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[Abstract] Objective: To explore the effects of Xintongtai (XTT) on traditional Chinese medicine

(TCM) syndrome score and collagen fibers in vascular smooth muscle cells (VSMCs) of rabbits with
atherosclerosis in the regulation of p38 mitogen-activated protein kinase (p38 MAPK )/activator protien-1 (AP-1)
signaling pathway. Method: A total of 120 rabbits of SPF grade were randomly divided into the sham operation
group, combined phlegm and blood stasis model group, rosuvastatin group, and low-, middle-, and high-dose
XTT groups. The rabbit model of atherosclerosis due to combined phlegm and blood stasis was established by
exposing them to high-fat diet and balloon injury. Following modeling, the corresponding drugs were
administered by gavage for eight weeks (2.3, 4.6, 9.2 g-kg' for low-, middle-, and high-dose XTT groups and
0.55 mg-kg' for rosuvastatin group). At the end of medication, the abdominal aorta was isolated and stained
with htoxylin-eosin (HE) for observing the vulnerable plaque. Matrix metalloproteinase-9 (MMP-9) and tissue
inhibitor of metalloproteinase-1 (TIMP-1) were detected by immunohistochemistry (IHC). The collagen fiber
decomposition in VSMCs was observed after Masson staining. The protein expression levels of p38 MAPK and
AP-1 in aorta was assayed by Western blotting. The combined phlegm and blood stasis syndrome was scored
based on TCM syndrome scoring scale. Result: Compared with the model group, XTT at each dose and
rosuvastatin significantly decreased MMP-9 content, increased TIMP-1, down-regulated p38 MAPK protein
expression, and weakened the nuclear translocation of AP-1 (P<0.01). Compared with the low-dose XTT
group, the middle- and high-dose XTT groups and rosuvastatin group exhibited obviously lowered MMP-9,
elevated TIMP-1, and diminished AP-1
translocation (P<0.05, P<0.01). The TCM syndrome scores of the middle- and high-dose XTT groups and

down-regulated p38 MAPK protein expression, nuclear
rosuvastatin group were significantly improved as compared with that in the model group (P<0.05,P<0.01). The
comparison with the low-dose XTT group revealed a remarkable improvement in TCM syndrome score of the
middle- and high-dose XTT groups and rosuvastatin group (P<0.01). As demonstrated by Masson staining, the
smooth muscle fibers in the model group were arranged in disorder, accompanied by enhanced collagen
decomposition, thinned fibrous cap, and increased plaque vulnerability. Compared with the model group, the
VSMCs in each XTT group and rosuvastatin group were orderly arranged, manifested as decreased collagen
fiber decomposition and increased plaque stability. Conclusion: XTT down-regulates the expression of p38
MAPK and MMP-9, increases the level of TIMP-1, reduces the nuclear translocation of AP-1, diminishes the
decomposition of collagen fibers in VSMCs, and improves the score of combined phlegm and blood stasis
syndrome. XTT alleviates arteriosclerosis due to combined phlegm and blood stasis by regulating p38 MAPK/
AP-1 signaling pathway and downstream cytokines and stabilizing vulnerable plaques.

[Keywords] heart receiving Qi from spleen; Xintongtai; atherosclerosis; p38 mitogen-activated protein

kinase(p38 MAPK )/activator protien-1( AP-1) signaling pathway; traditional Chinese medicine syndrome score
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Table 1 Chinese syndrome score scale of phlegm and blood stasis syndrome in atherosclerotic rabbits
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Fig. 1 Effect of Xintongtai (XTT) on pathological changes of

abdominal aortic plaque in rabbits (HE, x400)
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Table 2 Effect of XTT on expression levels of MMP-9 and
TIMP-1 in aorta of rabbits (x+s) mmol-L"
2 5 n FiE/gekg! MMP-9 TIMP-1

TR 18 0.458+0.112 0.625+0.232

iR 15 0.742+0.165”  0.137+0.029%

NRSLES 14 2.3 0.621+0.157"  0.352+0.104%
16 4.6 0.537+0.143*%  0.548+0.151*
15 9.2 0.483£0.135*%  0.561+0.158"*

HifFARATT 14 5.5x10"  0.496+0.128*%  0.575+0.163"
ST ARA R Y P<0.05,2 P<0.01; SRR H Y P<0.05,

P P<0.01; 5L L Y P<0.05,°P<0.01(% 3~5[) .

B2 ERIREEFHKMMP-9ERIE (THC, x400)
Fig. 2 Effect of XTT on MMP-9 in abdominal aorta of rabbits
(IHC, x400)
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B3 033 % BB E 30k TIMP-1 893508 (THC, <400)
Fig. 3 Effect of XTT on TIMP-1 in abdominal aorta of rabbits
(IHC, x400)

B4 OERTEEEDHKVSMCRERZMmEY (Masson, x400)
Fig. 4 Effect of XTT on collagen of VSMC in rabbit abdominal

aorta crosscut graph (Masson, x400)
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B5 2OERMNEEENLKVSMCRERZMML (Masson, x400)
Fig. 5 Effect of XTT on collagen of VSMC in rabbit abdominal
aorta slitting graph (Masson, x400)
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HJi &7 A A 7T 40 (19 CD62P, 21 4k 55 1 5, 1f ik %&b &
FVEL 20 s B 35 AR, 28 S B gt 2 L (P<
0.01). FiRFEFRIE/R 048 TG, M E 2 A7 B
s, k4,

3.6 Xt T 3h bk p38 MAPK K 40 i 4% | 40 A SR
AP-1EE I RIR M S5HF AR i, S
Y 3 Bk 2H 219 p38 MAPK & [ £ 35 B & T+
(P<0.01) . S5HHIZH L, 0 28 15 = 41 9 p38
MAPK 8 [1 1922 35 B 1o B IK (P<0.05) 5 DR & T
7 21 AN i B AR TT 4 19 p38 MAPK 2K [ 1) KA i
FEREAL, (P<0.01). SAGHI R A, AT &
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x£3 DEENRERELIEDEIEERSBEIE (+s)
Table 3 Effect of XTT on Chinese syndrome integral of phlegm and blood stasis syndrome in rabbits (x£s) N
il i , . . PP 5
219 TR frk Tk T w4 R 3 Bz VO
/g-kg R LA
F5i A 15 2.45+0.62%  2.17+0.83%  1.63£0.55%  1.48+0.53% 2.75£0.91”  1.94+0.37°  2.16+0.48% 14.58+3.14”
NNEES 14 23 1.93+0.747  1.85£0.76"  1.24+0.41%  0.95£0.45> 1.76£0.63" 1.28+0.57 1.732£0.61° 10.74+2.65>
16 4.6 1.25£0.56% 1.54£0.59*% 0.71£0.34*% 0.79+0.38*% 1.52+0.63*% 0.83+0.26*% 1.43£0.52*% 8.03+2.36"
15 9.2 0.94£0.42*9 1.3240.61*% 0.7520.37*% 0.82+£0.46*% 1.65£0.58*% 0.92+0.35*% 1.39+0.47*% 7.79+2.15*%

B RABIT 14

5.5x10™* 1.05£0.48*% 1.27+0.53*% 0.81£0.42*% 0.72+0.35*% 1.41£0.43*% 0.94£0.38*% 1.25+0.34*% 7.45+]1.83*%

TE AR T AR A A BEUE B 2 053 .

F4 DEENASERBRELIEIERECDP, AEEAQAR, MGHEMIHMERKZM (F+s)
Table 4 Effect of XTT on CD62P, fibrinogen, blood viscosity and hematocrit in rabbits with phlegm and blood stasis syndrome (x+s)
25 n F /g kg CD62P/ug-L" YA /gL 1% %k )% /mPa-s™ 2140 i R /%
B F A& 18 12.35+2.47 2.19+0.63 1.25+0.58 0.43+0.05
% 15 23.64+5.127 8.35+3.24% 2.17+£0.73% 0.62+0.08%
IR 14 2.3 17.28+3.15% 4.62+1.51Y 1.84+0.36" 0.48+0.06
16 4.6 15.41+2.924¢ 3.57+0.83%¢ 1.39+0.59*¢ 0.45+0.04*%
15 9.2 14.36+2.48*% 3.39+0.86%¢ 1.45£0.51%% 0.44+0.05*%
iy &7 A AT 14 5.5x10™ 13.97+2.524¢ 3.43+0.75% 1.32+0.45%% 0.41+0.02*%

7 e 4 I E 7 AR AL TT 41 p38 MAPK 25 ik i 3%
[ (P<0.01) .

F 3 ik VSMC H 1 4 i BT AP-1 [ AR FF 248 A %
AP-1TH i  $278 AP-1 #5400 . 5 1E 5 20 L #K, A5E Al
20 = Bh bk AP-1 8% 5% 47 2 3 B I (P<0.01) . 5 455 1

KA A N = (i = SN R WS R A R
(P<0.05) ;0> 9 2% v i 7]t 20 R0 B &7 £l 7T 41
AP-1 B 5 i 2508 /0 (P<0.01) . S5{%57) &4 i,
Hp R R R e T R T T 2 AP-1 A A I >
(P<0.01), WFEs5,K 6.

x5

DIERITZ AR EFIKp38 MAPK, % AP-1, AR AP- 1 EAEEMFM (X£s)

Table 5 Effect of XTT on protein quantity of p38 MAPK, AP-1 in nucleus and cytoplasmin rabbit aorta (x+s) mmol-L"
451 n Mit/g ke p38 MAPK AL A% AP-1 4 Jif 5T AP-1
[EEREN 18 0.23+0.07 0.07+0.02 0.82+0.01
LR 15 0.89:0.10” 1.24+0.09” 0.17+0.01»
NSRS 14 2.3 0.79+0.03% 1.09+0.14Y 0.30+0.01¥
16 4.6 0.43+0.07*% 0.57+0.13*% 0.64+0.01*¢
15 9.2 0.42+0.08*% 0.44+0.07*% 0.60+0.02*¢
Fit &7 AR AT 14 5.5x10™ 0.38+0.06* % 0.15+0.04*% 0.59+0.01*¢
4 itig (9 B 5 2F 4k 53 i 3 22, 2F A E 8, e & 30 il

SR WU BE Y 3 BEEO X5 3l ik 5 1 5 Bk
WL M R, TR O LR B R A Y T
155 T oy I BE B o B 451 BE SR B SR T B 2
— o LT YRR AE MMP B9 AE R 20 i, e & BN 1Y
i J5T % 0 B SR BT PN 25 T Y ) A s A ZE T
VSMC J& 2 55 BE e 21 2 08 P 1) 240 i, % T 2
S R BEBE , VSMC [ T2 A5 4k e T e AL i 7
gy WA Y AR L PR T a0 MIMP, B A 2R K T -B
(TGF-B) 4% , I i ik 240 g A1 56 5T W A, 51 kS 2F 2 0 vh
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BEHem 5

Hh S VA B DI R N R R A 44 (E AR A
KR ABAL, AT A By B BE T JE M B0 R
L A S R A ol QI 58 - N o s M N
LB AR S A Il L o R
A 8 SR PR A5 ML AR TR A I RE P8
Tk I 4 9 B a R AR X R o A N 28 - 2R ) - B P
MR REAE iR, T, g
SCEIOR , L IA T R K GE R B b K HE Y A
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(S8MAPK _42kDa B, Ak Ak il O AT B 3 AR B DK O FE T Ak B B AR
B B 5w R IR T RE | IG5 1 S W AR B AT AR AR N Y
aarvor | wrkdn R, BT i 77 I 1 ol 36 20 451 h K 4 £
— _58kDa e N9 4 52 ek ik 40 B A R T AR O 3K R B 40 At ok
L -2 (Bel-2) 2 [H , Bel-2 A1 56 X & 4 (Bax) , 2} ik
minone 1 [ s R & B AR K3 (Caspase-3) B %15
Jin TGF-B Al MMP-1 ) 2 35", B 32 52 i Jig J5 £F 4

i .1 R :: .- " h

A B AR AR 4E0E 69 R, DO 5 30 5 4 BE B 1 i
oarort (I, . AL R K T B A 2 7

A B C D E F
A BT ARM ;B BRI C. Fi &P AR AL TT 4 D. 0ol 48 ) e 4
E. DR & Pl i 4 F. O 28 A7) 4l
6 %A E BBk VSMC i p38 MAPK, A B 1% AP-1, AR A
AP-1ZEH Mk
Fig. 6 Electrophoresis of p38 MAPK, nuclear AP-1 and
cytoplasm AP-1 expression in VSMC of rabbit abdominal aorta

A TFAT 7 E A A B B BTG SR KGE R TR 4
B R A% ok £ A H A 0 A P o A T e TR R
R 55, K A ME DA AR AR RS B, 3 O 43 bk E 2R
I, BRI LA Y S GO K IE , A I
25 R TY S 10 B BT 2 AT
SOk IR F(H N & - ) - EALE GRS ) : 0 32
RTW Lz T, <& T, 2 EimE. "0k,
Mg+, E A AT OB OCR AT SRk
o AT S o 2T I B RS O IE I 32
AT H A Z R (I, B (M) 8 A% B (0 ), o
AT A AR B NE . FAERME RS R,
BT 02T S R R SR X 8 32 BR AT
G T 5 e i G R 98 L 1 v P A A AR A Y 44
O VLR A 25 45 B PE W PR AR IR . IR
) I 50 AF 5 L IE 520 9 2% T B Bl Dk ok R AL A
14 100 B K SF- |, ek e B e N B BT AR R HABH
E B, A I 9 5 O I BEL 4%, S A5 BE B B
A Sy TR R, 5 R i Y B B AR AR X
JNE I3 TF 7 AT s B AE IV AR A AR bR b BEER
1y A2 E M5 W A AR 2E bRy i /s B B ORE 2R
CDO62P, 21 4 285 11 J5t , I W &5 B2 RN 20 41 B e AR A
S B A AF 5T SR A I VR 9 AR 2 AR E A I
U o 25 IR R 2 ) B B R 0 B 45 UE TR
AR A T R ML A TR BOBE  R BL 2 R )
P B A% O B, IR 9T 4 DA AR R R
B IR B A 0 AR R U IR S BRI
41 2% U0 AR O, ML R DA<t 2B AR TSR DG R 23 5 )
I B8 532 sk g B TR . ZE AR R B oY R

K 5T % B0, 5 450 B B 1) % 2B ML AT g 5 5tk sl
ik W Bax, Bel-2, 40 i CC #4 1k N T 2 (CCL2) ,
TGE-B,, & YR 5E K 7 (TNF ) , B ik B 20 it 0 -2 S (X
FES A 1 (BCL2L1) , 3 7 4 7% % [ 7 -2 (CSF-2)
LI AR &, TGF-B, T T BCL2L1/Bax i 5
B E, 5 0 TNF,y T4 E (IFN-y) #l T
A Y BIRC3 L[] 1 A, 5S040 i P 3 AR 08 77K S Y
A DT AR 2 Bl K S A5 BB T

O AR T 2 AT M o I B R
FFAL 7 (1, 09 28 AT B B2 S, B A7 I, 3 2 3R
FE 3% I 3 2%, U /0 ST R R . A o B
FEY L RRE BB IR BRI NS I AR
K AR BRE ORE ST BB = BE K H
R , Kb, Ph S NE LR Lm0
S LG 2 2 Dy s AR AR R R AL R a)
ARG BRI AE T A LIRSS R AR, TR A
BB s S = AR A TR I Lk AT AR s R H
TR S RS 2 . e Ay A R R T
I PRS2 35, AT R B4 2 R R IR . B
T YA 0 3l 4 SE 3 B 5 TR, O T 4 — 1 3 4 A 7Y
PRI HZEUEVE 3 1 3%, Oy T AR A NI PR B S e
B UG DR 7 9 7 Ak B 2 B A 5, 3l 1 v I i A 7R
(4 F 5% RN Hp 2 52y o H I i %) S 64 A A
ELAG AR = 0 I R R AN, 0 53 35 A 03 AT T 5
5 5%t 2h 4 1 R B E A R AT VE 43 A B SEKS P i R
VI3 E I T = VI g = NSy 7l w0 el B S
TEME .

HHITAS B g BE A 90 RN 45 T R 4 %
{841 X B B 2F 4k 8 b VSMC 40 i A IR 2T 4 i BF
FER D o AHIE 5T N B Ik o B B Ak ) i BE B ) 0 9t
HESRUESS A sh Wi &, SR AR B4 7 ik
IO IR0 32 ST i B PS5 p38 MAPK/AP-1
i % A VSMC JE Bl ST 4 5 5 . AR BF 5T LU
p38 MAPK/AP-1 38 %y JEfilh , ¥R 128 i K R it
MMPs (1 2 245 5 %) 4t BF B faoa M 1 o6 BX
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p38 MAPK/AP-1 {5 5 i f§ J& 2 5 5 8l 5t OB 1 1)
FOE S5 0 B, Hoh p38 MAPK J2 22 4 5% 1L
AT S B, AR N A AR A R S e 5 A
PN v I (17 1 O S 7 S A 7/ =238 o A
p38 MAPK A {i¢ it VSMC #9941 5 2k 3h fik s £ i 1k
BEH T 2 . AP-1 2 41 B Py — 2R % SR s R 1
P20 p38 MAPK 1% 38 1111 K (415 5, B 2 Ak 5 Mt I
HEA MR, 5 AV B9 DNA 51 45 4, M I8 45 2
i MMP-9, TIMP-1 7£ N i 21 i X+ /9 3R 35 , AP-1 38
B AT UE VSMC 1 38 5l T A%, S 808 koo R i 1k
S BB I B2 . MMP-9 [ 3 32 35 2 42 fifi 5
Tt e 28 4 W v 1 BE 5T I ik, IR D £F 4 43 i 3 L £F
Y NE A R R HE S BB e Y, I A S
a0 U S Y &

AR R W, 5 e R SRS IS B kR 98
A 3 8 B 45 IE B 45 B B 1) 2 R R S G
Sh K B BA 1) ) 5 BE B, i 5 A% 0 KT TR 4
HERL LT 4EE . SRR AL LA, 0 i 28 45 4L R H
&F R A 7T 41 BE He 9 p38 MAPK Z& 11 Y 6 35 [ 1IG
AP-1 IR 5% A ek /b 7R i 9 40 Ff R - MMIP-9 11
Z2ik B R B, TIMP-1 A9 32 35 B & B4 il . Masson
Yo 48 s B R 20 1Y) B Ik R 0 £F 4 ) S IR e £
Aewl > H ARG ZE AL, BES S B bR, O B T A
Ji P 5 55 R R A B A O A8 A A R B T AR At
VT2 5 7 27 4 B B R R, VSMC HE 51 #5455 700 2 3%
I, AT 4 2 R A I Y AR, LG R 2
rh R 7 2 AT RO TR S A . R B2 v R
TE A B 22 B B AL 21 17 b = i e B4 B B T o
I A DG 1 0V O A8 2% 46 AR CD62P, 4T 4 25 11 )i |
I8 %6 B AN LT A0 R A B E T R ST A
B, 0 Y 28 45 AR By B AR T T AL ) 8 9 L 25 I AR
4y ,CD62P , £ 4 25 {1 i, I Y 266 58 R 1 440 i i AL A
ST S E RIS s SN = B 2 DI N O 0 T
Z TARR A o bR g5 4R R 0 48 — J T i
1 # p38 MAPK/AP-1 i i & F i MMP-9, 34 fin
TIMP-1, J# 5 VSMC Ji [l ¢ Jit 2F 4 19 53 fife L Fa o &F
AE0E , M FR A2 2y B B 5 3 — 5 1, 09 2% 3 3ok ek
B BRI E 4, B T S 40 B S A A 1 9R
P8 B S5E

Zi LTk, HAT B R LT I E 4% T ALY O
S 2% T LG RL 7 I6 S 5 B Bk 1) B S8 R g 5 R R L
SEUERY, AL AT BB 2 2 9 ) p38 MAPK/AP-1 38
%, Wl 2D B B £ 2 R v R R o A O . AR R I
BRE T D Z AT EE R N R T D
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Z 30 2 ARG L R R] V6 B 06 W R AR &) 4 B

195 F L o A 48 0 98 28 40 o] i B VSMC 2R W) 2%

FEPE R RS BEH I LR 4R |, L) e VSMC 1) % 21 A 3

PR 502 AT I B G i IR T — 2P

9B 5 D5 1), LA S o0 i 28 B2 E 3l Dk & 450 5 R

AT IR S B A TR R ) S IR AR
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