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(Western blot) # .0y JLZL 21 p-c-Raf,p-ERK1/2 F ) F1K . SR R85 KB 20 J8 5, D) g 7 7 %8 W 48 5% AU 5 1
KEMR, HZ512 5,5 SHR BRA b L EARX KRG & KR EHMER VAWK EY B2 TR (P <0.05),
AR KR w85 70 2k 2 R K v 3H 4R 0 i AE 255 4 R B B B (P <0.05) 2R E AR RIBRIAIRH 4 A 2556
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(P<0.05), bIiReENH, FEARRKKA R A EH LB RDIHHAOPNHALF A Ang Il , TNF-o, IL-6 3 T (P <
0.05) ,NO 3% EFH(P <0.05) ;2P E AR KRG MF RN NO BF LFH(P<0.05), 2 AR KK & &4l fg kv i
AR OLIMALUEEBEEW B, R fe 885 R Bon H AT Z 00 . 2 E AR KRG &R & 42 oK b 4.0 LA 2
ACE, ATl ,c-Raf, ERK 1,ERK 2 [ mRNA 35 F & (P <0.05) , Western blot 2 52 £ 43 i 50 77 2F 5 1A KRR 15 AR 30 4 f s
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[ Abstract | Objective: To observe the effect of Banxia Baizhu Tianma Tang ( BBT) on Mitogen-
activated protein kinase ( MAPK) signaling pathway of myocardial hypertrophy of hypertensive rats with the
syndrome of excessive accumulation of phlegm-dampness ( EAPD), and explore the pathological mechanism of
alleviating myocardial hypertrophy. Method; Spontaneous hypertensive rats (SHRs) were fed with high-fat diet for
20 weeks to establish hypertensive EAPD rat models (HEAPD). Other 10 SHR and WKY rats were included into
control groups. Both groups were fed for 20 weeks. After 20 weeks, the modeled rats were divided into high dosage
BBT decoction group (13.8 g +kg™'-d™"), low dosage BBT decoction group (6.90 g +kg '+d™"), telmisartan
group (6.33 g +kg'+d™") and model group (equivalent normal saline). SHR and WKY control groups were
intragastrically administrated with equivalent normal saline for 12 weeks. Body weight and blood pressure were
measured every week. Left ventricular end diastolic diameter ( LVEDd ), left ventricular posterior wall diameter
(LVPWd) , interventricular septal diameter (I1VSd), left ventricular ejection fraction ( LVEF) were observed by
echocardiography every two weeks. Left ventricular mass (LVM) and left ventricular mass index ( LVMI) were
calculated. Angiotensin [[ ( Ang Il ), tumor necrosis factor alpha ( TNF-o), interleukin 6 (IL-6), nitric oxide
(NO) in myocardial homogenate were determined by ELISA. Morphological changes of left ventricular observed by
HE staining. The distributions of angiotensin II type 1 receptor ( AT1) were detected by immuonhistochemical
staining assay. Levels of mRNA expression of angiotensin converting enzyme ( ACE), ATIl, proto-oncogene
serine/threonine-protein kinase ( c-Raf), extracellular regulated protein kinases 1 ( ERK 1), ERK-2 were
determined by real-time PCR. The expression of p-c-Raf and p-ERK1/2 were observed by Western blot. Result:
EAPD rat models were established successfully after high fat diet for 20 weeks. After drug administration for 12
weeks, compared with SHR model group, weight of both high and low dosage BBT groups and telmisartan group
was significantly lower (P <0.05) , blood pressure of high dosage BBT group and telmisartan group was decreased
significantly (P <0.05) in the fourth week, while blood pressure of low dosage BBT group was decreased
significantly (P < 0.05) in the eighth week. IVSd, LVPWd, LVM, LVMI of high dosage BBT group and
telmisartan group were decreased significantly, while LVEDd increased (P <0.05); Ang Il , TNF-«, IL-6 in
myocardium of high dosage BBT group and telmisartan group were decreased significantly (P <0.05), while NO
increased significantly (P < 0.05). NO of low dosage BBT group increased significantly (P < 0.05). The
myocardial morphology of high dosage BBT group and telmisartan group was improved, and the distribution of AT1
was decreased in different degrees after drug treatment. Levels of mRNA expression of ACE, ATI, c-Raf, ERKI
and ERK2 of high dosage BBT group and telmisartan group were decreased significantly (P <0.05). The protein
expression of p-c-Raf and p-ERK1/2 of both BBT high and low dosage groups and telmisartan group were decreased
significantly (P <0.05). Conclusion: BBT decoction can alleviate cardiac hypertrophy in HEAPD. The possible
mechanism may be correlated with the down-regulation of MAPK pathway and the inhibition of RASs.

[ Key words ] spontaneous hypertensive rats with the syndrome of excessive accumulation of phlegm-

dampness; MAPK pathway; myocardium
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BB, 53 3F R O I R SO, LAWY RO EBAE LI RB o 8 A I BE T AR
RS R v I ILAE B PR < A 38 AL A 2 5| VL SRR ML R R TR 5129 &
AL LR JEE 1 Sy A B R 3 22— B A R ORI R T I AR PR BT B L O L b
AR AL w] T e O A B SEACHERAL I R o A, BRI 2 B TR e i s AR A
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O WUIE JETE Il R IR I7 RIS T A — i B R IR o
BEEAARKMKG HHCE2O0MHE) , FIHR I ZE
S AN I, B2 BRI 5 IE S HAE B | il AR
KBl e By AR AR BT T7 W BAT R DI TT R o B e
SR AR KBRS F A K R R
(SHR) , UESE 1 HAE 30 5% .0 JJUIE I8 K AR 47 il 45 N B
5 TR T, AH 2 %o T30 A 0 ILAE JBE A ML BIF 9 2
o ARBIESE IR B R KRR T 0 N 2 R R If
JE R R, Gl W ¢ LR 22 2 )E G AL B T
('mitogen-activated protein kinases, MAPKs) {5 5 i

S ) 52 W) % o HL 390 A IULAE JEE B AL A

1 ##
1.1 %y SPF % 8 &Mtk SHR 50 B, & &

160 ~ 180 g;8 J& & itk WKY K 10 5, {A&E160 ~
180 g, db 3% 4 38 1] 48 52 55 2l ) B0 R A BR 2 w) $& 41t
W) G HFIES SCXK (5) 20120001, & A5 & & 5
T RHAC 7 Sk 358 1R R 60% 58 12% |, TEME 5% 1
¥ 5% , FEHE R 5% , X E 10% , fkah 1%, & 3
2% 0 U SRR R, b b mRE IR B BRDRE A BR 2
AN T o

L2 259 ks EFEARKKGHAM N FEE 9
g, AR 18 g, KIFE6 ¢, G4 6 ¢, %6 ¢, HH 3 ¢,
BRI (ERE) M h 80 mg, 75 [ 2) Mtk B ik i
2L A BR A AL 45 H20090416 , H20090417 , fiff B
B E W BN 22 ( ELISA) A I i 7 B 5k = 1 (Ang 1T,
fit 5 A25364-09) , 98 IR B8 A F-a (TNF-«, it 5
T46070-09) , (1 41 Jifs 4 &£ -6 (1L-6, it 5 110772-09) ,
— 4 AL E (NO, It 5 N20908-09) i 7 £, ¥ [ I
T T 26 A W R A R ) 5 SR bt KRR IR Ak 4 i A
PE Y H H MR (p-ERK1/2) 2 5 BEHUIR (#HE5 sc-
23759-R, % [E Santa Cruz 23 w)) ; St K B AR 1k )5
T He N 22 Z R/ 95 & TR K 1 c-Raf (p-c-Raf) £
SEREDUAR (HE'5 bs-5648R ), Fe 9 4 b — Hit ik F &
(it SP-0023) , ¥yt {4t 57 1 W AR /A &) ; DAB 1 (8
WA & (HiE5 ZL1-9031 , Jb st i 2 A |l ) |, Trizol (Hit5
E174 3¢ [E Amresco A A] ), i % 5% X 50 & (5
RRO47A, K% TaKaRa 4y 7] ) ,480 I SYBR Green |
Master PCR i #) & (41t 5 10559520, 2 FH % [C 12 Wr
WA A, RIPA 24 (4it5 PO038B, ¥ = KA )
BT 58 ), BCA & 11 ok B A i 3k ) & (it 5
PCO020, b i R ERHHLARA ) , FHi 2 b
Prik (L5 ZB-2301 , b k2 & W A W H R A R
Al ) HE SR AR 2 R OG IR (ECL) k2 &6 &
(fit5 POO18 , 38 = RAEYHARM I ) , 51 1

AT A TR A AL .
2 Hik
2.1 P ZE AR o R KRR O LA JER AR A 1
Har SHR J WKY R BRU7EfE IR fH 3 BTG 12 h/
12 h ZF T 3%, 8 W IR 7 d J5, BE ML Pk %k 40
H SHR W& = g fml ok, Hi4r 10 2 SHR 2 WKY K
FROME & A kL, B POKER B, ESE 20 W, R
M2 R — 1 05 A A e s K R B (BW) (Il
585 2 J8, K BUTE 3% I EL 2 4 (40 mg- kg ™' A
) JFREE T, M U5 (R By M5 Vet fili 4 0%
B2 TR S I2 K RS , UK B 55 A2 Kl R
Y RC R 2 = AP IROR N 4R (LVED) |, &2
FRP ORI R BEJRE (LVPWA) | &7 5K A =[] i J5
JE(IVSd) , 2 % 34t il 73 % (LVEF ) |, I 5 % 22 5 A0
S JE SO E IR A2 = i (LVM) |, 22 % i i
gEEC(LVMI) ,

LVM =0.8 x 1.04 x [ (IVSd + LVEDd + LVPWd )3 -

LVEDd’ ] +0.6
LVMI = LVM/BW

2.2 S K4Zy EPRIKE SHR B N EH H
AR KRR A (6.90 g-kg ' -d ™" A0 Y F Il IR
M2 2 £5) CERE AR KRG &R w4 (13.8 g-
kg ed T LAY TR R 2GR 4 ) kYA
(6.33 gokg ™' od ™" AY TG R FHZG 4 1 4% ) R Ay
HERAEHEK), BA% 10 B, IEHKE,SHR
A5 WKY A4 U FEAEMEEK2 /), ig
12 J4,

2.3 U BRSNS WSS RS 3% %
B B2 (40 mg- kg ™ (AR ) ip JBR B, T k45 41K B
I ZARE R O E MO R A, RO K ORI
Sy BTG FRIN o Pk BB E PR, BRSO
FREE G400 3 63,1 4 LA 10% vk B [, A e
oYU R R 4 um, $EFT IR R Z -4 (HE) e (80
FEh AR 1 A i A 10 £ 5 pH 7.4 1Y PBS,
6 500 r-min"',40 s IR 21K 2 Y, AW W 10
min,3 000 r'min_]%/[) 20 min, BB W0, L3RS T
ELISA il ;1 £ - 80 C ¥RAF 4 Mo

2.4 0L Ang 1, TNF-o,IL-6,NO {453l ELISA
A LZH S Ang 1T, TNF-a, TL-6,NO 1 & &,
HR A8 Ul B A3 484, FE i 3 B AL,

2.5 RIEA S ML LA S ATL Z 4K 5
fi AEEARY NGt K B ATL —41 (1: 200
fEMRe) 4 CH, Foife g6 —9i,SABC,DAB i
o IR AR R Yy, PBS AR —Hu A B PE XS B, DAAR
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(8 UL T AR 3 ) R BHAE o

2.6 SCHTEOLE - A B EE X N (gPCR) Al
FHOCHER B F 8 37 BUR A2 /90 L4121 100 mg,
Trizol L HUEL RNA ¥ % 5% 4 il cDNA 145 B 9K
REEHE (ACE) M Bk R 11 BIZ K (ATL) , Ji
Jof Sk R 22 R 12/ 95 & IR B 1 U ( c-Raf) | 22 8 R/ )
AR G 1 (ERKL) |, 22 2R/ 5 % R 2 1 Ll 2
(ERK2) JEH G917 51 WL 2 1, AP 136 B 5 & 57 20
pL PCR AR 2R, RN 45400 95 CHlAE 5 5395
CASE 10 5,60 °CIB K 10 5,72 °CFEfH 10 s, 31 45
MEI ;95 CASPE S 5,65 CHEAH 60 s,97 C i ik [1]
K540 CHAH 10 s, Bl R 270, 8 1t
2SN TR AR 4 4 2 4 ) 0 3 R Y
kR,

x1 519F75

Table 1 Sequences of primers

5t 314591 R
/bp

ACE i 5'-TAACTCGAGTGCCGAGGTG-3’ 340
g 5'-CCAGCAGGTGGCAGTCTT-3’

ATl i 5'-CAGCCGTCATCTACCGAAAC-3’ 134
FiiE 5'-GAACACGAAGCCCAGAATGT-3’

c-Raf F¥i# 5-GGTCAATGTGCGGAATGGG-3' 160
FiF 5'-CAATCAGAGAGGCGGCGTC-3’

ERK1 9% 5'-CCAAATCTGACTCCAAAGC-3' 162
FiiE 5'-TCCATGTCAAGGTGAATG-3'

ERK2 i 5'-GCGGTTAGTTCTCTCTTCT-3’ 127
FiF 5'-GCTCGACGCTTCGCGTTAC-3’

B-actin [ 5'-CGTTGACATCCGTAAAGA-3’ 150

T 5'-AGCCACCAATCCACACAG-3’

2.7 FEH A BN ( Western blot ) £ ] p-c-Raf
M p-ERK1/2 W35 n A T¥ 9 & 1% PMSF iy
RIPA Zf# W R IE 24 /% 5 min, 12 000 r-min 'B.0> 15
min, $& BCE B H . BCA A I Bk JE, 12%
SDS-PAGE Hiyk , FAE £ 50 pg; UEZEN S LA & 5% i
JEW5H PBS-T Z ik B 1 h, A SRHT K p-c-Raf
—Hr(1:300 k) B di K M p-ERK1/2 —Hi (1:
500 k) , DL B-actin NS4 CIHEF LK. KH
1 x PBS-T i 5 min x5 3, AL BT 416G 4t
(1:20 000) =EMEHE 1 h,1 x PBS-T % 5 min x5
W.o ECL R {4, Fluor Chem Q Bt & 2 &E &
I3 HT o

2.8 Gttt R SPSS 19.0 e it 2 )1 ik

- 162 -

FABUR BT, e 25 DL & =5 R, 2H 1) H %
BRI ESP, AR LR K5, DL P <
0.05 S AHGIT¥E L,

3 #£8

3.1 KRR KARE  SHR 5 fig 41 5 91 g Al
PRI IE R B, K R 3G n, H ph EBE AR, B
5 BIR AR VB R TR Bh BT R B R
RLJE AN 5 BELL, & R, IE 52 928 W 2 5 720 1 1l
JER BB A N7 o 2F R KRR A K 70 30
g Ja  RECRE WA AR R E S, DoEE AR
KR 485 79 o 20 K RO A e fE o MR 3% = IR AR )
20 J& 5, IR k40 SHR K U & T, a5 8 17
(345.23 + 19.87 ) g, % i 1 #} 2 SHR {K & H
(321.15+13.46) g, Al b 2= R G IF2#E X
WKY 411k K (388.69 +15.37) g, 555 g i k41
SHR A, 25 A G4 8 X, HE T 12 fE,
55 SHR BERIAT L AL, 2 B AR KR i AR &t 4l
R KU A E R R (P <0.05), WWE 1,

4180
440
400
360 ]
320

280 [
240 1BE

hEl/g

TEHg QW >

o 2 4 6 8 10 12 /A

A. WKY 41;B. SHR 41;C. SHR BB 4] ;D. H kb4 E L H AR
Kk 13.8 g-kg A F L HARRIKG 6.9 g-kg A (K2 ~6
) ;5 WKY 414" P <0.05; 5 SHR BRIt P <0.05 (& 2,
5,6,%2~4 1)

Bl +$EARXKATAREENHM (2 £5,0=10)

Fig.1 Effects of Banxia Baizhu Tianma Tang on body weight of

rats (x £s,n=10)

3.2 xREImM R HZ 12 HE, kR
FI AR KRR e 70 20 B oK U0 3 A il T B e
(P<0.05), 76 JHZ M5 2 ~ 6 JR LK T R 5 R
W, Z TSNS, 2 TR CEE A ARR KRG
R A A 255 8 A J5 i & F B (P <0.05), {0
TREREMTEEAARRKZ & EH, WK 2,

3.3 AOESH YRR A S AR R 20 JF
Ji, SHR 4 & 3 gt A .0 L AR B A9 % B, 1VSd,
LVPWd,LVM, LVMI & & F} % (P <0.05), LVEDd
WERM(P <0.05), M2 12 JJ5, 5 SHR £ A
AL, B R KRR = ) i 5 B oKV A
IVSd, LVPWd, LVM, LVMI & ZE (% (P <0.05),
LVEDd & 2 Jtm (P <0.05) , 2 & AR K K7 LA
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220 WL HE B A7 R o JULIL B /I 50 25 T R 48 1

200 B RANMLIE . SHR B AL UL R R K 0 L

z 180 B O BRI GE IR LN BRI 4 L JULR A O
g WE L4 K T PR P 2 B
g R 2 G 0 UL ) S/ B A

120
100

160

140

120 +

#F9FE /mmHg

100

80 LE = =
2 /A
B2 $EFARRKANKBRMEZTHEEM (x£5,n=10)

Fig.2 Effects of Banxia Baizhu Tianma Tang on blood pressure of

rats (x +s,n=10)

B4 TVSd,LVPWd, LVM, LVMI %4 F [%, LVEDd
WA T E . W 2,3,

3.4 XFOMALH Angll ,NO,TNF-a, 1L-6 /K1)
e 2y 12 F s 2 H R KK R 2 SO
KVP I L Ang I, TNF-a, IL-6 i 2 F & (P <
0.05) ,NO 23 FJF(P <0.05) ;& HARKMKZ K
F4E2H Ang Il , TNF-o, IL-6 B84 T [%,NO B3 b F+
(P<0.05), WLz 4,

3.5 PR O UL MBS 152 m WKY 4.0 )1

x2 M (x £s,n=10)

FEBEBRXRANKRACEEMRINGE

a2, 5 SHR BRI - B AR KK & 7
SR KV A0 UL AR K 4 i TR] B O
JIN U FLAH BR8] L 8 1 32 i a0 5 2 B LR R R A IR
Al A0 IUESBCEA . WE 3,

3.6 XPRECHAR AT EEHM#EE 5 WKY 4
Fe#,SHR () AT1 Z ik Bl B2, H4E, 5
SHR BRI 20 A, 1 5 AR KRR e 77 o 20 B K
UPIZHC L AT 2R 53 A WY b s /0, > B R KRR
ARG AT A o B A2k, WK 4,

3.7 W REOD AL 4UH ACE, ATL, c-Raf, ERK1,
ERK2 mRNA Eikfys2m M e A5 1 R 20 J& )5,
R 2 K B0 LR ACE, ATL, c-Raf, ERK1, ERK2
mRNA ik E A (P <0.05) ,FE AR KK
B 5 ok Y 4] ACE, ATL, c-Raf, ERKI,
ERK2 /) mRNA £k B E R (P <0.05), L H 1
AR KB AL F & 41 ACE, AT1, ERK1, ERK2 Y
mRNA £iE B & TRE(P<0.05), WES,

3.8 O WL p-c-Raf }z ERK1/2 & 119 %
ik 5WKY 2 bbAr, B 4] K RO WLAE A pec-
Raf Jt ERK1/2 BRIk FBER ALK T B F I m (P <

Table 2 Effects of Banxia Baizhu Tianma Tang on left ventricular structure and function of rats (x +s,n =10)

25 51 Flit/g kg ! IVSd/mm LVPWd/mm LVEDd/mm LVEF/%
WKY - 2.36 £0.07 2.45 +0.06 5.43 +0.13 91.58 +4. 65
SHR - 2.93 0. 04 3.11 +£0.03 4.71 £0. 18 84.24 £3.41
SHR #5574 - 2.92 +0.03" 3.01 £0.05" 4.73 £0. 117 83.17 £2.23"
AT 6.33 2. 64 +0.05% 2.62 £0.04% 5.14 +0. 16> 89.32 +3.08%
LH AR KK 13.8 2.70 0. 04% 2.67 £0.07% 5.08 +0.13% 88.58 £2.22%
6.9 2.90 +0.05 2.93 +0.05 4.90 +0.18 85.71 £3.76
*3 FEARRXRKRIVABRECERERHBHZN (x25,2=10)
Table 3 Effects of Banxia Baizhu Tianma Tang on left ventricular mass index of rats (x +s,n =10)
51 /g kg ™! S0 iR/ g LVM/g LVMI/g-kg ™'
WKY - 1.04 £0. 03 0.74 £0. 05 2.38 £0.21
SHR - 1.34 £0.05 0.92 £0. 03 3.01 £0. 14
SHR #5 % - 1.33 20.04" 0.90 +0. 04" 2.96 +0. 12"
oK VP 6.33 1.03 £0.05% 0.72 £0.04% 2.68 +0. 15%
LH AR KRS 13.8 1.09 +0.06% 0.76 £0.03% 2.79 0. 13%
6.9 1.21 £0.05 0.85 £0. 05 2.84 +0.17
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x4 FEARXKEHFOINAL S Angll ,NO,TNF-a,IL-6 K EFIEM (x £5,n=10)
Table 4 Effects of Banxia Baizhu Tianma Tang on Ang Il ,NO,TNF-a,IL-6 of myocardium of rats (x +s,n =10)
257 FlE /g kg ™! Ang I /ng-L! NO/mmol - L! TNF-a/ng-L! IL-6/ng-L
WKY - 365.3 +13.6 1.35 £0.08 380.5 £21.7 789.8 £48.7
SHR - 540.6 +14.7 0.75 0. 09 568.3 +22.4 1493.5 £53. 8
SHR #5178 - 547.5 £15.1" 0.74 +0. 08" 574.6 £20.1" 1506.3 £54.6"
BHAV M 6.33 447.7 £21.2% 1.08 0. 12% 481.0 £24.8% 1091.1 £51.3%
HH AR KRG 13.8 452.4 +18.4% 1.16 £0.11% 439.9 +26.3% 967. 4 £55.6%
6.9 496. 8 +20. 8 0.91 0. 08% 503.4 £24.6 1244.6 +58.2

B3 $EARXKINARONABRBSFZHHM (HE, x200)

Fig.3 Effects of Banxia Baizhu Tianma Tang on myocardial morphology of rats (HE, x200)

4 FEARXBEGXNKRB OIS ATI EAMNEE (R4, x200)
Fig.4 Effects of Banxia Baizhu Tianma Tang on protein of AT1 of rats (IHC, x200)

mRNA &k (2)

5 EFAERERHI A RO HEE mRNA {5 35 8 5 1
(x+s,n=3)
Fig.5 Effects of Banxia Baizhu Tianma Tang on myocardium

mRNA expression of rats (x £s,n=3)
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