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Effect of Shuangshen Tongmai Granule on NF-xB Pathway in Rats with Ischemic Reperfusion

CHEN Zhuo', LI Wen-jie’", YANG Ying’
(1. Liaoning University of Traditional Chinese Medicine (TCM ) , Shenyang 110847, China;
2. Affiliated Hospital of Liaoning University of TCM, Shenyang 110032, China)

[ Abstract | Objective: To explore the protective effects and mechanism of Shuangshen Tongmai granule
(STG) in patients with ischemic reperfusion. Method: SD rats were divided into Sham operation ( Sham) group,
myocardial ischemia reperfusion injury ( MIRI) group, diltiazem hydrochloride ( DH) group and STG low dose,
middle doseand high dose groups ( STG-L, STG-M and STG-H). Intragastric administration was given for two
weeks, and then the left anterior descending coronary artery was ligatured for modeling. The left ventricular
function and Na*-K*-ATP enzymatic activity were measured; the contents of interleukin-18 (IL-18), IL-6 and
tumor necrosis factor-a ( TNF-a) in plasma were measured by enzyme-linked immunosorbent assay ( ELISA). The
nuclear transcription factor (NF) -«B, IkBa and IkkB protein levels were measured by the techniques of Western
blot. Myocardial structure was observed by light microscopy. Result: As compared to MIRI group, the left
ventricular function and Na®-K*-ATP enzymatic activitywere significantly improved in STG groups and DH
treatment group (P <0.05), the serum levels of IL-13, IL-6 and TNF-a were lower (P <0.05). The results of
Western blot showed that the protein expressions of NF-xB were lower (P <0.05) , and the protein expressions of
IkBa and IkkB were higher (P <0.05). Conclusion: STG could alleviatemyocaridial ischemia reperfusion injury

inrats by decreasing NF-xB expression protein levels and improving IkBa and IkkB expression protein levels.
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> WLAE 3E ( myocardial infarction, MT) J& 1 4E 3
BOC AR I m I 22—, BT AR R MT i
AR T B, S8 T Bk i £ #E 45 (ischemia
reperfusion injury, RI) /™ & & Wy .0 F I 68 A9 K
B AR SR -k B (NF-xB ) S — i o 2 11 i 1
T, 78 O LBk 1 F E 1 45145 (myocardial ischemia
reperfusion injury , MIRI) g F2 vp & % & K& H 5 E ()
PRI o i S MIRL JE 5 o 7L 307 45 O B () 5 340
Az BRI, BEAS R AE A BRI A 3 22, NF- B Jd i 28
BAF S AR AR RO RO & 1 RAE A BT, .0 LR
i B 48 3 ik — A

W 2 18 ik Wi ki ( Shuangshen Tongmai granule,
STG ) &Il PR b I T30 97 0 L ke 1 288 95 s 14 8 — AR
WORLR , AZ T AS FF2 K EAL IS A
6 Wk 245 4, BLAT £5 A9 B, T 0O 45 g D
AR S 36 308 3 245 L RE IR Bl KRR S R B LR aff A Y
WLEE STG X 48 i A Bt (4 40 g 4 % -1B (interleukin-
18,1L-18) , IL-6, i 98 3K FE Kl F-a (tumor necrosis
factor-o, TNF-o) & 5 By 52 W , LA Sz NF-kB {5 5 5 5
544 5 U T 7B 11, kB W o (inhibitor kappa B
kinase «,IkBa) ,IxB i B8(inhibitor kappa B kinase
B 1kkB) F2 3k 1Y A8 Ak, F 3 H X80 Lk 1 K BRLAT R
AR DR AP AL, Sl R FH 24 412 Ak 52 36 4
1
L1 Zh¥Y) SPF Zfl HE AR SD KR 60 H M i 4%
e, 12 JA S M BT i 280 ~ 300 g, AL T B 25 K
Y SC K o $2 4, F AT UE % SYXK (17) 2016-
0063, FH KK 3G W PEMR SR 3 d JG i, LI sl
FEG AL T BE 25 R s W48 B 2 5 2 i, it 5
201606-007 ,

1.2 25 Jeadon) X023 ik BORL (STG, 1 7 BB
25K 2 W s B2 B 50, it = 20160531) i1 A2
Z G EZA N T 6 BRZGZH G P 2 A0 K
(MM /R R, DH, R H il 254 R A AL 4t
5 1411087) , iR 254 T3 B B T AR B ER K b
PRI 25K & sl (B Ak 2 R A IR A Al 45 4y
94 20130413,20131127 ) , 3L A L B 5 1L-18, TL-6,
TNF-o i 156 4 25 W B 3 30 12 ( ELISA) A6 I 38 5] &
(L YL LA W A BRA |, 45 20 5l o 146014,
144781 ,141306) ; Na ™ -K " -ATP W 7% % [t (6 1 F &
il R & (s EA R AR A, #H T

20160118) ;25 [ % %% Bl % 3£ ( Western blot) NF-xB
Ui IeBa LA, TexB B, B-WL BN FI (B-actin) 4T
&, Protease inhibitor cocktail ( 35 [E gl 3L 4= ¥ A BR 2
A, it 5 4 B Sk 2457, 3462, 1437, MS-0426,
14216347203) .
L3 {U#F  ALC-MPA B Z SEYE ST R4
(£ E Bio A #]); MP150 1 &£ S 4 M5 5 R £ R
4¢,DMS300Leica 814 73 #r AL (7% & Leica 23 A ) ;
HL-B6 B/l Hy W AL (b 5087 FI BB A R A
UV1900 BIXUE o 43 36 06 BE T (L i B AT Bk 2 A A%
AR W) 5 CAS2-3 B R FR AL (K V0 VAL A% 2
A]) s VU-2000 29 5 5053 566 AL (36 [H PE A w) ) 5
5234R #Y 5 i B .0 Ml (78 E Eppdendorf 2 ] ) 5
ROTEAN B LK 5 45 B 5% 5 4 48 Al OM3123 7 K 7
PR AL (3£ [ Bio-Rad 24 7] ) ; FYL-YS-280L f{H ifit {5
AR ( R A A D) .
2 AFiE
2.1 g esngy 60 HSD R R W PR MR IR i, AR
FRaBENL S 6 2, BE2H 10 TR R4 25 2 i e
&L R TR 4H (Sham operation group , Sham ) 5 45 5l
2H ( myocardial ischemia reperfusion injury group,
MIRI) A= B EL JK 5 &0 3& 246 ( diltiazem hydrochloride
group,DH)F DH 0.01 g-kg ';STG £ 41 K Fl#% 1A
LG 2h,3 AR B o B AH Y T A2 i (6. 17,
10.49,14.72) g kg o FAKRMBRET 1 K, &
ZriEE 2 .
2.2 KRG JUUBR I P AL AT R R BRI A
12 h, ZROCHR[ 11 ] D5 vk 38, 3% /K& A I8 ks
TESS RN , R B ML [ € T PR &, UE
PIOT A7 S8 4 4, W WL 4 Bl I (1% 85 IR/
min, #1518 mL, PRI LE 1: 1), 3% 3.0 A AL,
ARrg s T B0, B0 Omn XA 5, MR TH
B RO BN A, B W e 0 B E TR e
55 3 M IE] D) o 2 Bl o B, U U ) g e L U
HEKZ2.0~2.5 cm fTH A, RO, 4%
b BRB T /INRL R A0 M 7R 8 740, 28R 200 B W
SENLE DL 6 St RSB, T B Kk B o 5 A0 B
SEFAE R 5 2 mm Kb 45 L IR B Bk 22 R R S
(LAD) , #EEHRE 2 2 mm , AR ) 1S 580w [
ST B8k, 4541 )5 ST Bt 46 0.2 mV DL B 40k 3 4
B, F52E 30 min J5 AT IFLSFL L, FHHETE 120 min,
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SR, Al it e AR ARCRRR, 3k S I
B2 10 JT AL T Y . Sham 20 HHF Mg AN 25 4L,
HAREHAEFLARETE . A AR KRR 2R E 1)
EFET-#, T LASIBR o KRB i e I S 30 fL 1
A
2.3 RAREIN
2.3.1 REZECIIHE K Na® -K"-ATP B4
FART, 2 B A M SR Bk, 760 R AR B A,
o1 ALC-MPA £ /E¥){5 5 70 £ G 3¢ i ik 3h )
SR LR B, R IR O = O LA 2LE
B H R BUR (g) AR (mL) 129 /Y Fe i in A B R £
ZZvhi (PBS) , 213 ,2 500 remin ' B0 10 min, Bt
U HEGR) B U A AT, BOE e Ot AL K
440 nm,96 fLARMEEFFRIC, 2 FLINA S0 pL 2P,
3K B R A B PR 2% SO L, & LA
KW 50 WL, #5 s EAn i 37 CHEF 2 min, i i
AL, B A3 M AR 50 L, 4 30 i AR A, T
AT AR ACKE W, Na™-K*-ATP B 1% ¥E = (Ay,/
A ) X N IRV BE
2.3.2 ELISA il % & 4E 4 i 1L-18, IL-6 F1 TNF-«
G ZEEIIKOERM 2 ~ 10 mL, KT 250 B
ME X S5 5, ELISA 3460 1 3 1L-18, TL-6 1
TNF-o 75 5, 4% 050 & U B 6 2047 8 B I 90 st A2
PR W B B3 VK B, 5% /N A K & 37 °C &
P 40 min , P OB FLYE I 3 i, B3 3 min , F4F R
S B S I Tl A B AL b, R AR 2 D I RLAL
37 °C,40 ~ 60 min, JI A B b5 $i 44, 37 °C, 30 ~
60 min, MAJEY W ,37 CHREOGHLE 3 ~5 min, il A
21k 5,20 min NN AE o
2.3.3 Western blot £l NF-«xB,1«Ba #1 Ik 2
Fik  HUZY 2 mm @i X0 WL SUEL R, i AT 4121
AR, IR R BT A RIPA A, Jie 19 1R
A8 1 h,4 °C,13 000 remin ' B0 20 min, 0
HEAWE TR ERER LA, SDS BN I I i
BEME L Uk MUK Z5 RS, R 100V, fH R 5 R
90 min W48 LR BIH AR 2T 4E 1 o B M5 5E i,
AR 1 b, 5 PBST BRI 3 3K, K7 min,
A —#HT(1:2000) & 4 h,PBST PEIK 3 ¥, &Ik
7 min, MMAEA RBCR ST, F 1 h,PBST
BEMSE 3 YK, B 10 min, fil 64 WK 260, FERE = P B
%o H Image] B 47 Western blot # 11 5& & /7
Mro PAHBYE A K EE{E/B-actin JKJEH K8 H 09 E
FAH R ik 6 o
2.3.4 FOESHAA WA PERIESL 2 )E
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22 ~3 mm O, 4% 2 R WP B E B 2B
JBK A E TR T BT R &L
B K, R AR RS -DHAL (HE ) B o, — I 2RGE B b
PER B R, D68 T MR A B H LU

2.4 geitdrik SR SPSS 17.0 SEit#R 4t it it %%
B ¢ K5, DL x x5 Ko, Z 4 8] LR H one-way
ANOVA J7 22 45 B, L P < 0.05 % 2 5 4 5 1 2
=08

3 #R

3.1 STG XPRERZEC M AERIVH TR 5
MIRT 28 A1 L, B B 22 0> %8 W40 D 68 1 48 A (left
ventricular systolic function, LVSF) I 2 &AL (P <
0.05) , e W A2 0> & &7 7 T §E 9 #8 #5 (left ventricular
diastolic function, LVDF) & Z F & (P <0.05), STG
M K DH ¢ Na'-K'-ATP i g & I & (P <
0.05), WL#E1,

F1 STG 3 MIRI X R A Ih & & Na*-K*-ATP #§ &) % I
(xxs,n=10)

Table 1  Effect of STG on LVSF, LVDF and Na*-K*-ATP in
MIRI rats(x +s,n =10)

o H LVSF LVDF Na*-K* -ATP fiff
/g-kg ! /mmHg /mmHg /mmol-g = +h~!
Sham - 103.1+3. 4 6.4 0.2 8.6£0.7
MIRI - 89.2+3.7" 13.6+1.1" 6.8+1.2"
DH 0.01 115.4 £3.1 9.8 0.7 7.3 +2.1%
STG 6.17 128.4 20.7 7.4 +3.1% 7.0 +1.4%
10.49  110.1%5.72 7.9 +1.2% 7.5 +£2.3%
1472 107.6 6.3 7.3 +0.7% 7.2 +£0.6%

5 Sham H#"Y P <0.05; 5 MIRI LY P <0.05( % 2 ~3
) o

3.2 STG XK B A& AFE A it IL-18,1L-6 FITNF-«
TR 5 Sham H#, MIRI 41 1L-18, IL-6 FI
TNF-o #3880 (P <0.05), 5 MIRI 4 [t %8, STG
&K 4 IL-18, IL-6 il TNF-o & & ¥ B 2 T B
(P<0.05), W32,

3.3 STG %f KBl NF-kB,IxkBa Fil IkxB & 1 F AW
S0 5 Sham 41 4%, MIRI 4 NF-«B & |43 35 i
ZTHFE (P <0.05) , IkBa, IxkxB # 135 B 2 B AR
(P <0.05),%F STG Jz DH J5 ,STG £ 41 NF-xB %
P15 0 BEE (P <0.05) , IkBa, IkxB & 1%
KBEFAE(P<0.05), WK 1,%3,

3.4 STG X KRAOCEHNHNLEHWE M Sham
41, 0 ILEF 4 HE 51 55 5 B 4%, 4 20T B K i A A%
B, A R B, ] PR A 80U Bl B Y I R
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%2 STG xf MIRI % & i1 3% IL-18, IL-6 1 TNF-o & 8 ¥ 5 I

(x+s,n=10)
Table 2 Effect of STG on IL-18,IL-6 and TNF-a in MIRI rats
(x+s,n=10) ng-L~!
?uﬁ
am IL-18 IL-6 TNF-a( x10%)
/g-kg
Sham - 184.3 +4.64 124.326.10 1.53 £0.25
MIRI - 286.5 £6.19" 164.7 +1.36" 1.94 +0.36"
DH 0.01 195.1 £3.12% 139.5 +4.13% 1.26 +0. 12%
STG 6.17 194.7 £1.05% 104.1 +4.65> 1.01 0. 14%

10.49  207.3 +4.12% 116.2 +6.12% 1.24 £0.31?

14.72 183.2 £3.41% 101.7 £3.19 1.33 +0.17%

Ly W St w———_———— 2 D1
TKBC - S S 39 kDa
NF-/B (S S S S S———— (5 kDa

[G-actin —————— A 36 kD2

A B C D E E

A. Sham £} ;B. MIRI 41 ;C. DH £H ;D. STG-L 41 ;E. STG-M 41 ; F. STG-H
A (E 2 )
1 STG 3t ALZB LR NF-kB, IxBa, I T 5 5 3% B ik

Fig.1 NF-«B,I«xBa,IxxpB protein expression of myocardial tissue

%3 STG %t MIRI kx §& NF-xB,IxBa 1 Ixxf EARIENE M

(x+s,n=3)
Table 3  Effect of STG on NF-«xB, IkBa and IxxB in MIRI rats
(x+s,n=3)
H) 3
an N e e e
Sham - 0.41 £0.03  0.62£0.11 0.85 0. 08
MIRI - 1.33 £0.25"” 0.43+0.02"  0.34 +0.13"
DH 0.01 0.84 +0.07% 0.51 £0.01 0. 67 £0.05%
STG 6.17 0.76 £0.03% 0.43 £0.02 0.56 £0.04%
10. 49 0.81 £0.04% 0.74 £0.03%  0.62 +0.02%
14.72 0.63 £0.02% 0.66 £0.06>  0.71 +0.01>

Pk o MIRT 4, .0 JUUET 21 i W 28, 200 it fie Jik , 2 28
[ Bt A B, &40 JHO A AL O 1, o0 LA IR AIE R, B (i
Fho DH 2,0 JILEF 2 1 285 /0 #1912 AL 0 UL 1)
BRGSO LI Bt it A8 gk, Ja) B ng DL oK i K2
STG A i 20 , O WLET i HE 51 B 3K, 21 2 1m] B AT 7K
g il R AR E . STG il & 41, .0 ILET 4EHE 51
B MIRT A HLRE , oK b DX /N, LT 4 W 4 /0, 2
ZUE] B AL i o STG o 77 B 4, 0 WLET 4 1 51 52
MU AR B AR . IR 2,

A
W)
SRS

4

LA /
:.,“"'_O'cr"_)l:.j”

[LFEAN AR A A

D
B2 STG3AkROAEREMTHAZM(HE, x200)
Fig. 2 Effect of STG on
inflamation (HE, x200)

pathology of myocardial

4 itig

MIRI % A= Bif, 0 L4180 NF-«B #3435 , NF-
kB JE—F ELAT JR A 0 SR TR, X R E R
N B A A T R EEA, 2SS
MIRT 41 i 4Pk 453 493 1 3 B4 #5000 NF-«B 3l
# 1L-18, IL-6, IL-8, TNF-o J% 411 g 18] %k Ff} 20 7
(intercellular adhesion molecules, ICAM ) %5 % iE 4\ i
KA BRI, TNF-o J2 Ji5 30 2 i 9 1 52 07 19 G 58 448 Ji
K5, IL-1B, 1L-6 J2& FALA% 1 Wik 200 JH 43 6 1Y) 4% A7 Joi
AT DL v e 400 5 10 P R 0 R B T B R
K AR 20 i A BRIl X, TR i 5 TNF -« B3 1], 375
S0 T, T A S AR AR B . MIRT
PR A R B e AR — O A R R Y A R
O WLAN AR REE 11 Na ™ -K ™ -ATP 3% ¥ TR, 55 —Jr
TR [ Y 2 3 8 2 21 A 2 R Tl 48 E A BT 5] & NF-«B
BT S BB R R E S RS
B, 4 b NF-«B 38 5 PLAE 3% 2% p65/p50/1KBa =
RIS RAFTE T AN, = A& mT DLk %
A TR AN kB A B IR AL, i 2 B L R
()3 SR 3K 1 2 3006 NF-«B (945 5 8 A Trk
S O o | I PV I3 o N O <95 5 R R P e
& NF-«B %5 HLHI 9 SC 4. NF-«B 1) % 4k ] 5
it IkB E AT, 2E R IkBa, i1 T NF-«kB 5
IkBa W5 A1 J) K FH 5 DNA 255 (58 f1 Jy, I Ik
IkBa W] H1 E NF-«B 1751k . 25 NF-«B i b 48 #it
LRI e £ H 2 IkBa Fl IkkB, H#E TNF-a
i TL-18 %5 48 5 A JFRICT AT DL’ 70,

PR 25 BEAF 5% © I 52 b BE 25 4 By i MIRT 193
R, FALT L HE PR A R FE 0, R S E SN, I
PO WU T s B TS 2 A
ALY STG, BA 28 S, 16 #4522 |
WIS CESE , A S 2 ] 3l i W NF-«B {5 5 5%
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3 A0 A o LA JEE T R e T e R 0 L
YA [ Y Na ™ -K " -ATP i3 50 LUK 45 77, ik 3%
O ZE BRI BB 5 11wk Al o 4 ) NF-«B
55 100 s ke 0 UL 200 A AR R0 L A I 5 4 AR B
7, STG AT i 2 4 &5 0 AL BE & A 3 2o 72 P i Na ™ -
K" -ATP §§ 3G M, B AR 0o UL A0 fe JEE A 453 47 , 38 - ATP
B, BGE O LB I SR AR K BRLAY O L AR A, b
A JL AR ot g 420X UL 2 20 1) 9 BB 461 495, A AR i 3
RIEN TR IL-18,1L-6 K TNF-o (95 1, I Ikx 7K
V-3 TkBa #1 TkxB ™ 1 NF-xB (975 4L, {ff NF-«B
FEIRREAR , 3 1 30 B NF-xB 935 4k, S — 2P A%
ST BT AR, 38 ok % NF-xB {55 5% 538 1% 14 %
LR O BT E AR FE BR A B R RE T, B O
LA LR 1 Na ™ -K " -ATP [ (9 5 #: , 98 200 L2 21
ShA R, R A O B RE

Zi ik, STG ] & il & 8 15 NF-«B {5 5 #%
38 PR DGR A, BEAR IL-18, 1L-6 [ TNF-a 4 4E /i
R B i, OR A0 LA M ) Na* -K " -ATP [iff , 3%
SO LIS AR T, DT 308 0 28 DT RE I

(&% k]
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