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EGCG Protects HK-2 Cells Damage Induced by
High Glucose against Oxidative Stress
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Abstract: The aim of this study was to investigate the protective effect and mechanisms of epigallocatechin gallate
(EGCG) against oxidative stress of HK-2 cells induced by high glucose. The results showed that EGCG intervention can
improve the antioxidant capacity of HK-2 cells significantly, suppress the ROS levels in cells induced by high glucose,
improve the cell vitality in a dose-dependent effect( P <0.05). Meanwhile, it was shown that EGCG can also cause nu-
clear accumulation of Nrf2 in association with downstream activation of Nif2 mediated oxidative response genes such as
HO-1,and the expression level of Nrf2 mRNA increased accordingly also (P <0.05). Hence, it was concluded that
EGCG may protect against the oxidative damage of HK-2 cells induced by high glucose via the activation of Nrf2/ARE

signal pathway.
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20 D R, T RS T SR O, R
EGCG X4 f B Hr s AL BE 1 S 7 Nef2/ ARE i %
PR, LIS EGCG H R AL 25 B (1A R
AR h 25 A A T SR IS %

1 HREH%

1.1 #Z¥5ikH

EGCG 21 (98% ) W A w5t I A=Wy il it A7
FRZS W) (41t : GR-132-131102 ) 5 4 A W FH LT R
il 25 4 BR 2 |l (1 24 oE 5 H21023922; it 5
A130988) . DMEM {085 7% 58 | id 4 1l 75 18 H Hy-
clone ; JJREE 1 WAL H Thermo ; DMSO It H Sig-
ma s MTT 20 if 25 P 4G I a5 & L 37 M 480 (ROS) 3
A& iR B A Ak (MDA A6 790 & L 4% e HE K
(GSH) &5l s 1257 & 8 481k ) B AL T (SOD) 1
P R G 3 R st R DRSS . RIPA
S PMSF BCA 2 Rk B2 50 W A 32 =
RAPHEARM I ; et A Nef2 Hpfk e dt A HO-1
Ui Zhul FEHe e biiamm B DU LA F 5 Tre-
izol 5 . —251k RT-PCR 5 &0 B Jb st b E A= 9
UNIRE RS Wi S VT

1.2 ZHpE%E

N /NS T R 40 B HK-2 28 it bk I T b 52
FmpE A .
1.3 {35

CO, 353246, 22 1E Thermo Fisher; #F TAES,
AN/ <8/ PO [ o052 W R ) & 1 R A 1
Mt , 2 Becton dickinson 24 H] 5 5 .0 AL, b
Vg5 s AR B 2 .0 L, 55 [ Thermo Fisher; {58
BB, HA Olympus 23 w3 286 BB, HA O-
lympus 23 H) 5 IR UK A6, th R 56 22 #6 8E PCR Y, 36
Bio-Rad; BEJZ K115 73 M & ¢ , 2% [ Bio-Rad; fKifk
I ELOAL, Thermo X1 HL 7 KA, e ; B2 R
e B E AL, 35 E QUAWELL TECHNOLOGY ; ¢ i
H1LUKAY , 52 [E Bio-Rad,

1.4 WHZE
1.4.1 a3 o

¥ HK-2 40470 T 25 em® £5 3500, &
10% B&4 M35 (f) DMEM {E (5.5 mmol/L) £ 35 3%
R, A 1% H %% 5% % 100 KU/L, & F
5% CO,,37 CHEM T ENIF, R80%FGH,1:
3L MRS B, 5 2 S 0 i IR R WORE o3 7 i
PEFTArEH . IEH 2H (CON) : DMEM ARRBE 85 55 3, 4

ZHES RN 5.5 mmol/L, EHERLAYA (HG) - fin A
2 W, RS SR W PR 2 B A A E) 40 mmol/L,
EGCG & # &= T 4 (EL) : & 40 mmol/L il
EGCG 100 pg/L, EGCG Hh¥|H T (EM) . =
40 mmol/L fil EGCG 200 pg/L, EGCG & T i
ZH(EH) : Z8% 40 mmol/L Jiil EGCG 400 pg/L.,
1.4.2  MTT il 2m fb 7576 %

BOSECE KA 40, LA AR FL 100 wL,5 x 10°
MUEEFD T 96 LA %R 1. 4.1 A I ImA
RS S5 (5.5 mmol/L) A1 EGCG (0,100,200 ,400
pe/L) BT 5% CO, 37 CHFHiaTHEFE 24 h j5HE
e =M (40 mmol/L) JCIML A K FR R4k 2207 5 24 h;
() s 1 5 6T B 2 RN I 240 A 4% 7 B 0 BRAH (AR IR
MTT 5851 G A I 448 B35 14 , T 570 nm ) 22 W't B8
OD JFifT L&, Bk E 6 MEFL, BikF
TR P He s, Fe T AT 3 R, SCIG 45 5 DL M A7 T
RRIR, AT R = (0D -OD e )/ (0D -
0D, ) x100%

1.4.3 Zmpe ) ROS &4

OGB4 KB 4 i, LA4R % 2 x 10° /9L 4
FhF 6 FLAT  H% 08 1. 4. 1 5040 05 B AR 5% 9%
W (5.5 mmol/L) Fl EGCG (0,100,200 400 pg/L) &
T 5% CO,.37 CHFFA SR 24 h J5 T4 bk
(40 mmol/L) JC Ifil i % F7 F AR ZL I F 24 b [A] i %
IR G B ZH RN TG A i 3% 5 6 B ZH (DMSO) , 4%
HE A 2 ) SR D 3 79 i B 13, e 2k DCFH-
DA B, GIRE MR B 1:500,37 C 454 FHE
40 min, FBEEHHEILL0M , A S FREELEIH AL,
AR LR, 1000 g 25005, PBS BRI, B0 S 4R 40 ity
UUEMIFRE , J5 H PBS H A, T ZIReE bk,
BRI 500 nm & SHEK 525 nm,, DL ESCEG A
4,

1.4.4  Zmfe WM Rg ft &AL = 4 (MDA ) il

WO AR K 20, DA% 2 x 10° /4L 4%
Pl T 6 LA 4% B8 1. 4. 1 434 5 B L2 B A
IS 729 (5. 5 mmol/L) Al EGCG (0,100,200 ,400
ng/L) BT 5% CO, 37 CREFEFA P F 24 h J5, 8
8 =54 (40 mmol/L) TG MMl 15 K5 77 LUK 27 F 24 h;
[F) B 158 1E 6 B G 20 B R R ) IR A . B4
FLANB A, 150, B L3, BCA 3500 5 B R .
Fie B IR = RN ot A8 A D o 15 & 8 B 5 I . MDA
i, FEEFRYT 530 nm ZbJ @ WG R I 5E 45
Pl nmol/mg FE 1%/~ LU LSLIER 4 1K,
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1.4.5 mie N 5B Ak (GSH) 43 fo 48 B 10 4 1.4.7 RT-PCR ;E#m Nrf2 £ B mRNA 6 % ik

B (SOD) & M4 m|

O B A 0T A A, DA g 2 x 10° /7L 4%
FiT 6 FLAR 4RI 1. 4. 1 Sy 8Om0 Bl A
SR (5.5 mmol/L) Al EGCG (0,100,200 ,400
pg/L) BT 5% CO,.37 CHRFAA IR 24 h J5 B
e = BE (40 mmol/L) TG IfiL 7 15 77 HE Ak SL 0 F 24 h;
[ A3 B T ) HRZEL RN JC 20 35 R 2 Bl . 454
AAEIEAL , B0, 3F B, A PR K 300 WL FB R A
2 B , BT R, B W R, R R
A] GSH g iR & i B 45, 0.5 mL EiE WAL 2]
JEHEAT A8 RN, 436G T 420 nm 2R E OD A
IR IR B 25 i A XA A GSH & &, W] 38
WCAE b1 W BEEE A SOD 36 BH 15 1l 52 41 its SOD 1%
PEo DLESER L 4 K,
1.4.6 Western Blot E4#m Nif2 HO-1 & & & &

K3 2 K RIPA Z# W PMSF 100 mM 24
JE W AE A ZH 40,4 °C 12000 rpm 2.0 5 min, WAE
BIEW . BCA BR & E R AWk, S AR
50 ng HHMIEWARTLT 10% SDS TN I I g 1€
W, B LR, 40 V HLERHLIK 4 ~5 h J5,60 V HL K
FEE2 h,5% BSA WEIH] 1 hy A Nrf2 —35¢ )5 587
B EREMAZSUERBEE 1 h, Wk B,
5. [AIALBEN S B-actin, 1 BERE LG A AL
RICHIHT FRGEFEAT WK PE 53t o [ 1 Iy 1246 00 4 i
HO-1 X,

Trizol P4 HCAN ML & RNA., 43 & [ 2 7] — 25 1k
RT-PCR 2051 & 16 B E AT 30 . A Nef2 L0815
T %1 CACATTCCCAAACAAGATGC, J5 51 ¥ )7 %
TCTTTTTCCAGCGAGGAGAT, =¥ K J& 374 bp, 1B
JCELEE 57 °C,33 AMEHR; 95 B-actin FEPH  FT 514
T4 CTCCATCCTGGCCTCGCTGT, J55|4)% %] GCT-
GTCACCTTCACCGTTCC, F=#)K J& 268 bp, Bk
WLHE 55 °C 35 MBI, PHITEEEIR AR R g A
LS O, AT K O B, T B R
N2 B-actin 2 LA, B H A mRNA ikt
1.4.8 it o

R SPSS 17. 0 FAFEFT 4307 , B LU +
BRIEDE (v £5) 3% , 20 200 19 5 35 MGy 6 5 0 PR 2%
FEAFHIA LSD ¥, 5 EBGA L, P <
0.05,"*P<0.01,

2 #FRESH

2.1 SR EGCG FHixt HK-2 20 AEE /Y 220

(40 mmol/L) YEFH T HK-=2 4ifs 24 h )5,
YHMLAFTE 2T R 2s X BRALIY 61% , B R 7
40 mmol/L fHe B R, X HK-2 41 jifg H. A7 B g 4 75
P M Ye4s 7 EGCG 15 5] 200 peg/L DL L1, 4i g
15715 R AL 2 AR AT B e T (P < 0.01) , Jf:
ERERBOCR (L),

%1 SR ECCC FHAM HK2 BIEEMRI (0 =6,v £ 5)
Table 1  Effect of EGCG on cells viablity in HK-2 cells exposed to high glucose(n =6,x +s)

o3 EAET N IERH 5%
Group Dose( pg/L) % of CON
s
) 1IEH A 100* *
Control group
e
High glucose group 61.38 +8.88
= Bl + EGCG I 4
High glucose with EGCG low dose group 100 6500 £5.81
bl + EGCG il 2 «
High glucose with EGCG middle dose group 200 72.65£7.83
it + EGCG &7 4
Fifk + EGCC Al 400 88.68 £5.25" *

High glucose with EGCG high dose group

TE: SRELLER, " P<0.05," " P<0.01,
Note ; compared with HG group, * P <0.05, * * P <0.01.

2.2 SR EGCC Fixt HK-2 ZHfa A ROS 7k FE
A
SCEREE R BN, SRR A ZH 0 24 h J5, ROS JK

SEH R TF s, 1 Wi SE 45 T EGCG (100,200,400 pg/
L) T B4, 40 ROS /K% 4 Ak, IF 5
EGCG S EMKHCR (WK 2) .
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%2 BHER EGCC FHixt HK-2 ZRAHA ROS KFEHEM (n=5,x )
Table 2 Effect of EGCG on ROS activity in HK-2 cells exposed to high glucose(n =5 ,; +s)

sy EAEATE N TE 5 2 A X
Group Dose( pg/L) n/ CON
IEHA .
. 1
Control group
e
High glucose group 2.03£0.12
= + EGCG IG5 4
_ A+ ECCC il Rl 100 1.83£0.18"
High glucose with EGCG low dose group
FIBE + EGCG rhsil 4l -
High glucose with EGCG middle dose group 200 1.65+0.26
it + EGCG &7 4 ,
Fill + EGCG il il 400 1.27 £0.06" *

High glucose with EGCG high dose group

T SR, " P<0.05," " P<0.01,
Note ; compared with HG group, * P <0.05, * * P <0.01.

2.3 SR EGCG Fixt HK-2 4 pafg T | 4
TR ZEE (MDA ) B9850

SEUAE J R e WS AU 20 41 g P MDA Yk i
CFIR R (P <0.01) , i fit 45 7 EGCG (100,
200,400 wg/L) THAYLH , 40 P9 MDA 7K 5 T F%

Has IR OC R o I AE RV S Al LS
S HK-2 40 g S8 AR L 38 B, i 2853 EGCG 2 T 5
SRR AT LD 2 A N, i SR A B k2R (L
%3).

%3 BER ECCC FHM HK-2 MBMEF EHFH MDA & BIFM (n=5,v+5)
Table 3  Effect of EGCG on MDA content in HK-2 cells exposed to high glucose(n =5,x +s)

a3 Syl MDA 4
Group Dose( pg/L) MDA content( nmol/mg)
g4
(AL 1.74£0.27" *
Control group
[
High glucose group 5-98£0.59
i + EGCG AR R dl
High glucose with EGCG low dose group 100 5.68£0.76
F i + EGCG rhf Bl .
High glucose with EGCG middle dose group 200 3.87£0.50
i + EGCG &7 &4
ki A 400 2.95+0.25" °

High glucose with EGCG high dose group

T HEpidlbis, * P <0.05,7 * P <0.01,
Note : compared with HG group, " P <0.05, * * P <0.01.

2.4 EiER EGCC FFixt HK-2 4 GSH &=
#0 SOD & 4 B 82 M

YN GSH & 1 SOD 4 1T L 2 o 40 Ffa 47t
AR ST KT, 286 45 2R R = % (40 mmol/L)
YEFIF HK-2 400 24 h J5, iy GSH 1 SOD 7K -4
Wl FRE(P <0.05,% 4 fisk5), Mifisess 7
EGCG T TRy 2H, 40 il N GSH F1 SOD 7K V- Y it &
EGCG i pysg iz i L7t LR A3, &b
ATH I R AIC HK-2 46 jfg 19 10 & Ak 68 77, 1 EGCG
(100,200,400 pg/L) X = BEE HK-2 41 f i b A ik
HE T BRI A 4w PR

2.5 Western Blot i S#E R EGCC FFxt Nif2
R R ETHEER HO-1 EARIEXM

5 IE R 4AH L, = WA Y 20 20 g v Nef2 (HO-1
B R ILIK P R EGCG T U, v v ) 2 20
Nrf2 (HO-1 8 I 3RIAKF im TR KOE 4. L
SRR TE IR R IR AT Nef2 2R i R
K TEEBET BT, 40 rh Nef2 2 1 S T iR A
HO-1 FETF G 38, i EGCG T 1 o] L) g & 42 5
Nrf2 HO-1 By H £k, HEABEH—-FOF Y
EGCG SR IE R (L5 RILE 1 FKS) .
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Table 4  Effect of EGCG on SOD activity and GSH concentration in HK-2 cells exposed to high glucose(n =5 ,; +s)

I3l EAETE N GSH & it SOD {ifi 4
Group Dose( pg/L) GSH content( mg/L) SOD activity (U/mg)
s
. IE# 4 19.32£2.49" * 1.92+£0.18" *
Control group
5 gk g
I 9.82£1.51 0.92£0.24
High glucose group
it + EGCG kil i 20 . .
High glucose with EGCG low dose group 100 11.32£2.27 1.27£0.35
FIBE + EGCG rhsil 4l - .
High glucose with EGCG middle dose group 200 1560 £1.90 1.44£0.09
i + EGCG ml &4
Fill + EGCG il il 400 17.15 £2.25° * 1.78£0.16° *

High glucose with EGCG high dose group

T SR, " P<0.05," " P<0.01,
Note ; compared with HG group, * P <0.05, * * P <0.01.

%5 BIERECCC FHIM N2 i8R 2 T REE HO-1 BEFR KB (n=4,xx5)
Table 5 Effect of high glucose and EGCG on the protein expression of Nrf2 and HO-1 in HK-2 cells(n =4 ,x )

oy PG R Nif2 A% & HO-1 AR &
Group Dose( wg/L) Nif2 relative content HO-1 relative content
Y
(AL 0.09£0.03° * 0.02£0.01" *
Control group
erpg
ki 0.48 £0.04 0.28 £0. 04
High glucose group
PR + EGCG fRl it 4 .
High glucose with EGCG low dose group 100 0.58 £0.06 0.3920.07
wifE + EGCG il ik 20 - -
High glucose with EGCG middle dose group 200 0.87+0.04 0.61+0.06
= + EGCG =4 . .
FiE + P 400 1.11£0.10* * 0.90 +0.04 " *

High glucose with EGCG high dose group

T SRR RS, T P <0.05, " P <0.01,
Note : compared with HG group, * P <0.05, * * P <0.01.

Nif2 — — — —. 5] |\ 1)
HO-1 — — 32 kD
B -actin umm— —— a— — 3 k]
CON HG EL EM EH
E1 SHERX EGCC FHR N2 2B Rk H i E R
HO-1 ZEERIEMFMM
Fig. 1 The protein expression of Nrf2 and HO-1 in HK-2
cells intervened by high glucose and EGCG analyzed
by western blot

2.6 RT-PCR EHKMSHER EGCC T Nrf2 £ F
mRNA RIE K00

HIEH AL, S BB RYZ 40 e Nief2 mRNA
FIRK-f T IEH 415 EGCG Tk il i 21
Nrf2 mRNA A AKCF- 5 TR MOER . DL 4
RPN IR R B3R 45 K, Nef2 mRNA ffiE %35
TEFEBET IR, 40l b Nef2 mRNA 3k JF iR 38hm,

i EGCG 1 i n] LA 3% $ 5 Nif2 mRNA fy 3£ 35,
HAME#EH—E0F 5 EGCC R AR H#iM: & & (45
HILIE 2 F15£6) o

3 NESHE

Bl PRI E (DN B & AL H AT v oK 1 W
ULAFR AR AT TSR W, AL e DN e A aid 72
R AR O U B RO I A E K
AR SN R, SR E N ROS R4, AR gAY
B R AR B S AR S o, AL

600 bp

500 bp

400 bp Nrf2
300 bp B -actin

200 bp

M CON HG EL EM EH

B2 S#ERK EGCC FH Nif2 £ E mRNA FRiXH M
Fig.2 The mRNA expression of Nrf2 in HK-2 cells exposed
to high glucose analyzed by RT-PCR
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F6 BHR ECCC FH Ni2 ZE mRNA RIS (n =45 £5)
Table 6 Effect of high glucose and EGCG on mRNA expression of Nrf2 in HK-2 cells(n :4,; +s)

Vil 4yl Nrf2 mRNA A} 5
Group Dose( wg/L) Nrf2 mRNA relative content
Y
(AL 0.10£0.05" *
Control group
=L
High glucose group 0.47 £0.06
FHE + EGCG &5 =4 ,
o AL 100 0.91+0.07" *
High glucose with EGCG low dose group
b + EGCG il ik 2] .
High glucose with EGCG middle dose group 200 1.03 0.1
f=y i Pk .
i+ EGCG =yl 4 400 1.43£0.10* *

High glucose with EGCG high dose group

TE - SR, ~ P<0.05, " " P<0.01,
Note : compared with HG group, * P <0.05, * * P <0.01.

AEA IS K S B G e S B A e A A
v W SRR PR T R R R R IR BN R 22—,
L A K AR, PR IR R4 (ROS) o
() ROS AN AT DL B 2 050 B ot 8 11 5 f DNA, &
OB R A AT VE A RS S Y T
SN T AT O A P 22 R A S i N O
R TR Tt B AL 2 a1, = S5 08 R
B Y K RN L ARSI TR ) Nif2/ ARE 3
T i BB AT B A AN A 7 . AR S0 B AEE
SEEP BN EE XF T HK-2 A9 40 i 25, 100 5 IE S
BEFREE N HK-2 400 ROS 7K F-FhE , il ok MDA ¥
JEE R BH 448 1 A g I 2ot A8 Ak K P TR 3 ek A
GSH Z 11 SOD % 1 4 I 5 3iF 52 T 40 it /9 L 4R
TERE S T, EALRIE DN B & A 4 8 A
Y], Pt A bt s DN Y57 B9 87 0 o5 L
SHel sz B E L

Nrf2-keepl 3 B ML 7 X 40 F 07 384 foe 70 25 14
WL AL 2 —, HOBCH IR YT i AE P2 s
Ap et Ak W PR s S HL I e S A 9 1 25 W s
FENfG PR DL Nef2 Sy 88 5 PR 8 36 97 0 BRI B 96 7 1%
B2 HUS T RFRCR" ' HLARTE % ROS 673
BfEA T —EE 20 N IR SN N B R4, Y
R T ROS W}, MLIK A B RE =4 — R ANy 1 &R
F1, USRI T 52 B 0 X — B ML i T e —
MRS DNA-JR 3456 7751 ARE A0, %7
FIT LUA sh H T i 2 R A AL T 9 Rk . AR
SRFFE W, Nef2 ] 1F 2 X — 7 91 9 386 TR 1
EIEF ST, 40N B9 Nefl2 39338 8 85I, N2
5 Keapl AHMSIE, 452 T MR, F2AE Pty
WA Keapl 11972 25 4k R fift RN B 11 A4 R A, DA T Hf

Nrf2 (3R AR AR BARK O o HUR A T 4%
PFun ROS 5k 3% 259 1 1B, Nef2 i1 Keapl fif fBEX
Nrf2 (i A% IF5 ARE JPH0454 , NS
1 fif 25 5 D9 55 22 b e A0 A0 358 PR 1R B 5%, AR 3P
MRS ROS (ilg ™", Nif2/ARE i i 2
BT R IR BAE 4 A 1k S ok B2 0 N TR BT AR A T
i %, Nrf2-ARE 3 [ 2 iy DL 8 22 2 DR A Hop s I e
55 3 N 22 R OR 1 3 R () SR 38, W EE Y I 2T
A 4B HO-1( Hemeoxygenasel ) ,“ H L5 1E R
A E LB SOD, i T 2 BT AL RE A e
JIKZR Sl GPx ., GST ., y-GCS, fift & 1k it Jii fiff NQOI
sl B HETH IR, BIESEZ N2/ ARE {55 1%
A1 B0 AT 4 B PN R R B 5 R 5 200 AN
Nif2/ ARE JZ35 3 & I B2 40 1k fie 0 dE 2L B 4R
Pk 27 3 i B A 2 S . AR
WG Nef2/ ARE 38 % 0] LAE S LA™ A= B A AL Bl A
I FH 25 0 AR5 T, DA TTT 18 58 200 e ¥ 5% ROS B RE
DM oA 245 40 i P S bR S 1) - i P R AR 4Lk
i .

REETILAREE TR (EGCG) J2 kA%
HER IR —Fh By, R LAA R TP R i Al
A R EEMN 9% ~ 13% | 5 4 WF9E & PR L Fh b
R IR B AT R B A AR o R
WEHA EGCG, AL 25 vh 2 5 W 32 i e
EGCG HATIEH s i HT &AL 76 M, bt S b s =
IR R C 1Y 100 Z24% . VF 2 HRBIE Nif2/ARE
WA RAR Y E 0 R I, inFE R L
KT £ R G RBIE A 0 Nef2 | 375 S LT Uit A I [ il
PETATH AL R B o BT BT 58 2 W AE HL
R FLes B, EGCG —J7 1 nl DR 5 5% Ky
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PrEALRE ) HEAE BRI 10 B i L 504,
J—J7 T EGCG #7% T Nef2/ARE i %, #1315 %
11 AH % 25 BRI BT ARG 1) B R AILIR A B PR
fefigfs . ARS8 SeH EGCG -+ i 40 i T I
FEHA S HK-2 40 i 010 3, 2 B EGCG FE 1
I i A BRI T RE IS 5 T Nef2 [ 6 o7,
HES THTHEA HO-1 pykik, KR Y
EGCG 2 7 & R i  ¢ & . twh J& Uk, — 7 i,
EGCG ] RBAMREE AR B fb 27 2544 v 8 2 L 5 K ik
JRAE ) HAEEE BRALA T B A S S, 5 —
J5 1, EGCG W REXGSRAILIR A B (o He S Ak Be T, P
B Nef2/ARE {55538 [, $2 55 HLAA 9 R M Bt A4k
S, AU A S AL LR B A Ak B
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