA



Sen g jlare i

e Ongdl eSS STy sl Spgsl il ()

Ol 31 3 5lanST ol 5 05elSlS wi T g (uose]
OgeboSl ooy 4z e ogdioe JSAS nnS laeg S
S 6ysbar whos (RlPl SYgame cul adg 09d o0 S SYsb
2 OFsn eS8 ez Joagll YIPY £ <NV lade e 0l
o 0San S e 2 Joeg PITY £ VY (e @ gl anie
05,5 b soloisiae sl a5 w0 (gelisSSl e oz |

S alesl 09,5 5V J S

Oloy CadS L1y (glo sime gl V1S 09,5 (gl ys odel sy
ol i
g S (g ladio 2 el Sy oSl 15T g

5 ohlojl sleesyS 53 UignS Gelisn Oliee sxSoshl
b plas ]y Laog S o gl ¢ Jlgte wibn oz (b S5
alllans ;g0 09,5 dw )3 Jeign)S (gn piie polie ¥ Jgox
oanlie aS jsblan sl o osls lis (5,505l b Jlex b
L 5558 STy 1 o BSAHGIC golo S diges jo 95 o

SrSoyluil abo oz (b aslllass ;5o gloog T 50 Jise)S etign Jlade oSk :(Y) Jouer

(nmol/mg protein) Jgs S cpiigy

Wos,S @3,
oolez can PYWPVETY pgd dAlan Jol azin
V¥ E )] USERA (VA NP e E VY BSA |
AR OINY oY ATERIERVATN, VIEY £ NV BSA+Glc v
VAN £ ofeq00
O/FF £ YA \AMERYATS ARV BSA+GIc+AA ¥

Sl a0gdl bog,S o aslie L0 Pt/ (puegdl bog,S o dwslis jop/idia

OlBI L sl (alS U5 slaeg,S T 5l (220 sl
P a9y JoeS sloeg)S y3 eatobml (Al (yenlisSl 0
NS R (I G K TR P P N
2 Joegll Ve 2 [oY ey Jol atia )3 (g 05 (e
Dol oS sy 0 gemligSil atin ez 5l Ban £ e
ST stalesT 0,8 5 ) S8 05,5 L sl e
ol 5 o glaos,S oypmalinns]  bli> wge AA
09,5 10 Ol (nl A5 5y5boas A (g U5 Slyime iaial
Pk 2 Joagl <IOY & /o Jlade 51 Y 09,8 a4 S ¥
PRk 2 sl (VA £ 2oV plie 4 Jol aiin o o559
e )0 Wiz A5 Sy bSOl Al ez Gl ey etgy
Oslis laple) pla 33 Olies nl el 950 Jls gne Sl ez
09,5 o5 09,5 Jlade (LAY 5 ) S5 (gloog 5L sl s
e e ol S Sty aalS 5wl loj cesdS L) S

RYVER o

Ay

W3 i) e lye (alS carge AA I oslanl

fe ke 51T 09,5 4 e V09,5 10 liue ol a5 5 5k
YA Olyes @ Jol i 55 ufSg 05 oo 32 Joegili VA
OgealisSl i oz 5l 0egn £S5 e 2 Joagil O17F

Slsloes s o g ¥ atan ;o aglas cpl Ll eojla ¥ g )

H+

H+

05,5 4 o AA y5lisSSh e (UL o a5 s o ylis
el o J592)8 (g oS8T 00 )3 VYl g ¥ S
oI (ST oloy BISTL Y 7S 09,8 2,5 (g n e
D I8 gime i e cpl aS Clls
g5 0955 sIdle el Sy g8l 53T w5

b U5 5 GialesT sloog S 50 Jsed 09,5 (l5ee 503l
Yo Jgaz po el plas 1) ey )8 o wolas « Jlgie asan Lo
Lok b adlaes;ge 05,5 s jo Joud 09,5 ke polie
13 BSA+HGIC (g5l 58 diged ;o ol 00 00,51 (6 w50l

ooyl 5 OamlSAS Al g eesdl L 5SS sy il



WWAF oy & oyless YA 0)0

dyog)l (S alore

SrsSojlul aide ez b anlllans 90 sloog,S )0 Joud 09,5 Hladke eSils (V) Jguor

(nmol/mg protein) Jg. 05,5

bos,S 3,
ooz wan PYWIPLETY PPRRVETS Jol aan
JfEE e Ak LY NI 08 E .Y BSA \
Y. EoefeyR JYE EeeY? YV E L[N O E LfeVR BSA+Glc Y
- JOY £ o/ yeb
SIYA £ o/evR SYEE [e\BD JJEN £ oeyRb BSA+Glc+AA Y

;5K+w.05...ﬂl405;).&bml&n)op<‘/‘a b‘wﬂibaj)fi&bmlﬁ.n)ol_')(‘/‘a

el oo ools plid g Soslail )b Jlez (b aslllass;ge 04,5 4w
STy S50 ¥ A aged 50 09b e saalie a5 sbiles
ol S 45 005 S5 (soloal (sa e (enilSelS
e Oy Ol oy (b 5 Yok L bl e
Misr SR Ol G Gl 5 T cpsdliges Lol
a sl azim o BVV/FE £ VFIPA e 5 olime ol 455 sbos
S yese gl ain oz 3 e VAYY/EY 2 04T o f5ee

Syl ¥ ‘sﬁt_ltej 05,5 5V JyiS 09,5 L (5 o sine iglas a5

2995 il yold o p1 sl Sy 98wl Sl oy 2
(ThT) T
FSas dagptign g ltle Oladl coge (eSS
R S e eBgn Slaend g sl sla kb
5 oo 55 edolml Sl 5 skl Glodyd Oliee
ol ysld 5 Gy cpl Jlasl wdl jien bh yed ool JoSiid 4

O ThT yame polie ¥ Joax jo 0l valys iy ol 51 b

5oyl athn oz b anllland g slaog S )0 (ThT) T Mg puiloyold Jlada (1 SSlo :(F) Jgu>

(AU) THT il sl

o5 @9,
ol in PYWIPLETY PPRRVETS Jol aan
YV E N/ VAY/VS £\ Y/5Y V-a/e7 2 YAY asYF £ VAY BSA |
VAVY/FY £ 09/aY° VW AIYY 2FY/NAR VIAY/AL £ ¥V/0)° FYVFE £15/5A° BSA+Gle v
TYANY  vopveh
VAVYNA £ YVEARY  A0FVOA £ YYATD  VYASY £ A FP BSA+Glct+AA ¥

;5K+w.05...ﬂl405;).&bml&n)op<‘/‘a b‘wﬂibaj)fi&bmlﬁ.n)ol_')(‘/‘a

G iSdaail 9 Gy
Ban Ol iSly p AA b adllas ool o
oS ol Lt @l (28,5 8 e 2090 SIS j9l 10 (yeesd]
e (g)ls ey 5 00l (gnlSHS (25T o oz ge AA
R L S5 nl Gz 035 e o5 ) il 5l8 AGES
Jse sloog,S el 5 glans] Sl 5 Jiige)S slaos S
anllbs 9500 Gragedl eisp geelinnST S iee Slos s
o ol Lt 5 ThT ) jeim 50 Gengll (g (55651

v

0%l yrd 2RI ¢y 90mslSlS 2005 g0 AA Sl ooli]

¥ oog)S b anslie ;3 S 0ba i ThT il ol g (055
a sl im0 YYARY 2 YOPY o 1Y 05,5 10 fie o
oS Sy pmtlssSSl ain oz 51 e VPVYNVA £ YV/FA oo
ol Glwles s ¥ 5V S sloog 5 L (g)lo gime iglas
09,5 4 Cumd AA 55 wbsSSl Do gl [0 &S s
sl 00 ThT uilas s 0oy VAIY oo g ¥
Sglis VS 09,5 (glp sowlcawsay ThT uilu,gld polie

sl plas gley clddS L) (gl sxe



Sen g jlare i

e Ongdl eSS STy sl Spgsl il ()

S0 53k 5 Dlikod (sl ST a3 o ol 28
2,00 929 arey (ul o (oS DL IST e g 48,5

Ceols a4 ladlas 5 Vinson & Howard
sl gl 5l ceilon 5 o aling (SislSLS
OS99 50 (S Ll (YY) o S0 Lol (rasling cnl Lo
OslSlS alidl el g fpalig a5 0 oy 5 by S
Olesdy oS SIS Lk K wile 5 oonl g oyl
@l Ygame ol 5l (S &5 ajein s sl legie
3y50 ol O (FFTY) WS e e ol 428 1y oy 5nelSlS
@381y 1) HBATC aly38S (rglS gen (52 krone & Ely
()90 N3, (g0 Bypan o Cpaling p)5 Tl i g, oS
2 Rl eSS Yo e [l 4y a5 s )57 ()15 5 sl 18
a5 1) Togam HBALC (i Lwdh oo ool dale
oolS K0 lasdllas jo ozen (YO) Wb oo ials o] wo
Slagtye > Slslie pyuin @Ble 35 5 Gelgmidl el SIS
o8l 0 (V7)) Wo )8 )8 (o omeling JoSe cais il yo
IR o eeling oS e Vo e e o)k JoSe o oS 5
gl s HDATC DL TAG (sl oy 0 nals cszils
olad sladlas b 50 (2l Sen g Zafar (YY) ol oanlie p
el (o aeling 9 390 9> 50 gl (ygalisSil 4T sl
@l Vgazme ke 5 0sd Gufgn (nl DgemlSlS rals
Gl a8l galS 0o, oVF B ;S diged 4 Camnd (50l
(YA)

Gy Azl Geesdl plowdly Slaietisn o 5
sl w9 wgmime (93 50,5 (eS|l SlS
e Slogay sy 0l polie 5 Cenlendl Jou aie (n Simte
slpissly @ cond ) oen ol oeRil s o
Slasl Glaanwl (F) Cosl 08g0s (wlac gumlonnS eSS
IS0, g5l Al dxians (ol y3bs Cppimas Siile
LS 5 b nagwlgie] ol slao pon 45956 (2iSTy g 0090 oI5
Slitie sbul 4 e 8 GeelS LS (booadady b
(FV-F ) 0gd 00 Yo JuignS 9 ol Job Shgime b (g
ol oo n S92, 9 Joud (sloog)S slyiome Judo (oo &
b Lt n st coml Gl o Lol sl sl
S ol ol adle oyl @l anile GeelSlS ST
05,5 Lhals 3l wile 955 ST il Cols b g oaling
5SS il pea 5 easl Lige,S 09,8 (talidl 5 Jsd

seilienS] ol odle bty (gelSIS STy
la)liSle 5 (s p Slaead S5 50 Jelse (n ot alo)
9 5l o Sl obml p edle a5 wib o ekl

YA

) omesdl IS8 gasobool Slaazs oS85 loe Jonily AA
Al Crogdl gumle 9ilS cladle Sl Wilgs e g ol
il

@l SYgame S5 5 bsSseqn b w3 251
b ez 2)lse ol Jalse (n Setes 5l 48ty enlSIS
b sl oo el Ty b Sl 9580 wpmne
il 5o ubs (B)lse el (655 i 50 G585 e
Slrog)S 9,5 aSsh wile it slahy; & SlS 5
sl G0l B 5 sl pls 4 oaiiSLal sloaid [0 fige,S
sy ol b sl iuSs 5 (ROS) oy5ens] Jlub
a8 iy el ol VYgaxe yo (Cross-link) s ,e
(YY) 0t o Jlael 1, 355 a1

Sl Gl sl pls 4 sl pl (St 31 (S
55 a0 5 655l 50 oS el (y5rnslSClS 25T b 5 5]
SHOVA) 0l ol Sl aid iy gulSdS olod Y guazs
OSTly adgl ol 5o eadady (gyg0lel SVgame 4320
@ bS], ol 45 sntiagss cilise sl IS0, <y pmslSlS
5 OselSGlS Sly cdrin g YU iy STy Jdo
Whiiey eSS ol SVgame Gl gl JoSi
Sools &5 (SLeS 5 T) Wgdige ouileojgld e g il pold
g ey Ailg5 o O3] sl JBSGol, B b oasls SlawnST T
SYgarme JSAT ol g ools hals 1) (eenlSS sla s
WS ) oSl ol

el SloganST T ol b OS5 alos sl o oyolig
5 oz LSy n GemlSelS 1aSTy 2 o Sl pailSe oS
Coiles 3 by cnl GO Foe ln RYS (B n Sl odern
Sools poedle &5 Cud prhe eSS STy
2 deisesS 09,5 s3am BYs (nine 5l (S ool (oS
09,5 RIS s 4 o by Sl sy cnl LSl
35515 L g s bootig yy el (slog )5 4 05 Jiled Jie S
9 5555 JLail 5l wile 5 00,5 sy el (sleg S 4y Jlail (s,
SeiglS 1560 JSb aizmen (VF) 09d 00 (a9 GoanlSlS
apd oo JuSis ueliS g ools STy lacntien Lol ol
(YY)

W15 oo Lowodly 58 raagll a8 simo oo (ylid alisee lidios
S i g 4idS 18 Ledly 0 39250 slayeiS il cos
S 03 (o g Ledh 55 39250 lasSIges ale)
as ol plis aslllas ol mls 00,8 Jate gl 4 Wilgs oo
Sl byl 2alS crge (g logime jsbar (oo el

W sdia sy ey 55 980 Cragd] oanlSlS oles Y garme



WWAF oy & oyless YA 0)0

dyog)l (S alore

OsrmlienST o] 3 5l Cailas 5 S5 sloeg ) 5l bl b g oy
als 1y udslal-by bl Jiine,S glaog S JoSts
Glel) plsiea Con pae g Gog Oyl s 4 1A oes
D58 58 a9 )90 wilgi go Cobid (reje 2)lse b ablie o

O ygo 10 g5 Wy ol ped pols Cudsase b (398 059, plol
L8 S o0 )18 sz S Gl el i Jlo U
oz 39,5 o Sty yolo Sliniod )5 aeldl o Js (e 40
OplS Sl cailon o AA Gl eudle 5380 o)y
5 oeel3555,8 sy wiile (gemlSlS polaisl SYgams
Wi (g Selail SuSi5 4 (CML) ey Jsie cuS0,SN
0SS & osl s pgs g 9 JLSLe oy izman
Ailgs oo ((Circular Dichroism (CD) Jly90 oled )90
osn ol e p AA b e o sanes;) cledlll
IS a3

GJ‘AJﬁjJS.Iﬁ
olyT ol&zils 4 oLl (K pole olRiils iagsy Cogles

g oo (S ,08 5 Say auxils

References:

1. Rahman A, Choudhary MI, Basha FZ, Abbas G, Khan
SN, Shah SA. Science at the interface of chemistry
and biology: Discoveries of o-glucosidase

inhibitors and anti-glycation agents. Pure Appl

Chem 2007; 79: 2263-8.

2. Vlassara H, Uribarri J. Advanced Glycation End
Products (AGE) and Diabetes: Cause, Effect, or
Both? Curr Diabetes Rep 2014; 14: 013-0453.

3. Bodiga VL, Eda SR, Bodiga S. Advanced glycation
end products: role in pathology of diabetic
cardiomyopathy. Heart Fail Rev 2014; 19: 49-63.

4. Bucala R, Clin J. Diabetes, aging, and their tissue
complications. Invest 2014; 124: 1887-8.

5. Vlassara H, Striker GE. AGE restriction in diabetes
mellitus: a paradigm shift. Nat Rev Endocrinol
2011; 7: 526-39.

6. Cohen MP. Intervention strategies to prevent

pathogenetic effects of glycated albumin. Arch
Biochem Biophys 2003; 419: 25-30.

A

CFY-FT) sl e 555 lag] 8,5ae gty sl
SlagmSan 55 Ol b 5 (8K ldll Cage (pnlSIS
s el b (y0mslSlS STy 095 o0 gl il YalS
lolisbo 0 Wl gy le o cage cmagdl 50 (Sglegiils
L] eyl (slgioee oS wisls )l ilalllas aS' 5, 5boay S oo Ly
5olS SelE jsax 0 deye Ve 4 b Sl j as oAY )
odigh Jate sloSs) sl anlys cpl () slp (FF) ol aidly
53 (FF) 058 g0 oolanul T oy gdag.5 wisle l.m\,fjjlﬁ..ei Glypongs
1 2 il 5 T psbligs 5, s 215 aullas
A oaalie (ow ey 32> ) ]

55191 ool (g aling Sl aa o (0L amlst
iy sla B 5 sy e LS5 5 n
ol wols alil Tupe & Agte as glaslllas 4o L5 0,105 5429
bt Sl oSl 5 55515 L BSA (bl o5 o3l
S0 mosedl Jsed sloog)S 5l cbliz g (gylosixe
5 JeinS oeian Slyime Glie p raling (ol il oS wiz s
(F0) 3555 )l sime sadsheal (sloy b

crge Hho yebay cw ualing oS sy ce Sl 4 gemmes
S s a5y 5nlSIS Ll Npame LS5 g

7. Cohen MP, Shea E, Chen S, Shearman CW. Glycated
albumin increases oxidative stress, activates NF-
kappa B and extracellular signal-regulated kinase
(ERK), and stimulates ERK-dependent
transforming growth factor-beta 1 production in
macrophage RAW cells. J Lab Clin Med 2003;
141:242-9.

8. Simard JR, Zunszain PA, Hamilton JA, Curry S.
Location of high and low affinity fatty acid binding
sites on human serum albumin revealed by NMR
drug competition analysis. J Mol Biol 2006;
361(2): 336-51.

9. Ghuman J, Zunszain PA, Petitpas I, Bhattacharya AA,
Otagiri M, Curry S. Structural basis of the drug-
binding specificity of human serum albumin. J Mol
Biol 2005; 353: 38-52.

10. Arasteh A, Farahi S, Habibi-Rezael M, Akbar A,
Movahedi M. Glycated albumin: an overview of

the in vitro models of an in vivo potential disease

marker. J Diabetes Metabol Disord 2014; 13: 49.



J)ng.b 9 )wa (=3

e Ongdl eSS STy sl Spgsl il ()

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Baraka-Vidot J, Guerin-Dubourg A, Dubois F, Payet
B, Bourdon E, Rondeau P. New insights in to
deleterious impacts of in vivo glycation on albumin
antioxidant activities. Biochim Biophys Acta 2013;
1830: 3532-41.

Bhattacharya M, Jain N, Mukhopadhyay S. Insights
into the mechanism of aggregation and fibril
formation from bovine serum albumin. Phys J
Chem 2011; 115: 4195-205.

Li XH, Du LL, Cheng XS, Jiang X, Lv BL, Liu R, et
al. Glycation exacerbates the neuronal toxicity of
B-amyloid. Cell Death Dis 2013; 4: 673.

Murry RK, Granner DK, Mayes PA, Rodwell VW.
Harpers Biochemistry. 24th ed. London Appleton
& Longe; 1996.P. 612-3.

Bensch KG, Fleming JE, Lohmann W. The role of

ascorbic acid in senile cataract. Proc Natl Acad Sci
USA 1985; 82(21): 7193-6.
Grandhee SK, Monnier VM. Mechanism of
formation of the Maillard protein cross-link
pentosidine.Glucose, fructose and ascorbate as
pentosidine precursors. J Biol Chem 1991;
266(18): 11649-53.

Vinson JA, Howard TB. Inhibition of protein
glycation and advanced glycation end products by
ascorbic acid and other vitamins and nutrients. J
Nutr Biochem 1996; 7(12): 659-63.

Jacques PF, Taylor A, Hankinson SE, Willett W,
Mahnken B, Lee Y, et al. Long-term vitamin
supplement use and prevalence of early age related
lens opacities. Am J Clin Nutr 1997; 66(4): 911-6.

Hegde KR, Varma SD. Protective effect of ascorbate
against oxidative stress in themouselens. Biochim
Biophys Acta 2004; 1670(1): 12-8.

Fan X, Reneker LW, Obrenovich ME, Strauch C,
Cheng R, Jarvis SM, et al. VitaminC mediates
chemical aging of lens crystallins by the Maillard
reaction in a humanized mouse model. Proc Natl

Acad Sci USA 2006; 103(45).

Yy

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Linetsky M, Shipova E, Cheng R, Ortwerth BJ.
Glycation by ascorbic acid oxidation products
leads to the aggregation of lens proteins. Biochim
Biophys Acta 2008; 1782(1): 22-34.

Tupe RS, Agte VV. Role of zinc along with ascorbic
acid and folic acid during long-term invitro
albumin glycation. Br J Nutr 2010; 103(3): 370-7.

Bigger SW, Ghiggino KP, Meilak GA, Verity B.
Illustration of the principles of fluorimetry. An
apparatus and experiments specially designed for
the teaching laboratory. J Chem Educ 1992; 69(8):
675.

Levine RL, Garland D, Oliver CN, Amici A, Climent
I, Lenz AG, et al. Determination of carbonyl
content in oxidatively modified proteins. Methods
Enzymol 1990; 86: 464-78.

Habeeb A. Reaction of protein sulfthydryl groups
with Ellman's reagent. Methods Enzymol 1972; 25:
457.

LeVine H. Quantification of beta-sheet amyloid
fibril structures with thioflavin T. Meth Enzymol
1999;309:274-84.

Price DL, Rhett PM, Thorpe SR, Baynes JW.
Chelating activity of advanced glycation end-
product inhibitors. J Biol Chem 2001; 276: 48967—
72.

Rout S, Banerjee R. Free radical scavenging, anti-
glycation and tyrosinase inhibition properties of a
polysaccharide fraction isolated from the rind from
Punica granatum. Bioresour Technol 2007; 98:
3159-63.

Peyroux J, Sternberg M. Advanced glycation end
products (AGEs): pharmacological inhibition in
diabetes. Pathol Biol 2006; 54: 405—19.

Mc-Farland K, Catalano JF, Thrope SR and Baynes
JW. Nonenzymatic glucosylation of serum proteins
in diabetes mellitus. Diabetes 2005; 28: 1011-4.

Padayatty SJ and Levine M. New insights into the
physiology and pharmacology of vitamin C. CMAJ
2001; 164: 353-5.



WWAF oy & oyless YA 0)0

dyog)l (S alore

32.

33

34.

35.

36.

37.

38.

Vinson JA, Howard TB. Inhibition of protein
glycation and advanced glycation end products by
ascorbic acid and other vitamins and nutrients. J

Nutr Biochem 1996; 7: 659-63.

. Fan X, Reneker ME, Obrenovich C. Vitamin C

mediates chemical aging of lens crystallins by the
Maillard reaction in a humanized mouse model.
Proc Natl Acad Sci USA 2006; 103: 16912-7.
Grandhee SK, Monnier VM. Mechanism of
formation of the Maillard protein cross-link
pentosidine: glucose, fructose, and ascorbate as
pentosidine precursors. J Biol Chem 1991; 266:
11649-53.

Krone CA, Ely JT. Ascorbic acid, glycation,
glycohemoglobin and aging. Med Hypotheses
2004; 62: 275-9.

Abdel-Wahab YH, O’Harte FP, Mooney MH.
Vitamin C supplementation decreases insulin
glycation and improves glucose homeostasis in
obese hyperglycemic (ob/ob) mice. Metabolism
2002; 51: 514-7.

Afkhami-Ardekani M, Shojaoddiny-Ardekani A.
Effect of vitamin C on blood glucose, serum lipids,
serum insulin in type 2 diabetes patients. Indian J
Med Res 2007; 126: 471-4.

Zafar H, Sheikh MA, Hussain F, Maan MA.

Inhibition of protein glycation and advanced

¥V

39

40

41

42

43.

44

45

glycation end products by ascorbic acid. Afr J
Biotechnol 2012; 11(51): 11309-14.

. Vetter SW, Indurthi VS. Moderate glycation of

serum albumin affects folding, stability, and ligand

binding. Clin Chim Acta 2011; 412: 2105-16.

. Zeng J, Davies MJ. Protein and low molecular mass

thiols as targets and inhibitors of glycation

reactions. Chem Res Toxicol 2006; 19: 1668-76.

. A’cimovi'c JM, Stanimirovi'’c BD, Mandi'c LM.

The role of the thiol group in protein modification
with methylglyoxal. J Serb Chem Soc 2009; 74:
867-83.

. Bouma B, Kroon-Batenburg LM, Wu YP, Briinjes B,

Posthum, G, Kranenburg O, et al. Glycation
induces formation of amyloid cross-structure in
albumin. J Biol Chem 2003; 278: 41810-19.

Luthra M, Balasubramanian D. Non-enzymatic
glycation alters protein structure and stability. A
study of two eye lens crystallins. J Biol Chem

1993; 268: 18119-27.

. Awasthi S, Saraswathi NT. Vanillin restrains non-

enzymatic glycation and aggregation of albumin by
chemical chaperone like function. Int J Biol

Macromol 2016; 87: 1-6.

. Tupe RS, Agte VV. Role of zinc along with ascorbic

acid and folic acid during long-term in vitro

albumin glycation. Br J Nutr 2010; 103: 370-7.



The Journal of Urmia University of Medical Sciences, Vol. 28(5), August 2017 @

EVALUATION OF THE EFFECTS OF ASCORBIC ACID ON
GLYCATION REACTION OF ALBUMIN ON IN VITRO CONDITION

Zeinab Meamar', Naheid Masoudiyan’, Fereshteh Bahmani "™

Received: 16 Apr, 2017; Accepted: 17 June , 2017
Abstract
Background & Aims: Advanced glycation end products (AGEs) formation is increased in diabetes
mellitus, leading to microvascular and macrovascular complications. Recently, much attention has been
focused on natural and synthetic inhibitors to delay the onset or progression of diabetes and its
comorbidities. In this study, an in vitro glycation model containing albumin as a model protein together
with glucose as glycating agent was used to study antiglycation activity of AA.
Materials & Methods: Bovine serum albumin was incubated with 0.5 M of glucose with or without AA
in 37°C for 4 weeks. The formation of fluorescent AGEs was determined to indicate protein glycation,
whereas the level of protein carbonyl content and thiol group were examined for protein oxidation.
Glycation is known to induce aggregation and fibrillation of proteins. To determine the inhibitory effect
of AA on aggregation and fibrillation of albumin, amyloid specific dyes such as Thioflavin T was used.
Results: The results found that AA significantly inhibited the formation of fluorescent AGEs (P < 0.05)
and significantly prevented protein oxidation manifested by reducing protein carbonyl and the depletion
of protein thiol groups (P < 0.05). Moreover, our results indicated the inhibitory potential of AA toward
amyloid like aggregation of albumin and protective effect of AA on albumin native conformation.
Conclusion: Thus, these findings indicated that AA has high potential for decreasing protein glycation
and oxidation that may delay or prevent AGEs-related diabetic complications.
Keywords: Glycation, Diabetes, Advanced glycation end products, Ascorbic acid, Albumin
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