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Abstract

e AIM: To observe the effects of advanced glycation end-
products (AGEs) on thioltransferase (TTase) expression
and activity in human lens epithelial cells.

e METHODS:. Human lens epithelial cells B3 ( HLE B3)
were treated with 1. 5mg/mL AGEs - BSA as the
experimental groups cultured by fetal bovine serum of
volume fraction 10% dulbecco modified eagle medium
(DMEM) and bovine serum albumin (BSA) was added at
the same concentrations as the negative control. The level
of reactive oxygen species (ROS) was evaluated. Cells
were collected at 0, 1, 2, 3, 4d and total RNA or protein
was extracted. TTase mRNA levels were detected by qRT-
RCR. TTase expression was detected by Western blot and
its activity was measured.

e RESULTS: Compared with the control group, AGEs -
BSA up-regulated the expression of ROS (P<0.01), ROS
content increased in a time-dependent manner. BSA had
no effects on ROS expression. The expression of TTase
increased after treatment with AGEs-BSA for 1d, peaked
at 2d (nearly 5.06-fold increase, P<0.01), then decreased
gradually. No change was observed between BSA and
control group (P>0.05). Similarly, TTase activity peaked
at 3d (nearly 2. 01-fold increase, P<0.01). Western blot
test found that TTase protein expression was increased
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gradually, starting from the 3d TTase expression was
reflected that there was statistically significant difference
compared with control group ( P<0.05).

e CONCLUSION: AGEs - BSA significantly increases the
production of ROS in human lens epithelial cells, and it
then induces the oxidative stress which may promote the
expression of TTase and enhances the activity of TTase.

e KEYWORDS: advanced glycation end - products;
thioltransferase; lens epithelial cells; diabetic cataract

Citation: Wang X, Yan H. Effects of advanced glycation end —
products on thioltransferase expression in human lens epithelial

cells. Guoji Yanke Zazhi(Int Eye Sci) 2015;15(4) :588-591

HE
B H - UL s I A 28 = 3k N it DR AR L Bz 200 i s
R 1k Kh PE RO RE I
Tk B RN N SRR T K 40 i P AGEs — BSA ¥k &
1. 5mg/mL, iz 4= MU AR R BN 10% 19 DMEM 1% 5% 55
F5 [R5 5 AH IR M B2 Y BSA X PR 20 J% 25 11 % BR2HL, 43 )
F0,1,2,3,4d YELNH, 02 SRR T R4 ROS &
i TTase {14, qRT-PCR K& TTase mRNA 33k 1% &,
Western blot ¥l TTase & 15 515,
GRS XA L, AGEs—BSA THilJ5 , 41 i1 1 ROS 7%
o S A AR PR i, 22 9 B S L (P<0.01)
BSA FHE ROS 1Y ik 5% Bfiéﬁiﬁﬁ%%ﬁo AGEs A
%5 TTase /) mRNA FABWiE &, 2d BABIEE , 20
E T IR 5. 06 15 (P<0.01) ; ﬁ’ﬁ BSA b £ A%} BR £
TTase i) mRNA R A Z R LG E XL (P>0.05), 5
TTase f) mRNA k2L, TTase V& T i, 76 3d A 3|4
{H, WIEH X IRZH A 2. 01 f%5(P<0.01) , Western blot 4 il
K, TTase 2 (i 238 B Wi 0, A 3d FF 1R TTase £ ik
X RELHAH 22 A it L (P<0.05)
2518 AGEs Rl REJR 1L 15 3 N SRR 1 B 4 il & A Atk
NI, BUE TTase Feik LA, 16 P3G
SRR . R A AL R s B R RS I 5 SRR e gl
i 5 B I 1 FH N o
DOI;10.3980/j. issn. 1672-5123.2015.4.05

S| A T, ™%, W 8E 3 AL 27 W sk 0 RIR AR E R 40 iR
TTase 2k FIFZIH. [E PRERRF 245 2015;15(4) :588-591

03lF

DR SR — o LI A 57 8 S i, 98 S0 HR
ini <5 22 HEas 00 A A Q3R AL 2R & ?E,,ﬁ\kﬁ?fﬁzﬁﬂm,
AR e, E Rt SR O R R A
B PR ilélV\]Fﬁahﬂﬂvﬂ?ﬁ(?ﬁﬁﬁ@@ﬁ@ﬂ%ﬁﬁ
(505 —RAREROF R, ORISR R AL AE



Int Eye Sci, Vol.15, No.4, Apr. 2015 wWww. ies. net. cn
Tel :029-82245172 82210956 Email . 1JO. 2000 @163. com

WE R 1 PN R 1) 2 A v S A 1 e I S B
M 399 4 2L {1k X 7= %) ( advanced glycation end products,
AGEs) K- T A2 5 | R A R P 11 N B & A % e 1) T 2L
JRRZ—

5% BS I ( thioltransferase, TTase) X FRAE M HE H
( Glutaredoxin, GRx) , 4> F 12 Z 4 11. 8kDa, | Z 7 T3l
YIHBAML R, TTase £ A —Fh i3 - 8 A E AL I8 5,
FEEIHE R M 1A IR 55 5 BEH K ( glutathione,
GSH) BT e — B Ay (PSSG) , TTase RJ LA i 5o i &t i
I REAEFR A0 M N Fi 3L/ iR AL P RS S AR Sl R AR B
AR

AL 0 N BRI B A AL 2 — TTase £
YRR YN N S R ALY AP SR AR B R Az b
005 7 1 R RAE R, R R AR R N AS T 1 22 11 i 44
FEILALLGT=Y), 5 ) TTase AR R ML A AL PR B 143
TR M ANIERE . AWF50E R P P sk e i
TR IEAL L= W) 5 TTase BIVEFH , RBFFR ML T AGEs
XF AR b Bz 4H A TTase 235 516 M2, 91 2045
I AGEs Xt fib R A - Rz 20 it S AR 25 19 52 0 B2 TTase A
eSS /E L],
1 A A E
1.1 88 AR R4 & (HLE B3) , i Al k2%
ol R R e B DMEM X5 5% W, TG 4 i (38
HyClone NG ) ; Trizol ( % Invitrogen N ) ; PrimeSecript
RT Master Mix,SYBR Premix Ex Taq I1( H 7% Takara 23 &) ;
B-NADPH, 7 bt H KA 5 , 23 Bt H K, HEDS ( € [# Sigma
8Tl 3 AGEs, BSA ( Biovision 22 ) ; RIPA 24, BCA &
Fe I R & (38 = RAEW R ARSI s bt A
TTase Z FeFEPUIA, ILFEPT R 1eC 2w FEDUA (32 E Abcam
ACIDIN
1.2 7k
1.2.1 BatEFRR 52 HLE B3 40M0R & 10% (v/v)
G4 L3 B9 DMEM 15 359 ,37°C AR %0h 5% Co, 18
TR TE VR IR P9 LR IR B H R, IORHERCAE K Y 4 i
R 6 FLIE TR, 4B LAV EE K 1. Smg/mL AGEs—
BSA 1) DMEM £33 5 FEH 1. 5mg/mL BSA [ DMEM
KW A, BRI 0,1,2,3,4d, 505
WEL 3K,
1.2.2 ROS 28l ROS Fr7 5 G EN DCFH-DA A&
BV DG BT LA H H 2 e 40 IR A 40 B B T
JKS# A B DCFH , Jo#¢ 6 DCFH 7] LL#k ROS A4k A4 i
G DCF, Kl DCF /92 )65 B T 52 B 4411 L N ROS 1)
KN, FE IR AR ], W& 6 FLAR PN D 35 95 W, 4% IR
2mL/FLAIIA DCFH-DA &, ¥ 5586 INBF F 20min, B 5&
IR, B DMEM 2236 3 3 , U 48 40 10, 38 & %
K 488nm, &SI KA ZE 525nm , 6 0 FH o 9¢ ' B AV J2 e
ROS % #,
1.2.3 qRT-PCR ;%£#&ill TTase mRNA &Rix K Trizol
— L EURIRAAR | K 40 B RNA 33785 S 4 1 cDNA, B -
actin fE 8 W £, TTase 51 ¥ F# % HN. F JiF. 5° -
CCTGGGAAGGTGGTTGTGTT - 3 ' Ml F Wf. 5° -
TTAGTGTGGTTGGTGGCTGTG-3" , A B-actin 5| #7351 Jy.
¥#.5° - GTGGGGCGCCCCAGGCACCA -3 1 F ¥ 57 -
CTCCTTAATGTCACGCACGATTT-3" . ##J Takara 23] SYBR
Premix Ex Taq II T F V6 ,@E%’J 20pL qRT-PCR J AR
AR 1 PCR AXN RN . PCR RO 2544

600 =
~&~ AGEs-BSA i
- BSA 2
- i CONLTOI
3 400 =
1
41
€
&
200 -
0 1 1 1 1 1

E 1 AGEs-BSA X BSA Xt A @Kk L 4hf ROS & =M%
Mg "P<0.01;"P<0.01 vs XHAL

S BE AR, 95°C 30s, 1 NG 255 [ Bt PCR %
N ,95°C 55,60°C 31s,40 MG, P45 RS B-actin =
YIHess , i IR 27 22 e A A X A
1.2.4 Western blot #&illl TTase EHBERIE  HEFHRMIA
M FF 2537, PBS R4 2 i, N A SRR R IR AT, UK
2% 30min, SEEB A Ep & 9120001/ min 4°C B L
20min, FFULTE , BCA il 2 8 vk B, L3 b B 2% o
W, K H S YE 3min, FZAEFL 100wg FREHLTK, 45 0 )5, B
TR W EIK P W PVDF R b B R)E
& 50g/L NS Wk 2 IR A 2h, B A TTase — 470 (1:250)
T 4CH RS F L7, TBST ¥EfE 3 WK, AR 10min, Il A -
L (1:1 000) ,4°C EECHEE 1h J5 B, 75 4] TBST YK 3
K, BER 10min ; Odyssey ZLAMNSA% . FH Image J B4R 2%
TR
1.2.5 TTase i& MMM TTase REMSHE{L HEDS —#ifkY)
5 GSH R )W , GSH # %8 4k} GSSG, GSSG 7E 4 e H ik i Jit
R AL R, i NADPH fit &, 5868 i GSH, 7838 ‘H.
SR, KR NADPH ) 78 #E 5 2k M A8 4k, 38 o I %E
Imin ¥ NADPH 7£ 340nm 3 A W2 56 B FEAR A B0, ok
Mt TTase 75 PE" o
Biit= 0T . R 1 SPSS 19. 0 e it 2= 3k 4 47 4831145

Br, A TR SR UL vs o, Z A ST BG5S Mk
1] ) 48R FH one —way ANOVA J5 25 43 #r , 4H 6] 52 36 503
ZH LR SNK—¢ K5, P<0.05 NN 2Z R A G2
2R
2.1 AGEs-BSA {ERAERTEIXT HLE MR A ROS &2
RIZME AR b R A AN TR b B2y ) 5 7 0 ~ 4d, 5 1E
HXT IR AHEL , BSA THiA ROS RIS = L B 2% (P>
0.05) ,AGEs—BSA ZbH5 4L N ROS 5 12 B A FH B[] ZE
KW, I T 4d B BRME, 25 A G ¥ B X (P<
0.001,K 1) .
2.2 AGEs-BSA {E A A~ EI Bt iE X HLE ZH R HY TTase
mMRNA RIiERRM il i qRT-PCR AR 52 56 20 Kz X IR
2H 0 ~4d B 325 foRAR B2 M0 9 TTase mRNA [ AH X

hE G RANK 2 s, BSA XGRS IEH N AL AE 0 ~
4d B3R SOIRIR b R 0 Y TTase () mRNA ik FaE
FERARACE , I T G127 22 5% (P>0.05) , AGEs-BSA
ASFH IS SRR b 2 20 A TTase 19 mRNA 35 35 7K F 11 3
R, 1d BMEA G525 5% (P<0.05) , JF7E 2d B 3k 31 06
{8, 29 M IE 5 X RRZH A 5. 06 5 (P<0.01), 1537 3d Af &
IRTKEFF AR R, AEATS & T 1IE % X RR 4 (P<0.05) |, A IEH

589



ERRRIZE 205F48 F£15%5 F4 8 www. ies. net. cn
881%.029-82245172 82210956 B 3558 1J0. 2000@ 163. com
15 A
& AGES-BSA 0d 1d 2d 3d 4d
- BSA
:éj Pp— b TTase(AGEs) : T e m— e, 12KDa
= 10
=
<
% a a TTase(BSA) - — —— | 12kDa
'l:
I  -actin B e e e 12(Da
O L L L L L -
0d 1d 2d 3d 4d B
2 AGEs-BSA ¥ BSA 3t A Sk L 4HRE TTase mRNA 1.0
GBI  *P<0.05;"P<0.01vs X HEL ¥ og 5 -
o B R0 46 36 B0 3. 0 %, 4d 4RSI, o % A 41 £ ook
i 2.33 /%, =
2.3 AGEs-BSA {fE A E Rt EI Xt HLE 48 TTase & H E 0.4
JRRIZMIFM  Western blot £l TTase & IR IAH M, 45 9
AN 3 TR, 51X IR L %E, BSA X HRZH TTase % £ 02
HFEIATLRFE2ZF(P>0.05), AGE-BSA 44 TTase 0o
FRIRBEIGHN, N 3d RIFGR , SIEF X A AH LB A 52t T et 1d 2d 3d 4d

2R (P<0.05) , 24 4d TTase (9323535 3 &
H(P<0.05)
2.4 AGEs-BSA {E B ARt E Xt HLE 4ARE A TTase i&
MR  TTase AY3E M 7E BSA 2H 5 1F % X R 2H A [A] it
AT E , KGE #4225 (P>0.05) . 1E AGEs—BSA &b
PR, TTase {6 PETF 2d B B F+ 5 (P<0.01) ,3d ik IE[E (P<
0.01) ,4d FF4A T B HA5 5 15 8 X R4 22 5% (P<0. 05,
&l 4) .
31T

H AT, A PR PN B 1) &R HIL A = P es il BD &2
JUBEAC 2 A A S A 20 A0 S A B S L 3R
TIATIATESE & B, b nl 51 e R b Bz 4 i ROS
SR i &k AL I, GSSG/T-GSH F It &y | LA
1L SOD Al CAT 7% PEZ 1, TTase #2355 16 P i W M 1
5, $27R TTase 25 X0 2 WA S 00 A 10 0 3, A R AL
AT BE AR GSSG/T-GSH H il 4 hin GSH & & 1652 %
R PLALEE SOD A1 CAT 35 7% , T AR ROS & i, 4
e b if FOR S i P

[ SLEA AT S TN i B e T A = ]
B A R 2 SCRVE T AR XD PR SR R p e AR b
RIS AR I 5 A5 S AR PR 9 I & E 119 A S BIF 9 R R B,
AGEs 5 RAGE ( receptor for advanced glycation end —
products ) A G, TG IS R — R IIME 5 AREE M [ b,
FEAE KRG YRR (ROS) IR RN 155, i
T AN Y 403 405 0 Z R T FRAT I R s R
L3 A v e U 2 L 28 7= 0 1) AS W 336 2205 1T R 3 3
PRAK L Bz 4 i 2 A A8 AR N S 45405 , 4T g R M DR 1
INBERY %&AE & R i TTase 1 b — 355t S AL 30455 (1) B
TR E R I, AGEs J2& 75 18 1 X iR A B Rz 41 i i 1
HNIM S TTase 5 HiF S A B R, LiER D
PEVEF M AR BRI, ARBF 58 R SR A b R 240 i {4
AIEE SR 8 I U i A R P g 3 e 5 L & 77 1) ( AGEs -
BSA) BT M PR R 1A P I 300 B S A 28 7 g 3 2 Xt
PR AR L R 40 %) SR A, LK T AGEs Ab B Stk
R LRz 40 N ROS B9 75 B K TTase 1% 1 M 3K 19728 1k
T

590

B3 AGEs-BSA E BSA X AR LR AR TTase EAR
EHIRSME A Western blot 45 J: 18] ; B TTase 25 H AN T 15 &
("P<0.05 vs BAMEXTARLL) .

-4~ AGEs-BSA

5 -m-Bsa ) b
< sl Control
o) a
e
Q.
g 10
5
£
3 °r
R
(=
0 1 1 1 1 1
0d 1d 2d 3d 4d
Bl 4 AGEs-BSA % BSA 3t A@RE £ 4R TTase FHERN
B0 “P<0.05;"P<0.01 vs XFHAZH

AGEs J& Hi 85 1 T IR B sl 4% 2 45 K 43+ ) o 7 A il
FAFT, F RS0 50 A A S5 50RO A i AR e 3
Wb A9t RS20 R R O A K ) AGES,
AGEs AJ 5| AR 1A S5 11 4548 R ) 68 9 2022 i bR 44
BRI PEREAR B % | A4 AR A E W 1 1
I BE vk 55 =Y 3t 41 AGEs W] i # Ak W 5 Ak
( superoxide dismutase,SOD) | i 45 1k & B ( Catalase , CAT)
S — T ST AL PE AR, B R S B 5 1Y
PRSI ES " . AGE 36 nJ 5 H 22 (& RAGE M HAEH],
A R 1 1 %A (reactive oxygen species, ROS) ,ROS H. A5
BRI AT P, RS B A h BT, Kaji S5 0T 55 UE
2, AGEs 54+ FIR A K A 15 57, RAGE 9 34 I & 1Y
5, ROS A= A U S 38 22 A R Tt A AR &
W, AGEs ] LLidiid B B 48k 8 1 Bos L0 S5 iR A2 3 il 4L
IR 5% 5 240 1L ) A 0L 36 2 3 I A L P ROS 1Y 77 4 B
TR TE P | FE 00 R 5 400 109 S 78 1) & Je



Int Eye Sci, Vol.15, No.4, Apr. 2015 wWww. ies. net. cn
Tel :029-82245172 82210956 Email . 1JO. 2000 @163. com

FEARSZI AR AGEs—BSA A5 3% A dibiR 14
S ANA, [ REUESE B AGEs VBRI [ E K | A bR Ak 1
FZANMIA ROS KF AW T . Tou KB ROS 25 T H
R Y & A & J S R ROS 25 6 DR 44 i JE 2 T 15 2R 1Y
B3 1 ) N R AW T B e e O
5 | R A A5 A i B SR A B, T A R R i 4R
A, 45005 2 5 52 W0 200 i A TR 1 e ¢ | AR R AR, £ 40 i
LR S R S, R W AR M A B R, AN o A
FEORL, PR ROS WT LAV & Rk R, 4R 1 T A B R
8 R E AR 8 A B—H B A, 51
R

TTase 14—l i 2 1) S8 S W, 2 15 18 S i B AL
FOEE P15, XTI 8, I 4R 45 R IR JFOR S AR5
Brh AT R BAE AGEs TR, TTase mRNA & & F176
PG A, 3R] BE R R T ARBR A R AR X O SR A
JHIE W SO, 38 3t 38 I TTase &35 R 5 1 P | R AR 4
AR AR SR BRI OC S MR R A A i 1B S 2 iy 2R
USRNG5 7 it R AR B 40 i S A E Je P, 2d J5
TTase mRNA & 2 [%MI%,3d J5 TTase i PE TR, WTREEH T
AL S SR A7 A, A0 N LA AL W) T FESR IS, TTase HY
T B ELAS A AR BT SR AT I, 4 M LA A 2R ik
JFUIRZS 19 A6 i 8%, Raghavachari %5:° 0 HLE B3 %8 T
4 0. 1mmol/L H, 0, B35 F2 WP, Smin J5 K5  HY TTase
mRNA &8 _E T, 10min J5 TTase mRNA 2 & ik B0
FIH T2 80% | BEA ALY bR, S R B T R R IE
WS EER R FIRZELL, TTase 15 MW F 10min 34 B WA |
JLPHEIM T A, B B i 2 1R WK, X R e AL
AL 4 A 107 P — b B LR R AP 4 T T TR A S
W1 TTase 955G VERE AGEs il B4 ] 45 fL #5553
SEARE AR, FRATHED  AGEs W] it 5 H 32 1A RAGE 4%
B AR ROS, ROS 515 A — FR 51 S AN S BT T i
ARV F- B2 40 B 5730 TTase 23R A, 15 PEHG 5, 7] A8
S 240 ML X 0 AR A IR ) — ol B FR RSP BIL R Bt IO IR A
IFIEJHE T, 24 TTase (YRI5 BN 2 LIS Bt S A 451 47 10
HEG VR T TR, A0 A 00 1 Al RSP 94 T
T, 5 R S A7, A 0 PN R i 2 A B S R B
W, kARG B BRI i B N B

25 BRNR  AGEs W55 A SR IRIA 40 A ROS &5 1 18
Z  REEACR, BUE TTase F35 1, 16 M358, TTase
A RETEME PR TR 1 P9 R o e P ke B DR AR T (B
BARBIEPLHLEA it — 205
SE 3k
1 Kaushal S, Singh H, Thangaraju P, et al. Canagliflozin: A Novel
SGLT2 Inhibitor for Type 2 Diabetes Mellitus. N Am J Med Sci 2014 ;6
(3):107-113
2 Dedov I, Maslova O, Suntsov Y, et al . Prevalence of diabetic
retinopathy and cataract in adult patients with type 1 and type 2 diabetes
in Russia. Rev Diabet Stud 2009;6(2) :124-129
3 Hashim Z, Zarina S. Advanced glycation end products in diabetic and
non—diabetic human subjects suffering from cataract. Age (Dordr) 2011;
33(3):377-384
4 Jang DS, Lee YM, Jeong IH, et al. Constituents of the flowers of

Platycodon grandiflorum with inhibitory activity on advanced glycation
end products and rat lens aldose reductase in witro. Arch Pharm Res
2010;33(6) :875-880

5 Xing KY, Lou MF. Effect of age on the thioltransferase ( glutaredoxin)
and thioredoxin systems in the human lens. Invest Ophthalmol Vis Sci
2010;51(12) :6598-6604

6 Raghavachari N, Lou MF. Evidence for the presence of thioltransferase
in the lens. Exp Eye Res 1996;63(4) :433-441

7 Wang GM, Wu F, Raghavachari N,et al. Thioltransferase is present in
the lens epithelial cells as a highly oxidative stress—resistant enzyme. Exp
Eye Res 1998;66(4) :477-485

8 Swamy — Mruthinti S, Shaw SM, Zhao HR, et al. Evidence of a
glycemic threshold for the development of cataracts in diabetic rats. Curr
Eye Res 1999;18(6) :423-429

9 Cekic O, Bardak Y. Lenticular calcium, magnesium, and iron levels
in diabetic rats and verapamil effect. Ophthalmic Res 1998 ;30(2) :
107-112

10 Nagaraj RH, Linetsky M, Stitt AW. The pathogenic role of Maillard
reaction in the aging eye. Amino Acids 2012 ;42(4) :1205-1220

IR U 75 R 2 DOP NN I W 1 R T e A AN
m. IRARHT R 2014534 (3) :201-204

12 TR, P2 BB R x = Wi 755 R BRIk MR ST B ) A
TEH. FEFRIRRHE 2014514 (11) :1927-1930

13 Chen M, Curtis TM, Stitt AW. Advanced glycation end products and
diabetic retinopathy. Curr Med Chem 2013 ;20(26) :3234-3240

14 Jack M, Wright D. Role of advanced glycation endproducts and
glyoxalase I in diabetic peripheral sensory neuropathy. Transl Res 2012
159(5) :355-365

15 Bhattacharyya J, Shipova EV, Santhoshkumar P, et al. Effect of a
single AGE modification on the structure and chaperone activity of human
alphaB—crystallin. Biochemistry 2007 ;46 (50) :14682-14692

16 Kim J, Kim CS, Sohn E et al. Lens epithelial cell apoptosis initiates
diabetic cataractogenesis in the Zucker diabetic fatty rat. Graefes Arch
Clin Exp Ophthalmol 2010;248(6) :811-818

17 Wihler C, Schafer S, Schmid K, et al. Renal accumulation and
clearance of advanced glycation end — products in type 2 diabetic
nephropathy ; effect of angiotensin—converting enzyme and vasopeptidase
inhibition. Diabetologia 2005 ;48(8) ;16451653

18 Zi Z, Klipp E. Constraint—based modeling and kinetic analysis of the
Smad dependent TGF — beta signaling pathway. PLoS One 2007; 2
(9) :e936

19 Peterziel H, Unsicker K, Krieglstein K. TGFbeta induces GDNF
responsiveness in neurons by recruitment of GFRalphal to the plasma
membrane. J Cell Biol 2002;159(1) :157-167

20 Delamere NA, Tamiya S. Expression, regulation and function of Na,
K—ATPase in the lens. Prog Retin Eye Res 2004;23(6) :593-615

21 Babizhayev MA, Deyev Al, Yermakova VN, et al. Lipid peroxidation
and cataracts; N-—acetylcarnosine as a therapeutic tool to manage age-—
related cataracts in human and in canine eyes. Drugs in R D 2004;5
(3):125-139

22 Kiss L, Szabo C. The pathogenesis of diabetic complications: the role
of DNA injury and poly ( ADP - ribose ) polymerase activation in
peroxynitrite— mediated cytotoxicity. Mem Inst Oswaldo Cruz 2005 ; 100
(Suppl 1) :29-37

23 Ding Y, Kantarci A, Hasturk H,et al. Activation of RAGE induces
elevated O2 — generation by mononuclear phagocytes in diabetes. J

Leukoc Biol 2007;81(2) :520-527

591



