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Cardiomyocyte hypertrophy induced by indoxyl sulfate in vitro
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[ Abstract |
cardiac hypertrophy. Methods

Objective To investigate the function and mechanism of indoxyl sulfate (IS) in inducing
Rat neonatal cardiac myocytes ( RNCMs) were isolated and treated with IS

(100, 250, 500 and 1 000 wmol/L) for 3 h before using fluorescence probe 2,7-dichlorofluorescin dictate
(DCFH-DA) to detect the variation of production of intracellular reactive oxygen species (ROS). RNCMs were

incubated with IS (500 wmol/L) for 24 h, and then real-time PCR was applied to determine the expression of

atrial natriuretic peptide (ANF), B-type natriuretic peptide ( BNP) and beta-myosin heavy chain ( B-MHC)

mRNA. The cardiomyocytes were treated with IS (500 wmol/L) for 48 h, *H-leucine incorporation assay and

immunocytochemical technique were adopted to measure protein synthesis rate and to mark o-smooth muscle

actin (a-actinin) to observe morphology of RNCMs separately. Results

IS caused a dose-dependent increase

of ROS synthesis (P <0.05), and the expression levels of ANF, BNP and B-MHC mRNA were enhanced as
well. IS (500 pwmol /L) also exerted its function in increasing protein synthesis rate (P <0.05) and cell area

in RNCMs. Conclusion

oxidative stress.
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IS can induce hypertrophy in cardiomyocytes, probably through the enhancement of
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Y BT A0 ~3 d (1Y SPF 4% SD KR 10 H, BEREAKR, 28
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FFXH] IS (3L [E Sigma aldrich 23 7] ) , DMEM-H £% 37 &
(3£ GIBCO 2w]) G4 1y (32 H GIBCO A a]) , B ( 3
Sigma aldrich A &) ), I % f JR i ( 3¢ & Sigma aldrich A #] ),
5-UR i S R I E ( BrdU) (5% [H Sigma aldrich 24 7)) , ¥ L3 (X
DUEEAED) UL 1 a-actinin B 58 BEHT IR I FITC
PRt 2EH N R (R A H) | SR R (36
PerkinElmer 23 #] ) , 16 PEUAR 850 & (3 = K24 F]) , RNAiso
Plus (TaKaRa) ,SYBR® Premix Ex Tag™ ( Perfect for Real Time,
TaKaRa) , Prime Script® RT Reagent ( Kit with gDNA FEraser,
TaKaRa) .,
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B T Bl 0 ZH U AL R S IR B T VR, BB W AR WO T
200 H kMg, I gEuER ,4 °C .1 500 r/min B> 5 min, 3
EIEWE A PBS Hg, A 1K, A S 20% i A i i Y
DMEM $5 5 B 8 2, B 85 J2 48 rh b 47 22 B BE | 2 5 W B4
BWMAFRET, TR IR MG 48 h, m B
FE P BET 4 40 i A KA I 5] BrdU (0. 1 mmol/L) o LI,
B UEE AT UL 80% B WILAM JfL Rt 45 1 90% L WLAH ML 85 2

B35 72 h )5, IR B4 1S( 100,250,500 F1 1 000 pumol/1.)
BEE 3 h B A 500 wmol/L Hy IS 43l i & 24 F1 48 h J5#1T
JESESEYS . A5 SL I X R AL NRCMs R FIE #8537 451 .
1.3 #HA A HL(ROS) K

AU LA B AE A B B2 1 1S (100,250,500 1 1 000 pmol/L)
HEE 3 h, EESA IS MG SR, S JC I DMEM 1 57 i)
TEVEARNE 3 YR, B S min, HAIAEHA 10 pmol/L DCFH-DA Ay
ToifiE DMEM (A FH4: %) BEIN A Rosup) . FIHE I FH T
406 1 b HTCIMTE RS SR WS VR4 3 R, 2 )5 H PBS 3562 Ik,
DLFE KB AR A4 DCFH-DA, fii ] 488 nm R P 1K,
525 nm R DOCHFRY (35 E Thermo /A F]) #rill e iR 55 ,
FHIZOLENE BB ( HAS Olympus 24 7)) WESRE DO
1.4 °H ZR&BHBNE LR

500 pmol/L IS 7 NRCM 48 h J&5 , il A JE IfiL 15 85 55 5L
B0 H 225088 (1 pCi/pl) 5535 18 h J I3 DMEM 5%
A AR K BRI AR 3 Uk, FFLAR T8 J5 A TR BR TR, R AR
(186500, 2% [ Beckman 23 &) A& I 4 53 8 1402 (cpm) |, If- 4
B E A N (pmol) ,
1.5 S®aERbEeE

HH 24 fLARFE RO LA IFC B, 72 h /5 A 500 wmol/L
F IS W58 48 h, SR 5 TRV 1) PBS W BEAH M 3 1K ,4% 22 58
TR T EE4HH 8 min 5 PBS ¥ A 3 ¥k,0.3% Triton X-100
YER 5 min J§ PBS Y i 3 ¥k, LW 13 37 C 35 20 min i Jin
— T o-actinin (FRE LL A 1:200)4 CHFE T2, PBS PEi% 3 I
J&i N FITC Fric lh2Edu/ N 40,37 CeiFE 1 h,PBS Pk
¥ 3 WG DAPT et 5 min, ¢ Y6 {8 B WA BE AL A i /DN, 128
H Tmagepro plus B4 I 5 .0 AL AN M 25 T AR, B 210 & 5 S0
$F A EFI A 5 ~ 10 AR, SR IF ST R T .
1.6 Real-time RCR

O UANAERESE 72 h J5 A 500 wmol/L 1S & 24 h, 7 5%
FRH, PBS YEVRANML 3 W, A Trizol, 4R J& W B 4l i 3 A 1/5
Trizol AR =A%, IR FIRALE 15 min /5 4 °C,12 000 x g
B0 15 ming R L2 WA ACET 9 EP 45 i A SRR R R T B,
TRATJE B IR CE 10 min,4 °C,12 000 x g 3.0 10 min; FE3, N
A 75% Je/K 2. ,4 °C,12 000 x g 50> 10 min, 359, T4 5 N
AT it DEPC /KSR DUNE ; Kl 25 20 RNA Wk B, BRI 8
1 000 ng, RNA #4555 cDNA( Wi fAZ 10 pL) ;RT-PCR #i%
3 Fg |4 K 9 S B AR KR EE (ANFBNP, 8-MHC & GAPDH
BB IR R 63.5.64.65 °C il 64 C); Applied
Biochemicals 7500 PCR System Software #f47 Real-time PCR Sz i
AT (SRR R 10 pl) o A5 195 R 1,

®1 SIMEBREBREER

gl PHRE

P (bp) jRiTE S]] AL A

ANF 205 5'-ATGGGCTCCTTCTCCATCAC-3" 5'-TTCATCGGTATGCTCGCTCA-3'

BNP 236 5'-TGGGAAGTCCTAGCCAGTCT-3" 5'-GATCCGGTCTATCTTCTGCC-3’
B-MHC 196 5'-TGACAGTCGGGAGAACCAG-3" 5'-CCGAACTGTCTTGGCATTGC-3'
GAPDH 221 5'-CTGCACCACCAACTGCTTAG-3" 5'-TCAGCTCTGGGATGACCTTG-3'

1.7 it

fiiF SPSS 17. 0 FA4 i didie . iHERRIH 2 25 #R, 2
2H [ 25 5 LB B IR 28 07 2500 T, 2 4 18] 7 1 L %5 F Newman-
Keuls ¥, K507k #EHN 0.05,
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A5 848;B 1S 100 pmol/L £8;C 1S 250 pmol/L £8;D:1S 500 pmol/L #1;E:1S 1 000 wmol/L 48
1 TERE IS HEOALZEAE 3 h /5 DCFH-DA #R$H& MMM ROS MZRRETN  (SOLEIE BM5 x200)

2.3 1S ¥ 5 Ml gm e ARG Am

PN BT MEE a-actinin Z A% L, 500 wmol /L 1S fiE
48 h J5 , Lo LN T A BT B2 18 K5 32 A Tmagepro plus B {4
T O LA R T AR, 25 SR R 30, 1S 40 JULAN B T AR (3 090. 0 +
80.3) wm® B XF BRLL (1 235.0 £43.5) wm? GLEHIN, WP 3, 42
% 1S R T L S0 AN U K

A3 ER2E ;B 1S 500 wmol/L 48
B3 o-actinin BERE L EWNE IS(500 pmol/L) fEFE 48 h
B RN ((x 400)

2.4 1S F S ie X ArE AL E ANF BNP f=3-MHC
mRNA %k FiR

IS %% 24 h J5, Real-time PCR #& M .C> LIRS 7 ok 22 R

ANF BNP #l B-MHC mRNA f) #5284k, 45 R 20, 5% a2

A, 500 wmol/L 1S W% 5 & 3 [ % NRMCs ik 3 Fp £ P 11y

mRNA 335, BNP il 3-MHC mRNA ({33538 it 8 2.3, 5390

BN R FTE 7. 71 45 H016.76 4% (P <0.05) , L& 4,
3 itig
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A MR A R E AT e 0 AR (LVH)
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(=]
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B-MHC/GAPDH mRNA

500 0 500
IS ¥ & (wmol/L)

A:ANF mRNA #.i% ;B:BNP mRNA #4 ;C:3-MHC mRNA #&3&  a:P <0.05, 5 34 #4814 (1S 0 wmol/L)
El4 Real-time PCR #7 IS xt:0:Jl48H ANF . BNP %1 p-MHC mRNA 5% #9240
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JE PREEAE O ILI B 3 2% (R RRAIE , 76 CKD | rp 3 D T
R I, IR AR ST R E K AERC I T5%),
FERR O B ET KT RE A T O R H L ) 5 ) (1) T
B HLILRY 2 PR BT B AR A SRR AR A A ST A
U2 HIREAE B F KA LVH B HLHIE R 52 4
W, R, TR AGE R IREEAE LVH (& A WL IR R A
T P il LA R F B I R

T AR FE R BH , PR BEAE f8 5 1A P 4kt HOIR 55
PR 2R TH i SR I 2L A AR A N B KO SR R R
At LVH & AR AT fg, Horh AR e O LR R
AVE I B N3 o PR FEAE B F R 1 s R Ak
DK B DIRERGR 2 5 R R R & A o, I
HARZ 8 15 2 AN A AL AR = 1) (AGEs ) 4 H
B AR R (PCS ) | 5[k iy it R £k (1S) 45 FF- AN Bl i 178
BT B, T B ) i B8 A P9 O 1 BRPLAR A7 e 3 . 7
XEEREFE IS A PCS [RNZEAR SN & B, EAE AR
RMEMIREEAER R 1Z W T EERIFF

IS SRIET ANRE HIEAME A, LRI E Yiie
T RN IS BT TR 50 ~ 500 £, MiLyE H IS Ve
ARk 557 wmol/L, BEA:MF 5T KW, 1S 78 CKD %
I 0 I 06 PP Y 5 TE B (. Sato 2R
i CKD 34 i s /K- 1S 55 /N ek g ad % 2t
G, I HE LVH B Efafm MR, 5/6 BUIBRRE
IE S B0 W) A R AE 5T B, 1 AR B 7 2% W B R AST-
120 7] LARRAR LG b 1S fk B, i3t o JILer e
XL PR FSE AT 58 Y $ 7R IR B 58 2 1S 5.0 WL
EHAAEE BV, B, AR, 304 T8
PRI W PR B B 2 IS J& 65 1l L B 5 0 ML
AR, LA — 204 7R PREERE I LVH (%) % AE AL

FATHYSLE & 500 pmol/L (1) 1S 7] L i & i T
B RO WLAN M’ H 22 & AR 5 ARSI, X $ 1S ]
Jn R4 A a5 T 200 i S A R A4 i PN B 11
RN IEA 2T FR, a-actinin FE5EE
Yo —AESL 1S vf LS B LA IS K, 220D
REAN AT, o 0 LA I 327 203003, RS PG K= Y
A ANF . BNP Fi1 8-MHC; ifi & A7 W 52 Uk B .0 UIE K
AFiX 3 LR A mRNA Rk 5B B i &, it
I1— B O WUIE K i bR s e s N S e —
EPIE IS X0 L4 I (1 5% ), 341>k H Real-time PCR
Kl 500 pmol/L IS 57 24 h J5 .U JULZH IS ANF, BNP
F1 B-MHC ) mRNA EiR2ZE1L 4558 & 8 ANF  BNP Fl
B-MHC X 3 FhAE KPR EFE B9 mRNA ik B R,
XARFRUIESE T PR EEAE IS M8 AT DL B 35075 S0 LA
MERE A o FRATT AN H:Ath 27 35 0 ATF 5% 15 3% BH S8 Ak 7
IS 175 T 0L P B2 200 JL 408 403 1 B B2 AR, i A Ak 1 [
FELE LVH A FEER FL, B 1S 755 0.0

LA B AE RS2 75 5 SR A RO A Bh T4 s L AL
il o AU, FEARWETE Y, FRATTHE— 2 WEL T 1S Xf0 L
YA ROS A= 10 5% ), 45 5 B 1S mT L 5] o 44 ofi
FAE O LA B ROS A= i, 454 SCik iR ROS A %
WL B LR A AT LVH i e R E 34
WM RFIERE R S FESFHOMAMEIE KT S S
AN G A O, AWFS RAEARAN ISR T IS
X WLAR BB (R s, T 1S 5 PREEAE O LS 1) 56 3
WA T T EIRA RSN R A ST A T80 -

2i B Rk, AT TE CKDOIRATR, h T b fig
FEE R , A AR 0 PR B #E R A A P
A1) BOFVE T O L0 A, e 28235 | iS00 L4 g
ROS i A A, IS ECO WA AR AR LVH §) % A= fi
K 3K R BB A PR B AE O LR & A B — A~ S EE AL
B, A R0E bR CKD B R 145 FhaE 2, 45l 2 |
H 456 8 2K B TIREEAE L R 1 B IR o
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