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Effect of Shengmaisan on DCM Rats and TLR-4/NF-xB Inflammatory Signal Pathway
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[ Abstract | Objective: To evaluate the effect of Shengmaisan on rats with dilated cardiomyopathy
(DCM) , Toll-like receptor-4 (TLR-4) /nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB)
signaling pathway as well as inflammatory factors. Method: The establishment of dilated cardiomyopathy rats model
was induced through intraperitoneal injection with doxorubicin (1 mg + kg ™', twice a week) for 6 weeks, and then
observed for 2 weeks, which lasted for eight weeks in total. The rats were randomly divided into four groups: blank
group , doxorubicin group, Shengmaisan group and perindopril group. The drug groups were given Shengmaisan and
perindopril, while blank group and model group were given equal volume of normal saline. left ventricular internal

diameter at end-diastole ( LVIDd), left ventricular internal dimenter at end-systole ( LVIDs), left ventricular
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ejection fraction (LVEF) and fractional shortening (FS) were measured by echocardiography. Then the levels of
serum brain natriuretic peptide ( BNP) and inflammatory factors, including tumor necrosis factor-a ( TNF-o¢ ) and
interleukin-6 (IL-6) were tested by enzyme-linked immunosorbent assay ( ELISA). TLR-4, NF-xB mRNAs and
proteins expressions in rat cardiac muscle were respectively determined. Histopathological characteristics of left
ventricular cardiac muscle were observed by hematoxylin-eosin ( HE ) staining and transmission electron
microscopy. Result; Compared with blank group, LVIDd and LVISd in the doxorubicin group were increased
significantly (P <0.01); LVEF and FS were decreased significantly. Rats serum BNP, TNF-a and IL-6 levels
increased significantly (P <0.01); TLR-4, NF-kB mRNA and protein expressions were increased significantly
(P <0.01). And the pathological damage of myocardium was increased. Compared with doxorubicin group,
LVIDd and LVISd in the Shengmaisan group were decreased significantly (P < 0.01); LVEF and FS were
increased significantly, Rat serum BNP, TNF-a and 1L-6 levels decreased significantly (P <0.01); TLR-4, NF-
kB mRNA and protein expressions were decreased significantly (P < 0.01 ). And pathological damage in
myocardial tissues was alliviated. Conclusion: Shengmaisan can effectively improve cardiac function and restrain
myocardial damage of DCM rats. The mechanisms of action of Shengmaisan can regulate partly TLR-4 and NF-«B

mRNA and protein expressions of rats with dilated cardiomyopathy, and restrain downstream inflammatory factors in

TLR-4/NF-kB signaling pathways.
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VLR ML U0 B 36 AF 58 B, 1 ATIIE 5 SYXK (55 )
2012-0033, A 53 v 2 11958 48 7 2k WU B 6 B
SIS YR L ZE 23 W A 45 201x008
1.2 Zi4y SR R B8 % (ADR, WY 7 Sk 24
A BRZA F) [ 25 i 7 H44024359,10 me/Jil) » A
WKERHI T2 10 g, 24 15 ¢, AT 6 g A, T A
rv 2l 2 ORE 5, FR TR VT 240 A R R R
LLZPORL (L5 1310134) ,2 o/4% A4 T4 24510 g5
A AURL (AL 1411036) ,3 g/4%  AHY T 2510 g;
FBR T UKL (HiE5 1403165) ,1 /48, MY T4 2
6 g 35 WA [ 35, b 2R (R L) w25 IR
AL E 25 ES H20034053 4 mg/ ],
1.3 5 I B AUEN IR K (BNP) , TNF-o, IL-6
it 16 e 922 T B 1 36 ( ELISA) 170) & ( b7 i JE 2B W)
B A BR 2w, 5 43 5 28 E01B0452, E02T0008 ,
E0210006 ) ;trizol ( Z€ [E Invitrogen 2\ ] , it 5 15596-
026) ;Wi 5% # K %) &, SYBR ®  Premix ExTag™ 1T it
Ma(KERED TRARN, #5509
RRO47A, RR420A ) ; RIPA 24 fi W, 3 A Z-ff 21
(HE) e id & (B RAEYHE ARG WA A, 1S
4% 5 A PO013B, CO105) ; 4 Ht B TLR-4 antibody,
NF-xB antibody, H i [ -3-8% fi2 JIit & % ( GAPDH )
antibody ( Santa Cruz 2\ #], it 5 43 %] & sc-30002,
sc-109,5¢-25778 ) ; FHL A — Bt (F [ Abcam 24 ],
HE ab6721) ; & [ & ik F & (3£ E Bio-Rad 2>
"L 4t5 5000122)
1.4 Y&  CXS50 AUEE .0 3L (3£ Philips 22
] ) s MIKRO 200R 7 i 3 v R 55 0 ML (72 [E Hettich
b 2% X 28 2\ F]) 5 LightCyclerd80 71 JE [H 4 14 1%,
SmartSpec plus % #% g 25 1 ) 12 X, 041 BR111422 %I
LUK %€ 8, mini AU 3 5% B R 48 (36 @ Bio-Rad 24
) ; CLINX3500 mini % fk 2% & 5t 15 & 46 ( 11 )
FIRLF AL #8AT FR N F) ) 5 LeicaDMIG000B 7 3] & & {3
BE (db st P AOERHRHE & R A B A ] ) s JEM-1010 7Y
7 5 HL - W ( H A JEOL ML F-23w) ) o
2 Hik
2.1 HREAHI % DCM K R AU (1% 2 37 2 B SOk
[13-14 ], K B 80 o0 5 MBI 12 55 6k 1% Bl 25 3%
(1 mgekg™) 4 JA 2 Wk, 34 6 JA, 0k 12 &, B &
12 mg-kg ™' 7% 4L ISR A0 AR AR K . AR AR
R B T 9 R BT R B T N AL 6 SR R 1S 2 LR 2
JE o WL BEALARECE F K R 8 FURIE ALK B 12
ST 0 3 BRI, i BNP G 2 K00 LS B AG:
LG AF AT IR B0 WU 1 AR TE B A R ]
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2.2 Gr# 51 H SD REBENL A A HA (12 B
PIEE a1 (15 H) BT8R + A ki dl (A kil , 12
FUO) FB AR 28 + 55 A2l (BR W A4, 12 ) .
2.3 MEFEEE O BCALE ST I E B RIT .1 R/
d, 38 Ji o Az Bk gl K BURE 15 2B KR, FH o 4% IR
(60 kg) B9 7 EIFFEST A 2 R 2
it x7/(60 kg) x KEUAHE (kg) , BPLL 2 0.233 g x
REBAHE (kg) + 24 0.525 g x RKEUAEE (kg) + 1
PR 0. 117 g x REAKRTE (kg) o 57D F) 20 K L
B R A, 3 mg x K RUATE (kg) 0 &8
P 2H R B 2 2% A A AR AR HER UK

2.4 RE—eREWLE MELmSREP &4 KR
R IRE A GRS AT .

2.5 @FELEER A SI24 AR Sk, Rl
12 MHz, I8 b [ TP Hi b B 3RSk 08 TR
B 5% ARAS I B 0 D) A MR D R AR AR A
PR AN AR (LVID) |, 22 Z W4 R B N 42 (LVIDs ) |
A E BT3B (LVEF ) K S 4 3 2 (FS)

2.6 ELISA B4 11 7E BNP, TNF-o,IL-6 7KF 2
RS 12 h, 5 FRIH B , I8 0 R 55 10 I v 26 59 T 1
Jis, 3643 AR B T R K, AR BRI W 4 mL,3 000 r-
min " B0 15 min, R E W . 4% 18 ELISA 3850 &
Ul ] AT 1A

2.7  SEAPEEEE B PCR KGO LA 21 TLR-4, NF-
kB mRNA FRik7KF Bl 5 5 K BALBE, B O
JUE | FH Az B ER K o e 1 0, W SR I B 50 B, TR
5 [A) B 5 25 = [A) B RN A a0 =, AR LA O = 0 L,
Trizol P42 BUE RNA 24073 66 FETHIN % RNA ¥
J& % F Takara [ %% 5% K& PCR i 7] & ¥E 17 PCR X
Mo AR 94 °C 30 5,94 C 5 5,60 C 60 s,40
ANEER o 38 T i 2,2 % By i W M R VORI K]
I 0 5 P B ME R M, mRINA 28 3K B2 B SR H A %
ERITE bR e AR 272 3%,
B-actin fER NS FE A, 51 )7 5 4 TAY T8
() ety A IR /) A i, Wk 1,

#1 3WE7

Table 1 Primer sequence

3 K J¥ 51 K JE/bp
TLR4  5'-AGAATGAGGACTGGGTGA-3' 243
5'-AGCGGCTACTCAGAAACT-3’
NF-kB  5'-GCAAACCTGGGAATACTTCATGTGACTAAG-3’ 123
5'-ATAGGCAAGGTCAGAATGCACCAGAAGTCC-3'
B-actin  5'-CCTCTATGCCAACACAGTGC-3’ 190
5'-ACATCTGCTGGAAGGTGGAC-3’
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2.8 HHEREEENI P (Western blot) A& l.0x JJLZH 21
TLR-4 ,NF-«kB  H £ IEKF R AR J7 3515
LA 2L 50 mg, fin AR W 1 mL, 4 C,
12 000 r-min " B5.0> 30 min, U E 8 14k B, HE 4746
FARPE . 8 30 ~50 g T SDS-5R PN M ok e 356 1
LUK, S5 RS B R L S Y R, f PVDF iR T
5% AW H 1 h, fim A—%i (TLR-4 1:1 000, NF-«B
1:1000,GAPDH 1:4 000),4 CRIELLE4LH 12 ~
18 h, FEAES min A Z 40 (1:5 000) , & T4 58 4%
EEE1 b, PEE S min, H] ECL B /5 HEBEH X 5
LM REVCAFES . R Clinx Chemi K18 53 Hr
BAF A skl KEEME, LB B H S5 GAPDH 487k
IR BEAE L AE 2R H B9 8 (AR X R

2.9 ONAHZ HE Befs, WRAREOHAL, ZRP
P [, K, B A s A3, i 22 U i HE e A,
WK, e PR B R, AR T OUEE

2,10 OHHZSEH B FREME RAZEONA
A1 BE N 1 mm x1 mm x 1 mm, [ 2. 5% ¢ — % &
WK B E KRS U) R, e 5 78S T
U g

2,11 St ik SR SPSS 19.0 Seit#k A4, it
PRl & £5 KoK, Z AR O RCR HI LR R O 2247

R3 EREMAREENRM(xxs)

M, 20 9 P EC B8R T 4 /N f 35 22 % ((bonferroni)
3BT, P <0.05 R 2EFA Gt # R L.

3 #R

3.1 ARBKHON R B AR KA TR0 5
FLAL R BB & R, A6 M3 2 B2 k£
WKL I, TEAE T B R A R B AR,
TeOGEE KA B B 2% BE R A B R KB
B, AETE A S B R A R B #, AR KA B
Mg M ZH K BT B B IE W, B BRI, A, IR
B POK IG5 KR . LR 2.

R2 ERHMEAXRIETENHIM

Table 2 Effect of Shengmaisan on mortality rate of rats in each group

215 /g kg ™! BT/ PR/ %
Z 1 - 0 0
b % - 6 40
e kK 0. 875 1 8.33
B W A 0. 003 2 16.67

3.2 ARKEONORBRMARERE R 5258 M, 5
FA O P R AR RAE B E FRE(P <0.01);
5 P 8 R 2H PO, A K B T ) 2 O B A
HHM(P <0.01) . W3,

Table 3 Effect of Shengmaisan on body weight in rats(x +s) g
2531 no FE/g kg %04 H1A 2 M 553 J %4 %5 %56 Ji 57 J %58

= 12 415 £26 426 £25 43520 442 £21 450 £22 457 £24 466 £24 478 +17 489 +21

] o 9 342 £21 354 +19  372+£20 36314 356+15 34316 335+23 31925 301 £24"

A ik 11 0.875 342 24 344 +24 348 £24 354 24 36224 379 +24 387 £24 397 +24 415 £24?

B W 1] 10 0. 003 346 £36 356 +35 354 +£31 358 +31 363 +£35 367 +40 389 £38 409 +48 420 £42%

B HA Y P <0.01; SRS HA LB P<0.01(F%4~7 ),

3.3 AERKESREEA LM 425 8
G, 52 HA W, A R 4 KR LVIDd, LVIDs ¥
R K (P <0.01);LVEF,FS ¥ i Z &% (P <
0.01) . P8 RH R, A Bkl DL B 85 e 35 F)

R4 ERBMRREEOIHNHBM(xxs)

Table 4 Effect of Shengmaisan on echocardiography in rats(x +s)

R F B LVIDd, LVIDs ¥ B % &K (P <0.01);
LVEF,FS ¥ &3 K (P <0.01) o 48 /8 /E kil 4l
R R 2 RO i /N D DT RE R . LR 4,
K

25 51 n Fl /g kg ! LVIDd/mm LVIDs/mm LVEF/% FS/%
z 12 5.3120.19 2.29 +0.21 90.85 £2.10 57.05 +3.37
W] 55 3 9 6.53 +0.26" 4.01 =0.38" 55.14 +6. 68" 34,37 £4.58"
A ik 11 0. 875 5.88 £0.36% 3.20 £0.36% 76.24 £2.31% 43.11 £6. 127
F W ) 10 0.003 5.67 0. 63% 3.32 £0. 447 79.61 £7.04% 45.42 +6. 83%
3.4 A KA K B BNP, TNF-o, IL-6 7K ~F- () o K258 FE, 58 A e, R KR
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A% 1B BT H 415 C. A DKL s D. S5 R4 (P 2 ~ 4 )
B 1t BRE K BB A 0 3 0 T

Fig.1 Effect of Shengmaisan on echocardiography in rats

x5 4Rk KR M5 BNP,TNF-a,IL-6 K FH M (x +5)

BNP ,TNF-a, IL-6 7K V-3 8 3 Ft & (P <0.01) ; 5 fif
B A LB, A K ECAL L B e R 4K B BNP,
TNF-a,IL-6 /K-35 8 3% FRE(P <0.01), WL S5,
3.5 A fREOE K B L4121 TLR-4, NF-kB mRNA
FIRWE W 5258 MG, 55 HA L, e R A
FK B0 LZH 41 TLR-4, NF-kB mRNA 7K - ¥ g 2 J}f
B (P <0.01) ;5B KA 4, A8 KA DL K R W
R 20 KO LZH 21 TLR-4, NF-kB mRNA 7K - #
BETFHECP<0.01), W6,

3.6 APKET LN S TLR-4 ,NF-«B & [ 7K 1
o 452y 8 e, 5 Al R BT R 4R R
L4 41 TLR-4, NF-xB 1 £ ik K F 3 8 % 7 &

Table 5 Effect of Shengmaisan on serum levels of BNP, TNF-a, IL-6 in rats(x +s) ng-L -
205 n Fl&/g kg ! BNP TNF-a IL-6
25 12 246.65 £67.57 197.84 £58.83 22.66 +12.65
P 25 % 9 401.79 £141.91" 341.02 +106.16" 90. 14 +25.56"
H ki 11 0.875 234.30 +52.07% 207.21 +61.78% 39.16 £21.03%
S| 10 0.003 208.14 +41.33% 207.64 +53.71% 49.70 £29.83%
x 6 ERKEIAROMELS TLR4,NF-xB mRNA FiEHEM (x +s)
Table 6  Effect of Shengmaisan on TLR-4, NF-xB mRNA TLR-4 _ 100 kDa
expressions in myocardial tissues in rats(x +s)
21 12 0.79 £0.35 0.96 +0. 43 GAPDIH _ 40kDa
W] 25 9 3.25+1.23" 3,18 £1.07" A B C D
A ik 11 0.875 0.93 £0.67% 1.16 0. 57% E2 Bk 0 BLAS TLR-4, NF-B B ok 5 B B 1
REWLIEF 10 0. 003 0.90 £0.27%  0.91 20.41%

(P<0.01) ; 5 Ff g 3 21 U A, A kR4 DL B W i
MK B0 LA L TLR-4, NF-«B 8 1 R KK 1
BETR(P<0.01), WET K2,

RT EBEREXNAROINELR TLR-4,NF-xB EEKFEH M (2 £s)
Table 7 Effect of Shengmaisan on TLR-4, NF-xB protein

expressions in myocardial tissues in rats(x +s)

4157 n FE/g-kg™' TLR-4/GAPDH  NF-«B/GAPDH
2 12 1.55 +0.22 0.83 +0.07
W] 25 9 2.45 +0.40" 1.63 +0.31"
He ik 11 0.875 1.41 0. 479 0.92 +0. 36%
WL 10 0. 003 1.74 +0.39% 1.02 +0.28%

3.7 ARkEOTKEROHELUE S =W S A

KEC LA 4 To W 28, HESN B 55, M B3 51 5 5 4l

MIHEZ 55, Jo ) B 2F 4 Ak, 40 e () Bt 1E % . Bl =
S 132 -

Fig. 2 Effect of Shengmaisan on TLR-4, NF-«B protein

expressions in myocardial tissues in rats

LR B LR 0 LET Ak 375 A W7 228, O LA A2 1
FEIRTE ; A ARSI ZETL , 4120 B2 AL, 240 1) i g
Vi, JONE A MLIR , S WU R O o A BRI Bk
TR B L HE Zet g5 51 R, KRG JLET 2 Wi
8 R NE VR BT 0 % B 7 3R 2 DR 1 T 4 AL % A%
PR M P B R b A R A . WLIAL 3

3.8 A KHEIOM KRB WU U A s S
PR B0 LT 2l 91 5% 4 58 B, 2ok ik R/ IE
WA YY) TO K e 5 SE B, PN IR R OE R
By g5 2% 20 R B LT 4 iy 28, o (A i ik, 7 A1 R
Yoy, aS AR RSO R 2 o AR DK HECZE R I R
I N Y S 4TINS A N | SN S (N
B VAU P PN IR A R O AN OO B B R R A
o DA 4,
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& D

B3 ARkt OMARKERASR M (HE, x200)
Fig.3 Effect of Shengmaisan on pathomorphology of myocardial
tissues( HE , x200)

B4 ARkEx O ALA LB R EMEIRI (L, x20 000)
Fig.4 Effect of Shengmaisan on ultrastructure of myocardial tissues

(uranyl acetate, x20 000)

4 ifig

Pk 0 LA W R 32 2R B O E SR 0 T
TEE L R R LA B ZE KPR BE . AR S AR AL
L R 22 o P ERSEEA T T 08" Wik
SO ARG A R WA D R K Z )
IR NI E (R B 2 IR (I B e RA A= IN T €1
TSR BT E Y R B, fEARSLE P, KRR
o e v SR IO B BT R TR T R
G0 IE R s O JRH ) 45, A7 5 U PR Y

I R R . DA EE GA R, 0 S0 HE 3l I W2 1T 1Y
JE 2 1 SN AT, R R R AL AR S R
FHOG . CHE AT N2 ) gt O ik 2 <7, DA
T AT HER5 0 I RE 5 1M 1 F 2 AT R, R
AEEFREG, HORAR, WIMis17 T8 77, i
WA 38, 0 ik 2R 3%, S BELBK 2%, O T AR T 5 0 R
M, R E T M A A8 AT K O BRIRRE, AT AN
H AR R K K 0 Stk — 2B FEHL, O Bl 32 4, &
SO A B, ™ S DR O BHRR B B R
T I BH B A fe s o DRIt AR SR ZE A I, OB
TyAGR EER AL, £ BT F AR RN G L, Dk
ik NS R A IC L R AT 0 B, 8 S0 R AT
FAZR s R FRER BB Z R, =258 H 28 <,
FOE K. AR BE 2 B 5% 0 E 52, A= Bk IR 0% 1 5
WV 7, BEA O WIURE S0 aE , 035 0 28, il 0 R
bl 1t O DAL N o 3 W A (9 2 B NI
E O HEm AT FEA B ST R, A R R R
155 BUA BT A3 5O s B S 445 /0N, A 2 5 i T R A G ek
5 I BNP 7K P BH ST B 5 o0 LA 200 9 BEOIR 2
A e M T 0L HE— 2B B E 5 LIRS A
T30, F BB R R A 1 3 AL, 2 kBT
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