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Effects of buddleoside on hypertensive vascular remodeling through Ang I1/AT1
signaling pathway in aorta
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Abstract: Objective The aim of this paper was to observe the effects of buddleoside on hypertensive vascular remodeling through
Ang II/AT1 signaling pathway in aorta. Methods We used SHR model to examine the blood pressure, vertigo time,
histomorphology, and collagen fiber distribution of the aorta, and evaluate whether buddleoside could ameliorate the hypertensive
vascular remodeling in vivo. Meanwhile, abnormal proliferation and migration of VSMCs induced by Ang II in vitro was used to
identify the mechanism. The anti-proliferation effect of buddleoside in VSMCs was observed using MTT assay and crystal violet
assay. The anti-migration effect in VSMCs was observed using monolayer-wounding and boyden chamber transwell assay.
Furthermore, the protein expression of Ang II, AT1, MMP-2, MMP-9, Src, p-Src, Syk, and p-Syk were examined. Results The
results showed that buddleoside could significantly decrease SBP, DBP, MBP, and vertigo time, and improve the thickened media
aorta, hypertrophy and disordered arrangement of VSMCs, distribution of collagen fibers. Buddleoside could also inhibit the
proliferation and migration of VSMCs, inhibit the ROS production, and reduce the protein expression of Ang II, AT1, MMP-2,
MMP-9, Src, and p-Src. Conclusion These data supported that buddleoside can ameliorate hypertensive vascular remodeling by
inhibiting the proliferation and migration of VSMC:s. Its mechanism is mediated by the regulation of Ang II/AT1 signaling pathway.
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e ML 2 71 A T N AR R 0 I e, H
] 7 0 RO R OV IA 23.2%, HECKHIfEELAE
FrlRZaHEIHREY. miERERBSRE S
P B 1A 45 R RI D) B A 5, X SR B g v I
JE LA B, A RE G R AR R A 3 A 5 2
F R BImPR R I3 AR R S\ & i 15 A
Fe—ANBIAEAR AL R, AR T LA AR S
HHEGE 19 YT IR RS DL A A B A o 5 e L R
T AL Ry HH Lo PR T, e PR 1) R - I R
R-BEEN RS (RAAS) Sl )k kAR B
R, EFKIME REEKER 0 (Ang ID 2 FEE ML
M EA I EERE T, CIFSE Ang 11 510 -FH L
4 (VSMCs) ERIMERKEZAE 1 B (ATD
SEL RS 2 A4S S EE, ek VSMCs 85 iT
o T AR R A 2500, i B AL 1)

P N E R E Y % Chrysanthemum
indicum L. [TFRICREET, BABEMERE. HK
SERFRITIRL, RERRIMIED, AT (BUD) &%
A2 2 — ), AR i T TR R R
AR T Z M e 2 B 4ifh T BUD, CUFSE
HAe KRS e M PR B Rt R R R (SHR) i
JEUO, SRR IMIRIIG 2 (LPS) FIR AL
F-a (TNF-a) 55 M08 P R 40 28 FEda 45012
Hltt, BUD B A BRI E/ER, HERREERE
{10 I) B S0 1L 67 ) R A 24 A P et — 2B A
AW FEAE HT AT T (2 A L, CLESK Ang IVAT1
B ATIN A, LLSHR 1 VSMCs Tk %R, Mk
P KRS BT 4 A6 H R R TS A 4> BUD s
AL 1008 R PRI 24 801 L RO T e AL

1 8
1.1 Zh¥)

SHR 30 H, Mk, A& 180~220 g;
Wistar-Kyoto K F, 10 2, MM, (A5 & 180~220 g,
H AL s 4@ R L LIS E ARG IR A F 34, i)
YFA[IES SCXK (50) 2012-0001. SD K§., HEdE,
A 60~80 g, MWL SISO, 3
YIVFATIES SCXK (HF) 2008-0033.

1.2 ‘A

To 25 PF T AEL SD K R Bl bk, R FHZH 2005
Py BT EAR VSMCs, 1525 2~5 LR 15256
1.3 M5

SEACTHH A (TBUD), 52562 F i, HPLC
ERTIAS B P R B BUD &2 40> 50%:

BUD (Fi&45r#(=98%, #t5 E-0167-12121121),
g FEHAMEAR R ERAR, HZF 5T
BIEMREAET 20 °C, I F AP 55 IR 0B A R o
IR ARSI SR A s Ang 1T, {8 Merck 2
"], fit%5 D00123129, HIKEZABIKE &EMAF T
=20 °C, 5 FHATHEE TR B 1 pmol/L fE {4 4h4H
Muscoe i @b T (ALt el 25 TR A F,
165 X1970), FH#R F R £ 4E 308 TR SR e 1] B o &
WEEN 0.8 mg/mL A& N Zh PS5 ;. RPMI 1640
B IR (WM R ARG R A R a1
75 (FBS, [ Invitrogen A ] ); BCA £ I E
ANEE (ROS) ArilliffE CGEm RAEMFAAIR
23F]); Masson 44 (3£ sigma A F]); Ang 11, AT1.
B4R EAR-2 (MMP-2). MMP-9 Al B-actin {14
(£[E Santa Cruz A#]); Srcv BEERIL Src (p-Sre).
Syk FBHEAL Syk (p-Syk) $ifk (3£[H Cell Signaling
/~7]); PI/RNase staining Buffer (32 BD Biosciences
7)) HE Ze (R RUE BRHCH IR A7) s HRP/DAB
G AT IR & (3 E Abcam A F]D .

1.4 {4&5
BP-2010AUL /N A& RS (A ai#k b

R A IR AT ); Powerwave340 BEbri (3E[H
Bio-Tek /A ); MEIKO EC360 A (f#[E Meiko
AF]); LEICARM2245 PIFHL (f[H Leica A #]);
ZH-SZ “VHiie A IR IEARAEYA S W% A PR
A IX71 R EIE BMEE (HZ Olympus A ] ;s
MiniChemi II f52 KR4 (AL 2 GNE RN
AIRAFD.

2 ik

2.1 TBUD #lI%&

22 R R RO A 0 L 5 ST [ - A O L
FAEHHI KRB TR, BB M &
TSRS, N HESIR Ol CRE K 40% L
SR, FIAMPUERI N TBUD, HPLC AN
B FH A EE RS> BUD 750> 50% . FHAR H L4
Y F VIR B VIC 1) T EVR BE A 7.5 mg/mL R At
RN SIS A .

2.2 {RINEBESCIG

2.2.1 JEAX VSMCs W7 B AIEE TR R RTHE S
ZH LA oy B R R AR VMG, Bk Jris
N SD K ERBREFVE#E, TEE8 6 AR B H g
FEHK, B Hanks S FRILAHTEDE, £B
M AMEWT, I A A RERA b, ARl A
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FE LB N B2 R = B K BT A2 1 mm? K/
MR, HSINEEET B FRMEES, hi A RPMI 1640
REFRl (% 20% FBS. 1% NEREREN. 100 UL HHR
1100 pg/mL #HZR), BT 37 C. 5% CO: [M4H
RFRFNRETE. JFAC VSMCs TEZHZANEEE 3 d 18 181E
H, EFEBHEE DUSRHEREY, AKEMERE
I RIFAIE S BRI, 7 d EAMIK R
JEIERIMEAL, & 2~3 RAEA 1 IR B 2~5 48 VSMCs
MTASES . @k ge Iz EE (o-actin)
Tk, BEMER S EEEFRIEA VSMCs 465 =90%.
2.2.2 BUD X Ang I 5 517 VSMCs 3451 1) 5 1

(1) MTT sE56: HUMHEKIAR VSMCs, 1%
LAX10* AN /LR T 96 FLIR, #5978 24 h 5, 403l
I 1 pmol/L Ang 1T PA & 7 Ang 11 AN A FE BUD
(1. 2+ 3. 5. 10, 20, 30 umol/L) ¥AERALFE, [F
IS E XTI, K597 24 h 5, I\ MTT LAE# (5
g/L) 20 pL/AL, 48558 4h Ja, FEANBEIRE,
I DMSO 150 uL/fL, FEGRFUTED e &R,
B 570 nm AAEHUROGIE (4D fH, THEAAEE.

MIAFTEZE=A /A

(2) 5555206 VSMCs 4% 8 X 10 AN/ L4 Fh
T 24 fLBR, 153% 24 h 5 xR, Ang 1T (1
umol/L) ZH. Ang I+BUD (1 pmol/L+5. 10. 20
pumol/L) ZH. Z3 il R 2L EE, 24 h J557 2
B, RFFLINN 250 pL 45 G SR e o, S E
30 min, FEHEM, K2 RARTEE, &L
BIN 500 uL 20%EE BRI WL, 7% 7 W4 in, 540 nm
WK TSI A, TEAAEE,
2.2.3 BUD X Ang I 5 51 VSMCs iLF 1) 51

(1) YIHRIRSEY:: VSMCs #% 8 X 10* Av/fLEE
P 24 FLAR, 159% 24 h G N4, Ang T (1
umol/L) #H. Ang II+BUD (1 pmol/L+5. 10, 20
umol/L) #H. FFXRBEFRE, H 200 pL AIeLERA
LR RN E “—” FRIR, XHFEER
TUBEAE 200 £ T HHER YT FRTRIIR X (R AR X #R
B, ARG INAHRZG AR, 24 h JE Rk
VI UE RIJR X A PR S, THR TR .

IEH IR B = T TR KR X (A PR 5 — 1S RIDR X
PR e B

(2) M/ N= 25 . R Transwell /NE _FRIHL
FLEEBE N E 2R L. F2)2. FEMA 1 umol/L
Ang 11 PLE 5 Ang 1T FUARKREE BUD (5. 10, 20
umol/L)Z5¥K 500 uL/FL. L2 250 uL 1 VSMCs

B (24X10°5/ mL), FIMALKES T EMFA
AR 2457 50 uL/fL. 4k4ERE5% 24 h )5, HUH/NVE
2 PBS EEVESE, H 4% RFRERE &, BaRIEmN
RN . R 20 pg/mL Pl Jett, il g
TP L, PO EME GRA N 535 nm) 11K,
%t Image-Pro plus 5.1 1FEITH 2 T Z A REH .
2.2.4 BUD Xf Ang 11155 /] VSMCs ROS F= £ [1] 5%
W % VSMCs % 1X10° AN/ILIK 20 Fdz s T 35
mmX 10 mm ¥3RMF, 3%3% 24 h 5 HEREFR,
TOAASEHE BUD (5. 104 20 umol/L) ¥ ALEE.,
k21597 24 h J5, KA 40 pmol/L DCFH-DA %:ft,
FEFEFHFE 20 min f5, JIA 1 pmol/L Ang 11
AP S min. FJETUROGEMET GBKIGH 488
nm) &, 28 Image-Pro plus 5.1 #H47 ¢ € & 4T .
2.2.5 BUD X Ang II 5%/ VSMCs H' Src.p-Src.
Syk Fl p-Syk & HFRIAMEM # VSMCs H371E
60 mmX 15 mm ¥ 7= M4, 4K 2 80%/)5 70 A
KR . Ang 1T (1 pmol/L) #H. Ang I-+BUD (1
pumol/L+5. 10, 20 umol/L) #H. FEEFHW, 7
SIS 25 IR, 24 h JEEEE NI, B
S i RS, T4 "CTF 12 000 r/min 25
O 15 min, MIA SX EFEGEMR, 95 Cn#k 30 min
N BRI vk o S B JS , ¥ % PVDF
B, =R N EHEMAL D 1000 FkR—4i,4 C
I E . F PBST/TBST i&E¥E/E A 122 000 7
B Pi, BE 30 min, FEYEE I EHIR S E AL
YIlG (HRP), #fa RS K ICHUGA R A -
2.3 RAENISELE

231 5475 HEPE SHR BENL BRI | 4
7biH (8 mg/kg) #1. TBUD (75 mg/kg, RIHIC A
i HA B EAE R &) H, A 10 K.
10 R Wistar-Kyoto K R AE R REZ % REZH A
PRSI K R IL R TR & ig 45 T 200K, HARFHKRR
oy ig 4T AN 25 10 mL/kg, BEH 1 IR, #4E4%
256 4.

2.3.2 TBUD X} SHR IfLEMI520 4525 5 Ji )5, KA
BP-2010AUL /N el i 5 4074700 & - 2H K B
M, Jek R RE TIEMEHIERZ) 15 min, 45
PR HBNRES, BEEEN GBS, YgEESH
W EAE G, AESESINEI T EIE, sk
(SBP). #FikJE (DBP) FI°F#4shlikE (MBP).
2.3.3 TBUD X} SHR FZZ}[AIFI520 45245 5 J&
&, WSHKRE T PE e ELL 500 t/min JEf
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30 s EICR, REHRKRBESE L, HRRZ
BRERFF P A T, 103 KR E IEE IR AT
it I 1A] o

2.3.4 TBUD X%} SHR F&)fkA L EFH
KRIRGE 25 J5 BRI 2B, A DL ade Y H I 3 3 fik
212 cm, bl E. Bk B DIAJE, # 4 pm
FIEVIR, R HE 4eth, R4S T WS 3 50 ik
HLPEFHE.

23,5 TBUD X SHR =& 3k i J5 4T 4 53 A5 1 5
F K BRI =K 4 pm A EED) R, KA Masson
gett, OB T WS 3 SR SR AT 4E AT I L .
2.3.6 TBUD Xf SHR E 3k Ang II.AT1.MMP-2
A MMP-9 5 H R MM % 2H K SR 3 30 Bk il
B4 pm AT, @R E . KEN R
FACERE. HHL Whin—d (105000, 4 CiE,
5 H — 91 DAB 0. JRARZ Gt BiK A A )E,

220

A 200 - i
180 - .
=160 -
BT 140
120 -
100 -
80 4
60

X Ang 11 _1 2 3 5 10 20 30
BUD/(umol-L™")

AT R/ %

B NN E sk Ang 11, AT1. MMP-2 Al
MMP-9 {1 RIAE G
2.4 GitFALIE

1A EL AR SPSS 17.0 Siit- kAT AR &
Ti 5T, BAHELAY 5 £R .
3 H#R59%H
3.1 BUD X} Ang 11 i55#9 VSMCs 1585200

MTT S5 (B 1-A) 4553 87, 1 pmol/L Ang II
RER W AE 2 VSMCs [95E (P<<0.01), A 10,
20.30 pmol/L BUD 1EH] 24 h J& it .35 401#] VSMCs
[F38%E (P<<0.01).

ghEm RS (B 1-B) 455 7R, 1 pmol/L Ang
I 55 VSMCs % (P<<0.01), fIA 5. 10, 20
umol/L BUD FeH] &40 VSMCs 3858 (P<<0.05.
0.01). Ui H] BUD fit i & #] Ang 11 753 ) VSMCs
i B

180 1

150
w0k

120 1

90 1

LA (Y%

60 4

30 4

0

X Ang I 5 10 20
BUD/(umol-L )

x4 #P<0.01; 5 Ang IT 4HELES: "P<<0.05 “P<<0.01; K 2~6 [

#P <0.01 vs control group; "P < 0.05

"P <0.01 vs Ang II group; same as fig. 2—6

1 MTT I (A) FILERESTHE (B) & BUD Xf Ang I1 554 VSMCs MM (X 5, n=8)
Fig. 1 Effects of BUD on proliferation of VSMCs induced by Ang II in MTT assay (A) and crystal violet viability assay (B)

(X £s,n=28)
3.2 BUD X} Ang I1 i55H) VSMCs T RIS20
RRPRSLE (B 2) 385", 1 pmol/L Ang
I A E R VSMCs il#% (P<0.01), TiAMA 5.
10, 20 umol/L BUD 4bFR)5, 4HAIEALRE & 5 % 45
fH (P<<0.01).
A= SE (B 3) 458578, 1 umol/L Ang
I fe W& 75T VSMCs ilL#% (P<0.01), TiMMA 5.
10. 20 pumol/L BUD 4b¥H)5, 4HAEIERAELH & E
/B (P<0.01). FH] BUD A ZEH] Ang 11 5S
K] VSMCs iL#% .
3.3 BUD Xf Ang I1 i55H) VSMCs ROS F=4 5200
SRR BN (B 4), 1 pumol/L Ang IT 83 2518 TN
VSMCs ROS (7= (P<<0.01), M%& 5. 104 20

umol/L BUD #¥EJ5, ROS W= Eiw/b (P<
0.01). i8] BUD Re#it Ang 11 551 VSMCs ROS
=4
3.4 BUD %f Ang I1 i55/) VSMCs & Src. p-Sre.
Syk #1 p-Syk &R FRIERIF M
gE BT oR (B 5), 1 umol/L Ang I1 13 VSMCs
JGRESIEE p-Src Fl p-Syk FHHAREK AR (P<
0.01), £ 10. 20 umol/L BUD Ab¥HJ5 p-Src R HEIA
IR BRIK (P<<0.01), HAZIRFEMKHPE . 20 pmol/L
BUD Féi2 # F#IK Sre 2 FERAKF (P<0.01).
3.5 TBUD X} SHR [ /EFNE% F 638 A0
SRR LA, ARZH K BRI Z2 N R 4E 4, SBP.
DBP Jz MBP /K- REFF (P<0.01). S8



¢ # % Chinese Traditional and Herbal Drugs 3% 50 % 25 20 # 2019 4E 10 A * 5007 *

XtHE Ang Il _S 20
BUD/(umol-L™)

2 BUD X} Ang I1 554 VSMCs iT BB (X L5, n=9)
Fig. 2 Effects of BUD on Ang II-induced migration distance of VSMCs (X *s,n=9)

T 4 A

BUD 5 pmol-L™!

Ang 11 BUD 10 umol-L™!

BUD 20 pmol-L™!

20
BUD/(umol-L™")

XtHE Angll_5 10

3 BUD X} Ang I1 iI552R) VSMCs iTBHERNEN (X ts,n=9)
Fig. 3 Effects of BUD on Ang II-induced number of cell migration of VSMCs (X £s,n=9)

0.06
0.04
~
0.0

pagis Ang 11 BUD 5 pmol-L™! BUD 10 pmol-L™! BUD 20 pmol-L™ 0

LS}

& AngIl_5 10 20

BUD/(umol-L™")
4 BUD X} Ang I1 I55AY VSMCs ROS FEE RIS (X £5,n=9)

Fig. 4 Effects of BUD on Ang II-induced oxidative stress in VSMCs (X £s, n=9)

#
B-actin TP WS Gy P G 12 ﬂﬂgj 2.5
Sre D s emus SEE o— E ﬂiﬁ 2.0
psc . . - 08 E15
T w—— s a
s TR - T
-Svk = o % 0.5
proyk - -_— e - 2 D A0 D i
R Ang 1T 5 10 20 X AngIl 5 10 20 X AngIl 5 10 20

BUD/(umol-L™)

BUD/(umol-L™")

BUD/(umol-L™")

4 i
M08 g4
E:' '5[3
o )
g 0.4 e
3 7
0 &0

ST Ang 11 5 20
BUD/(umol-L™")

10
BUD/(pmol-L™")

Yt Ang I 5

5 BUD Xf VSMCs 7 Src. p-Sre. Syk # p-Syk BB FRIAHIEN (X £5,n=3)
Fig. 5 Effects of BUD on protein expression of Src, p-Sre, Syk, and p-Syk in VSMCs (X %5, n =3)

Ebi, 2524 5 A 5, TBUD 41K BRIZ 2= 1) 45 %5, SBP-
DBP 2 MBP /K F¥)RE[FK (P<0.01, K 6).
3.6 TBUD %} SHR E£EEkALAFSFHIZM

S5 R bR, AR 4 K R 2 Bl ik g B R 4

JZ, MU -T-HT LA B AR R K HHESI KL, A
BB HEBIANTE BB 73 itk o SR S, TBUD
SRR E Bk B IS, I T L s A HLHE
FIZEALAEREE (B 7).
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250- Cwiie B 4ibin 250+
Ht Em% EZATBUD #it
200 A 2004
% ## @ %
p E 1504
g 150 _%?{- 150 — *k
xE I
Z 1007 501001
507 507
0- 0 T
SBP DBP MBP b BB 4 TBUD

6 TBUD X SHR IMEFEZEETEIIEN (X L5, n=10)
Fig. 6 Effect of TBUD on blood pressure and vertigo time of SHR (X *s, n =10)

fbiH

7 TBUD %} SHR EFIRKARARSFHIFN
Fig. 7 Effect of TBUD on aorta histomorphology of SHR

3.7 TBUD ¥} SHR EFIBKERIRE L4 53 R RS20
F Ak Masson Jefifa, Hbi FAZILLN0M 2
gith, IJEAY4EREABIEE A, 5XAE,
BRI KRB Ik b IR R AP 4 i 2 (BG4
LA L, TBUD 41K R 8 3h ik IR i Ji 41 4
A (B 8).
3.8 TBUD X} SHR Ez#ffk+ Ang II.AT1.MMP-2
#1 MMP-9 FEHRIAHFENT
5 M 2H LU, AR AR BR 32 BNk Ang T1LAT1
MMP-2 Al MMP-9 £ F3&EKF BT E: S50
HELE, TBUD AKX F 3k Ang 11, AT1. MMP-2
A MMP-9 & A FRIE KRR (B 9.

B

4 g

e I 2 1 5 N SIS A R 11 e o DL o I 2
—, 2018 4 (HHE &I EBEFEFEITIRY EoR,
H A i B R TR A 23.2%, 1 s L
REEMGEETERIRZHETHHHEN. IGR
ORI e I R A R R SRR R A B L 4 R RN T
REFRTCAAR, A o e AR R DAy vy I P L A, 1 L
BER I8 R ARG /NI R A e 1 AR SR
I AR R I3, vy i o A 2 A B A2 s I RS R AL

PRRIERIEAT S, SR B LI S KA, IR
R PRI SO0 TR 6L . B, i

F I (RIIE T AN R AN SR BRAE AR L s, 3 32 55 e X

‘E%ﬁ% .
N

4ivbin TBUD

8 TBUD Xt SHR EZIBKAR IR LH4E 5370 IR0
Fig. 8 Effect of TBUD on aorta collagenous fiber of SHR
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g 3 i 0] #
| B4 o 8
Ang I | jﬁ ; E 6
= =
ad 5 IO 41 *
el &S ) *
=1 —
AT | %ﬂ . & .
R B 4ibE TBUD MR U 4 TBUD
y 1
MMP-9 58 9 8
N K i #
z ° = 6]
a4 " o 4 -
MMP-2 | i -
2 *k N 24
o ~
= = =
I it i = =

X R 45 0H TBUD X R 45bH TBUD

E9 TBUD Xt SHR &k Ang II. AT1. MMP-2 1 MMP-9 SR FRIAHEN (X L5, n=10)
Fig. 9 Effect of TBUD on protein expression of Ang II, AT1, MMP-2, and MMP-9 in aorta of SHR (X *s, n=10)

L4 B AL S5 I RE () 53

PR = 2\ v I i 555 24 e — A s A5 2
AR, BRI T TP
MM JS I R PR DA A B RS o JHG P o i 1 A
S-VE UL e B G L ) AR S DA B 4 i A
JoR S0 g R ML) P 0 BRI o R O 1)
RAAS 5& IR RAEREHEIIMEAE, Ang 1T N
RAAS W s G ERITT, I B A i Ay
RN Ang 1T 7K-PAEAE A, 2 T 30w L i =
M EER T, CiFEsE Ang 11 A5 HARFIEZ A
ATl g5 Wiz 541K, &%, 2. T
DA% i 718 o 1 2 A R 1 5T

—J7TH, Ang II 5 VSMCs LK) AT1 24k 45 4
J5 S R R A Sre. Syk ZEWERRAL, WO 225
AL EE BB MAPK 5% (ERK1/2.p38 /2 INKD,
et VSMCs 1) 53 S8 58 S & By il oK B IR 5 B
B, AN, Ang 1T 5 AT ZRZ5 & 5T L
% NADPH % 4LEE, {21 ROS /=018l it
A EBURE S D Ee, M2 iE MMPs (1)
FIKBL, T MMPs A2 5 3 (1) 2 i 41 355 57 P4 e g
MMP-9. MMP-2 Z50] DIdid FEAFA AT, B
{8 VSMCs RAA)ER 7 a1 M BT RS 22 P i 200,
TEIME A 35 B EAE R . R, Ang 1T 5 VSMCs
I AT 2 AREE G Gl s 2 45 TiEk, KiE—
RINA 08, (E3E VSMCs 1458 . 3275 K i ok
BEJ5 A A AL, ik S B A A

RN RHE I 55 (0 TSR 7, BA
HRMRE . EICEII, RIEKE AR IT &
MmESZ, BAREMERY, & EEHRRES

AFFHA Rk sy . PR U RBH, Sk
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