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Geniposide suppresses phenotypic transformation of neonatal rat cardiac fibro-

blasts into myofibroblasts induced by high glucose
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[ Abstract] Objective To investigate the effect of geniposide (GE) on phenotypic transformation of neonatal rat cardiac fibroblasts
(CF) as well as on collagen synthesis under the induction of high glucose ( HG), and explore the underlying mechanisms.
Methods Primary CF were extracted from neonatal rats, and then treated in presence or absence of 33. 3 mmol/L HG or GE for 24 h.
The mRNA levels of collagen 1 (Col 1), collagen Il (Col Ill) and connective tissue growth factor ( CTGF)were detected by reverse
transcription-polymerase chain reaction (RT-PCR). The markers of oxidative stress, including superoxide dismutase (SOD) , reduced
nicotinamide adenine dinucleotide phosphate (NADPH) and malondialdehyde (MDA) were measured by corresponding test kits. The
protein levels of transforming growth factor-beta (TGF-B), acetylated-Smad3 (ac-Smad3), a-smooth muscle actin (SMA) and silent
information regulator 1 (SIRT1) were detected using Western blotting. After SIRT1 inhibitor, EX-527 was added, the expression of
SIRT1 and a-SMA | activities and production of oxidative stress markers, and protein levels of ac-Smad3 signal pathway related proteins
were observed and measured to further explore the protective mechanisms of GE. SPSS 22. 0 statistics was used to analyze the data.
Results Treatment of GE at different concentrations ( 1-100 wmol/L) for 24 h resulted in decreased mRNA levels of Col I, Col Il
and CTGF in a dose-dependent manner. Meantime, GE significantly reduced the activity of NADPH, decreased the production of MDA
and enhanced the activity of SOD in the process of HG induction. Western blotting indicated that HG treatment induced up-regulation of
TGF-B, ac-Smad3 and «-SMA, while GE obviously inhibited the elevations and reversed the down-regulation of SIRT1 induced by
HG. Immunofluorescence assay showed that the inhibitor EX-527 could block the inhibitory effect of GE on HG-induced o-SMA and oxida-
tive stress. Conclusion GE exerts inhibitory effect on high HG-induced phenotypic transformation of CF as well as collagen synthesis,
which may be associated with TGF-B/ac-Smad3 signal pathway and oxidative stress mediated by SIRT1.
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B FR 9% 0 LI ( diabetic cardiomyopathy , DCM )
ST THE PRI HY I R RE 22—, [m] ], 2 W 40 3 it
BB B8 FE T 2L O JILTR] 5 21 2 Ak 2
DCM ) FZR IR Z — DAL AL RERE
FEMEARAEE | WA 3 O M | 3 B00 R BT 45 D) RE
i, e EO 1 O I RET 4 40 i ( cardiac
fibroblasts, CF ) J& i %7 4il Mg #F & i ( extracellular
matrix , ECM ) 5 BUFN R 19 = 2240, 76O WLET 4R 1k
(% i R rp R 45 2 BB MR . 5T
FW R —J7 BB RS (2 E CF BE 58, i Ji
GG ) —J7 T, BB B R BOE AL AE K B
(transforming growth factor-beta, TGF-B)/Smads {5 5
W, AR CF 40 A 1Y i )5 ( collagen 1, Col 1) |
Col Il J2 4545 2H 214 K [H - ( connective tissue growth
factor, CTGF) B 5 Ji, e 434 fin0 L4181 ECM. &
A TR B E Y KT (silent information regulator,
SIRT) 1 /2 FL S R 9 55 e BF STRT2 [R] 51 5 i
AT 2400, 5 BILAA S A I B PRI B Sy i 42 % 4 i e
LR TR S VI OED  #E DCM H, SIRTI
FE 6% 188 3 0 ) P 5 o0 17 s 20 JIL 4 9 1, AT
RAEAAPE ' BhAh, SIRTI 34 R %38 13 40 i 2,
fE4k B9 Smad3 ( acetylated-Smad3, ac-Smad3 ) 15 5 il
HEURAR B LT AEAE

HEF1F (geniposide, GE) , X4 5L 17, J& T4
JEEERE TG . BT, GE EMHE S APk
SE PO L BT T S il A A A 2 R 2 AR
Y RIS b, GE BEME I ik 35 50 bk 45 45
(thoracic aortic constriction, TAC) 75 S 890 JLIEE ,
HALH S GE XL LA b i R 6 A A 1 G o
(‘adenosine monophosphate activated protein kinase «,
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1 RS

1.1 KRE##

GE W9 H FigmioR B 2 RHUR AT R A ], 2l i
KT 98% ., 4 GE 7 fift 75 85 W2 £5 22 #P WX ( phosphate
buffer solution, PBS) H it & A [R] ¥k B /Y GE % )
R, A 1~3d i Sprague-Dawley K ER, BEAEA
B, b 18 b 2 s T 4 i) b R 1R ARUA R IR
K 4 ) & AL 55 8 A L W B Ak 1§ ( superoxide
dismutase , SOD) N [ ( malonaldehyde , MDA ) Flifs
JEL TR AR PR e i SR S B A R B B2 ( nicotinamide

adenine dinucleotide phosphate, NAPDH) , IlJ H # =~
KEVEARABRA A B4 3518 B 22 E Gibeo 2
H (M DMEM 85575600 B 38R IR (IR M) 143
A BR2S F] 5 H 58 B 28 | Trizol Reagen 1 [ 3 5
Invitrogen 23 F ; 5| 9 B i U4 WA 90 28 W) & BRI
alifk,

1.2 FHik

1.2.1 KR CF fysrs sssR JoR A0 T 87 ECL
LCIERT 173 8.0 3580, 0. 25% i 25 1 I AL
LS 25 RE 1 h ZBRAR NG RERLO LA, R
FH DMEM + 10% i 4= 138 + X0 s 77 BAL A 55 3L
Bl CF, e AR 2~ 3 AU AAA0, T 0. 25% B BRI
& CF,

1.2.2 SEErdH PUSCIR i GE iR ik
JE05 100 wmol/L, SE%e 704 4 #H: (1) 1IEH X IR
(normal control,NC) 4 ; (2)NC+GE 4 ; (3) =B (5
W W E A 33,3 mmol/L) B AL, (4) E B + GE
4, AR E 5 ADELL, I AN AN,

1.2.3 3% s 3R Tl 5 o7 A S JBE mRINA 1) 26
ik (1) Trizol ¥E$2HL CF H RNA, FII 484843606
JETHAG I RNA fRHe T B 205 | A/ Ay = 1. 8~2.0 J7 ]
i 5 (2) i 5% K mRNA A A ¢DNA, IR
A =80°C VKA PR A7 (3) 00 e 5% 3R & Tl HE I BE
( reverse
RT-PCR) /& Z 335 . 10xBuffer 2.5 wl .cDNA 2 pl . iF
5149 (20 pmol/L) 0. 25 wl  JZ [ 514 (20 wmol/L)
0.25 wl, & % # R ( deoxynucleotide polymerases,
dNTPs ;10 mmol/L)0. 5 pl  Taq fifi (2x10° U/L)0. 5 wl
FIRLZEIK 19w, FIMIFFI LR 1,

transcription-polymerase  chain  reaction,

%1 RT-PCR H&IEIR5I¥FF
Table 1

Primer sequences of various indicators

using in RT-PCR

Target gene Primer sequence Size (bp)
GAPDH 145
Forward 5-GACATGCCGCCTGGAGAAAC-3’
Reverse 5-AGCCCAGGATGCCCTTTAGT-3"
Collagen [ 127
Forward 5-TGCTGCCTTTTCTGTTCCTT-3"
Reverse 5-AAGGTGCTGGGTAGGGAAGT-3"
Collagen Il 179
Forward 5-GTCCACGAGGTGACAAAGGT-3"
Reverse 5-CATCTTTTCCAGGAGGTCCA-3"
CTGF 105
Forward 5-CTAAGACCTGTGGAATGGGC-3"
Reverse 5-CTCAAAGATGTCATTGCCCCC-3*

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; CTGF: connective

tissue growth factor.
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1.2.4 Western blot ¥ 7 E 424 100 mm ) 4l
JaBEFE ML RN 6 ml CF B, 4 M % 24 107 /10,
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FEP R REFRW, PBS Uk 3 W (2) ARMLJNA 1000 pl
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Jit, B A A 2 15 s £64 5 (5) B 15 min J5
B0 0.5h (12000 #/min) ; (6) B I 143345 & EP
B ORFEIN B I B B VR 5 ¥ A ke
AHEHEA BT ; (7) 35T -80°C UKH .
CF SEHARBUS , #E1T SDS-PAGE HLIK , HL K J 5 ik
R I A PVDF i —$t 4CF & 7%, b5
TR PP RCIEE 1h, FIFH Odyssey BT
ESH T B GAPDH BOERRNE K-,
1.2.5  SEsotdi@ (1)4% Z R W R E;
(2)0.2%HY Triton B ; (3) 8% LI 1ML # 4] 1 h;
(4) —PL[ WFEPT SIRT1 PUARFPT o —F- 1 WL 3 &
1 ( a-smooth muscle actin, a-SMA ) PriA ] f 141 i3 7% ;
(5) FEPURAMEDT R HUIL M F 1h; (6) DAPI 4%
¥ (7) 5t AR B AR
1.3 SitFERIE

KM SPSS 22. 0 Geit 3k AT e it 27 o0, it
ORI AR E 25 (x2s) T, 2 422 0] Al L3
K ¢ K56, 24 2 (8] 5 EhAH One-way ANOVA N
Mr. P<0.05 hZEFHAAGIE L,

2 & R

2.1 KR CFHERE

JR AR B S gl 5 R B CF &855% 12h )5,
FEANGRE (5 WA N AT L CF 2ARTE, Z MR,
CF 4 B 7 355 57 56 vh 2 0Pk | IR B e 103 R 431
CF 4tz IFIE , B B (18 1A) . BB H R
REDSC IR BHPE % £ 240 ot L o 4 00 BT BT A 4
MaAY 95% (1 1B)

B
B1 XRAEZECHEMRFEMMERE
Figure 1 Identification of rat left ventricular cardiac fibroblast

A light meroscope (%40) ; B immunofluorescent staining of vimentin (x100)
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=21
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BEATRGI , 25 0 R, 5 NC AR HG, e B 0 2 Y
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FYGE ;M GE RS W3 10 = W5 = 0 AR
(¥ P<0.05;K3) .
2.4 FHHOMAHLESEBEREXEKRN

o W R O AR 22 B A 2 4 AR AR S
TGF-B/ac-Smad3 Fl a-SMA 5 [ f 26 15 7K - 2 W
TR (P<0.05) ;ffi ] GE FHi)m, LR e 4eibss
T FEAASCAR B R IB7KF B IR A2 B4l (P<0. 05)
[EI s, A THI T CF o SIRT1 & /K V1335, 45
R NS SIRTL 33K 7K B 5324
i GE FHUR , SIRT1 Fik K 3% 1T+ (3 P<0.
05;& 4),
2.5 EX-527 X} GE Z4I2/E IS0

EX-527 2 SIRT1 #ifi] 551) , FRATTH e pie 5 St A e
T CF "iY SIRT1 } a-SMA , 55, CF H SIRTI
B GE B{ EX-527 S35 )5 , a-SMA FiA7KF-0H & T %
(B 5A) TR FI A A R 38 ) & PRSI T CF
FALNOK T 45 5 R B FE A EX-527 J5, GE X}
R CF 3R AU R b vy R AE I R B
EX-527 o] LAfE GE X v B 0 38 481k 07 38 &
ac-Smad3 15 538 F A9 A0 45 FHE 2 (K 5B-H) . I
WT GE XFi il B N CF %% 4k B e B g B 410 i)
YEHAKA T SIRT1

3 %W it

D WLEF LS DCM 322 A0 BRI AR | 1% K M 3
T WE PRI B0 3B B A L CF AR H
O EE A A0 Y 2 — | — E Bl 4 4L S I 2
(B0 S LR ZE TGF-B 45 MOIE i v] & ot
YU R SELOILT ECM BTTRR, IRk, CF 14k
F iR a-SMA B HLRCET 4 4 i b /2 A B ECM (1) —
ANEZORIE , BEIE & B, = T A kO B ]
Jo I SRR Sz O WLET S Ak, — T T, 4 mT A
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Figure 2 Effect of different concentrations of GE on mRNA expression of fibrosis markers under high glucose stimulation (n=5)

GE: geniposide; CTGF; connective tissue growth factor. Compared with GE (—) and high glucose (=), * P<0.05; compared with GE (-)
and high glucose (+), *P<0.05.
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Figure 3 Comparison of oxidative siress markers among groups (n=5)
NC: normal control; GE: geniposide; SOD: superoxide dismutase; MDA ; malonaldehyde; NADPH : nicotinamide adenine dinucleotide phosphate.

Compared with NC group, *P<0.05; compared with high glucose group, *P<0. 05.
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Figure 4 Effects of GE on TGF-B/ac-smad3 signaling pathway and SIRT1 protein expression in CF
under high glucose stimulation (n=5)
A Western blotting; B, C, D, E: statistical analysis of indicated proteins. NC: normal control; GE: geniposide; TGF-B: transforming growth
factor-beta; ac-Smad3; acetylated-Smad3; a-SMA: a-smooth muscle actin; SIRT: silent information regulator. Compared with NC group,

* P<0.05; compared with high glucose group, *P<0.05.
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Figure 5 Effect of EX-527 on the pharmacological action of GE (n=5)

A immunofluorescent staining; B: Western blotting; C, D, E. statistical analysisi of indicated proteins; F, G, H. statistical analysis of indicated

oxidative stress markers. NC: normal control; GE: geniposide; TGF-B: transforming growth factor-beta; ac-Smad3: acetylated-Smad3; «-SMA .

a-smooth muscle actin; SIRT: silent information regulator; SOD: superoxide dismutase; MDA ; malonaldehyde; NADPH : nicotinamide adenine

dinucleotide phosphate. Compared with NC group, * P<0.05.
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