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Mechanism of Danlou Tablet on the Proliferation of Vascular Smooth Muscle Cells in Mice Model
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ABSTRACT Objective To study the effect of Danlou Tablet on the serum resistin level, vascular
smooth muscle cells(VSMC) proliferation in atherosclerosis (AS) model ApoE-gene knockout mice, and
to explore its mechanism. Methods Totally 32 ApoE-gene knockout mice were assigned to the control
group, the model group, the Atorvastatin group and the Danlou group by random digit table, 8 in each
group. Mice in the control group were given basic forage for 12 weeks, while mice in the other three
groups were given with high fat forage to establish AS model. Then mice in the normal group did not re-
ceive gavage intervention, the model group, the Atorvastatin group and the Danlou group were adminis-
tered with normal saline, Atorvastatin suspension (1.5 mg/mL), and Danlou Tablet suspension (0. 34 g/
mL) by gastrogavage for 8 successive weeks, respectively. After intervention serum resistin level was de-
tected by ELISA. Proliferating cell nuclear antigen (PCNA) positive expression in aorta were observed by
Immunohistochemical staining. The VSMC phenotypic modulation was detected by transmission electron
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microscope (TEM). mRNA and protein expression levels of ERK1, ERK2 and ERK1/2, pERK1/2 in thoracic
aorta were measured by Real-Time PCR and Western Blot. Results Compared with the control group, ser-
um resistin level, PCNA positive expression, and expression levels of ERK1, ERK2 mRNA and ERK1/2,
pERK1/2 protein significantly increased in the model group ( P<0.01, P<0.05). TEM demonstrated de-
creased intracytoplasmic filaments, increased organelles such as rough endoplasmic reticulum and mito-
chondria, and vacuoles formed by phagocytosis of a large amount of lipids in aortic VSMC, synthetic
transformation were showed. Compared with the model group, serum resistin level, PCNA positive expres-
sion, expression levels of ERK1, ERK2 mRNA, ERK1/2 and pERK1/2 protein significantly decreased in
Atorvastatin group and Danlou group ( P<0.05, P<0.01). The transform VSMC in aortic was fewer in the
medicated groups than that in the model group. Conclusions Danlou Tablet could significantly inhibit the
proliferation of VSMC. Its mechanism might be achieved through reducing serum resistin, inhibiting ERK
signal pathway activation and retarding the proliferation effect of VSMC.
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1. & SF ¥ WL 4H B ( vascular smooth muscle
cell, VSMC) 1y 5+ 14 5l 2 3h Ik 4 #F i 1k ( athero-
sclerosis, AS) FIIMLE WIE A J5 BB S 4600 155 95390
EZIT 212 BFSY & BRHEHT R 7T 38 2 38 0
AME S 45 I ( extracellular signal-regulated ki-
nase, ERK) {5518 i% , {2k VSMC BT B s A
FAS EHSY  BORIPIE v RESEHE R VSMC 1441
FTAS B4y, 76 AS [k e b & 8 EEAE M . 30
VSMC 155 8 216 )7 AS BB ZdE iz —, e
TESE AT T2 25 T S RE S S BT VSMC 73 14
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U/ AREBE R A e B LR PE LR B, AR
WSS 2 %t ApoE ™ /NN T HEHT 3 L AS BBk
ERK {5538 % % VSMC 34 5 1) 52 e, FF 48 +F H AT fig
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B 7%

1 i 8 JHIE ApoE” /R 32 H MEYE, iA R
(20.90+3.03) g, 14 [ /g 5t K2#A A S W 5 BT, 3))
Y4 A ES . SCXK (75)2015-0001 5 H #ivL £ 24 K
2L i AL 4B SPE RS T RGBS 3E , shiif
AJHIE S : SYXK (#7)2013-0184, S C il #iiLh
= 2 RS G S ) AE BRANE BEZS 1 24t (No. ZSLL -
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24 PEER (R A R IE P
Zx ORAT PETE CH S i TR Ah AR A A L) BR R AR TY

IR AR, 0.3 g/, #it5 : HD20141003, i 4=
BHER /K e A IR (T 0. 34 g/mL) s BTG AT
F KRR 25 4 BR A F), 20 mg/i, 45 045912K , JH
A= PRER KB i AR AV (R B 1.5 mg/mL) .,

3 I AAAE  FEAH . ERK1 ERK2  GAP-
DH 51455, UL 51434 i FE 80 R - B ()
IR TG B /N RIEPL R ELISA W7 & E L ifg
T AR A R AL, L5 . RAB0416;10% 4 H
P . E AT e Lok A4k T AT BRZS Al 4it5-. L00236 ;
25% I8 R EATMN DU A TR R BR A W]
1t : G5882; RNA #2 Ui 7 & : Viogen 2wl it 7.
AA1907 - 1; RNA 1% %% 5 i 5] & . Invitrogen Life
Technologies, it 5 : AK3002;SYBR Green Master:
HA TaKaRa A ], fit5-: 11610100, RIPA & 1 %4 fi#
W TP EVEIRE = RAEYER S A fit5 . PO013B ; 4t
pERK1/2 J¢ ERK1/2 Z FEREHUIR Sosfi ik 48 A 1) ity
254 1 P E Pt £ E Cell Signaling Technolo-
gy, #it*5:0043 .0036 , 1203 ; & [ fifF 41 il 351 . A [ b 5T
TS EE R AR B ] L 45 : WB 00362,
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J[E Thermo Electron Corporation ; fi{ 1= & 0% %
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#15. ChemiDoc XRS System, 32[F Bio-Rad Labo-
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HEME L 10% 4l 1. 25% MH[EI B 0. 5% H£h | 68. 25%
LB ARARL ) R A T, 2 v b e AR R AR 12 A A
AS BRI
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0.2mL/(kg - d) #EH, K4S TH 8 ™ IEH
HATHEE T,

6 KHEIR O TSR, S A/ NREE R
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P, MR IS B, BBt 56 52 J S7 BV oife 25 3 B i) 32 sl ik, A
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fege e, £k = Bibr A ST RIE A 2. 5% 1% 1[5
W RE , T2 S A L 5 B sl B BObRAS S RITE A
WA HHER AT, & 420 RNA R R I

6.1 ELISA LA ApoE™ /N B i HEH1 2 K
S HRHEBUM S #E 30 min, BR Mk, 3 000 r/min, &
£ 10 min, BEEUMTE , SR ELISA J5 A6 I if 7 HE T %
K, BB R H ELISA 7 & Ui B AT, 45 A
JE TEP 450 nm (Y EEFR Y RIS FL I OD fi 5 LA
OD fE AR, LABRIE it B ¥R B2 A R AL B | 22 A v
gk ;s M HEAE AL OD A AR A HRHT R &t

6.2 RPEAILY KM ApoE™ /N 3= ol ik 41
fita 354 % 4% 5t J/ ( proliferating cell nuclear antigen,
PCNA) FTER X SRR SRR PCNA 474002 240
fege 5, VSMC PR % €2 1) 40 A Ay [ 5% 1 €5 40 A A% 1)
o S Az (0 % Image Pro Plus 6. 0 k{4 il& fH
P A B - 15 56 % B2 1 (IOD/AOL) |, Xif PH 1 2 3k 40 it
BT E BT

6.3 ESFHBEMEE ApoE /N = Bl ik VSMC
B LRGBS B [ 5E T 2. 5% I
Feor [ 5 IF 28 28 P IRV R PR 1% HRR A E
1.5 h RSB K T, PR Ie e, D) bl
YR U1 SRS SRR e SR gL (0 )5 | B ST B

WL, HBE T Y] VSMC il hn i 3L I 7778, L
22 S U,

6.4 Real-time PCR # il ApoE™ = 3 Jik
ERK1.ERK2 mRNA ik HUHH AR VR 45 4
INELESIPRREAS JE L RNA | 5 5 )5 , Real-time
PCR #"14ll %€ ERK1 .ERK2 %ik, PCR ¥ WFE 1,
P4 557,95 °CAE M 5 min J5iEA 30 MEFF.95 C
5P 30 5,60 CiE k 30 s,72 CHEfH 30 s, £ )5
72 °C #EH 10 min, GADPH 45 Z L HAE N NS X IE
I3 P SRk Pl A 5 27229 318

%1 Real-time PCR 5|¥5%

HEH Bl FIHKIE (bp)

ERK1 F.5'-CCAGAGTGGCTATCAAGAAG-3' 123
R:5'-GGATGTCTCGGATGCCTA-3'

ERK2 F.5'-TGGAGCTGGACGACTTAC-3' 132
R:5'-GACACCGACATCTGAACG-3'

GAPDH  F.5-CGCGGGGCTCTCCAGAACATCATCC-3' 150

R:5’-CTCCGACGCCTGCTTCACCACCTTCTT-3'

6.5 Western Blot il ApoE™ /)Nl 3 3 ik
ERK1/2 pERK1/2 &k WU B AR VR 4%
/N TS BKFEA  FECRER (1, FF 5 2 38 Brad-
ford % F 20 6 6 EE TR I FL ok B B AR A AL B AR
40 pg MEE, 4T SDS-PAGE 73#r. kT k&N
2 PVDF I, BEARW5H: (50 g/L) EiEH 2 h, 4y
S 1:500 B4t ERK1/2, pERK1/2 £ FifEHiik,
4 Cutg, F TBST % 10 min, 2 5 %, HmA 1:
2 000 HRP #riciy —%t, ZilRMH 1.5 h, H TBST 3%
10 min, 3 5 ¥ ,ECL &%, [ K GAPDH 1A
S B R R G 258 B 434 LA GAPDH S N
Z 8 AR i 3R TR X A o

7 Yiit#orik RA SPSS 19.0 Ak, i
BHAXEs FOR , AT IEAS 0 K g0 F 7 22 SR 0 e
L4 8] AR ] One-Way-ANOVA | 19 4[] e %5 5%
LSD-t #5156, P<0.05 AEFAGI2E L,

& =R

1 HHNR— MBS E ER A/ DRE R
So, BEEIET  ARE KRR E , WS S, BAOESE, L
Ji B K 1597 55, A W, T TR EL BT AN S
4 JHJE IV AR HBUAR R D KR 2E BE SN IR B S
B2 Atz A5 (S B e W0 o ) | B Kk M I
T, DO R R, R U, R E S i,
BT RELL MTT 4 A/ RIS R 4 65 R
i R 3, E R AR A, PR E I R AT, B A Ot
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52, SRR WO D RRE ST RS A, S
F L, B AL

2 #52H ApoE™ /NI BT R AP L # (R
2) SIEWAE, B ST R K T (P<
0.05) ; AR LU B, b 7T 20 5 PF 3 40 i i FRi 30K
SFIREAR(P<0. 05) 5 fbT 20 S5 PF 20 2 [a] i W5 AT 3
KL, 22 R G L (P>0.05) ,

R2 KU ApoE" NEIRPTEAKFELE  (ng/mL, X+s)

ikl n EESTIEN
1EH 8 0.56+0.03 "
A 8 0.60+0.01
7T 8 0.56+0.02"
e 8 0.57+0.01"

TE: SRR gL, © P<0.05

3 %4 ApoE™ /N E B ik PCNA %328 41 1k 4
(K1) SIEwA e, BRRIZ PCNA BHH:FRA40
JLs s SR 2 e AR, b VT 41 K S 2E 41 PCNA BH
FEAR YN L

o
S\&' o
e X

%" &
& F
| .;h‘_f

<

TS i
T A CHIEH 4B R, C R iT4;D Kt
FEU ;5 AR Sy BRAE AN L
1 %4 ApoE™" /MR EBIIk PCNA
GG EEER  (x40)

4 %4 ApoE™ /N F Bl ik PCNA FHME A L
B(FR3) HIEWALE, BRIl PCNA FHMER AN
N P<0.01) ; 5 HEAILL He#, MV T 41 2 F3 3 41 PCNA
FHPE R 380870 ( P<0. 01) ; fihiT4H 512540 2 5] PCNA
FHPE R A L, 2R TG4 L (P>0.05) ,

5 441 ApoE ™ /INEL F: Bk VSMC T 45 2

(P 2) SESRBMAEAE R 0w ER AUNRESIK
B VSMC 25 IEH, AU T | LA 4 FE i K

FILZE VRS AR A P LA /0 REL TR P 3 Y s

R3  FKU ApoE /N EBNIKAR S BHM: A B
P (%, XxS)

) n PCNA
1EH 8 0.12+0.02"
Al 8 0.25+0.02
7T 8 0.16+0.01"
P 8 0.16+0.04"

TE: SRR, © P<0.01

BRI b A, 52 8 7Y 9 i 45 B VSMC (18] 2A) 5 5
R i VSMC &AW B AU, R IE 2
[RIE | 9 Kt — 2R 90 B I 4% A ok 78, 3 30 it 4K BE
R AEH B 38 K, w8 IR AR 43 e 3k LT P J5
Wz Pk, RORR R KA K I R A R Y
% NS L2230 VSMC 5 iR 4 B R ek A
W TR, A B L2 IR MM A7 7E (2B ) 5 7T
S NP E 20 TP A 2 VSMC A 8 4 3 /b | K
b B8] K Jf 2 PN 8 IR SR A KL TET PN I O ok 1k 4 5
WA A O 1 20 B 2 38 0 R S G A Y 2 B ., WL 24
R 22, 2K P N I IR 456 455 70 241 B ik /D>
(K 2Cc.D).

T A CHIER AL B WAL, C o fbiT4l; D K P34, =

35 Sk P APHLTAT P 00, W (030 S BT L 22, 3% 6 3 3k il

NG 5 B

2 £ ApoE™ /MR F Bk VSMC
HEHTREEAR (%2 500)

6 4541 ApoE™ /N F B ik ERK1,ERK2 mR-
NA Fik(F4) SIE#H LIS, BIM4] ERK1 ERK2
mRNA ik [ TH(P<0.01) ; 512 A, i T4
FIFF3£ 4 ERK1 ERK2 mRNA %3k T [ ( P<0.01,
P<0.05) ; b7 41F1 735 41 2 i) ERK1,ERK2 mRNA
Feik £ RILE 75 L (P>0.05) , |
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F4 K4 ApoE” /N F Kk ERKA |
ERK2 mRNA [t# (X+s)

4 31 n ERK1 mRNA ERK2 mRNA
EH 8 1.03+0.26"" 1.00+0.72*"
Ry 8 4.49+0.27 4.12+0. 71
fyT 8 1.20+0.62** 2.15+0.71"*
Fh# 8 0.86+0.14** 2.28+1.14"

T SEAIH LR, © P<0.05, ™" P<0.01

7 %41 ApoE™ /B E Bk ERK1/2 . pERK1/2
HARIK(FES,E3) HIEWA LK, BAH ERK1/
2 pERK1/2 KA 1T+ (P<0.05) ; 5HIAIA
i OMIT AP ERK1/2 pERK1/2 B EE T
F%(P<0.05, P<0.01) ;ftbiT 4 f)}2E4] 2 5] ERK1/
2 pERK1/2 KL, ZRTH I E L (P>0.05)

o — — m——
ERK1/2 TR 40 kD
nERK1/2 N —— 40 kD
GAPDH 37kD

iyl phEA
B3 %4 ApoE™ /Ml F Bk ERK1/2 pERK1/2 H 13k

®5 44 ApoE"/NR F3hfk ERK1/2,
PERK1/2 I IL#  (X+s)

25 n ERK1/2 pERK1/2
1EH# 8 1.48+0.32" 1.26+0.20"
A 8 2.67+0.65 2.35+0.62
BT 8 1.35£0.24" 1.02+0.31""
LEES 8 1.18+0.25"" 0.67+0.30""
T SEAI LR, © P<0.05, ™ P<0.01
it

AS EIRHLEIE 4% , A 8 i 2, VSMC =%
WG R H O T 2 " B, W VSMC R
WG IEIRIT AS IR S 22— BFST R KT
RIE N —Fr i R NG D5 K 7, nT {24 VSMC 554 14
B, E AS kAR ETREEREAD , KT AS
gkt i B A AR B A KT 3R LSS A O AR T
VSMC, i 1 #1% ERK 15 -3 % H 0% &t VSMC
S Y Ras/Raf/MEK/ERK & ERK {553 %
B FE 2R ERK A ERK1 Fl ERK2 WS TE AL &
Ras #5555 S Tt 0 ooft, ERK {55
A 5, ERK1/ 2 915 1L il pERK1/ 2, I DA IR
FEOT AN AR N BOE Z A ST 0 e-jun
c-myc il c-fos &, fi P I8 1 411 A 3 5 AH O ) S R 5
FIk 7R A0S GRSV o TR R v S AR A A

RSB PR 1 E—PCNA 19 BH M 2% 35 K B
i, H VSMC 14k A4 & A8 B S ele A8 | phy e 4 78 1) &
BB AR R D P R B AW, ] ERK {5
TR AT B B A G SR R P e S0 1, gl vl
DI 2% VSMC (W 3GFH AN , JEZ% AS IR AR

1E AS IBIG T B R 2 RS R R, BT
AT PRSBSOS , S 45 05 AR 0, I R 5 A < 9%
PARRG” A TIE T2, PEE R R IRNG R TT TR0
FHAREUS TR B RRCR™ R B RG2E FE
ML IES FE2 ahAT RS B EERh RS2
B, ELA S 3E P AR TG A DAk, IR
RBPIE R AT G L B A O U8 BB I ACIE
AR IV SAE SN, AR e B B B AR 525
WIS P4 R T AR M 3+ TC TG \LDL-C 7KF-, 7+
f5 HDL-C, 4l ET/NOS Ry43-i, B A% AngILE &, MM
AELFIRENS KA P R P22 (B PR3 R
FA PRI R BE ERK {5518 i A 2t VSMC
SHEEETER, W JCHH OGSO

A, RS E R #EE T 7 AS 71
ApoE /IR, MAEHT R K-\ VSMC 8 fal 45+ e 725 Je
ERK i T/ mRNA K 25 1 3354 5 i MEE T
X AS Ykt VSMC #5152 e I 805 AT RE ML
il WFFEEE R BRI HEHT 2K F-8 i i (Rl PC-
NA BH:Fe k38 i, VSMC 8 st i % A B ke 2, WL
225 Pl PR ST DO RSO ARG T, 20 L E A 4 TR
AW 45 ) ERK1, ERK2 mRNA #l ERK1/ 2,
pERK1/2 FE FAFREH N, Rz nlE L ERK 15
53 RO # R B VSMC I #E VSMC SR B g
ARG 1145 PN SRR 06 k- B 2T i R BB B 1, HE B AS
WA R S CHRRE — 80 a3 R TR,
M HEHTZKE TR, PCNA FHPEZRE T, fss T o]
UL VSMC 5 i L 22 B 35 8 R S I i T AR R s 22
1145 N ERK1 . ERK2 mRNA F1 ERK1/2 ,pERK1/2 &
FIFIRBEAR, $E7R PF2E F vl 3 ook B AR I 3 41K hE 38 K
L T ERK A5 538 B B B, AT 55 VSMC
B3 B T | HE 1T & FE BT VSMC B AE

TE AS By EE 2556, v B 25 %R &R PR H]
RO HEPTR et VSMC 53 388 FH 5% i f) AH S AFF 52
R ILHRIE  ABIEGE B UCUE B PR Rl AR v T R
K, B VSMC s # 20 , T I ERK {5538 #%
KEETTIFH mRNA FIEE F1ER5 , J /R R AIR M i HEHT =
K- A ERK {55l B Ak, 4% VSMC B85 247
FTREJE P - & 89T VSMC 57 14 5l 948 T BL I =2
—  NIR R HFE2E R iR)T AS MBS HR L 8 7843
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