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Preventive Effect of Modified Buyang Huanwu Tang on Formation of Atherosclerosis

CHAI Yi, WU Hao-xin~ , CHEN Gang, LING Yun
( Nanjing University of Chinese Medicine, Nanjing 210046, China)

[ Abstract | Objective; To study the preventive mechanism of modified Buyang Huanwu Tang on formation
of atherosclerosis. Method: Thirty male ApoE ™~ mice were randomly divided into four groups: ApoE "~ mice
blank group, model group, modified Buyang Huanwu Tang group and simvastatin group. Normal male C57BL/6]
mice were used as a normal group. High-fat diet was given for modeling in model group, modified Buyang Huanwu
Tang group and simvastatin group. 4 weeks later, the mice in Buyang Huanwu Tang group or simvastatin group
were intragastrically administrated with Buyang Huanwu Tang (20 g-kg™') + leech powder (0.46 g-kg™') or
simvastatin (3 mg-kg'). After 9 weeks, the total cholesterol (TC) , triglyceride (TG) , high density lipoprotein
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cholesterol (HDL-C) and low density lipoprotein cholesterol ( LDL-C) in serum were detected. In addition, aorta
segment was taken from the experiment animals to observe morphological changes by HE staining, measure fiber-
cap thickness and vascular intima-media thickness. Western blot was used to determine the expression levels of
aortic p38 mitogen activated protein kinase ( p38MAPK) and extracellular signal-regulated kinase 5 ( ERKS).
Result: As compared with the normal group, TC, TG and LDL-C levels were significantly increased in the
ApoE """ mice blank group and model group, while HDL-C level was significantly decreased (P <0.01). As
compared with the model group, TC, TG and LDL-C levels were decreased in the modified Buyang Huanwu Tang
group and simvastatin group, while HDL-C level was significantly increased (P <0.05, P <0.01). HE staining
showed no aortic plaque formation in C57BL/6] mice normal group, few aortic plaque formation and slightly
increased vascular intima-media thickness in ApoE ="~ mice blank group, significant aortic plaque formation and
increased vascular intima-media thickness in model group. As compared with the model group, aortic plaque
formation and vascular intima-media thickness was reduced in both modified Buyang Huanwu Tang group and
simvastatin group. The protein expression level of aortic p38MAPK in model group was higher while protein
expression level of ERKS was lower than those in C57BL/6J normal group (P <0.01). In addition, the protein
expression level of aortic p38MAPK was significantly decreased while the protein expression level of ERKS was
increased in both modified Buyang Huanwu Tang group and simvastatin group as compared with model group (P <
0.01, P<0.01). Conclusion; Both modified Buyang Huanwu Tang and simvastatin have an effect in preventing

the development of atherosclerosis, and the potential mechanism could be related to intervening p38MAPK and

ERKS in MAPK signal pathway.
[ Key words ]
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1.1 ¥ f@EEHEPE CS7TBL/6) /NEL 10 B, fd il
T ApoE_/_/J\Eﬁ30 H.,7 ~8 JE#%, /&5 20 ~30 ¢,
W B Lo MR SO S 58 sh WA BR A W), & A8 IE 5
SCXK(71:)2011-0003, T SPF K #h¥W iR 3, B W
IREROK o S80I A P AR 30 3 ) B2 A AR B2 X 3 )
HEAT b
1.2 249 Rk A 7vg h 3 120 g, 414
6 g, A4 5 g, I3 g 1753 g, BE123 g, 214E3 ¢
AL, FIKIEN 2 g (LA B 250 20 [ R sl P BE 2 K
FHEEH, #5425 oh 160201, 160201, 160101,
151201,160201,151201, 151201, 160201 ; & 55 %
P 2 R 2 5 B v 2 48 T U 3 RAE R B S E
YFFG 2010 AR [ 25 800) 55K ) o BROK A8k A1,
BT 2R 2 WK AR S A 252 gomL T INZH L,
A =20 C B UKAR A A7 45 1, th g mtrp B2 24 K2 vh
BN 52 56 % A il S ARTT B (BT R, 2
Merck Sharp & Dohme Limited 2 &] , &t M 2R Vb % il
25 IR w4 4%, B 25 ESF J20130068) o il 2 h 27
MO A (PBS, b KK ER L ARA AL #HS
P1010-2L) ,Heidenhain 4k 75 A 2 42 {6 95 S 20 4L o,
RS 5t 4 4 2R W RSO RS AL 45 2 )
JRS0364 , JRS0371) ,RIPA Z4f#ii &% SDS-PAGE % [
EREGE v (3 s KR A, S 4k 5 S POOI3B,
POO15B) , 25 H #1157 Cocktail Az p38 MAPK ( 3£ [
Cell Signaling /A &, fit 5 43 5l Jy #5871S, #8690 ) , 4K
H Marker( 3¢ [E Thermo /A &, #it 5 00222891) , fa it
/NEL ERKS — 3¢ (FE[E Abcam 2y 7] ,3t5 ab40809) ,
BB 11 (B-Tubulin 9050/ B —Hi0 S F-H0 0 — Bt
(3£ [® Proteintech 2 @], #t 5 43 %1 & 10094-1-AP,
SA00001-2) , ECL & ¥ ( JE oy i 22 28 W), it 5
2514K) .,
1.3 {U&% RE-52C HUJig e 78 R AL (g L X746
ILER A RN ) , cobase 701 BB [G 4 H 34 1k
R AL (2 G2 W™ i A BR 23 W) ), ND2000 5453585
JETH(SEE Thermo 23 ®] ) , PowerPac B 4 14 HL Yk LA I
Mini-PROTEAN 7 4 i 2 %i ( 2 [6 Bio-Rad /A 7).
2500 RIBERE AR S o BT R 58 (B R BERM AT PR 2>
A]) ,RM2016 #4555 U] A AL (75 [ Leica 24 W) ) , SL
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JIEL 6T P, 20 % R W7, Ho A 1 43 55 38 i )Rk A [R] ) R 5
8 Ju, 9 JH,

2.2 SrHSTH FrA/NERGE N SE 1R E R
FABEALECR AT 3 Ie . 44 B T Hian . DC57BL/
6J /INBUIE 4« %58 1Rk + C57BL/6) /N L + A2 3
K @ ApoE 77 /N BLAL s 38 4 BE + ApoE 7T /)
B+ 2B LR K OB 41 - 7 R 4 BE + ApoE 7T/
B+ A R K @D BH I8 37 IR 41 - 5 R R +
ApoE ™ T/NEL + #MHIE T 20 g-kg T ($5/NER20 g,
A 60 kg 1Y RGA AT 53, SF AR TT 2 [H]) + 7Kg Ky
0.46 g kg ' s @FARAMIT 4 : B IR + ApoE ="~ /N
B+ 5 thfliT 3 mg-kg ™' 54 FR, TA/NRITE
Fl—ffZIF —AE T PLUES, BH 1R, EL
5,

2.3 BRAHUM KR 9 G 45 AR AL O 4y
INEGEREORERIK 12 h L L 7. 5% KA SRR /N
BRR B R LSRRI, T, 2 A8 O EIEAK
T PBS Y gk, Bl 5 HE R 4% Z2 T B N 1 e, B
O NER FE PR T 4% 2 R W RSP E &, 1T A
WUl o HARSIALSERT AR AEE K 12 h DL F R
FH AR BR9 5 AR Bt , B 5 B 55 BN B Sk, PR
W PBS W Pk F 3 bk e O B T WA R R R
Z -80 CykA A7, 1 T p38MAPK il ERKS /)
T HE A Western blot £l

2.4 (i fgke 9 S Ko BUHR AR B & M
e A S 6, 47k 53 MR R AT 2 L VA, >R A IS A 8% I YR
BREN R M T, FEJEE T 4 °C,2 000 remin ' B0
10 min J5WHR B2 IMEZ 0.4 mL, ] T1b2ik 4
A 3 Az A A b A T a3 S IR [E i (TC) |, H vk = R
(TG) , = % 3 Mg 25 H I8 [ i ( HDL-C ) ARG %% B2 g 2R
1 JH [ i (LDL-C)

2.5 JRIESFRA B0, B ES kT U
HHLAL B, K iR A A Y e, U R R
4 pm FRARR-PHLL(HE) G o, 5 R WS H 2 25
AL SEERZE A 100 558 T 4%, 48 Tmage-Pro
Plus 6. 0 B4 5 £F 24 e V52 J32 R0 1 487 PN - v RS SRR E
2.6 Western blot £;ill] p38MAPK ,ERK5 f¢) % ik
2.6.1 HREEF B - 80 C yKA L A 2,
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PRI, T A RIPA, PMSF FI Cocktail , fF 4 £
41,74 °C,12 000 r-min " E.0> 10 min, /N0 IR 1
5 W, 4 Nanodrop {3 2%l & ¥ B J5 , in A PBS K&
SDS-PAGE H H EAEZE Wil (2 x ) , i 2), 100 C fin
PARE 7 R AF T - 80 CUkAf -

2.6.2 KMEME  KYE p3SMAPK F1 ERKS {4 4H Xt
3 J5T B B 5 2R TR s T Y e e (4300 A 10% A 8%
YIS ) LK A3 5 2 1 BT, b AR H ik (CHLTK SR A O ik
45k 80 V,30 min, 43 B ik 100 V,60 min) , 9K 5 #5
2 R M LM (PVDF) i€ I ¥ PVDF B A — 4t
HHAZMW T EIREIRES 1 h, 50505 A A
p38MAPK , ERKS F1 Tubulin i Hiik & ,4 C
B, ZEMOREYE 3 K, B IR S min, ¥ PVDF 43
BITEAINAE Eh R PPtk et , =R EF 1 h,
BRI R 3 WK, B 5 min, ECL & 5%, R4
p38MAPK, ERK5 Jz Tubulin 4% # JK B (&, 15 3] %

FEAp38MAPK ,ERK5 5 Tubulin £ )& 14 .

2.7 Giils e R SPSS 16.0 G5t i ki 47
BRI, T A TR R v £ s ROR . X TIE
A3 HLJy 22 55 1) B 9 kL, SR F 5 1m) 3 28 00 O 22 43
BT 5 X TR TE A8 43 A 5 (F) 7 258 55 1 B8 86}, 44K
P 5 A 0 22551 AR ST, L P <0.05
ERAGIFE L,

3 #R

3.1 X} ApoE "~ /NELILBE TC, TG, HDL-C, LDL-C
B 5 C57BL/6) /NEUIE 8 40 HL 8, ApoE "~ /)
B2 AR 4] TC, TG, LDL-C ¥ 7% H HDL-C ¥j[%
IR (P <0.01) ;5 ApoE ™"~ /NRUIE & 41 b4, B AU 4
TC,LDL-C JH&E (P <0.01) ; 5B A4 L&, #b BH B
TV PN 415 5 £ 7T 412 BE B ApoE ™7 /N
TC, TG, LDL-C 7K 3, [/ B} F+ & HDL-C (P < 0.05,
P<0.01), M#EI1,

%1 #PAEREZMBEX ApoE /- /N TC,TG,HDL-C,LDL-C fEM (i =5,n=6)

Table 1 Effect of modified Buyang Huanwu Tang on TC, TG ,HDL-C,LDL-C level in ApoE ~/~ mice(x +s,n=6) mmol-L "
21 91 Fld /g kg ! TC TG HDL-C LDL-C
C57BL/6J /N RLIE - 2.34 +0.35 1.06 £0.35 2.27 +0. 14 0.38 0. 11
ApoE "/ /NER - 18.25 £1.05%° 2.13 0. 88% 1.58 +0. 46% 11.74 +0.35%%
[ - 20.67 £1.11%% 2.39 +0. 64% 1.54 +0.30% 18.04 £0. 44>4
FINCER S IRTIIILN 20. 46 17.33 £0.72% 1.69 +0.39% 1.99 +0.27% 11.23 £0.23%
FARALTT 0. 003 14.01 +0. 59 1.65 £0.49% 2.35+0.51% 10. 80 +0. 329

5 C5TBL/6] INRIE# A LY P <0.05,2 P <0.01;5 ApoE /" /NRAL L EY P <0.05,4 P <0.01; 5HA 4 4% P <0.05, P <

0.01(%£2,3 ),

3.2 % ApoE /NI ML B C5TBL/
6J /N B IE B 2H 2 2l JDk i 45 R 40 2 A A5 BE 41 i HE 51
BB RETCBEHUL B, JC A A IR . ApoE T
/N BRCEH T2 Bl DK I SR 0 B K A A BE AT A D BE BRI
BRI I, A A /b it A8 Pk A I 9, PN - v R R A
J5 o WAL 3 g K i A A RSO A0 AN 1Y, BEUE BB
S, 4 AR DR 48 1 4 Bt IR 4 2 A AR S g T
FEAT - I 2 1 JRE o D PR T3 fin bk ZH A Y 20
BEHLS /L, 3 bk il 45 A B HE 9 B RE 5, R AN i iR
TRV, - R JEE B O /b S AR 7T B Y 2

- 0
b L
SPUEC e

B

BEHLBA 08D, 3 B Ik I 45 A e HE 5 A B S5, R Al
JHu 352 ¥ B 0 9, oA - R R I S b, LT 1,

3.3 X ApoE ~ /N BT 4k 1 JEE B A 1L A PN - R
FEMIRSIR 5 CSTBL/6J /NELIE 41 1L %, ApoE ™/~
20 /N B 32 30 Bk 25 4 R R B 5 A 9 -rh B R B A
s 5 A0 22 S R HOA e h 2408 S0, BRI A /N R 32 3
Jok £F 2k Wa JEE B R i A o -rh SRR R A A B B )R
(P <0.05) ; 5HAIA P dss, #b FH A F7 ik 24 5
R AL 7T 2H /N BRBY =E B ik £F 4 1 = BE R I A Y -
JEFE A B s /b (P <0.05,P <0.01), W32,

A. CSTBL/6] /NFLIEH 415 B. ApoE " /NRUAL; C. LTI AL D. MR T IR AL E. 27 oAb T 41 (8 2,3 [)

1 3 FEEF % M BEXT ApoE =~ /v B & A9 4 A5 22 & (HE, x 100)

Fig.1 Effect of modified Buyang Huanwu Tang on vascular morphologic in ApoE =/~ mice( HE, x 100)
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&2 HPAEEG MR ApoE /7 /R £F 408 B 0 A -oh R R

Y8 (x £5,n=10)

Table 2 Effect of modified Buyang Huanwu Tang on fiber-cap thickness and vascular intima-media thickness in ApoE =/~ mice(x +s,n =10)

wm
21 53 /g kg™ 2F Y e 5 A8 A - R J5E

C57BL/6) /N ELIE - 5.56 £2.91 81.58 +10.78

ApoE /" /NER, - 8.48 £2.51 87. 14 +10.35

HLHY - 9.88 +6.92" 92.24 +12. 03"

FANERZE IR/ IS 20. 46 6.24 +3.08% 74.00 +13.95%

F AT 0.003 5.93 £2.56° 72.30 +10. 38%

3.4 S EIE vk K I AN B R T 97 hn bk X ApoE T
/NEFE BTk p38MAPK ,ERKS [ 3R iA

3.4.1 p38MAPK &£ HM 5 C57BL/6J /)
BRUIE 5 41 L4, ApoE ™ /INER 41 P p38MAPK (1 2K 1
Fik A TG 2 AR G2 AR 3 5
k412 h p38MAPK 8 (1R A B £ (P <
0.01) ; SHBIRVZH L5, #h BH A 037 0 Wk 20 1= A At
1T RE AR p38MAPK 2 K ik & (P <0.01),
WK 2,%3,

p3sMAPK W . - ).

Tubulin @ — - e - 55 kDa

A B C D E
B2 #PRIEEZHMKSX ApoE '~ /NREF K p3ISMAPK ik 7k F
B9
Fig.2 Effect of modified Buyang Huanwu Tang on expression level

of aortic p38MAPK in ApoE ~/~ mice

3.4.2 ERKS fEHZFEXEMN 5 C57BL/6] /NELIE

HWULLES, ApoE ™ " /N 41 E 3 ik ERKS (4 (1%
Liﬁﬁﬂjw IR HA Ge it 24 8 S, MR 4 3 3 ik
2l ERKS {8 A R B Y B (P <0.01); 5
@E:*F‘J?ﬂtt& I BE A T 3 0 v 4 A A T 4 ) i 4
(P<0.01), WLK3,% 3,

INZHZrR ERKS 25 H i #15

Tubulin @D D D GE) WS ...
A B C D E

B3 #MPHIEFE % MK X ApoE "/~ /MR £ 3 Bk ERKS ik

A

Fig.3 Effect of modified Buyang Huanwu Tang on expression level

K H

of aortic ERKS5 in ApoE =/~ mice

4 Ttig
AS JE: 38 78 8 fik K Ho 4y 320 sl ik BE N RS R PN R

#£3 AAEEF MY ApoE =~ /NR EZh Bk p3SMAPK,ERKS ik 7k EHI B (2 £5,n=6)

Table 3 Effect of modified Buyang Huanwu Tang on expression level of aortic pP38MAPK and ERKS in ApoE ~

/= mice(x +s,n=6)

415 HAE/g kg ™!

p38 MAPK/Tubulin ERKS/Tubulin

C57BL/6] /NFRUIE # -

ApoE ~ " /N -
H5E 0 -

AN RS 7 ek 20. 46
F AT 0.003

0.194 +0. 027 0. 609 +0. 026
0.227 £0. 024 0.553 +0. 049
0.355 £0. 063% 0.341 +0.078%

0.263 +0.033% 0.567 +0.024%

0.261 +0.030% 0.574 +0.051°

FA B BRI (35 A [ AR A ) | () R
A PR LA B S AT N T S 2R 0 A R R
TV 1 B K €0 R G R B B A BB LA
1986 4, Ross 202" WY $5 H AS J2&— Fift 48 i P 9%
5, 2 453 1) — ik B 9 AR R I . AS ) S AR i
B P A I RE A g T rP B e gy 3 g
S e BLTE I TR O 9 /AN | 27 4 1 5 3 1 2 Y 4
J B RV AR EE o TR 4 T D) 5 R 4B R 1
T A8 TR B 43 A7 RIS I 69 A 5 80 I g 7 A
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WAL, i B U 9 DR /0N 5 TR B P Ja) ¥ 9% AE N 18 7R
JE XA — MM AT A BORHZ 2R I IE [
s K- B e 5 AS B & As 5 IE AR OG5 IR B R
TAS R EN K FE . MAPK {5 5 i 2 7L 30 1
Wﬁ?iﬁfﬂ@—*éfﬁﬁﬁ-ﬁﬁﬂﬁﬁHiﬂﬁﬁﬁ,%%'ﬁ

S s BRI R T AR S i . HRTZE i EL B
WA B 2% E T 4 4 MAPK {55 % 3 8% .
ERK1/2 38 i , c-Jun 5 3& K v 84 B ( c-Jun N-terminal
kinase , JNK , fu & JNK1/2/3) i# %, p38 MAPK ( £ 45
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p38a, p38B, p38y Ml p388) il f%, ERKS i i#%. p38
S MAPK G215 42 ) 9 i 2 I o 28 B B Bt o A W5
IR, p38MAPK H11 il 77 7T 9 4% 35k 98 43 47 )5 K Bl 350 8
ok A Y B A R R . ERKS {7 5 1 1% R 2 40
W 2R E 5, MR A K LT DL
KB S R Pk 3 T AR 2 4, Regan 281 fF 5
KB, ERKS it fé /Iy BB B T O i &2 4% 19 0 4 O HL
BRI O & B R ZE, R ERKS 78 .0 155 B
B E R E R EH . AR, BT ERKS (55
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