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Abstract: The protection of notoginsenoside/'R1 against isoproterenol-induced hypertrophy in rats H9c2 cardiomyocyte was investigated,
and its therapeutic effect on cardiac. hypertrophy was also verified. The H9c2 cardiomyocytes was induced by 1SO 20 nug/mL to observe the
effect of notoginsenoside R1 on cardiac hypertrophy. The viability of cardiomyocytes was detected by MTT assay, and the mRNA levels of ANP,
S-MHC, TNF-¢, IL-6 and 1L-1f were detected by-real-time RT-PCR. Western blot was used to detect the protein levels of p65, p-p65, I-kBe;
Fluorometric assay kit was used to detect caspase-3 activity. The results showed that, notoginsenoside R1 is effective in inhibiting 1SO-induced
cardiomyocyte hypertrophy, which manifects increased cardiomyocyte viability, decreased ANP, /-MHC, TNF-¢, IL-6 and IL-18 mRNA levels,
actived 1-xBaprotein level, inhibited p65 phosphorylation and decreased Caspase-3 activity. Therefore, notoginsenoside R1 exhibits a protection
against 1SO-induced H9c2 cardiomyocyte hypertrophy and can effectively inhibit cardiac hypertrophy, and its underlying mechanism may be
associated with attenuation of the NF-«B signaling pathway.
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%, PUEARIFETHRE, 2 ETE R R, =
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1.1.2  #heubiXH|

=L RL WH FERORE 2R R R A TR A
A, Peandits: 1610205 1SO, WAH Sigma- A, 74
mmftt5 : 16504; AT 4HEEF-Y)IT I H GIBCO A F];
I-kBa Fi/AILE Santa Cruz Biotechnology A, fits
N: KO711; p65. p-p65 HiikIgH CST AF], #t54r
2. 8242 F1.3038; RT-PCR. i & F 4 8 2 ik
UIEARAGFRZ 7], M5 8. TER010-2;  western it
& E AL YIRHECA IR AR, #H5°4: 26912F;
96 E R & W H BioVision A #], #tS N
K105-100; HAbFRII N E =404 4ll, 7K AZE K.
12 F&
121 @mpeAER e E S

SRR AT R, SIS 9 IE R Xt
HB4H, 1SO (20 pg/mbL) 2H % =t R1 ANFIMKEE (5
UM, 10 pM, 25 LM, 50 M) 2524541, lE & TG
WrJa, IRPRIRIEAZHRIE (25 M) BTS00
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2L (pyrrolidine dithiocarbamate, PDTC) Tzt
7% 30 min JEMA=-GEF RL, 1hJEHA1SO, 24 h
Ja AT S IHERIE . SIS 6 4. OIEHF X
H, @=-t2H RL4 (25 uM); BGPDTC 41; @ISO
H (20 pg/mL); GISO+=-L=1F R1 41; ®ISO+=
LREH R1+PDTC 41 H LISl =-E =2 # R1 XF NF-«B
N FHBLRFGRETAEH .

1.2.2 MTT x4 safe® /)

ffi 3- (4,5~ FHRRMEMe-2-J8) <2 B- = SR FEPU S
WRER (MTT) JE:, Wb A AP s /) .
123 ik mRen=E

N TR =GR RLX 1SO 455 1 ClLAE K 1)
TRPVER], BN E 6 FLi . I kgt T
FEAALBE . WAL TR AEML T PBS BeidkMy X, SR8
SETE 4%% FHEEH .10 min i, 1 0.1% Triton X-10

(VIV, JIHE PBSHOL BEZ: =10 FRITREHIZ R
s IR S5 7E 1:100 MR C5F 2% BSA #110.1% Triton
X-100. /1] PBS) il Actin-Tracker Green. 7NFLH!
(A YE 2 IR I A% 11 T 55 9% 30~60 min, 0.1%Triton
X100 BaZsid & Actin-Tracker Green. fE3:A 200%
TR 2 B AR ML) (3 B s SRR f, RfLRE
Mi3R 6 5k, FER Image J BRI H AN A
RITAR
124 F8FZ = RT-PCR %40 ANF. S-MHC.
TNF-a. IL-6. IL-18 mRNA &i&

SERT E B RT-PCR AR IO 5 FI 8K K] 1 (Atrial
natriuretic factor, ANF). g-lJLERZE 1 EE%5E (beta-myosin
heavy chain, f-MHC). R FEK F--a(tumor necrosis
factor-alpha, TNF-a). [1/1%-6(interleukin-6, IL-6).
/1 &-1p (interleukin-1 beta, 1L-18)f) mRNA k7K
Fo f#HH Trizol 1774 5.6 RNA. i Prime Script RT
Master Mix X7l &A% cDNA. {§ff SYBR green
premix BEAT SIS SEG R RE SN . A DL 5 kAT
cDNA ¥ #4: ANF: 5-AGCATGGGCTCCTTCTCCAT-
3'(forward) #1  5-TGGCCTGGAAGCCAAAAG-3'
(reverse) ; S-MHC : 5-CCTACAAGTGGCTGCCTG
TGT-3'(forward) #1 5-ATGGACTGATTCTCCCGAT
CTG-3'(reverse); TNF-a: 5-CATCTTCTCAAAATTC
GAGTGACAA-3'(forward) A1 5-TGGGAGTAGACA
AGGTACAACCC-3(reverse); IL-15: 5-CAACCAAC
AAGTGATATTCTCCATG-3'(forward)#1 5-GATCCAC
ACTCTCCAGCTGCA-3'(reverse); IL-6: 5-GAGGAT
ACCACTCCCAACAGACC-3'(forward)F1 5-AAGTGC
ATCATCGTTGTTCATACA-3'(reverse) ; GAPDH :
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5-AACGACCCCTTCATTGAC-3' ( forward ) Al
5-TCCACGACATACTCAGCAC-3' (reverse); i H
delta delta CT J77%:, I 2RIk 44 5 P 2 HE R D] (HY)
GAPDH) AR AEAAH ], A FHAT S B A S8 s AR
MRNA 7K, FRR AL RIME 2 SO 1o SR 4E R
WHER PCR T4 Applied Biosystems Primer
Express Software (version 2.0) [ 2 #E4T4i 111521,
1.2.5 western blot %427 1-kBa. p65. p-p65
EA R

IR AT T AR R %, IR R A
H BCA LR ER . MEFEFEA LFET 10% SDS-%
PRI e lie P K 4 5, 2 1 s % 7% 22 PVDF i |,
PEIR B 1 h, SR 5 I H b i -3- 1l 12 it & il
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH).
NF-xBo #1125 Cinhibitor of NF-xBa, 1-«Ba). p65
1 phosphorylation p65 (p-p65) [—Fi(3JA 1:1000
FE), 4°Cid®’. kH, =i~ TBST B, —HiE
1h Ja¥elE, BtEi. UL GAPDH 1ENZ, K.
126  RKAHyHAEIEMN Caspase-3 FE

A& R A SR, (S8 il R & e
I EIR R A 2R B F K il (cysteiny | aspartate
specific proteinase-3, caspase-3)ifit4: . 1 EA 400 nm
WORIAAN 505 nm &S K HT Fluoroskan Ascent FL

PV EEIURE R R
127 %its7rik

J% ] SPASS 17.0 ittt ik HE, 455 x3s
Lon, KHBHEZEITTZE T (One-Way ANOVA) i
AR, LA p<0.05 REZE R HA SR L.

2 GRS

21 =B RLX4EE S

TR SO A== RL M4 EEH,
7£5, 10, 25 f150 uM =2 F R1EH T, # HOc2
YU SR 2R 1SO (20 pghml) ks 7E 240,
SRIG, A MTT St 4niaiE /1.

F1ERPUR, BEE 1SO KT (0~20 uM) 1Y
T, SRR T AEETEAG . Ta T AR — L2 RL

(0, 5, 10, 25 AT 50 uM), 412 [Al 4 F1i
HREZR (p>0.05)s Ib4h, S AnAML, H
ISO AbFEIT I HIC2 A 1) 40 Ha i J1 AR 140 40%

(p<0.05). #ATM, | —-LRF RL IR0 (5,
10 A25 pNMD ] 1 IX R (p<0.05) . {HIFEEME
&, 25 uM =ARETF R1 ACFRAANME iR RIZ
93%. SR, Bk (50 uM) HI=-EEH R1 AR
5. S 72 iy A (IR

F1 =E2H R hOAHAEE SRR
Table 1 Effects of notoginsenoside’R1 onthe viability of cardiomyocytes( x-s, n=5)

205 viilky minE 711%

B RT R 99.1345.67

5 A R A 0 pg/mL 99.1247.56

F AR LR E 0.002 pg/mL 93.53:+1.71

FR B ERRE 0.02 pg/mL 90.106.82

F A B EaE 0.2 ug/mL 81.0745.48"

AR ERRE 2 ug/mL 76.3548.67"

R E ERRE 20 61.2242.37"

= LLHRL 0 uM 99.3045.33
=ZkL2FRL 5uM 98.2146.22
=ZkL2FRL 10 M 101.8745.28
=kL2FRL 25 uM 101.4146.28
ZL2%HRL 50 uM 103.933.98
FAEERE+=L2F RIS M 20 pg/mL 74.6443.14*
FAE ERE+=L2F R110 M 20 pg/mL 84.3626.76*
F A ERE+=L2F R125 M 20 pg/mL 92.854.74*
F A LR E+ =L 2% R150 uM 20 pg/mL 93.75:45.49*

E: HrEaiAnkp<0.05; 5 1SO AL 3ELAAE*p <0.05 (TR ).
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F2 =-HE2FEHR1 % ANF F0 S-MHC mRNA 7KEAYEZIR
Table 2 Effects of Notoginsenoside R1 on mRNA level of ANF and f-MHC( xds, n=5)

ikl ##/(ug/mL) ANF mRNA B-MHC mRNA
EF ARG 1.000.24 1.0040.31
FAY bk 20 10.89+.58" 9.9240.73"
FAREERE+=L2F RI5 M 20 8.914.33* 8.38:40.99*
SR EBE+= 623 R110 M 20 6.2840.87* 5.450) 87*
SR EBE+= 623 R125 M 20 5.164).18* 4.354).38*
F & E LR E+= 623 R150 uM 20 5.73+.19% 448).33*

22 =+t 823 R1xt ANF F2 S-MHC mRNA 7

T YN

S RO LR S R BUA O AR R R A6
AR SE R FRIAIE R, A O I ) 3 [R5 BRAFAE
ANP #1 f-MHC & 5 Z DAL AR AE KPR &Y. ANP
TENONERIE KR EY 2 —, EIEE SEERHALshY)
AL TP ERIE, (HLEOHURESIRI LR
k. Bt ANP SRIAERIZ /D, AT LLHERfHY S
OAUEE o FeEtel,

A EEHIIBRE B, &L 32
A, a-MHC fll -MHC {ENHLERE A PR IA
T B R AR TR RO LRG0, 5 i
Butar 51 A O U ZE TR B 2 A R 7oA, 0
WAL K MG | f-MHC FIZEiL, 1M f-MHCHI K14
NCATUMEIERER (1 ATP BV PEAR, AT FECC AT
R TR, B SR BRI, -MHC ik
MR LAE R 73 AR &

(Rl A S 6 52 ANPAILS-MHC DL =t
A RL X CLGH AR R B B 2 RN,
1SO(20 pg/mL ) EHE T ANF 1 f-MHC ) m RNA

K (p<0.05), A I1ISO (20 pg/ml). S ok LA
Jf 3 ™ B (R RE A s i A = LR R KRR
[Tt (5, 10 FH 25 uMD, IXFfi Tt o 1 PR B S PR

(p<0.05), SR L, ANF 205 F#{% 17 18.18%.
42.33%.52.62%:; f-MHC 73 51| [ T 15.52%-45.06%
56.15%. SATM, ek = LR RL (50 uM) Ff
WA i R ANF AV AMHC ) mRNA /K

(p>0.05), 525 M 4AHLL, {HHZE 9.95%7F1 2.9%.
AfEEAE T 25 UM B A =L R RL BT LA
B 5 (4 277

23 ZLEE#HRLEGEFQCALEZ 1SO % 5t B

K

TEAZ it — Dt 9L 7 =R R X 1SO i
SHIOUUERKRER .. SHIRAMEL, 1S0 %S
&, LVERRTAR SR, MA=HEET RL (5,
10, 25 150 uM) HEBEA X 1E 1SO 753 KLl L4 il
REOR, HEBZAELE, 43P 18.02%. 21.81%.
24.50%- 26.39%. #R1, AFEHKER =2 RL X}
F RN R AR A B 2R (R 3.

& 3 180 M/ =t2H R1 ShUBLEREA/NIZE (L
Table 3 Changes in cardiomyocyte size in response to 1SO or Notoginsenoside R1( Xds, n=5)

205 #&/(ug/mL) fm i @ AR (Arbitrary units)
oA AR 99.3045.84
R B ERRE 20 162.10+16.30"
SRR EgE+ =6 2F R15uM 20 132.8948.58*
FAREF LR E+=L2F RL10uM 20 126.7449.89%
FARE LR E+=L2F R125uM 20 122.3846.44*
F A EgE+ =6 2% R150 uM 20 119.3245 55*

24 = LEBHEHRL IO F 1SO 3 58 &%

1E B9 % 7]
PaSCIRIBE , CLIAE A 1R [N I AT AR

OFBEIPER AR, W0 BA R, %
JEE T (TNF-a IL-18+ 1L-6 %5) 2K O i m
1 IR R — TR T, QLS 285
R, AR TP RATRL, AR R E TR
== { e Y| Vi =N | 2 75 e S N
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x4 =LBERI X INF-a, IL-1 8 F1 1L-6 mRNA 7K RIS
Table 4 Effects of 1SO and/or Notoginsenoside R1 on the mRNA levels of TNF-a, IL-1f and I1L-6( x3s, n=5)

485 #1 &/ (ug/mL) TNF-a mMRNA IL-18 mRNA IL-6 MRNA
EFARR 1.006.93 1.1040.22 0.9940.21
FRY Bk 20 19.72+2.29" 4.1140.83" 7.70+1.12%
ZX2H R125 1M 1.0246.90 1.2340.15 1.1340.26
FARE LR E+ =L 23 R125 1M 20 6.44+.61* 2.8240.62* 3.3440.47*

T4, FREH TR 5 NF-xB AH9E, NF-«B 7]
2 LPS. TNF-a 85 RAERFH0E, i 0% mA ) K
fe. CAEBFRE, fECNIZHZF NF-«B 18 1 BEIT
TS e o A JUTLE 2 LA B P i,

R ARSI E R E TNF-a. IL-18 A1 1IL-6 1)
MRNA 7K F LU =L RL GO LARER 13K IE
. R 4ERPUR, SIEWEXRAMEL, Pphes T
=-BEF RL X} TNF-a. IL-18 F1 IL-6mRNA 7K P37
TENZER (p>0.05). 2R, 4IMEEE T 1SO B, &
FAERT mRNA Fik/KFREHIN (p<0.05), =+
BAF R1 A4S, TNF-a, IL-18 F1 1L-6 mRNA 7K-F-#%
B EAMH] (p<0.05), SR, 4355 BRI 67.34%.
31.39%. 56.62%, FWH=-LE1F RL HRINH| LK
FERF MRNA KFERIE, s OIUIEE R A .

25 ZHEH RL xb QAL A p65 w R 1b fr

I-xBo ) % v

NF-xB (Nuclear factor- kappa B)f&—Mifift FH
TR B R, A SORE e R 5 BB H .
PEFAISCHRIRIE, NF-xB {55 1@ BT 1 9O LR )
WEAER TR S0, P50 p65 A NF-xB K& HIFIA
AL LA BRAR I TE AR AE T MR e s PR 1 32
R MENEBEEEEN kB & EHlHET

N5 1B LS HEIGL 1B BERRIL IS, S50 1kB
KA GBI, NF-«B BGERE B3 N0k
(A% A T 0

Western blot 455 2 7R501S0 51 2 NF-xB p65 3%
BERRAL G N, 1-kBo KPR AR 1992, p6S iR
A 1-Ba 7K HIBERAE 25 M =L RL Fiikb
AR (p<0.05) 5, SETZAA S, p65 BTG
71.32%, |-«Bar #137.61% (& 1. #5). Z5HFEH,
1SO MBS ONUAEKR FERC S 9 7153 A
1, T HAE 1-«Bao FEMRAL P65 BRI K IE JE B R 1,
8 NF-xB 155 @ B 10 -

R1 - +
ISO - +

=

I-kBa | su

TR—
SARDH -
[—— ——

1 ZE2H R SO p65. p-p65 & |- «B a BEAKIA
HIFAR
Fig.1 The effects of Notoginsenoside R1 on p65, p-p65 and

I-kBe in cardiomyocytes

&5 ZEEH R IPLALLARE p65. p-p65 K |- kB a EEFRIBHIFNT
Table'5 The effects of Notoginsenoside R1 on p65, p-p65 and I-«Ba in cardiomyocytes( x3s, n=5)

287 &/ (ug/mL) P65 AERALIK-T-(p-p65/p65) I-kBot %34 % (I-kBa/GAPDH)
AR LA 20 1.3640.12 0.680.15
F AR EiRE4 =625 R125 M 20 0.3920.19% 1.0940.2*

26 =-HEEA RL x40 e AR A By 30 4] 46

5 NF-«B 5 5tk 3 A %

BEE NF-«B BiEfL, HFE2ER 40 TNF-a,
IL-6 A1 IL-18 FI/KF- Ty o 7EIX L 58 RE KT, TNF-a
— AR 1L-6 S5 FIEE— AT RAE ) K
A, BTG Caspase i75 S T3k LE 2E
fy s AR,

¥ HIc2 41T PDTC (NF-«B 45 St 771D
AbFE 30 min, 44 F=-tBEH R1 (25uM) 1h, RJ5H
ISO (20 pg/mL) #bFE 24 h,

W 6 fin, S2EXTi4AAEE, 1SO BERS
7 ANF mRNA [7KF (p<0.05). 4T =H21F Rl
Jei s X B 2 PR (p<0.05), HERIZHARLL,
ANF P&k 55.04%; 7£ PDTC JLFEIAFRT, xR
N R (p<0.05), HERI+4R Z52HAHLL, ANF
FhiE 22.46%., 5 =G24 RL X ANF JEHER#0H17E
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AL, =B #H R1 &0 1SO %) Caspase-3 i 34.46%. Fi4b, HMAH =12 RL X} ANF Hl
FIRIE (p<0.05), SHAIAM L, Caspase-3 F#1Ik Caspase-3 [JZRIEBA LM (p>0.05), XX
47.37%: M5 PDTC SL[FIALERIS, XA 3o R, =LA RL X ISO S ONUIEK FMHIE
E I (p<0.05), SiEAI+Z5 2520, Caspase-3 TF 5 NF-xB 062 UIAH
&6 =tZ2H R JhLARAERE KRN S NF- «B (558 5H%
Table 6 The effects of Notoginsenoside R1 on hypertrophy in cardiomyocytes is associated with NF-xB signalling

205 7 Z/(ug/mL) ANF mRNA Caspase-3 7&t&
EF AT 1.0020.21 0.9940.06
Z42¥FR1 1.1440.45 1.2240.13
AR Bk 20 9.5241.03" 5.8940.76"
PDTC 1.0140.23 1.1846.09
FREEBRE+= 623 R125 M 20 4.2840.46* 3.1040.34*
F A EgE+ =623 R125 uM+PDTC 20 5.5240,61% 4.7340.58%

i BHrtmsaatp<0.05; 5 1SO 432 LAAR*p<0.05; 5 1SO+ =t 23 R1 4848 %p<0.05.
3 4 REK 803 BEALAR] , APl RS PR (38 S it o
=A

S \ i B Sk
31 ARAERIHIEE 1SO B VLA AR AR ) 3
fili b, 4850 7 =R RL X KR HOc2 4 g LB K [1]= Issei Komuro. Molecular mechanism of cardiac hypertrophy

FIRER, ZRER: = L2H Rl ZHEHEH and development [J]. Japanese Circulation Journal, 2001,
S OIS DI E R, BT 1S0 S, 65(5)353-358

— LR RL &SR EING] 7 1SO ArEk i 4niss [2] 1 Shimizu, Tohru Minamino. Physiological and pathological
I, FHEE B 1SO FrEHs ANF A1 B-MHC H] cardiac hypertro- phy [J]. Journal of Molecular and Cellular
m RNA Fi&7KF, O R ARG T 45 R B s Cardiology, 2016, 97: 245-262

LR RL A BN SEE LA AE R PIE . [3] Hedayat M, Mahammadi M J, Hedayat M, et al.
32 fELiRmgTas R E, MSSEE IR T =6 Proinflammatory cytokines in heart failure: double edged
A RLAA R HIc2 AR I PRI - A5 30, swords [J]. Heart Fail Rev, 2010, 15(6): 543-562

ISO AU S OB R FEL LA A 7R R [4] Debabrata Chowdhury, Anjana Devi Tangutur, Tarak Nath
F, T HAZ 1-xeBa BT p6S SRR 1 4E 5 2R, Khatua, et al. A proteomic view of isoproterenol induced
124 NF-xB {5 518 B H00 S - ¥4 o, BEE NF-«xB cardiac hypertrophy: prohibitin identified as a potential
FEtl, N RIERFUITNF-a, =641 IL-15 1] biomarker in rats [J]. Journal of Translational Medicine, 2013,
KT AR RRERH, TNF-a 1) EIHALLE 11: 130

e FEEN g T, s O IR - Caspase-3 FIE [5] Molojavyi A, Lindecke A, Raupach A, et al.
VEPTIESE A, =18 R1 2Bl NF-«B #iif Myoglobin-deficient mice activate a distinct cardiac gene
55 PDTC 5B T 1SO%% S ANF mRNA )3 expression program in response to isoproterenol-induced
k. [FER, PDTC #H1 1SO 7 S (10 UL 40 i hypertrophy [J]. Physiological Genomics, 2010, 41(2): 137-
Caspase-3 V& L. Kk, =-CER=4F R1 v LU PH KT 145

NF-xB 15 5@ B R4 O LA 4 1SO 1553 (1oL [6] PSR, S2RET AR, . =L B UL B e 7
HEX. VEES KR, NF-<B p65. IL-1p FIkHIFSM[I]. i 2524 38
33 HZ, AWHERY, =-LEH Rl HALBRHSGE 1iFK,2017,33(5):58-62

MBI 71, PRI OV A, J855 1SO TS %8 SUN Wen-yi, PENG Kang-ning, LI Yang-yang, et al. Effects
PR R 724, Lo LR NF-.B 1175 1L of Panax notoginseng saponins pretreatment on expressions
BAR= LT R1 TANFR R 2HH] T 1SO S50 01 of NF-kappa Bp65 and IL-18 in rats with renal ischemia
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