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nuclear factor-kB, p-NF-«xB)#)&x Gt kik &, 5R L5 LPSAMt, EAETERTE, R AsEMNREMRL
S F R 5403 B I H(P<0.05), W A TG R EAR B F HAK(P<0.05), S MLEE cTnl, CK-MB #» Mb #4922 2% T
PA(P<0.05); 42X 2af B F IL-6. TNF-a #= IL-1p #4&i% 8 F#A(P<0.05); &AL E #4704 F SOD 4% 2 %7+ 5 (P<0.05),
7 MDA #e MPO 4% 3 2 % %4K(P<0.05); TLR2, TLR4, MyDS88. IRAK1 #= p-NF-«kB & & & iz K-F34 £ % T iA(P<0.05),
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Esculin Inhibits Lipoplysaccharide-induced Myocardial Injury by Regulating TLR/NF-kB Pathway

WU Nuan!, HUANG Jingwen', WANG Zhisheng®", DUAN Qilong?, ZHANG Songlan’, YAO Zhiling*
(1.Department of Cadre Health Care, Qingdao Haici Hospital Affiliated to Qingdao University/Qingdao Traditional Chinese
Medicine Hospital, Qingdao 266033, China; 2.Department of Medicine, Shandong Medical College, Jinan 250001, China;
3.Department of Neurology, People'’s Hospital of Central District of Jinan City, Jinan 250001, China, 4.Department of Geriatrics,
The Third Hospital of Shandong Province, Jinan 250031, China)

ABSTRACT: OBJECTIVE To investigate the effects of esculin on lipopolysaccharide(LPS)-induced myocardialinjury and
TLR/NF-«B pathway in rats. METHODS The myocardial injury model induced by LPS was established. Rats were randomly
divided into control group, LPS group, esculin low dose group(20 mg-kg™'), esculin middle dose group(40 mg-kg™"), esculin high
dose group (80 mg-kg™!) and positive control group(dexamethasone, 2 mg-kg™'). Cardiac function was detected by
echocardiography, and the degree of cardiac histological damage was detected by HE staining. The content of cardiactroponin
I(cTnl), creatine kinase(CK)-MB(CK-MB), myoglobin(Mb), tumor necrosis factor-o(TNF-a), interleukin-6 (IL-6), IL-1p,
malondialdehyde(MDA), superoxide dismutase(SOD) and myeloperoxidase(MPO) in blood were detected by ELISA. The
proteinexpressive levels of Toll-like receptor 2(TLR2), TLR4, myeloid differentiation factor 88(MyD8S), interleukin-1
receptor-associated kinases(IRAK1) and phosphorylated-nuclear factor-kB(p-NF-«kB) were detected by Western blotting in
cardiac tissue. RESULTS Compared with the LPS group, the levels of heart rate, left ventricular wall thickness and left
ventricular ejection fraction were significantly increased after esculin treatment(P<0.05), while left ventricular end systolic
volume was significantly decreased(P<0.05). The expression of myocardial enzymes cTnl, CK-MB and Mb was significantly
down-regulated(P<0.05). The expression of pro-inflammatory cytokines IL-6, TNF-a and IL-1p were down-regulated(P<0.05).
The oxidative stress markers SOD content was increased significantly(P<0.05), while MDA and MPO content was decreased
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significantly(P<0.05). Protein expression levels TLR2, TLR4, MyD88, IRAK1 and p-NF-kB were significantly reduced(P<0.05).
CONCLUSION Esculin has a protective effect on LPS-induced myocardial injury and inhibits TLR/NF-«B signaling pathway.
KEYWORDS: esculin; LPS-induced myocardial injury; inflammation; TLR/NF-xB pathway

JHEBE AT 2 FH — FR G ANIE 2 19 G2 S g 7 | A 1Y)
s A RN, MEFEAE Q0 SR S sl B R
EHRIERNLEAAE, R T EDIRERRER,
YR 5 5 | B 118 JUL A2 e B i R B i R e v 3l
W AEAE M IE RORE Z— o MEREIE 5| S 10 L R A
R Im KRR O DI RERERS , RSP 5K,
SHMAYECR R, 7~10 d nIYRE DL, ZE 4 A3 7K
Vb, RAE . AT AR IERIA K S M REIE 5 S Y
O NUE R RS R BT, TSR 2 b
(lipopolysaccharide, LPS)C.#%) 1z #2352 b M 7 i
Il PRAF DGR 2 — 1 (R, 2838 I RIS R R o
REZ W Z IR REETBE LPS SO, &
EHERE-MELCRMAEY, NARBEEH
(Fraxinus chinensis Roxb)HF$2HL, | iZ /0 AAEI
WZRFR, Rl E . AR RHEEPR
XT 7N B P DR R 48 Ak I S350 G 14 B A AE 1 R
ALY AERS, WA B R 2 ZE X LPS 5
SN B SE B A BRI BT RAE T, BBV
55 LPS 5 S RAEAN IR WE , e i pyael, O
JUL 238 i ST 7 98 S 7 DA Sy e e B 75 S 1) o M
BETEROPRAR , TR R TR P Y 1 5k . BIE ]
HA BENCHERPENS, SAPF5EERY, Toll
FEAZ K 4(Toll-like receptor 4, TLRA) /T #f4r1k
A ¥ 88(myeloid differentiation factor 88, MyD8&8)
A NF-xB 15 538 B0 0E . IERICT liEseaE
FALFE R IR AL R F--a(tumor necrosis factor-a.,
TNF-0). 4" % -6(interleukin-6, I1L-6). IL-8.
IL-1B, 33X SE 4 X 75 B Je 10 e B i 2 HK Js o
RAEAERE g R R AR ANUARS , 38 2 4 Mg,
SR I K A L PN 15538 B DA T 2 2 4% PR A
PR, 33X FE M BE A O LA 1 1) & g AL il o e
BVER . T TLR-4/NF-kB {5538 2 e 0 0oL
PG EZA NI, 28 BN, AR BAENTRE
F¢ R R ARG M FEIE 1 T O LA
1 MR5E%

L1 ARG

B ZEAS : A0020), HIZERMHE S
50-02-2)F0 [ F K & i M 25 YA i s LPS
(£ E sigma-Aldrich, b5 : 12630); WLESE [
(cardiac troponin I, ¢Tnl, #t*5: E019-1-1), L2
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P[] T Jif§ [ creatine kinase (CK)-MB, CK-MB, it
F: H197-1-1], LA H H(myoglobin, Mb, It
H150) , TNF-a({lt5 : H052-1) . IL-6(#t 5 : HO07-1-1),
IL-1BHIt5 . HO002), #Eid A Yl (myeloperoxidase,
MPO, #t5: A044-1-1), A [ (malondialdehyde,
MDA, #it*5 : A003-1-2)F1H A (L {k i (superoxide
dismutase, SOD, #lt5: A001-3-2)30WF rd 5 HE A,
Y TR AT BCA i{FI&ES: P0012), 4
M35 A A S S7023) [ LI~ KA YA
HIR/AR; TLR2(1 : 1000, #85 . 12276T).
TLR4(1 : 1000, 555 : 14358S), MyDS88(1 : 1 000,
P25 42835). FINE 1 ZIRAHEH A (interleukin-1
receptor-associated kinases, IRAK1, 1 : 1 000, "5,
45043) . R 1L #% [ - -xB(phosphorylated-Nuclear
factor-kB, p-NF-xB, 1 : 1000, %5 42395)1l4
H Cell Signaling Technology

BX43 Wi H A BARET 2 F]); Bio-Rad
iMark FifFRIL (€ [E Bio-Rad /A )); Mini Protean 3
Dodeca HL K f% Trans-Blot SD - T-#% B4 44 A
LEMALRAT; Gel View 6000 1b27 & JEEEIE A%
RGBT M BAEFABRAT]); Vevo 2100 /N5
H AL (&K Visual Sonics 23 A)).
1.2 ¥

R R SD KL 90 H(J, il 7~8 Ji,
5 260~280 g), T H IR K=K sy,
FYEFYFATIE S SCXK(5) 2019-0003, 7 SPF
PRES IS0 SR : 25 °C 5 AHRHEEE : 40%~70%)
HR LR IR 1 G AK AR 3R SR,
1.3 K LPS iSO WU i B 8 Sy MR YT

KM AT 6 4. XFTHE4L . LPS 41, %
J P ZRHIEHQ0 mgkg ). F P ErphHE4
(40 mg-kg "), Z R R R 41(80 mg-kg ')Al
FEHE S BR2H (Hb ZEKAS 2 mg-kg 'Y, XFHRZEFN LPS
20 B AHFHATR T 0.9% B AN - 25 25 20 K R
e Td BEW R, Rk 1h 5, KREER
HESF 15 mgkg™' LPSCRIAATFH 055:B5), LPS 4b
Ho6h )5, AMRERZMEERE 60 mgkg!)
JRREE R BT SR 0o JUE 2 B AE 364 2 B o 8
Ja /NG R AR OREA S, MR RAER AT, IF
1E-80 ‘C NRAT

R EEACR FH 2457 2021 4E 12 A5 38 B4 24 1




1.4 @HE.O3hE

FH 2% 5 BRI R B 285 L A 10 MHz
L NERES] MyLab 30CV 875 R Ge b 1778 7 0 gl [
A, il R KR LIS gES 5,
5 0> %R (heart rate, HR), 772 BEAHXTJE FE (left
ventricular wall thickness, LVWT), Z = W4 AK %
H(left ventricular end systolic volume, LVESV)Hl
e 02 G 538X (left ventricular ejection fraction,
LVEF),
1.5 HE 4o

FRAERKBOMAL, HRARFaga, If
eI T TR
1.6 R G 2 W B

KRR 2 mL F-F 4 “C R EL3 000 rmin™!
B0 10 min, BTG . ARAEHIEFAUT 4, 4
D M ¢Tnl, CK-MB ., Mb, TNF-a, IL-6, IL-1B
1 MPO &, H iMark BEFR{CIE LR,
FH ELISA 075 & 4R A A% 200 M DR 1~k ofi i 7 0 o
IFRIEIZR
1.7 X &40 MDA 1 SOD fy &

MDA ¥k EEF SOD i AR 4 il 1 7 1 e BH (i
FHASIN ) &
1.8 Western blotting il TLR2, TLR4, MyD88
IRAK1 Fil p-NF-«xB 5 A X} 6155

OMEHLUM A BB, I 34052 vhil 24
f#AE 4 "CIFLA 14 000 r-min~"' B5.0> 15 min, K
AEE . HhE AW H BCA B &, sk
JG 20 ng B ETE 12% 1 s SR R B SR TN A I
WeBERCHLTK, 4B 2R MW I O K B
37 CHH 1 h M 5% 4 miE HEH, A5 540
TLR2(1 : 1000). TLR4(1 : 1000). MyD88(1 :
1000). IRAKI(1 : 1000)F1 p-NF-xB(1 : 1000)7E
4 Cid . H TTBS PG M (F Tween-20 1Y
Tris ZZ#hEhK), INABRAR T S AP BbrIC i 1L =

Pt 1gG(—HL, 1:5000)37 ‘CRNE 1 h; PEESE
ECL BG4 I M A Quantity One B4 44T 8
M I K AL
1.9 St

AR x £ s Fn, SRJEH SPSS 22.0 #4748
T, AL Z 8] Duncan 52 # M HEs,
P<0.05 #nEZRBEAGIE L,
2 R
2.1 FERHERX LPS 375 190 WL A5 K B IR
e

xR L, LPS 41K KM HR, LVWT Al
LVEF & &M%, i LVESV B&THE, #57F
Geiter g L (P<0.05), TEZE KW RIAITE, 5 LPS
AR, 26 B R b SR 4] HR .LVWT #1 LVEF
PR E TR, W LVESV WEL, 2RE%11+#
B (P<0.05). 7EHLZEKRANGYT G, 5 LPS AL,
FHPEXT BEZ] HR . LVWT M1 LVEF ¥ 8 & T+ &, 1
LVESV I EFER, 2 5A 5122 L (P<0.05),
SR 1,
2.2 ZEHENT LPS 55100 LR A5 Kk B0 BE
LN st Al

5XRR4IAHE, LPS 4 ¢Tn1, CK-MB #l Mb
PIRETE, Z25A 5 E L(P<0.05), T
HEIRITE, 5 LPS dMitk, W RS, &HFl
H4H cTn 1. CK-MB il Mb ¥ i B &%, 2965
227 X (P<0.05), 7EHBZERINIARIF G, 5 LPS
AR, PHEXTIEZH cTn 1. CK-MB Hl Mb ] i
FREAL, ZRA G FE X (P<0.05), 4503k 2,
2.3 ZRHEXS LPS 53090 WU 7 K BC IE 5
ibRic B 52

S5XFHEZHAHEE, LPS 41 HE e asgs R IH.0 L
[ B v, o VLA™ S b K, B S8 RE 4t L
SERETSEIN . FEZ R R AR INAIT R, 5
LPS 4L, DL BRI RNZM., 2R 0A 1,

F1 FHFEXNLPS E RO BRG AR OIS EZH(Xts, n=15)

Tab.1 Effect of esculin on cardiac function in LPS-induced myocardial injury rats(x s, n=15)

434 H4350 HRAR LVWT/mm LVESV/uL LVEF/%
Xif R 425.36+35.04 0.79+0.04 26.21+3.57 54.26+4.52
LPS 741 289.98+31.57" 0.56+0.03" 54.5945.091 31.5943.98D
LR =420 mgkg ™) 317.64+28.45 0.62+0.04 45.63+4.21 34.49+4.26
7 i R 2040 mgkg ™) 348.07+30.822 0.68+0.032 36.48+4.02% 40.37+4.09?
ZE R F A RA80 mgkg ") 390.13+27.492) 0.74+0.032) 30.05+3.882 46.57+4.77?
FHE X R ZH 389.16+29.78% 0.77+0.03% 31.84+£3.91? 50.19+3.62%
e SXTRRAAMEE, DP<0.05; 5 LPS HAALL, 2P<0.05.
Note: Compared with the control group, "P<0.05; compared with the LPS group, ¥P<0.05.
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FK2 FHFEALPS FFHOQAA G A R R AFAFD
Y B (x+s , n=15)

Tab. 2 Effect of esculin on cardiac injury markers in
LPS-induced myocardial injury rats(x s, n=15)
pai| cTnl/ng-mL"' CK-MB/U-L' Mb/ng-mL""
X IR 2 0.08+0.03 26.34+2.47 32.15+£3.78
LPS 2 0.54+0.09" 84.29+7.59Y  105.09+17.61Y
L TR 0.4240.07 78.16+6.48 99.82+15.34
(20 mg-kg™")
L HE ARG 032:0.05)  56.12+5.832  67.27+8.75%)
(40 mg-kg")
E I E A 0.16:0.04)  38.05:4.15)  46.33+4.999
(80 mg-kg™)
PR B 2 0.1240.022  30.12+3.60”  40.41+3.56?

W SXTAAEL, YP<0.05; 5 LPS 4lAHLL, 2P<0.05,
Note: Compared with the control group, VP<0.05; compared with the
LPS group, 2P<0.05.

2.4 Z& M FZNE LPS 75 5 10 Lo LB 95 K B Co ik 4 e
FE Rl

5% BRLH A F , 76 LPS 4H IL-6 .\ TNF-a £ IL-1p
EHRIKFHEE LM, ZRAESIHT¥EX
(P<0.01), TEZ W RIRITE, 5 LPS diffitk, %
BB Ed, BRI IL-6, TNF-o Al IL-1B & 15
KAEEBET M, 2565058 L(P<0.01),
TEHFEARANIAIT IR, 5 LPS AL, IL-6, TNF-a
FNIL-18 B ARBACEH R E N, ZRA5012%
= X (P<0.05), Z5HULE 3.

2.5 Z& R H NS LPS 5 S D AR K RO IE AL
IR AT

5xF MM, LPS 41 SOD &4 i E K,
1M MDA fl MPO & &3 8 & T, ZRA 51T~
B X (P<0.05), fEZEEWHRIGITE, 5 LPS 44
th, Z#EHRET . SHE4 SOD & E I,
IT MDA Fl MPO % w35 i E MK, 2R A G2
B (P<0.05), FEHLIEKRINGITIG, 5 LPS 414
[, SOD & W& T, M MDA #1 MPO & &
PR R, Z2RA IR L (P<0.05), 45H%
W2 4,

2.6 ZERHEX LPS iSO R TLR/
NF-kB i& 1% 5%

LT R EL, LPS 44 TLR2, TLR4, MyD88,
IRAK1 il p-NF-kB % [ ik & B EWn, £5
HGIT%#E L (P<0.05), FEZEEHFRIRITH, 5
LPS dAHLL, & | &4 TLR2, TLR4,
MyD88. IRAKI Fl p-NF-xB 7 [ £ kK V1 B 3%
FAG, 2250 G247 L (P<0.05), TEHBIEKRING
¥7)5, 5 LPS 4HAH ., TLR2 .TLR4 . MyD88 .IRAK 1
Fl p-NF-xB # HRAACFIH R EFN, ERALS%
Pt X (P<0.05), 45K 2,

FEPREHEA REFRPHRH BETRRNREH

(20 mg'kg™)

1 QBEFEY A (HE, 400x)
Fig. 1 Heart pathology section(HE, 400x)

TLRZ s o s s o

(40 mg-kg™)
\'“i}l* v |

(80 mg'kg™)

-~

FHAEXTHE2H

’ oo

TLR4
MyD88
IRAK1
p-NF-xB
NF-«xB

B-actin

O R W ——
o D S —
U —
s D W — —
. — - — —

74 (40 mg-kg™)
FE2H (80 mg-kg™)

B ZEFIE41(20 mg-kg™!
m%q: J (20 mg-kg™)
HZEm

26

.0
TLR2/GAPDH TLR4/GAPDH MyD88/GAPDH IRAKI1/GAPDH p-NF-kB/NF-kB

2 F ¥ &5 LPS F S QG A R TLR/NF-xB Z & (3 ts, n=15)
ExfBAIHI, DP<0.05; 5 LPS 4iMlH, 2P<0.05,
Fig. 2 Effect of esculin on TLR/NF-kB pathway in LPS-induced myocardial injury rats(x £ s, n=15)
Compared with the control group, VP<0.05; compared with the LPS group, 2P<0.05.
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&3 FHFEALPS %5800 B A R0 HE 4 B E T
B(xts, n=15)
Tab. 3 Effect of esculin on cardiac cytokines in LPS-induced

myocardial injury rats(x £ s, n=15) pg-mL~!
! IL-6 TNF-a IL-1B

X B 22.4143.48 7.45+3.19 12.45+4.20

LPS 4 126.72+18.26)  87.45+7.23V 94.16£9.63"

Z o LA 112.52415.67  80.16+6.88 89.5249.04
(20 mg-kg™)

Z FE RG] 78.33£9.812  49.75+4.34%) 62.05£7.672
(40 mg-kg™)

B P E SR 452545490 27.24+3.867 34.32+5.082
(80 mg-kg™)

FH X BE 20 36.79£4.170  20.66+3.86 15.67+3.742

e HXFERAM L, DP<0.05; 5 LPS diMitk, 2P<0.05,
Note: Compared with the control group, VP<0.05; compared with the
LPS group, 2P<0.05.

T4 ZFHFEXNLPS F QARG A RS HEEA AR #
HZ (X ts, n=15)

Tab. 4 Effect of esculin on oxidative stress in the heart of
LPS-induced myocardial injury rats(x £s, n=15)

SOD/ MDA/ MPO/
Zpil -1 -1 -1
U-mL nmol-mL U-mL
X HEZH 61.23+8.47 8.51+£3.21 10.09+3.88
LPS 4 15.61+4.05V 24.55+5.16" 32.75+4.821
TP EFELAE 21.34+4.74 21.53+4.91 28.75+5.15
(20 mg-kg™)
ZHE R EY 40.76£5.977 15.46+3.582) 17.59+4.08?
(40 mg-kg™")
L HEEHEE  51.61£5.807 10.42+3.11% 12.71£3.89?
(80 mg-kg™")
PHPE X RE 20 50.77+5.80% 11.09+3.07% 11.20+2.59?

e XL, DP<0.05; 5 LPS 4AHIL, 2P<0.05,
Note: Compared with the control group, VP<0.05; compared with the
LPS group, ?P<0.05.

3 g

LPS MR A NEER, &b 22 [P VE T 2 it
HEMWBURST, HFEENERMAE", RF5E
i LPS 52 K RO I A, i 5RO WL
Bl o MERERE S —Fh = BV R AE SN, MRFEAE
O U 2 5 UL IR i et B . WSRO,
JHEREIE A I, U JULER RS TR R B Y S AL 7
TR R RER T . LPS 2 iR e A2 kK 1,
JETE RO WLID BE A Y 2R 22—, TNF-a.,
IL-6. IL-1B /2% WA MREAE 90E K, HaT i
HERIE R A, B ONBUET, AL R, &
Z e W ERIGIT A, LPS - SO L 3 K BURY HR,
LVWT F1 LVEF J}&, LVESV. O HERGiARiCY)
TRV TR AE 20 L R R I, DA P sR 45 SRR
ZE K PR REGER LPS 1 O U A i S i3 -

O HL A0 L 4R A I 380 o7 5 N R 2 e i i 1
A REREE AR, RS EALTE PR B R
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PR ELA W 0O RGP /E R, SOD Al MDA
TP B RG22 B S 4 . MDA i
WAE AT e R, T IPAL APk N B
it AR, o n] T (Rl A 45 45 . SOD
JE—PVEEA O HWTAILES, BESTEERE A L,
S W=t S S PO R A P U = K R AW L
SERIKUT RIS B LPS B S HOC2 4 i 4 Ak
NS FEARE H, SXTRRA4IAH L, #E LPS 4
SOD WE &M%, i MDA il MPO ¥J T . 18
LW EIRIF)E, 5 LPS 4HAH L, SOD BETH i,
I MDA F1 MPO ¥ i R DL AP 4 SRR B,
% R BEZEAR LPS 38 5O WU 1 9 AL R 3

A I 1) 3k B SR e B A 1) A BIL A v
BAEEE L CAMEERN, TLR-4 /-5 MyD838
WA NF-xB 5530 i 30, IR Wi 9AE
K Ff04% TNF-a, IL-6, IL-8, IL-1pB, XEL4HFE K
A B A e RERE G SO, rh & 43R UL, o L A
RAMURSG , BT AR, AR5 A N A
% AR 32 PR T B ZBR B IV, S P R BEE O UL
A0 0 A L] ke BB o 1 TLR-4/NF-xB {5
3 [ MR AE O LR A i R R R T U B R
], miR-146a n] figid i 171 S AL ] 4% TLR-4/NF-
kB (55, M MERERE O LR 28 4 S Al
DI RERE AR, 5 Rk miR-132-3p i #l
MyD88/NF-«kB i [ 14 7% b e Uk 55 M s hE A1 = 10
U120, O 2 5T 38 I 28 i WY 208 0ok Yy
TLR/NF-xB #4231 LPS 175 514/ Bl el 35 45
RAEV, FEAK S, SXTIRZEAE G, LPS 4
TLR2, TLR4, MyD88. IRAKI #il p-NF-kB & H
MFRINE R ERM, EREPRIGTE, 5 LPS
ZHAHEL, TLR2, TLR4 ., MyDS88 ., IRAK1 #il p-NF-«xB
HHRIBKF B EFEK, DL ERE R R,
% ¢ T 255 3 ) TLR/NF-xB {5 53} 25 /% LPS
PO .

g bk, ZEW RS LPS S KRG
WU, PR R BLG LA, ALK T e S
BT TLR/NF-xB {5 538 #, IR 20 S
IR ANR E P
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