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BE BRI A28 (UDCA )2 I % % (DOX)# 3 49 HIc2 & L 2m B35 45 44 % vh B AL . F5 3% Ak 9P 3% 7 HOC2 2m e,
1 pM DOX #= R Rl /R & UDCA 422 H9c2,CCK-8 M5 tafini& 71 ; 5= BF 8 & JR & B bk KR AR M w5 L 4m L == 4~ Bax & K s
B F IL-18.IL-6 #9 % ik ; Western blotting #- UDCA 3+ DOX % 544 -3 L £m A6 =48 % % & Bax,Bcl2,Caspase3 & ik KT E AL,
5R . 5 xR zaAart , DOX 208 Ldm i 7 i 55 5 K B F IL-1B, IL-6 K& Eif ;42 =4 F Bax = cleaved Caspase3 k%34 % ;
Fr4) A =% @ Bel2 T(P<0.05), 5 DOX 2848k, UDCA+DOX 41 B F1k £ & Wlgm ieiE 7 5 3% B F IL-18.IL-6 &k T i ;428
T 4-F Bax.cleaved Caspase3 T ;#7#]  =%& & Bel2 £k LF(P<0.05). &5 : UDCA #:4% #i# DOX # 569 HOc2 w5 Lm i 4,
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Effects of Ursodeoxycholic Acid on Doxorubicin-induced Injury in H9c2
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ABSTRACT Objective: To investigate the effect of Ursodeoxycholic Acid (UDCA) on doxorubicin (DOX)-induced cardiotoxicity
in H9¢2 cardiomyocytes and the mechanisms. Methods: The H9c2 cardiomyocytes were treated with DOX with or without UDCA of dif-
ferent doses. The cell viability was measured by CCK-8 assay, and the inflammatory factors were examined by quantitative real-time
polymerase chain reaction(qRT-PCR ). As for apoptosis, Western blotting, qRT-PCR were used to analyze. Results: Compared with con-
trol group, the viability of H9¢c2 cells, the anti-apoptotic protein Bcl2 were decreased (P<0.05). Additionally, the release of inflammatory
factors (IL-1B, IL-6), apoptotic molecules(Bax and Cleaved Caspase3) was increased(P<0.05). Compared with DOX group, UDCA+DOX
group restored the cell viability, ameliorated the release of inflammatory factors(IL-1, IL-6), inhibited pro-apoptotic molecules(Bax and
Cleaved Caspase3), promoted anti-apoptotic molecules Bcl2 as well (P<0.05). Conclusions: UDCA suppresses DOX-induced injury in
HO9c¢2 cardiomyocytes by reducing inflammation and apoptosis, which provides a pivotal theoretical basis for the clinical application of
UDCA in the prevention and treatment of DOX-induced cardiotoxicity.

Key words: Ursodeoxycholic Acid (UDCA); Doxorubicin (DOX); Myocardium protection; Inflammation; Apoptosis

Chinese Library Classification (CLC): R-33; Q813; R322.11

Article ID: 1673-6273(2021)03-418-06

Document code: A

YN

R

o}

B 2 & (doxorubicin, DOX)J& B IR 4T M 254,
12 A 2 SRR AR IR e S Ak, R BT R 1Y
ZIEHEMOIA RS, WO ME RS HILRSE AR
Gt R VA BB R G AEY, T RIRE R A O ER T B
FO NG B R W H B AR RIE L, 2™ S R T B 30
M5 AN FH o B8 22O B PRI 90 B AN 38, RAEDY, T2 3R

* LT E LA L ERHITAE ST E (2018K255C)

BEM, B ERAE

#E& 4 1A% (ursodeoxycholic acid, UDCA ) &7 5% . 3%
AR B Y AR AR, UDCA % H T B S8R 1R YT , (H2
H AT K EF5T R UDCA 7EFIR R G HM & 5 — @ A W54
RE, e HEAT O ER S 7. UDCA 275 RS Hibi 2 2.0 01
FEPE N IIRA , B Z AHOCHTSY . A< SCR A DOX il HOC2 L0 L
2L, ARG 7 AAE PR T4 7 RS B E UDCA Xt B 85
FONIRGREZN , A DOX D WLEEHE IR T R AHr A SE IR LA |

YEHZ R : TA5(1995-) 2o, B 5E A, ST D5 1] <O IS B 1 4B 51 PR, #L 17 - 18408260016 , E-mail: wh@njmu.edu.cn
o ERVEY RO (1971-), B, FATHI , A4 S0, BF 5805 10 O L0 4 4 FHL R S I R

E-mail: chenghb1999@126.com, i ; 18951769638
(Wi H - 2020-07-28  $5:3Z H 1. 2020-08-21)



PREYES#HE biomed.cnjournals.com Progressin Modern Biomedicine Vol21 NO.3 FEB.2021 - 419 .

.
L MR 75
11 B

L11 #fmzk RO WLAEHE R (HIe2 ) ke I T K BRI IIG 1910
HEZH 2R, W F 5% [ 40 21 1% 3% AP 0> (American Tissue Culture Col-
lection, ATCC),

1.1.2 #3557 DOX (Z[H Sigma Aldrich /4] ) ; UDCA
(3£ MedChemExpress /A ] ) ; DMEM 3557 58 B8 55 2% vh il
(PBS) |JiA Jifi 4 3% (FBS ) (32 [ Gibeo A ] ) ; ¥t Bax \Bel2,
Caspase3 ,GAPDH , a-tubulin $7i {4 ( Proteintech 2\ 5] ) ; AR i 48
AL (HRP)ARiC —hi BCA FR ik B e ) & (it <
KEWHE ARG R A A );TRIzol ( H A Takara 2\ 7] );qPCR
SYBR Green Mix( R s i FE A MR A FRA DD o

1.1.3 {488  Multiskan FC [ifitn{% (3% E Thermo Fisher 2\ 7] ) ;
R AN G (35 Thermo Fisher 23 7] ) ; QuantStu-
dio 3 Real-time PCR {¥#3( 3% & Applied Biosystems 2\ 7] ) ; 25 [
B B R R SE(3E [ Bio-rad /A H]); CO, B 348 (£ [H
Thermo A ),

1.2 ik

1.2.1 #MAEEE3E H9e2 40U ki3 T4 10% FBS () DMEM K
FEIE, BT 37°C 5% CO, MR & a2, 4
24 /NBP R — R B SR . RRAI M AL G A F)] 80% ~ 90%
B, 0.25% fgil (7 EDTANH LA , SEA T2 M dilibie . HOkT
BUE R HRAS RIAFA A0SR T I 22 S 30 5% .

1.2.2 i{FIEH  F DOX Jz UDCA 435l T DMSO Hrifil i,
AW, EEHELET - 20 'C . ] DMSO Hi BB N T AR IR
AT LSS

1.2.3 SEOG4y4R SEEG4>-M 4 2H: (1) XFBE (control )4H ; (2) UD-

CA 4 :UDCA £bF.C LA A 26 h; (3)DOX (1 pM DOX b3
24 /NiE) 41 5(4) UDCA+DOX £l : UDCA kb #L.0 LA 2 h
J&, A 1 uM DOX f£f 24 h,

124 CCK-8 jRiIE HOc2 HRiE ST  HAERKRERGH
HOc2 4HIH LG 4R T 96 FLIEFRAR T, Y 40 i B 1A 5] 70%
LR T R, AR 4 A ) 43 2H 164 7 5% 7 9 S 56 b B, 4 4 15
6 NEFL. AR HE(5.10,20,30,40,50,60,100 pg/mL)
UDCA 4b38 H9c2 26 /N, k355705 , BALUIMAZS R &Y
10% CCK-8 100 pL, #2552 Rl 33500, 4k52 37°CHEE 2 h, FH Tl
BRI 450 nm (9% G2 (OD)fH .. i 1 F5ef: i) UDCA ¥
FEJURI(5.10.20.50 png/mL)J5 , FRR RO NI, 3% Bk
FERSRE ST BIIMA UDCA, FiiAb 2 2 h J& , fin A DOX(1 pM). 4k
Zei%3% 24 h 5, A 10% CCK-8 100 pL, By OD {4, 1}
A PEAAE R . QHILAAE A = SEBR2H OD {H / XFIRZH OD {F-
e x 100% .,

1.2.5 EEXM R &EHE K M (qRT-PCR )iEfill IL-18 . IL-6 A
Bax BFRiZKE  BEEAMEEEA, H Trizol $2IRANME RNA 25
BN RS PBS W UE 2 IR, B MEEA A 0.5 mL Trizol
S 200, IR TR A TCEE EP %5 iNA 0.2 mL =& e, BT
B8 43R A, 8 10 min, 4 C (12 000 t/min & 0> 10 min; /)
LW EIEW D) —TORE EP 4 I ASE AR I RE , FE AR
A),#E 10 min, B0 10 min; F 135, ITA 1 mL 75% 2, %,
4 °C .7 500 r/min #.0> 10 min PERVIRE ; BT LW, AL
A 20 pL DEPC ¥ fi# DUUE o W5 £5 A4S RNA ¥k & | 4l i
(0D260 ,0D260/0D280 ) , | i iz % 573 7] 6 386 7 5 B 1, D
NA, iz ff] SYBR Green #475CHT 202 AT . GAPDH 1E )
W, K] 2280 35T TL-18 . IL-6, Bax BYMIRF A IL-18
IL-6,Bax il GAPDH 5|54 W3 1,

% 1 Real-time PCR 2365|4151

Table 1 The primer sequences for real-time PCR

Gene Forward primer ( 5'-3") Reverse primer ( 5'-3")
Rat Bax GGCTGGACACTGGACTTC CAGATGGTGAGTGAGGCA
Rat IL-1B CTTTGAAGAAGAGCCCGTCC CCAAGGCCACAGGGATTTTG
Rat IL-6 AGTTGCCTTCTTGGGACTGATGT GGTCTGTTGTGGGTGGTATCCTC
Rat GAPDH AACTTTGGCATCGTGGAAGG TACATTGGGGGTAGGAACAC

1.2.6 Western blotting #& ill] Bax,Bcl2,Caspase3 HJ 3k i& 7k F
B RS RAFAY HOC2 (L {ILAN M4 FP F 6 FLEESRML, ARHESC
e oy s SO TRIAb B . AN NG RE RS RAFIS , A UD-
CA 5, DMSO kb # 2 h, 45 A 1 uM DOX = DMSO 4k
B 24 h, KALPRAEHS AR AN MIREAS , TV 19 PBS YR 2 1K,
T4 o 46 W (RIPA+PT) , K 8 15 min, £ FEA T EP
& ,4°C (12 000 r/min B.0> 15 min, BV, 5% A BCA B
SER PR, ZJ5 AW E A . SHAE AR EIKE 30 pg 555
PR, 22 10% + e B — RN BEIE (SDS-PAGE ) B
VKBS A% 3 PVDF I F . JT 5% B4R Wit 1 h, RS
SIA$E Bax(1:1 000),Bcl2(1:1 000), Caspase3 Fiig (1:1 000),
4CREIRMF &3 % TBST ¥ 3 ¥, 10 min / ¥R ; VEIE S5 InA

HRP $RICHT 40 (1:2000) %385 5 1 h, #FUCH TBST S 3
. ¥ PVDF [ Ak R o6ikm ECL, Ak Aot g &
GisY, REER. i1 Gel Image Analysis RGEHAT KL >
#r LA GAPDH, a-tubulin /ENINZ:, 734 H BUEE FARXTRIA K- o
127 SESH SLREAE LI FRifEZ%E (meant SD)F
7o K] GraphPad Prism 5 F{F#EATRAE oM S EIE 22 . PIZH
Ji] FEA R PO Y t 4656 DA P<0.05 A 22 A i3 L.

2 R

2.1 UDCA 2 DOX #li# /g HOc2 i) fILLARaE 1 T &
K CCKS8 Al CALAn it 1% 1484k, MR [A] R i UDCA
(5.10,20,30,40.50.60 100 pg/mL)4b 3 HOc2 .0 L4 Y 26 h
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J&i Bk 40 wg/mL 21 Efe FE AR MU 5E (P <<0.05)4h, Hop 45415
X BELLAH FE AN MR 20 R M SR B i (P> 0.05) (& 1A) . Jm 85k
B, #E— BRI R EZ UDCA (5,10,20,50 wg/mL)Xf
DOX 559 HIc2 LA MIAF 6 AR . 455 s - S5 0] R
41HH It , DOX 21 HOc2 . LA ML i 14 B Ik (P<0.001); 5
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UDCA (ug/ml)

DOX ZHAH L , 4 UDCA+DOX 2H B B4l T DOX SE 1.0 L
YIS F1 R (P<0.05)(F 1B). iR%EIRZEIH . UDCA AT LI
HIDOX 1755 AU LA TS 77 B4R, 7T LLydid2 DOX 33 i 4i it
%‘l‘io

1.5+

cell viability (% of Control)

UDCA (ug/ml)

4 DOX (1 uM)

1 UDCA %t DOX #5584 Hoc2 1 ALABBRTE T HI$M0. A:RERE UDCA &3 H92 (AL4RAETE 2, B:UDCA Xf DOX #5554 H9c2 /AL
MAETE T
Fig.1 Effect of UDCA on DOX-induced cell viability in H9¢2 was measured by CCKS8 assay. A: Cell viability of H9¢2 treated with different
concentrations of UDCA from 5 to 100 pg/mL for 26 h. B: Cell viability of H9¢2 treated with UDCA (5-50 pg/mL) followed by DOX treatment for 24 h.

Values were expressed as the mean + SD (n>= 3). *P<0.05, **P<0.01 and ***P<0.001.

2.2 UDCA #l# DOX 5S40 ANL4A Fa 2 i B F _EiR

% QRT-PCR SZ3# DOX 55 1.0 VL4 A 48 5 IR 7
HAs 1k, 5% BRZH AH L, UDCA 2H(10/20/30 wg/mL) 4 3iE [H 1
(IL-1B \IL-6) 15 To B g (28 (P>0.05) , DOX 2 ¢ 4iF [H F R ik

A

relative mRNA level of IL-1b

S &S S

X
0)6‘

W BN (P <0.01); 5 DOX #H £ % ,UDCA (10/20/30
pg/mL)+DOX 21 4 5iE HF IL-1B | IL-6 Fih il i N &, 25 78
AEIEE L (P<0.05)(F 2A&B), #5533, UDCA i)
Tl R P2 R O AN R 1 A

B

relative mRNA level of IL-6

[ 2 UDCA ¥} DOX #i3#f HOc2 1 BLERAE 2 5 B F RIS, A: 10/20/30 pg/mL UDCA #4327 DOX I SHIREERF(IL-18) ki,
B:10/20/30 wg/mL UDCA £&f# T DOX % Sy R IE R F(L-6) L,
Fig.2 UDCA ameliorated inflammation on mRNA level under DOX treatment in H9¢2 by qRT-PCR. A: UDCA (10/20/30 pg/mL) treatment weakened

DOX-induced inflammation upregulation (IL-13). B: UDCA (10/20/30 p.g/mL) treatment attenuated DOX-induced inflammation upregulation (IL-6).

Values were expressed as the mean + SD (n >= 3). *P<0.05, **P<0.01.

2.3 UDCA TiRRABTHEXSFRIE

¥ Hl qRT-PCR }z Western blotting £5:il] DOX 5 #.0 L
AHRAE I T ARk, 50 BZEAR L, 72 mRNA /KF, DOX
HIAT-AH IS T Bax Fih &0 B M(P<0.01); UDCA (20/40
pg/mL)AbHE , Bax SRk HHH R T (P<<0.05) (& 3A&B), 7
FEEAKY, SXTRBAM L, DOX 4 cleaved Caspase3 & [ 7K
Bl 2 I F+(P<<0.05), H. cleaved caspase3 / Total Caspase-3 H &
| F+ (P <<0.05); UDCA (20 wg/mL) kb # J5 , cleaved Caspase3,
cleaved caspase3 / Total Caspase-3 ik I i F & (P<<0.05)

(8 4A-C). 45H-% W], UDCA 1£ mRNA K 2 [ 7K V-3 i 40
{EJHT 43T Bax K cleaved Caspase3 (1774 &40 40 B AR 3
fEH.
2.4 UDCA R#fUATHEAXERIRIE

K il Western blotting S 56 £ 1 DOX 5 5 1.0 L 20 e bt
AT 5> T AR AL FE 2R K, 5% BREAR L, DOX 40 T
4T Bel2 F2i5 0 B R (P<<0.05); 5 DOX 4HAf L,
UDCA+DOX 41 Bel2 ikl & [ F+(P<0.01) (&l 5A-B), 5
L, 54 RRZE AR e, DOX 4] Bel2/Bax M i f#AK (P<<0.05);
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Bax tif, B: #£ mRNA 7k F,40 wg/mL UDCA g94b32 T T DOX 58I Bax _Eiff,
Fig.3 UDCA inhibited the mRNA level of pro-apoptotic molecule Bax caused by DOX in H9¢2. A: UDCA (20 pg/mL) suppressed Bax in mRNA level in
DOX-induced H9¢2 cells. B: UDCA (40 pg/mL) inhibited Bax in mRNA level in DOX-induced H9¢2 cells. Values were expressed as the meant SD
(n>=13). *P<0.05 and **P<0.01.
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& 4 UDCA 3¢ DOX #8589 HOc2 i ANZRA{R A T-F BRI E M, A: Cleaved Caspase3, Total Caspase3 BHERELHLER, B: UDCA RETET
DOX #lli##Y Cleaved Caspase3 FiAkF, C: UDCA 4B T T DOX Hli#H) Cleaved Caspase3/ Total Caspase3 FikKF,
Fig.4 UDCA mitigated pro-apoptotic protein caused by DOX in H9¢2 by Western blotting. A: Representative western blots of Cleaved and Total

caspase-3 expression following treatment with DOX with or without UDCA. B: Cleaved caspase-3 was increased following treatment with DOX, and

UDCA suppressed Cleaved caspase-3 expression. C: UDCA restored Cleaved / Total Caspase3 expression. Values were expressed as the mean + SD

(n >=3). *P<0.05.
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Fig.5 UDCA upregulated anti-apoptotic protein in DOX-induced decline in H9¢2 by Western blotting. A: Representative western blots of Bel2 and Bax

expression following treatment with DOX with or without UDCA. B: Bcl2 was decreased following treatment with DOX, and UDCA countered Bcl2

downregulation. C: UDCA restored Bcl2 / Bax expression. Values were expressed as the meant SD (n >= 3). *P<0.05 and **P<0.01.

it JIH B BEE A A5 ISR TR T, SR 32B, UDCA S8 il
AR AR BT AR ER S AE BRI, B IR 2% BR
Pl A 4 AR B TP B R EH . EE A, UDCA
A ONEAR 0N , BEBRFEAR VIR A O LA M 451, figdm i
O WLEF GRS, BEAM 0o 2 A% 8 SR R H M, SR R
UDCA %54 B2 22715 BB A 2 R IR 12 3 A OGO UL
TERREAEB, EUE i JC SOk IE UDCA 23 DOX 75 R 1.0 L
A BE M A A R SR

AWFFEFH DOX i A9 H9c2 O UL 4 A 8, 45%45)
UDCA Xf DOX O MUEEERI A 11T . # 5E, CCK8 SR -
5-100 pg/mL UDCA ZbFf HOc2 . ILAHJT 26 /NI, 40 035 145
X REZHAH L TC T B 5 ANl B UDCA(5-50 pg/mL ) &b S i !
e DOX HIFA O WLAR RS 1 %

SCHRHRE DOX 5 5 1.0 ILsE 5 4 i Bl 7 (IL-18, IL-6,
TNF-o 55 ) FRAESC, AT SE 045 R 1 32 B DOX i {2 1k
HOc2 2l 5 AE 7 I (IL-18, IL-6) s AT AT R B A il
SN SEAE g DOX O FRERR 5295 A R e T I AR AE K]
FIFIAE T EEE DOX i3 1.0 LR o ZEAF ST, FRATT
M52 F) UDCA T-Hin] F R4 5E HF IL-18 . IL-6 Fik, sk
0 AR T

A SRR T, DOX 5 SOOI RR 5 4 A S0, YR
[FIRE AR T B2 H FZEA/EA . DOX i J# T-4H X & 1 Bax
J cleaved Caspase3 ik, #IilHi i T8 1 Bel-2 Rk, HEE
PPN R 3R Y I M A T T RS S 2ok A T el DOX
FLOEEME . SUUAERL, FRATASCIRSE KL . DOX 4h )5,
Bax } cleaved Caspase3 FikHi i, Bel-2 &k FF&; JfH UD-
CA TH A PRFT 4] Bax J% cleaved Caspase3 ik, | Bel-2 %
ik, F I N cleaved Caspase3 . cleaved/total Caspase3 T il M

Bel-2 Bel-2/Bax -3, #ETM AA% HOc2 Lo LA PR I/ ]

25 FRRR, FEARWIZEH, UDCA sl i 40 R Tk #5
LA E, T1 DOX 5 S0y LA MEFEE. B AT, i
R FALBEHM B IS FEIR IR L A ) 55 A I PR 1
Bt A R IR bR SR AR, (S Lo DU A
RPEATS TR, 5B AR HE FIE 2590 BT 80O U B S5
2. A5 UDCA BY.CHLER IR AP A R 1 DOX WLy
JOLEEE R BT 1A S BT A BRI A SR AL A o
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