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[ Abstract] Objective To study the protective effect and the mechanism of esculetin on oxidative-stressed
human retinal pigment epithelial cells (ARPE-19) induced by tert-butyl hydroperoxide (t-BHP). Methods The
ARPE-19 cells were divided into blank control group, model control group,20 pwmol/L esculetin group,40 wmol/L
esculetin group,80 wmol/L esculetin group and 100 wmol/L esculetin group. The cells in the blank control group were
normally cultured. The cells in the model control group were treated with 900 pmol/L t-BHP for 4 hours. The rest four
groups were treated with 900 wmol/L t-BHP +different molar concentrations of esculetin respectively for 4 hours. The
cell viability of the each group was detected by MTS method. The activity of reactive oxygen species ( ROS) was
detected by fluorescence staining,and the activity of superoxide dismutase ( SOD) , catalase (CAT) and glutathione
peroxidase ( GSH-Px) as well as the levels of malondialdehyde ( MDA) of the cells from each group were measured
with each corresponding assay kit, respectively.  Results The relative viabilities of the cells in the blank control

group ,model control group,20 pmol/L esculetin group,40 pmol/L esculetin group, 80 pwmol/L esculetin group and
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100 pwmol/L esculetin group were (100.00+1.58)%,(49.19+£1.06) %, (76.82+3.48)%,(103.90+1.60) %,
(111.70£3.36) % and (113.40+3.08) % , respectively. There was a significant difference among the groups (F =
95.44 ,P<0.01). Compared with the blank control group, the viability of the cells in the model control group was
decreased significantly ( P < 0.01 ). Compared with the model control group, the cell viabilities in different
concentrations of esculetin groups were increased significantly (all at P<0.01). There were significant differences
between the groups in the relative value of ROS fluorescence intensity, MDA level, SOD activity, CAT activity and
GSH-Px activity ( F=575.20,40.61,1 802.00,41.62,38.31;all at P<0.01). Compared with the model control
group, the levels of ROS and MDA were decreased significantly, while the activities of SOD,CAT and GSH-Px were

increased significantly in different concentrations of esculetin-treated groups (all at P<0.01).

Conclusions

Esculetin can protect the oxidative damaged ARPE-19 cells by up-regulating the expression of antioxidant enzymes or

antioxidant proteins.
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1.1 #H
ARPE-19 4 jig (2% [E ATCC 408 2 ) ; DMEM &5 4

BrgR Ak R A LW B R ER 22 vh 5 WK ( phosphate buffer
saline, PBS) (L4 51 BI A w)) 5 45 B (3£ [ Gibico
AH]) ;7 HER R IR 5 MW (3£ [ Life Technologies 2y
Al) s Z K AR (246573) RUT JE i AL & (tert-butyl
hydroperoxide ,t-BHP ) ( £ [E Sigma 2\ &) ) ; MTS 41 il 1%
PR M 32 7] & ( G3582, 25 [E Promega /2y #) ) ; Western
K IP 40 g 24 fi . BCA & A E W & ik A &
(P0O012S) .75 1 % #% (reactive oxygen species, ROS) £
IR & L Sl A W) B AR B (superoxide dismutase,
SOD) 1% P46 328 77) £ . P9 8% ( malondialdehyde , MDA )
70 & (SO131) i A AL U ( catalase , CAT) 46l
R A e H IR G 480 A W T ( glutathione peroxidase,
GSH-Px) #6171 £ (80056 ) ( | ¥ = KA W H AR
ABRAHE) o PRI Gen S B (&1 BioTek A H]) o
1.2 J5

1.2.1 4iMkigR  ARPE-19 4110 R & A B4 3K
10% )16 4 IfiL## 100 U/ml (R b 547 ) 7 %5 5 A 100 pg/ml
k% R 10 DMEM 5 B 15 97 JL 7 37 C IR0 5 5%
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B R 80% , R TR 4> H 0. 25% B AR I AL, 1%
o R 3~T7 AR R 4F 00 40 M 0647 5256

1.2.2 4 A3 KA AUS RPE 41 % i 2%
10° A/ ml 280 F Ji A 10 ml 5 75 W 19 B AR 10 em B
FRILH, 24 h 20 00 BE J5, 43 g 23 1R B ZH A B 0 TR
24 .20 pmol/L % 2 & R 4 .40 pmol/L 2 2 & R 41,
80 wmol/L Z f2 £ Z 21 (100 pmol/L i L R4, 5 H
Xof HEZH A 80T fo] 4b 3, 5 D X6 BECZH ] 900 pumol /L
t-BHP P /E ] 40 ML 4 h, J5 4 A 4150 5 A
900 wmol/ T t-BHP +A [i] ¥ i %% F £ 3R H [W] A FiI 400 Jid
4ho FHIFIICHE 40 00, R AT 40 ML ) ROS MDA [ SOD |
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1.2.3 S\ ROl EERI Kl SR A DT E , B
AFERIMA 100 wl Western J TP 41 fifd 24 fig i, 1R A 72
S3JE, TR N IEE 30 min, BEFF S min ITHOR ., 2
fift S G 4 C 2T, 12000 g #2500 15 min, B | 7K
T EP b, f BEVERRE 10 55, B 20 wl A 96 fL
Mo, BRI 3 DN E AL R BCA B ik I
R & RS E A, B 20 wl A 96 fLAR B, B AR
A 3 AN Lo B RIRR HE A AL A 200 pl BCA
HEHLAEW,37 CE 30 min, A B bR AL 7E 3 K
562 nm L0 A ) WO BE (A) R 2 i H b v o ik R it
LIt EGEREA A,

1.2.4 MTS @EA 40 M A7 16 % KA T84 K
() 40 L Lh 2 10° A~/ ml 2 0 2% B2 e b T 96 FLAR T, B
£L 100 wl, 20 i 1% F 46 b 55 5% 24 h I BE J5 47 40T S8
55 (1) Z % QRN MG A0 I s R fL IR
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ZB ORI R IR 100 pl, 4k 2L 157 24 h; (2) t-BHP
W R R L AL A 100 pl EFF 0,
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kLGSR 4 hy (3) 2 2 LR Y0 +-BHP A AL 15 55 5
AL A 100 pl 15320 &% A 900 pmol/1. t-BHP
MG FR & A 900 wmol/L t-BHP+Z& 7 £ & (20,40,
80,100 wmol/L) By 35 FE W, Ak 2k 558 4 h, K5 MK
fLo B U BE R LA b 25 Ak B 2H 53 530 15 TG 20 M s
HH, TR AR A, DL E&SER a4
J&  BALIA 20 ul MTS 55 4 h )5 B AR{XAE 492 nm
ARAG I A (T M AE T R = (A — Aspn )/
(A=A g ) X100%

1.2.5 9Ot Ye a5 ik £ U 20 L 4 ROS I5 1 %
L2 2 e 86 A 4 L 5% 7% 2 55 0 B N, B0 E R
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O, 0 S ml PBS YR 2 UK, 40 M H 550, WA 40 A e
VE T B0 N, I JC LG 55 SR 0K 22t Y 8 DCFH-DA
M &2 10 pmol /L, I FH s A B8 03 15 40 Jifd %% )3 22 2%
10°/ml, 44 41 s 55 DCFH-DA Fi B8 784018 20, 6 T 96
LA SR AR b, AEFL 100 wl, 5% 40 i 53 2 B 4 3 5
ANSEAL, T 0 M SR A NG B 30 min, 3 ~ 5 min Hi
FNRAT 1R, 40 M 5 3R o4k . W E S8 LS,
B B SRS I A 38 % O 488 nm & 5O 525 nm 4b Y
DENCHRIE XIS 9 3R B AT G
1.2.6 TBA I ik kx40 fig N MDA & & %K
MDA 255 & i #24E UL WA i 25 MDA F5 ofiE 5 | 5T 5 70 5K
0.37% TBA f#7F WA MDA #:00 T/ . PBS 411K

235 R B, B R DU RE S L AS RV BE AR o L PBS 5
MDA 5 0 TAE W IR 1: 2 BHR G . IR S, K i
P 100 Chn# 15 min, R A R EFHG,1000xg £ .0
10 min, ¥t BiE . 78 96 LA, LA 200 wl E¥E,
B2l 3 A5 AL, RGBS ORI % 4 532 nm Y A B
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B T A B T MDA i
1.2.7 WST-8 {45 I 40 ig 4 SOD fH i I SOD 3%
PEAS I 50 G (WST-8 3% ) Ay 45/ Ui B, AR 48 240 il 70 21
FREH¥E 3 A AL, B FL 200 wl il & WST-8/ff T 4F K
B 8 AW o o A il 20 S 23 1 0 BRZH 1 43¢ BR
L S A il WST-8/i TAE W 20 pl:20 ul: 160 pl
FE IR &, S8 FF i WST-8/ 8 TAE WIR & JF A 96
Lt b, B fL 180 pl; 25 [ X HR4H 2 #5 iR WST-8/fi§ 1.
YEW .SOD 5 I 2% vh il 160 wl = 40 wl L FE & FF m A
2 96 fLA b, AL 200 pl, BRas HOA IR 2 Ab, FHHE
FETE B 4 45 AL b A 20 wl 3 3h ik, 50 TR AT,
37 CWEE 30 min, JHEGAR (UK I 4 450 nm 4b A {H,
M Ud B 45 5 A 20 20 H 38, 3 i 0 = (A g —
Ages )/ (A pygmn =Ass e ) X 100% , SOD il 3% g L4 =
M 7 oA/ (L= 7 43 32 Units, e & DL WK
IS B R KT U/mg ™

1.2.8 CAT BEERIMNALAN CAT iEME  # IR CAT
AR & i R AR DB, B AR X 240 nm A0 E 1 AL
AT PRUR B, 3 A S B (mmol/L) = 22. 94 x4, , Jf:
Be il 5 mmol /L o A Ak &0 W i & CAT o il 2k, i
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R, 25 CHEF 15 min J5 8 A, Ho FEAL
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I AR ASCR I 235 5, IOy 2 A 3% S i) ) s 3155 L 1 R
BUFIY A/ min, J T35 400 9 GSH-Px 1% Jj . GSH-
Px {ifJ1 =[Aye/min . —Ay/min .. 170.006 22 £ i
H1 GSH-Px G 7F = K M 4K & th GSH-Px [iff 5 J) x i B¢
R/ BE P B R B U/mg BT
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Figure 1 Comparison of the cell viabilities among different treatment groups

A ; Comparision of the cell viabilities after treated with different concentrations of esculetin treatment
for 24 hours B Comparision of the cell viabilities after treated with different concentrations of
t-BHP treatment for 4 hours Compared with the blank control group,”P<0. 01
the cell viabilities after treated with different concentrations of esculetin+t-BHP treatment for 4 hours

C: Comparision of

Compared with the blank control group,*P<0. 01 ;compared with the model control group,”P<0. 01
1:blank control group;2:model control group;3:20 wmol/L esculetin group;4:40 pmol/L esculetin
group;5:80 wmol/L esculetin group;6:100 pmol/L esculetin group ( One-way ANOVA , Dunnett-¢
test,n=>5)

2.2 KA WY A LR

REM T UM 5 24 h 20 Ml 47 1% 22 43 3 24 (100. 00 +
1.03)% . (104.70 £2.00)% . (105.7 +2.36)% . (104.6 +
1.65) % .(100. 3+0.74) % F1 (97. 03+0. 87) % , & Uk Jif
A ARG R R ZE R LG F B L (F=1.18,P=
0.35) (& 1A), 0,200,400 .600 800,900 .1 000 wmol/L
t-BHP 2 40 77 1% 2245 5] 4 (100, 00+2. 37) % . (98. 71+
2.58)% . (92.72£1.23)% . (89.74 +1.21)% . (79.30 +
2.61)% .(50.74+0. 82) % F1 (40. 30+1. 60) % , % 41 [&] 4
JOAF TG R BR R 2 A et 2# 8 L (F=158.10,P<
0.01) , Ho i 525 (9 %) B8 41 F 45, 900 pmol/L t-BHP 4]

75 [N HE 2 200 Ff S AR T | i T WG BE AR, 40 R TR 3 GE
RO BE A A S B IR A, S B X B L
B, M AR B ST R T O M A R 5 R R X R A L
#,20 wmol/L 2 7 2, Z 411 40 pmol/L % J 2, 4 1
TV 4 M 325 7 145 22, 40 JiE 32 0 VK 52 ~F-, 80 wmol /L %8 7
O 7 2 A0 i S AWK 52 4R T it 7 I BE R 25, 100 wmol /L
F W O E MRS 255 O BR AL 4 e 2L (BT 2)
2.3 KALPHZAGH AP ROS AHXT7KOF A

25 0 IR 2 AR AR X BRZH L 20 wmol/L % i 4 &R
40 40 wmol/L % J¢ 7, % 41 .80 pwmol/L % J7 2, Z 4 fl

20 JE A A7 ] R A, 22 S A et
BEX (P<0.01) (K 1B), 900 pmol/L
t-BHP Xof 4 il 5 L 249 50% 1) #1455 , 1F Ky
Je 5 552 6 4 A 401 45 A TR Y s A A R
25 [0 BT BRI BRZH 20 pumol /L %8
KR A, 40 pmol/L |2 & R A
80 wmol/L Z& Ji7 2, & 2 1 100 pmol/L Z&
BE &3 AL 40 A 15 R 4 5] O (100,00 £
1.58)% ., (49.19 £ 1.06 )% ., ( 76.82 +
3.48)% . (103.90 + 1.60 )%, ( 111.70 =
3.36)% 1 (113.40+3. 08) % , 2H [a] & 14
R ZEFA G 8 L (F=95.44,P<
0.01) , Hrr 525 F1 5% B L5, A5 780 %)
HEZF 400 A7 0 R ) S IR, 22 3 A e it
FREX(P<0.01) ; 5B A L4,
WP FR Y 23 AL 0 M A7 T R B B T
L A G E (1 P<0.01)
(& 1C),

10 pm

. € 3o b1 L ) = / W
B2 FRAREFEZES t-BHP (M ERBFHBEEENL (AR =10 pm, x100)
-BHP 1 5 40 M Bk A2 15, Sz AT AR it 5 Wl 28 B2 £ R IR BE IO TH e, A IR 35 58 i
KA, 100 wmol/L 2 J LR A AR 5 25 A X AL ANMIZE L A AXT AL B pEnd
SFERZL €120 pmol/L £ 2 E 4 D40 pmol/L £ 2. E 4 E.:80 pmol/L % 2. %4
F.100 pmol/L % iz Z. & 4
Figure 2 Morphological changes of the cells treated with different concentrations of
esculetin+t-BHP ( bar=10 um,x100) After t-BHP treatment, the cells turned to swelled and
rounded , and the stereo refraction of the cells became stronger; with the increase of esculetin
concentration , the cell morphology was gradually recovered, and the morphology of the cells in
the 100 pmol/L esculetin group were similar to that of the blank control group A :blank control
group  B:model control group C:20 pmol/L esculetin group D :40 pmol/L esculetin group
E:80 wmol/L esculetin group F:100 pmol/L esculetin group
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100 wmol/L % 7 2, % 4 ROS 7K F- 43 % 4 ( 100. 00 +
0.38)% . (151.33 + 0.34)% . (139.82 = 1.26)% .
(136.88+0.59)% . (132.98 +0.31)% F1 (121.29 +
1.01) % , K A28 S A e i 1 L (F=575.20,P<
0.01) , H PRI X B 41 ROS 7K 45 23 1 % B 21 B i
ThiE & W T 22 2 2% 20 ROS 7K - S5 B 24 %of B 26 B
FEAR, 22 A Geit 208 L (3 P<0.01) (&1 3) .

200

100 =

FAXHHE (%)

ROS#IGIREE

50

0

1 2 3 4 5 6

E3 TREREEZFKRZEZS t-BHP B {E AR A A ROS %kt
SBEELLEE 5o O IRALEE, " P<0. 015 5 AR X AL B, P <
0.01 175 FIXF BRZH ;2 BERI XS 20 ;320 wmol/L ZE 2 & R 45
4.40 pmol/L %} £ F 4 5;5:80 wmol/L % J¥ £, K 41;6:100 pmol/L %
B CHEMH (AR FE T2, Dunnett-t £38,n=3)  ROS: 7F P4
Figure 3 Comparision of the ROS fluorescence values of the cells
cultured by different concentrations of esculetin and t-BHP

Compared with the blank control group,*P<0. 01 ; compared with the

model control group, "P<0.01 1:blank control group; 2: model

control group;3:20 wmol/L esculetin group;4:40 wmol/L esculetin
group;5:80 wmol/L esculetin group;6: 100 wmol/L esculetin group
(One-way ANOVA ,Dunnett-¢ test,n=3) ROS:reactive oxygen species

2.4 FALFHALLNMIN MDA K AL

25 N BRZH B R X B4 20 wmol/L % 2 4R
20 .40 pmol/L Z& J Z 2 41 .80 pmol/L Z& f 2 &K 4 il
100 pmol/L % J7 7, % 41 MDA /K 43 51 2 (2. 57 =
0.25) .(5.82+0.26) . (2.66+0.26) . (2.24+0.16) .
(0.76+0. 10) F1(0. 18+0. 04) wmol/mg, 2 A [t %5 22 5
A FE L (F=40.61,P<0.01) , H 5 R1 X% #1120
MDA K452 (Xt A B BT, S RE R R R4
MDA 7K - A5 0 ] HR 4 B I B AR, 22 532 396 e i 2% 3
M (# P<0.01) (& 4A)
2.5 KALFHA LML SOD I Jy ik

25 B AL BT XS AL 20 pmol/L 2 4R
2 40 pmol/L % [z £ R4 .80 pmol/L % fz £ R A
100 wmol/L % f7 2,2 41 SOD & J1 K43 5 HJy (5. 55+
0.14) (4.4020.12) ,(9.14£0.25) . (14.89+0.22) .
(16.36+0.22) F1(30.83+0.35) U/mg, MK 4 % H
B2 L (F=1802.00,P<0.01) , 3 41 7 xf 17
41 SOD I Jy e as (IR IRAA W] W e IR, SR EE R O R
41 SOD i Jy B SR} W 20 B B8 T i, 25 F 3 SRl 2F

B (¥ P<0.01) (K 4B)
2.6 KAFHAANMIN CAT 15 JJ HLAL
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Figure 4  Comparision of the MDA levels, SOD activities, CAT
activities, GSH-Px activities among different groups Compared with
the blank control group,“P < 0.01; compared with the model control
group,”P < 0. 01
3:20 pmol/L esculetin group;4:40 pmol/L esculetin group;5:80 pwmol/L
esculetin group; 6:100 wmol/L esculetin group ( One-way ANOVA,
Dunnett-t test,n=3)
of the SOD activities C:Comparison of the CAT activities D :Comparison
of the GSH-Px activities MDA ;: malondialdehyde; SOD: superoxide
dismutase ; CAT: catalase ; GSH-Px : glutathione peroxidase

1:blank control group; 2: model control group;

A ; Comparison of the MDA levels B:Comparison
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