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Effects of ginsenoside Re on vascular intimal proliferation in balloon-injuried
rats via regulation of TGF-p1/Smads signaling pathway
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Abstract: Objective To investigate the inhibitory effects of ginsenoside Re on intimal hyperplasia in balloon-injuried rats and further
explore the role of TGF-B1/Smads signaling pathway in this protection. Methods Fifty SD rats were randomly divided into five
groups, including Sham operation group, model group, ginsenoside Re low, medium, and high-dose groups. The injured model of
carotid artery intima was established by 2F balloon catheters in each group except the sham operation group. One day after model was
established, animals were daily ig administered with distilled water in model group, Sham operation group, and ginsenoside Re (12.5
mg/kg, 25 mg/kg and 50 mg/kg) groups. Two weeks later, animals were sacrificed and the injured artery was taken for HE staining. The
histopathological changes were observed and the lumen area, intima area, and media area as well as the ratio of intimal area/media area
were detected. The expression of transforming growth factors f1 (TGF-B1), SMAD family member 2 (Smad 2) and Smad family
member 3 (Smad 3) were measured by real time RT-PCR and immunohistochemistry. Results Compared with the Sham operation
group, the vessel cavity in the model group was narrower (P < 0.01); Compared with the model group, the medium and high dose of
ginsenoside Re obviously alleviated vascular intimal hyperplasia (P < 0.05). Compared with the Sham operation group, the mRNA and
protein expressions levels of TGF-B1, Smad 2, and Smad 3 in model group were higher (P < 0.01), which were obviously decreased in
the medium and high-dose ginsenoside Re (P < 0.05). Conclusion Ginsenoside Re could alleviate the vascular neointimal hyperplasia
through suppressing the TGF-B1/Smads signaling pathway.
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Bk EETE AL Catherosclerosis, AS) S EH
AR By Ik A 1 2 A A T R B0 UL e i B 2 UL A
B, P N AR . H a2 RO IR 3 ik
4~ (percutaneous coronary intervention, PCI)
FRZ N TR G T w0hi . EARGE SR
AR EFERE PR3k 4 (restenosis, RS), @AYy
MAER . BTG, A PR AS K PCI
ARJG RS 19 5 B A8 B b, 75 M 2B )
IR B, PR32 21 98 ik DAL - 0 0 I A T BSCR) 5%
25K -1 (TGF-B1). Il /MR JE P
KB (PDGF) %8878 . Smad (small mother
against decapentaplegic) # [1/2 TGF-B1 15 %5 1 it
FHE A A TR, TGF-p1/Smads 15 5 1l
Bt K. #E. BT, T, #
PR, LA O R N R 34 G B AR T,
HRKEMFRE, TGF-P1 55 3l ik sk FE 4k BE B 1)
JE B PCL ARG ML RS LA R i 3 BE R4 f5 15 A
K, XL E NS TGF-BL/Smads i 56 R
Y)W, NS 1F Re (ginsenoside Re, GS-Re)
NS BN —ADNEEEER S, FEAAETA
Zet . RARF T, BRI GS-Re X BREE
500 BT S0 P R B LA R Y, A s
5] il 20 7 1 = N 71 R =GPl I S Vi R S
TGF-B1/Smads 15 5 il i ¥ 5% 1 .
1 w7
11 ZAm5iks

GS-Re (JbR{BLHIXNERHEA RTSHEA ], it
M4 95%, 20141001); RNA WEslflE (%
EYTREREARAFD: RPN TGF-L. i
K p-Smad2. Pkl p-Smad3 b Bk A4k
WIHEARAWAFD; sp A& ALt ESH A
F): TGF-pl. Smad2. Smad3 5|4 ( iR
YV TRHABR AT,
1.2 %=

Fogarty % (3£[E Edwards lifescience /2 7] );
Leica J % W Tl B K M AH R 40 (48 [E Leica
Microsystems 73 7] ); Bio-Rad CFX96 Real-time
RT-PCR 3" 113 f1 Bio-Rad iMark i JT] B ks 34T
% & Bio-rad /A1 .
1.3 ¥

T EYE SD KB, 445 & 300~350 g,
o RN BAR T8O S5 DY 26 e K2 S IR s A,
VFAMIEYS SCXK (%) 2012-0007.

2 FEk
2.1 1EBIH&

23 I8 SCHR R 773 4 K R B S Ik R B 4
BiksiRs . RETZEE 12 h, ip 7%/K&&E 350 mg/kg
KIS o SESIE D), 75 20 43 535 e 3
BBIK, AE 2 B LS ML FL S i - R A B Ak S
ANk or XAk, FEUT 5y X AL 5y B sk, 454
B 4D By ik 0o i o % P 308 B ik A O S RS9 P )
Jik, F AR B e S4B ko o 1/3 4b 45 FEBY
FF—/NO, BT Fogarty S48 MRS
A BIIKE) 3~4 cm, LLAEEEER 7K 0.05~0.10 mL 78
FIRFGAGAE AP, KRB 3 R i B,
Fogarty FE U, HAHZ4E HL o ahikif Lo, 12
TFEnkIe, WG, &6V, R FES 4%
10% U VR0 75 2 2 T e . A B Z B ML
By 1 HOR R B BE IKEN 0.5% (2 mL/kg) HIHSC
B, 1 h JEIEUABIKRES, 1 A A
Guty, PR i 1 0 A i e
22 P54

50 - SD KEBENL A 5 41, BIMERFARYL, #i}
T, GS-Re fik. "' mijfliE (12,5, 25, 50 mg/kg)
Y. PR AIATHUR S 5 8, AITER
WA, ALK RATERERIOIA, AR EM
i, ARJG% 2 K GS-Re %41 KM ig 45T GS-Re,
B FARLIURERILLK R ig 25 T AH RAARFRIR ZE 18K,
R LR, B2 14d, KRG 240 )5 ip 7%
KA (350 mg/kg) BRIF B, AR5 IR B A2
HUR Bk, FAEREERAKVES S 2 3 B, R4
BT A%H T E 24 h G A, 4 R
T—80 ‘CUKHIRAT -

2.3 HE £ENZEKAERIGIER

A AR AT HE 4§20, 7F Leica )%
2 W FIHTIEAS MG, R cellSens
Standard b4 AfT A L IS TR (LAY K
R SE T B CIELA ) L A3y b R &8 1 2
(EELA), THEHBIA QA I (MAD,
H IA=IELA—LA, MA=EELA—IELA, fFAFE
AP 35K, 43 mE fEBCEE, IR IAIMA.
2.4 Real-time RT-PCR # il zh Bk TGF-Bl.
Smad2. Smad3 mRNA BY&IE
2.4.1 Trizol MEERIEUS Sk mRNA  BUA AR A
BT HSE M Trizol ¥ 0.5 mL ) 1.5 mL EP &+,
L BRI S A 76 00 50 S B A A A 540, It N &4 0.1



¢ %% Chinese Traditional and Herbal Drugs 3£ 48 % % 18] 20174E 1 A

. 145 -

mL, 4 °C, 15278Xg &.0» 15 min, B L,
A5 BB AR A, B, A 2 h,

4 °C, 15278Xg &.0» 15 min, F L, &1,
75% L BEREATURG, 4 °C, 5968Xg 2.0 5 min,

Ft biE, B, IMAIEE DEPC /K¥Hil, & )mill
WG FEE

242 TWRESEIRN e B SRR ) Ul ] R
HEAT . 10 pb WHes ONAR R, E45 5X PrimeScripe
TM Buffer 2.0 uL, PrimeScripe TMRT Enzyme Mix 1
0.5 pL, Oligod T Primer (50 umol/L) 0.5 pL,

Random6 mers (100 umol/L) 0.5 uL 1 mRNA 6.5

ul; SN 4AfEHK 37 *C. 15min, 85 ‘C. 55, 153
] cDNA 45 1.

2.4.3 Real-time RT-PCR 224 ¥ iQ SYBR Green
Supermix 7.5 uL. DEPC /K 4 pL. IERAZ 514
3L 0.5 uL VB2 )5, Y 8 ub 5 #E5% 74 cDNA 2 ul
PR 10 pb MR SR RNZAER 95 °CL 3 min,
95 ‘C. 10s, 60 ‘C. 45s; ff¥ 40 k. LA CfH A
Gt 2%, U 2 RoRIEN AR, BLH IR
[Pk L/ WS IR R IE 5 H I SER AR Rk
. WIENEE (GeneBank) A AT M4, A1
KEERFPHI I 1.

#=1 3¥F5
Table 1 Sequences for primers
P FERT S

B-actin NM_031144.2 Em 5’-GGAGATTACTGCCCTGGCTCCTA-3’

| 5’-GACTCATCGTACTCCTGCTTGCTG-3’
TGF-B1 NM_021578.2 Em 5’-CATTGCTGTCCCGTGCAGA-3’

an| 5’-AGGTAACGCCAGGAATTGTTGCTA-3’
Smad2 NM_019191.1 1E 5-TTACAGATCCATCGAACTCGGAGA-3’

% Ii] 5’-CACTTAGGCACTCGGCAAACAC-3’
Smad3 NM_013095.2 1E I 5’-CCAGATGAACCACAGCATGGA-3’

J i) 5’-CTACTGTCATGGACGGCTGTGAA-3’

25 GEFBHDUZEEZEN TGF-p1. p-Smad2,
p-Smad3 EHRIE

B ATED) S 2K, 0.3% triton X-100 i fi5
20 min, 0.01%F7TEMRERZZ MK (pH 6.0) 6 min X2
K, BRRAIREANE WA, Bk R, R AT
WPUFEBEE, PBS #k (3 kX5 min), 3% H,0,
WEEEWIFE 15 min, K36 P A AL, PBS
e (3X5 mind. M sp i e ALK AR
VLI PR, W A WIS 15 min, 3753
¥t (TGF-B1. p-Smad2. p-Smad3) 37 CHFH
3h, BIPEXHH] PBS A —HT, PBS ik (3 kX
5min), i%NiA# B, 37 CWEAE 15 min, PBS Mk
(3 kX5 min), WA C, 37 CHEH 15 min,
PBS ¥k (3 ¥k X5 min), DAB 1. FhAKE & Y.
s K B R REIK) R IERE 5 AN R AEIEF (X
400, 43 i UE F i A5 P R TR D AR AN
p-Smad2. p-Smad3 FHEAHML CAH k% 5 B TR
CEIO#e E 0k [ 40 i D £ i, 1155 p-Smad2. p-Smad3
(1) BH 2 41 22 CBH 40 M 2/ 4 i i %50 RA
Image-Pro Plus E1& 73 A1 44l & TGF-B1 A 73k
25 P A R ML PN RN AR B S TR, AR e B
BRI EI A TGF-B1 HIBHTERIAH ., &4 5

RUNH
26 HitFAIE

ERTEIAX s KI5, K SPSS 18.0 A1t
AT 07 22008, 1E— D P 22 5 LB IR
FH SNK .
3 %R
3.1 MENBKAERSHT

M HE Zergi gt (B D whL, TR A
e, TEREMS: SETFARALE, BB E
WIBH B, B ERAE, 1A K IAIMA J3 038 N
22.24 f5F1 14.95 5 (P<<0.01); SR L4,
GS-Re 1\ e EE 2H N RIS L ARG, Al A s T AR Y
K, RG] 1A K IAIMA S5 R BE (P<<0.05).,
GS-Re m7lE4H 1A K& IAIMA 735 R % 61.19%7F1
46.54% (P<<0.01), W% 2.
3.2 FEEBK TGF-p1l. Smad2. Smad3 mRNA By
Fik

HRFARAE:, BAAMAK TGF-BL,
Smad2. Smad3 mRNA [¥5RiE 5 5 3.47. 3.72.
4.88 i (P<<0.01). HBAYZILLAL, GS-Re '\ &
FIEAT RS MK TGF-p1l. Smad2. Smad3 mRNA
ZRiE¥H N (P<0.0D), L% 3.



146 « ¢ %% Chinese Traditional and Herbal Drugs 3£ 48 % % 18] 20174E 1 A

BFA

GS-Re 12.5 mg-kg *

=N\ ::\ \n‘
y \\\\ \‘ ":
.\ .

GS-Re 25.0 mg-kg * GS-Re 50.0 mg-kg *

1 GS-Re X EkEIR 5 X RIS FHIF N
Fig. 1 Effect of Ginsenosides Re on morphologic change of carotid artery in rats after ballon injury

£ 2 GS-Re MEKERIGARMENIE LA, 1A, MAF1 IA/MA 8980 (X £s,n=5)
Table 2 Effect of ginsenoside Re on LA, IA, MA, and 1A/MA of carotid artery in rats after ballon injury (X £s, n=5)

415 Fl e/ (mg-kg ) LA/pum? 1A/pm? MA/pm? IAIMA
PR — 399 772.99425 796.14 15954.85+ 2071.64 164 103.69%+ 9467.21 0.1040.01
R — 112 075.48+28019.40™ 350 425.66--60 367.78™  219889.76+11220.79  1.65+0.23"
GS-Re 12.5 134167.714+12883.18 273 774.63+21 680.56 200 099.47+14 859.43  1.394+0.13

250 21335231424 257.35" 198 405.75+36 115.85"  205394.90+ 7300.92 0.98+0.20"
50.0 206 832.71+44 257.71* 140 823.68+42 635.48" 177 386.68+ 9410.88 0.7840.23*
SETAR4IE: “P<0.01; SER4ILLE: *P<0.05 "P<0.01, T

P < 0.01 vs Sham group; “P <0.05 *P < 0.01 vs model group, same as below tables

£ 3 GS-Re MKERIGABRITEENIK TGF-p1. Smad2 F1 Smad3 mRNA FRiXBIEME (X £s,n=28)
Table 3 Effect of ginsenoside Re on mRNA expression of TGF-g1, Smad2, and Smad3 of carotid artery in rats after ballon

injury (X £s,n=8)

2H 5 FI &/ (mg-kg ™) TGF-p1 Smad?2 Smad3
(EEZN — 0.3940.14 0.09+0.03 0.09+0.03
Y — 1.90+0.18" 0.36-£0.01" 0.32+0.03"
GS-Re 125 1.1740.19% 0.2540.04 0.2440.04
25.0 1.08+0.11% 0.21+0.02" 0.1940.02%
50.0 0.86+0.22" 0.1140.02% 0.124+0.02%

3.3 HEzhRk TGF-pl. p-Smad2. p-Smad3 E&H
Fik

TGF-B1 F LA AN, nT WO Bt (o
X Iak; p-Smad2 EERIETAMEAZ, AEFR (50
o €0 UKL I 40 4 p-Smad2  BH Ik 2% 3k 4 i
p-Smad3 T ERIA FANMUAZ A . 2R EoR,
R M 4 P 5 K TP )45 TGF-Bl. p-Smad2.
p-Smad3 PHIER AL, H KA FEEPAEREN
JE, (ERERA TGF-pl K H FifH A p-Smad2.
p-Smad3 [ IR IL @A, WRETFARAEE
#hn (P<<0.01), 1M GS-Re 1. sl 20 SHEAZ
AL, TGF-Bl. p-Smad2. p-Smad3 2[4 iA 14 1]
B> (P<0.01). 4EF LK 2 Fi1 3.
4 e

PCI & HATIRIRIETT AS MEEFRBZz—,

RJG & RAENFFEER RS, A5 K 4 i Bk
PN A, HE g IR,
A N BRI SR A ), GS-Re . il 4l
I A AT WA ke, R GS-Re WFERFER % A Rl
EP NG B AIEAER, nr sk I A R Y
W, X 52 FTRIRTSU S R,

TGF-p FIEAMPAK. L. ITH. FHT,
NE, IR R R P A A Sk,
Z 1) TGF-B 1Sk R ek 2 Mg (= AL AR J,
CLRRIRIE P00 S 22 o B (R O Ik 2T AL 55

Smad F 5 I F A UE S TGF-B1 R 1,
H AT, 7EMIFLENY0 5y 25 % e 1Y) Smad 22 A 9 Fi,
4y Smadl~9 £7~, Hrp Smad2. Smad3 A ¥
TGF-B1 B0, YEK TGF-P1 3244 (TPRD) i) &
R, G ST Smadd TE R A
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BFER ] GS-Re 12.5 mg-kg™* GS-Re 25.0 mg-kg™* GS-Re 50.0 mg-kg ™

A-TGF-B1  B-p-Smad2 C-p-Smad3
2 HREHEEENIRERGKRINEFIK TGF-p1. p-Smad2. p-Smad3 EAKRIE
Fig. 2 Protein expression of TGF-B1, p-Smad2, and p-Smad3 of carotid artery in rats after ballon injury by immunohistochemistry

1 0040 I < 100 sox g 70 **
:& l vl 80 - A 60 H#Hit
& 0030 | ﬁ % # § 50
= . 40
4 0.020 | # #i# = -
5 _ = 4 w530
& 0010 f g 20 g
% 20
BFR FA 125 25 50 = BFA B 125 25 50 =

TR BR 125 25 50
GS-Re/(mg-kg )

GS-Re/(mg-kg ™) GS-Re/(mg-kg™)

HEFARMEE: TP<0.01; SHMAE: <005 *P<0.01
P < 0.01 vs Sham group; P <0.05 *P < 0.01 vs model group
[l 3 GS-Re MIkEHRG KRIE K TGF-p1l. p-Smad2. p-Smad3 ERFRIZHEM (X +s,n=5)
Fig. 3 Effect of ginsenosides Re on protein expression of TGF-p1, p-Smad2, and p-Smad3 of carotid artery in rats after ballon
injury (X s, n=5)

B AL, AT R S R A 5P, 7 ke
AT P I PR S 1AL, TGF-B A1 Smad &
DRI T8 B i P Y S 39 v O E 25 3 4 4/ IO ik
4t #2100, TGF-B1 3l ik Smad & (15 5 % 3l
WO T LA I B BB R IER AR
G, 5 B0 M AN ORI P A G
A FERszeth, TGFR-BL (LR K&
IRTEBRBER AR 20 rh 335 0, LR UL R Smad2.
Smad3 KB KPR B U, SR ) S
GOk, HiE T TGF-B1/Smads 15 5 % &
B ERIA TR WAL, EOUE T 1200 5 6] A i
FARIEBEE A . T SRR ZHA L, GS-Re &,

0] BRI ERFE SR UL BE TGF-p1 [EIE, *t
Smad2. Smad3 MR KA N IEER, X
W] GS-Re ]l #5] TGF-B1/Smads 3 i A& 740
ST LS B R T
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