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[(# ZE] B it REmTSEAE (H0,) T EA. hy926 41 i & b4 i9rE R, I e B 3%t
SREMEE AR (BPD) BUIRYT VR R LA SCHLH . gk 43R 25, 50, 100, 200, 400, 800 F1
1600 pmol-L~"H,0, % 0, 8, 16, 32, 64, 128 1256 ymol-L ' K& S EA. hy926 40 s, CCK-87%
RIS [v] e B HLO, AR 85 3 A0 BRS EAL hy926 I 16 M. B an g xd BE4H | BARIZH (200 pmol - L1
H,0,) . & KRB E 2L (8 pmol- L~ K #1200 pmol- L' H,O,) il #l i K4l (256 ymol-L !
KH AT 200 pmol- L' H,0,) . Western blotting 3246 4% 20 40 B o A i i Pl T8 S 7 (AIF) &P
FIRIK, e G K W 45 4 4 B ATE ARG (9 0, 7R S A W) % 201 4 L e 4Tk ) I (SOD)
WY [ (MDA) . &P aEm e R E AN (Caspase)-8 I Caspase-9 /K, 5. ANFH
B H,O/EH T, EA.hy926 40 il 2 8] & S U 40 M6 P ih 2, 20 s v R4k, REumsl s (1C,)
261.52 pmol-L ", & JH 200 pmol-L " H,O, T i 24 hif 5 i 57 40 MO R . Fifi 2 K 5 W 25 4 e )3 T s
EA. hy926 4 fig 1% P JC W A5k (P=0.05), >R 8 M1 256 pmol- L' K B & i £7 40 Mg T 7l . Western
blotting ¥E A, 5 x5 MR L, 510 26 40 I 4% b ATF 85 (A 3235 K E W B ke (P<<0.05), ZHiE 5 rh
AIF 28 A R A KU B AR (P<<0.05); SBIMILH i, IR 77 i K B 1 21 40 M A% v ATF 2 (3R k
KB B A (P<<0.05), 4 M5 h AIF & (R AKF B B m (P<<0.05) . REZRIGEANM,
Xt HE L AN M ATE 52 00 T MO 5 s S0 IR AL b g, A5 80 20 20 M ATF A% 8 7 BEME A/ 0 B vy (P<<
0.05); SHERIALHede, R A 7] 4 K B ) 41 40 i ATF R A BV (35 W] B Ik (P<<0.05). SXTIR
A, BRI SOD M B ML (P<C0.05), MDA K ETFE (P<<0.01); SHAA L,
AER R g ) R B 4L A0 A R SOD TR ME X W A (P<<0.05), MDA KB B L (P<<0. 058k P<<
0.01); 4 ZH4M s Caspase-8 Fil Caspase-9 7KV lb# 2 R TGt E L (P>0.05), &ii: Kb
3 Ao 00 ) A5 Ak L ORI ATE R 6 0% HLO, 15 3 1 EAL hy926 4 i -, 47 B FiRY7 BPD.
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ABSTRACT Objective: To discuss the effect of chrysophanol on hydrogen peroxide (H,0,) -induced
oxidative damage of the EA. hy926 cells, and to clarify its therapeutic role in bronchopulmonary dysplasia
(BPD) and related mechanism. Methods: The EA. hy926 cells were induced with 25, 50, 100, 200,
400, 800, and 1 600 pmol-L "' H,0,, and 8, 16, 32, 64, 128, and 256 yumol-L ' chrysophanol. CCK-8
method was used to detect the viabilities of the EA. hy926 cells treated with different concentrations of H,0O,
and chrysophanol. The cells were divided into control group, model group (200 pmol-L "' H,0,), low
dose of chrysophanol group (8 pmol-L ™' chrysophanol and 200 pmol-L ' H,0,), and high dose of
emodin group (256 pmol-L "' chrysophanol and 200 pmol-1.~ "' H,0,). Western blotting method was used
to detect the expression levels of apoptosis-inducing factor (AIF) protein in the cytoplasm and nucleus in
various groups; immunofluorescence staining was used to detect the AIF nuclear translocation in the cells
in various groups; kits were used to detect the activities of superoxide dismutase (SOD) and the levels of
malondialdehyde (MDA ), cysteinyl aspartate specific proteinase (Caspase )-8, and Caspase-9 in the cells in
various groups. Results: Under different concentrations of H,O,, the viabilities of EA. hy926 cells showed
an inverted S-shaped curve, with good cell viability, and the half-maximal inhibitory concentration (ICs,)
was 261.52 pmol-L '. The cell model was induced by 200 pmol:L ' H,O, for 24 h. As the increaseing of
concentration of chrysophanol, there was no significant change of the viability in the EA. hy926 cells (P>

! chrysophanol. The Western blotting

0.05), and interventions were performed using 8 and 256 pmol-L
results showed that compared with control group, the expression level of AIF protein in the nucleus in
model group was significantly increased (P<C0. 05), and the expression level of ATF protein in the cytoplasm
was significantly decreased (P<C0.05). Compared with model group, the expression levels of AIF protein
in the nucleus in both low and high doses of chrysophanol groups were significantly decreased (P<C0.05),
and the expression level of AIF protein in the cytoplasm was significantly increased (P<C0.05). The
immunofluorescence staining results showed that AIF was less localized in the nucleus in the cells in control
group. Compared with control group, the positive value of AIF nuclear translocation in model group was
significantly increased (P<C0.05); compared with model group, the positive values of AIF nuclear
translocation in both low and high doses of chrysophanol groups were significantly decreased (P<C0.05).
Compared with control group, the activity of SOD in the cells in model group was significantly decreased
(P<C0.05), and the level of MDA was significantly increased (P<C0.01). Compared with model group,
the activities of SOD in the cells in low and high doses of chrysophanol groups were significantly increased
(P<C0.05) , and the level of MDA was significantly decreased (P<C0.05 or P<C0.01). There were no
significant differences in the levels of Caspase-8 and Caspase-9 in the cells among various groups(P=>0. 05).
Conclusion: Chrysophanol improves the H,O,-induced apoptosis of the EA. hy926 cells by inhibiting the
oxidative stress and AIF nuclear translocation, which may be beneficial for the treatment of BPD.

KEYWORDS  Chrysophanol; Bronchopulmonary dysplasia; Apoptosis-inducing factor; Nuclear

translocation; Apoptosis; Oxidative stress
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Uit ML Z — Y B R I R A
JHL R I A PN B A Gk BE R T 02 BPD Y EE S A 414
o, i ZH 2 T 0 K e AR R I TR] S A T B
WA B R BPD 5 B A5 B s, PR P O
PR A T A2 TG T REAE BT B BPD WY R A R JE Rk
HEEMEMN, W% S W 7 (apoptosis-inducing
factor, ATF) %% A s N I8 P U 02 3 6 0T 19 b
AT UHLR L T AT, WS (reactive
oxygen species, ROS) j7 A= 18 il H1 47 14 8 i 1
S ARALIFI, SO SO N B At 2k L T b ik
KA RER L, ATF Hy ZkL (A B il JF 1n] 40 i A% 56 7%
J3 B 40 LA T AR T

RE R EMLEGE DR, CIESA L TIRYT
BPD ' BB AL A W 0 R B 2 B AUk A
g, Hoh R By A5 A A R TR 5, AT A A
ML A e BhgE Y R R AT LAY R il
ifi, 18K Bk 3% BPD AY I FRT 34 &% HAE AL
il 1 A 0 A B W DRLIRGAS AR 9 LN T kP4 5 200 i
Pk EA. hy926 i# i of % fk & (hydrogen peroxide
solution, H,O,) 55 H I T # 7 & A 40 B A,
BT K 2 W 6 97 X EAL hy926 1= 48 46t 15 40 fifg 455 7
ATF #5060 J A8 AR B 52, | 76 BPD 193R
RS %

1 HRSH®

L1 fmje 2 2RFAE NFEIK A 40 0tk
EA. hy926 (CL-0272) Wy H #3038 o 78 4= i B 4%
A, HO, B W (CAS: 7722-84-1) . K ¥ i) ¥
(CAS: 481-74-3) . N-N-—H %t Z Jit e (CAS:
127-19-5) AR 1LZ4EE 80 (CAS: 9005-65-6) #1H
A BB TR A ], B g (25200056)
I DMEM }; 32 3 (12100046) ¥ 11 % [ Gibico
N AL, BR 4 I v (fetal bovine serum, FBS)
(FSP500) W H i RFFEEY RBHEL A A, &
E ALY B AL (superoxide dismutase, SOD). ™
T B (malondialdehyde, MDA) Kl & . &
A bE & R R A& & R 8 1 B§ (cysteinyl aspartate
specific proteinase, Caspase)-8 1 P K Ml i 7 & .
Caspase-9 i PE A5 M 12050 & . Hoechst 4 (43205 & |
240 M A R RN 20 R Bl R R & . BCA A
TR 6 B B v B I R S W A VO ] s

KAEWHARPFF T, CCK-8KMIXH & (K1018)
T H 3¢ E APEXBIOATH], ATFHifA (17984-1-AP) Al
HistoneH3 (17168-1-AP) ¥7y [ XL Proteintech
ZvHl, B-actin (T0022) 4 A VT 758 Affinity 2 & o
CO,KE IR AR 1 55 E FEBR A F], I £ 328 46 0 A
W A 3% E NanoDrop A F], REN B iMsEW H H
ZX Nikon A #] o
1.2 XE®B A H,0, 5 A% &F EA. hy26 a2
B KRB R N-N- 1 5 2 ik Jrie #1158 111 AL g -
SO MG IR A), SEWHIF 0. 9% AL 87 I i B¢ &
0. 8, 16, 32. 64. 128 F1 256 pmol-L ' 25 ¥ #k
JE . HU453 pl 30% HLO, % W B il b s . 8 %%
2100 mL & M o ASWF 78 Ol ad |~ AR 44 10 4 AR il B
PR B ZE B b e, (R HF A ST . 202001075,
K& 1% HF-5EEZM10% FBS Y DMEM £
FILVEATEE SR, EA hy926 482 95 )5, BA37°C,
5% COIEFA TR, BB T WAL EA. hy926 4i
Wi K BICEE, RA0.25% BRGNS ILA0M, 23
KT, &
1.3 CCK-8&#n R FE K E H,0,4 25 EA. hy926
mppEE B EUE K EA hy926 41, R H
0.25% BERE AL 40 ML, DMEM K 3% 5% B 40 i
0% B 1X10° mL ", H 40 i B U F5 & 96 4L
YR B TR AR T, A HH EE S 250 50, 100, 200,
400, 800 A1 1 600 pmol-L"H,O,% & T i 24 hJ7 ,
MR CCK-8 17 G vd W F B, SR T A SR 0 g
450 nm Kb 40 MG (A) fH, TF5 40
UG = (S AL A — X RRFL A fH) /X BRAL
A{E X 100% .
1.4 CCK-8 k4@ R F R E K 3% 8 fo H,O, & 2 5
EA. hy926 fa e & b X B4R K EAL hy926 48
JL, R A0 M R 1< 10" mL Y 41 R
FEF T 906 FLAN ML IG IR MR, FRA MG BN & )5, E
FRER K IR K IR E 0. 8. 16, 32, 64, 128
1256 pmol- L1 ¥ FEBLEE . 40 M P i A [R] ¥k 2
B R B 9 WA 200 pmol- L 'HLOL % W, 3k W) 8%
F% 24 h, M4E CCK-8l & UM B e, REIR
ORI 9% 4 450 nm Ab 40 L A B, TR 40 M
ARG = (SEEFL A — X REFL A ) /X BEAL
AfH ><100% .
1.5 F®Baom HOUEAE KB EA hy926 4i il ,
Wars DO N i N (11— N I =
K2 . A FEZH EA. hy926 40 i A 1 4b 38 ; 4
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RIZH EA. hy926 4i Jifd i A 200 pmol-L ™" H,O, % ,
B R 24 hy AIRORN @m0 B OR B M A AR M S SR BIL G
Jo, o m A 8 Rl 256 pmol-L ! K B U W X
200 pmol-L "H,O, 7, T 24 h.
1.6 Western blotting i # R & 48 4m A4 Fe 29 JL R
¥ AIF &R G xAKFE IEKLY EA. hyo26 4ijd,
Fic HE 240 b0 A% B 10 R A0 A A B ) e 1 R
1B, sy s fE Hean Az i b & 1, — 80 CH A7
%M. B 4 EA. hy926 40 i, B8R 3h & v
(phosphate buffer saline, PBS) W ¥E/5 2k, Uk
20 BB, AR RO A R AT A BT N 4 i A v
ATF 25 1 5, 45 2545 20 09 4 M 5T 28 1 F0 48 A%
Ml i SDS-PAGE WL vk, 5% % PVDF i I- |
5% ARG WAy B 1 hjs, W& AIF (1 :1000) .
Histone H3 (1: 5000) #18-actin (1: 10 000) —
i, TBSTHWPERE 3K, “HERME 1h,
TBST#H W P EE 3K, 2 ECLE&E#. XH
Image J#AF 43 Hr 85 1 2540 K B2, LA Histone H3
Ml B-actin W INZ, IR HMEAREKTE, HWE
R IAKF=H W& E &0 KEE/ NS E AR
R BEAE -
1.7 %% %&EA DS MMM AIF & 245 H KL
B BUE K EA. hy926 M bk, il & b 4 i &
W, M RILRENL D, BB ERSH T IS,
PBS ¥ 3k, H K 5 min, 4% £ R W HE,
% & VE M 15 min, PBS 2§ wp W ¥k 3 Kk,
0.3% Triton X-100 # #& /E H1 10 min, PBS & #h ik
EEUE 3k, A 1096 1 F 1L AE s B, E IR
BIEE2h, MA—PL, 4 CEFLK, PBSEMPE
BV 3W, FIMAZdr, EiRME 1h, PBSZup
W PE 3, S A Hoechst 4t 4 5] 9 {4, fifi ] 9t
PVER I W E R, T2 W T Mg IFn
MR, TR BEALEE B3 S HLEF, R A Image T3 FXF
KA ATE B2 6r 1) 40 B A7 11580, T 53 45 41 40 i
ATF %5 A BHPEAR . ATF A% 55 A7 B P = s2 8 4
ATF AZ 5 057 FHE 40 Jif %5/ %k B8 28 ATF A% % 437 B 1 40
1.8 RARXMNEAMNEMAmMBE T SOD & B i
MDA & -F WA 3w, % 8 SOD il MDA
LRl Rm il Foa i U X (SRR DR SRR ) | DN
96 fL 40 ML 15 IR A b, SR FH AR AL T 4 450 nm Al
532 nm Ab A I 40 A, 2 BN & U A3 U7 ik
L& 440 i rh SOD & #E 1 MDA 7K

1.9 XRARXANEH R X 4 45 F Caspase-8
Caspase-9 R P I XJ 5 4E K EA. hy926 41 Jiy,
1: 3MEARE 75T Ky g0, 5 40 i W BE L 5 )5 %
MOEARHTF 24 h, FIBE AR H A0 M, 21
Caspase-8 Fll Caspase-9 1 14 6 Wl 2k 7] & i W] 45 452
fE, K645 41 41 i v Caspase-8 Fil Caspase-9 7K -,
1.10 %3 %24 K SPSS 22.0 Ml Graphpad
Prism 8. 0 48 i 8 #E AT GE 1127 o0 o4& 21 20 M 3%
Pk 40 MR RN 40 i B P ATE 2 (3R GA K . AIF #
G A PHME R . 40 B b SOD 3% 4 Al MDA 7K F K&
Caspase-8 fil Caspase-9 /K F ¥ £F & IEA 401, L
xS FRIR, S YLIAREA B R R OR T B IR R Oy %4y
B, 4 18] A A X 50000 9 L AR ) LSD- K 3 o DA
P<<0.05 B ZEFA G R L.

2 & B

2.1 KRR E HO, & % 5 EA. hy926 4 i i &

EA. hy926 40 Jit &% 8 & S JE 40 M 76 v dh 28, 4
MR 4, o B fl ¥ ¥ (median inhibition
concentration, 1C;,) A 261.52 pmol-L ', ARHF5 K
JH 200 pmol- L~ H,O, T il 24 hifs 5 £ 57 40 ff 578
LA 1,

120

100 =

x
(=}
1

=261.52 umol-L ™"
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A1 ARRWEE H,O,/EH 24 h EA.hy926 48 JaT5 #
Fig. 1

different concentrations of H,O, for 24 h

Activities of EA.hy926 cells after treated with

2.2 RRAREXZ®HHH,0,4%EEA. hyd26 ik
EH BHE R E B Y E TR, EALhy926 4i
g M JC I AR, ZF G EE L (P>>0.05),
AHFFE R FH 8 Fl 256 pumol - L~ ok B 1 547 40 it T 7 .
UL 2.
2.3 dampeBtmiei v AIF&Z & RAKRTF
X4 (1.296+0.014) ok, 804 40 i #%
i ATF 2 (1R kK F (1.692+0.026) B & T+ =
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Activity of cells (/%)
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Log, (concentration of chrysophanol)

B2 AFREREB HO0.4HE EA hy926 41K
Fig. 2 Activities of EA.hy926 cells after treated with

different concentrations of H,0, and chrysophanol

(P<<0.05), 40 g i " AIF & H % ik K F
(0.910£0.523) Bl WFEML (P<<0.05), HHAIA
Fe#, AR RN R ) R B 2H AN M A R ATF 3 (1 ik
K (1.58340.051 F11.06940.043) W i [&
ik (P<<0.05), 40 Mg B o AIF & H £ ik K F
(1.56640. 060 F11.096+0.013) ¥ EFE (P<
0.05), WK 3,

2.4 HZmmp AR HEAERL X4 400E AIF
ELL T WK A SXFA (1.00£0.00) h#,
BERIZH 40 i ATF A% 5567 FHMEE (4.00+£0.82) B
THE (P<<0.05) . SAEAIA] e, IR0 ) & K

1 2 3 4 Mr

Histone H3 “-.-d 17000
Cytoplasm AIF - m 62 000

B-actin RSS2 000
»

— e

Lane 1: Control group; Lane 2: Model group; Lane 3: Low
dose of chrysophanol group; Lane 4: High dose of chrysophanol
group.

B3 4528 40 A0 48 A T AT 2 (1 3RaA L vk R

Fig. 3 Electrophoregram of expressions of AIF

protein in cytoplasm and nucleus in cells in various

groups

B Wy 41 4 ATF B %% 7 FHPE(E (2.2540.95 F1
1.50£0.58) HPIRFEM (P<<0.05), WL 4,
2.5 Z4mpg P SOD #& A MDA, Caspase-8 &
Caspase-9 K-F 55X B2 [ B, #5820 4 jy h
SOD 7 7 B B FEAL (P<<0.05), MDA /K-8 & 7t
B (P<<0.01). SHERIA g, AR A ok
1y 41 40 ff b SOD 3% M 3 B & /& (P<<0.05) ,
MDA 7K B 8 ik (P<<0.058 P<<0.01). %%
ZH 40 ffe b Caspase-8 Fl Caspase-9 7K - o 48 25 53 ¥ Tt
Giit#E X (P>0.05), W1,

A B

C D

Arrows pointed to cells with nuclear translocations of AIF molecules. A: Control group; B: Model group; C: Low dose of

chrysophanol group; D: High dose of chrysophanol group.

B4 KA ATF BRI REAL (X 400)

Fig. 4 Immunofluorescence localizations of AIF of cells in various groups( X< 400)

F1 FUgETH SOD FEHEF MDA Caspase-8 & Caspase-9 7KF
Tab.1 Activities of SOD and levels of MDA, Caspase-8, and Caspase-9 in cells in various groups

Group SOD[A,/(U-mg "]  MDA[m,/(mmol-g ')] Caspase-8[c,/(pmol-1.-")]  Caspase-9[c,/(pmol-L " ")]
Control 3.72440.072 4.406+0.206 4.932+0.518 3.208+0.079
Model 2.581+0.276" 10.750+2.449” 6.194+1.303 3.261+0.199
Low dose of chrysophanol 3.26540.072" 5.89441.642" 5.07541.555 3.26040.075
High dose of chrysophanol 3.33140.154" 4.79440.181"4 5.26640.943 3.143+0.038

'P<<0.05, "P<C0.01 compared with control group; “P<C0.05, ““P<C0.01 compared with model group.
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JiF 0 bk P9 R 40 PR Ea. hy926 1) 45 #4 1 2 B 35
BN il o6 B it A8 P R 4 M AR AL, W] )T T A
BPD Jiii i fAc SMEE AL W S Ak N AR = R S Y il
T B A R 0l A8 P B A A b R HE AR
1M H,O, 5 5 1 404k N7 4 200 A A€ 720 37 3k T i 98
B A0 2 A R AR 5 8 AL AT B 24 xS AR 8 1 B £
PR ARG BN R RS HLOL T
T EA. hy926 40 ifl 24 h 5, 40 M 36 P 245 & S TP 4
MLTE P 2, HR S A

AL N TR A LR T2 BPD Ak Kk R B
BLE . AR R B TR R 40 = R
PAOTEER R n] TR SOD iP5 AR MDA
KAV, PR BB AAREAE R . Ak, HXT R
HILES, 45T KA H,O, 2L [F AL S Ea. hy926 48
JLI P TE W 2 R, B R B A B TR AR
FHEA. hy926 40 i T,

a5 A O T R I RS S i VL R A A
I A& PN R 40 R 05 0 E B EE R B AL Y B
¢ RESE : Fl 1 R 20 R I AE P R A A
T- /& BPD Y 5 B2 227 e o5, It 20 400 1 240 i %k
5 BPD i 45 0 F2 FEAE7E W 3 IEAHOCOC R o HH 4L
PR A5 A 5 0 9 VR O T 3 R P A T A2 AR Y
AR T B R H AT Y 2 R 4R TR A
WWAES: 2 5 7 BPD B Bk A2 0, AR M I
TZ3E PG JR 3 T Fas 5 2 K455, G 541
5t Fas A A0 T- 45 #3825 [ Al Caspase-8 454, #f—
AT G T B Ak, RZ&bfk Caspase-3,
I sh 4 M FR e AR S T RR S L P TR IR T
peg I a0 (i e S R B € {SYAE B ES A N 3
CERALITA 3 (A2 F TR Z N B iiEvi d AU = I N TR S
L MRET-EG, W AIF Fgii @ % C R,
40 i 6 C v] JE )5 1% Caspase-9 Fll Caspase-3 (4K
i T Caspase A T3 42 ), AIF W28 (i 15 5 5%
B AMIAZ, EHAETE G K R AR DNA % K55
T Wi (3F Caspase {61 % ) , S 285 40 i
P T A BPD i B 45 B A% 58 BPD B Ik
B, DRIt N UM U T % n] BB AE BT B BPD Hh & %
KHEME Y . ARBEIE A B o 4 4l gl ik
Caspase-8 fll Caspase-9 /K Vb 22 R LG it &2
X5 EXPREAT g, BRI A0 M T ATE 8 Rk
JKOF- B B BEAK, 404 ATF 2 1 2235 K- B B 7
fe s IR B 1 T TS 4 B 5T ATE 28 1 R GA KP4

BAY L B Th i, T A A% R ATF 2R KO B R
ik, /8% )% BPD & %4 AIF &% %% 07 5] % i 3E
Caspase-3 R PE 8 T8 i B #EAE R, KRl A
WO ATF B A5 EAL hy926 4 Ml 8 1= i
H,O, &b 8 A1 K # fy + 1l J5 Caspase-9 7K -2 b A BH
4, AT RES Caspase-9 b 2R A4 351 173 38 1) Caspase
MRS 388 B 9 R Ui, T ATE A 7 2 W £ R Ak
P03 5 A TR R R AR AR G, HOATF BRI
T B R R R A -1, M AR T Caspase
(14 A/ R PR VR A0 B O T A e

ZE LTI, I M 4 ) TR R R ATF A%
BEAL, M3 HLO,B S EA. hy926 400 T, 4878
KR E A B Ti697 BPD.
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