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Quercetin alleviates myocardial injury in Kawasaki disease rats by activating
AMPK/mTOR/NF-kB signaling pathway

WANG Gaoshang, NING Hongjie, WANG Yan, RUI Mingyan
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Abstract: Objective To explore the effects of quercetin on coronary artery inflammation and myocardial damage in Kawasaki disease
rats based on the AMPK/mTOR/NF-«kB signaling pathway. Methods Mice were randomly divided into control group, model group,
quercetin (14, 28, 56 mg/kg) groups, and the quercetin + Compound C group. The cardiac function, serum levels of myocardial injury
and inflammatory-related factors of mice were detected, the pathological damage of myocardial tissue and the changes of cell apoptosis
in the mice were observed, the apoptosis of myocardial tissue and the expression of related proteins in the AMPK/mTOR/NF-«kB
signaling pathway were detected. Results Compared with model group, the coronary artery intimal injury, inflammatory cell
infiltration and mitochondrial structure damage in the myocardial tissue of mice in the quercetin group were alleviated, while the LVEF,
LVES, Bcl-2, and p-AMPK/AMPK protein expression were significantly increased. CK-MB, CK, LDH, IL-6, IL-8, IL-18, myocardial
cell apoptosis rate, Bax, cleaved Caspase-3, p-mTOR/mTOR, and p-NF-«B p65/NF-kB p65 protein expression were significantly
decreased (P < 0.05). Compared with quercetin 56 mg/kg group, the myocardial tissue of mice in the quercetin + Compound C group
showed aggravated coronary artery intimal injury and mitochondrial structure damage, with nuclear pyknosis in myocardial cells,
increased inflammatory cell infiltration, and significant decreases in LVEF, LVFS, Bcl-2, and p-AMPK/AMPK protein expression.
CK-MB, CK, LDH, IL-6, IL-8, IL-18, myocardial cell apoptosis rate, Bax, cleaved Caspase-3, p-mTOR/mTOR, and p-NF-«kB p65/NF-
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KB p65 protein expression were significantly increased (P < 0.05). Conclusion Quercetin reduces coronary artery inflammation and

improves myocardial damage in Kawasaki disease rats by regulating the AMPK/mTOR/NF-«B signaling pathway.
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ZEL (P<<0.05), W# 1. MB. CK. LDH /K& ERFL (P<0.05), HEF
2.2 WHEZEXHERME CK-MB. CK. LDH 7KE SN 5 ER 56 mgkg AL, xR+
SppA Compound C %R IMIE CK-MB. CK. LDH 7K~

SRR, W RS B Y R TS CK- SEFE (P<0.05), WFE 2.
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1 REMEM BEBEOHETK
Fig. 1 Representative M-mode echocardiographic changes

%1 %1 LVEF. LVFS kb3 ( x +s, n=15)
Table 1 Comparison of LVEF and LVFS in rats ( X+ s,n=15)

5 7 E/(mg kg™) LVEF/% LVFS/%
tof e — 72.84+8.52 43.96+4.73
LY — 28.27+3.15" 18.82+2.27"
Wi e & 14 36.63+4.24* 23.51+3.46*
28 49.58 +6.96*@ 30.73+3.54%@
56 64.16 +7.43%0% 36.28 +3.89%@&
#it Jiz 2 +Compound C 56+14 41.39+5.010 25.19+3.68"

SEA LR P<0.05; SHRIALLE: "P<0.05; SHIEE 14 mgkg ' 4l @P<0.05; S E 28 mgkg ' ALLE: &P<0.05; Sl
3 56 mg-kg ' ALEEE: AP<0.05,
“P < 0.05 vs control group; *P < 0.05 vs model group; ®P < 0.05 vs quercetin 14 mg-kg™' group; ¢P < 0.05 vs quercetin 28 mg-kg™' group; "P < 0.05 vs
quercetin 56 mg-kg™' group.
#2 #RME CK-MB. CK. LDH Et# ( x +s, n=15)
Table 2 Comparison of serum CK-MB, CK, and LDH levels in mice ( X+ s,n=15)

215 7 E/(mg kg™) CK-MB/(U mL™) CK/(U mL™) LDH/(U mL™)
payict — 68.26+8.43 27.95+4.86 218.43+30.28
e — 185.94+24.91" 118.37+13.65" 736.76+86.93"
Wi e 3 14 143.39+18.56" 99.51+12.78* 593.64 + 65.85"

28 109.72 £15.63%@ 74.12+8.54%@ 484.97 +55.42#@
56 81.45+13.97%@& 41.63+5.06%0& 305.66 +41.79@&
#t 57 Z -+ Compound C 5614 134.76+21.82" 86.98+11.35" 527.81+62.54"

Hxt A TP<0.05; SHBAKE: 'P<0.05: S K 14 mgkg AHE: ©P<0.05; SHYE 28 mgke ! dEER: 4P<0.05; i
3 56 mg-kg M ALLLE:: ~AP<<0.05.

*P < 0.05 vs control group; P < 0.05 vs model group; @P < 0.05 vs quercetin 14 mg-kg™' group; &P < 0.05 vs quercetin 28 mg-kg™! group; "P < 0.05 vs
quercetin 56 mg-kg™! group.

2.3 HHEZEITLRME IL-6+ IL-8. IL-18 KFH) 24 HEETHROAHERFET LA

A X IR A RO LA 4ERE S5 HE R, 25 e S
SRAREALE, W R SRR ME IL-  BALBOIHR S0, HEI AL, BRI

6+ IL-8. IL-18 /KR ZF K (P<0.05), HEME  4IHMIRIE; iR &R ONASTRGEEE, D

MM, SR 56 megkg ALCE, W+ 2F 4k 22 R % PR g O k2 . M R =+

Compound C A% I IL-6. 1L-8. IL-18 7KF&:  Compound C LU INE, WLEF4E WL A

ZTE (P<0.05), W% 3. RYERZIEN, WK 2,
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#3 HFME IL-6. IL-8. IL-18 L3 ( x s, n=15)
Table 3 Comparison of serum IL-6, IL-8, and IL-18 levels in mice ( X+ s,n=15)

2H 51 7/ (mg kg ™) IL-6/(pg mL™) IL-8/(pg mL™) IL-18/(ng mL™1)
payict — 96.81+12.53 63.82+7.76 25.13+4.28
R — 249.38+35.84" 189.07 +26.38" 127.37+13.92"
M 3 14 203.62+24.21* 145.75+18.24* 108.49+11.56*
28 158.25+18.49*@ 112.69+15.72%@ 61.58+8.25"@
56 115.49 +14.67%0& 76.58 +8.59%@& 39.26 +5.31#0&
#it 57 % +Compound C 56+14 184.76+21.96" 124.63+14.63" 92.81+10.67"

Sxlia s *P<<0.05; SR *P<0.05; S5 E 14 mgkg ! AL @P<0.05; SR 28 mgkg ! AlELE:: £P<<0.05; St

i3 56 mg-kg AL AP<<0.05,

“P < 0.05 vs control group; *P < 0.05 vs model group; ®P < 0.05 vs quercetin 14 mg-kg™' group; ¢P < 0.05 vs quercetin 28 mg-kg™' group; "P < 0.05 vs

quercetin 56 mg-kg™' group.
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mpound C

Hit b % /(mg-kg ™)

2 LAVALRRERBEWN (HE, X200)
Fig. 2 Changes in myocardial tissue pathological damage (HE, x200)
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A RIS E R ZE TS, Bel-2 HAMYRIAE R
FHIRL (P<0.05), WKE3. 4, £4.
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#it )% & + Compound C

it Bz # /(mg-kg ™)

3 OABLRMAEATEN (TUNEL, X100)
Fig.3 Changes in myocardial tissue cell apoptosis (TUNEL, x100)
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Fig. 4 Expression of apoptosis-related proteins in

myocardial tissue
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O LGN 28 0 1 45 #3347 1 5 IE s i B R+
Compound C 41%J7 B, /Co ATLAH M 2 s 47k &5 #4034 . 2
e, WK S,
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EEREEXERRTIAEN

LR, Wi 2R &R Y RO p-
AMPK/AMPK & 3k 5 Z 1, p-mTOR/ mTOR.
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®4 HRONERATRURATHXEARELE ( x+s, n=5)

Table 4 Comparison of apoptosis rate of cardiac muscle cells in mice and expression of apoptosis-related proteins ( x*s,n

= 5 )
n = _ \ e FEAAMNRIE R
A A mg kg™) VAT A% Bcl-2 cleaved Caspase-3 Bax
payiict — 1.05+0.19 1.09+0.15 0.2840.05 0.3610.04
it — 33.87+4.53" 0.34+0.04" 0.95+0.13" 1.03+£0.12"
MR 3 14 27.26+2.11% 0.52+0.07% 0.8140.09% 0.8940.11%
28 20.41+1.87%@ 0.7140.08%@ 0.5940.06%@ 0.6440.08%@
56 14.92 +0.65%@%& 0.9340.11%0& 0.4240.07%@&  0.48+0.05%@&
Hit iz 2 + Compound C 56414 24.68+2.46" 0.57+0.06" 0.76+0.09" 0.82+0.09"

SRR "P<0.05: SHIRIAILLE *P<0.05; SHHEE 14 mgkg ALLLEL: @P<0.05; S 28 mgkg ! AL 4P<0.05: Sl
&K 56 mgkg ' ALLE: ~AP<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group; @P < 0.05 vs quercetin 14 mg-kg™' group; ¢P < 0.05 vs quercetin 28 mg-kg™' group; "P < 0.05 vs
quercetin 56 mg-kg™' group.

#i 2 % +Compound C

Wit Bz 2 /(mg-kg ™)

B 5 OAELRBHERIEZL (X20000)
Fig. 5 Ultrastructural changes of myocardial tissue (X 20 000)

p-NF-«B p65/NF-kB p65 &b (P<0.05), HE 3 g
FIEAHAE; i &R 56 mg/kg LI, it 2=+ 1 Ui 95 2 4 BR VG B Y )L 25 R A% O I 11 32
Compound C 2H p-AMPK/AMPK %5 3K 1A &3 & R, HRWREREIEEEKES, DB
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P-AMPK i S W e N e 620} 10° ST, MR, BT BRI R IR,

AMPK Wil W SH6 SN 8 @ 620<10* BRI G TT SRS F TR 97 DU

i e KAy — MR 2R 51, BRI AA T
TR | S 010 R P P 4R )
mTOR| MR . - — .“28%105 5 2 S0 v B Ry 8191, Guan S5O ST R BH , #i R
P ——— ! AL AR Z 05 S O T O0E, 8
p-NF-1B p6s5 63010 BIEZ A ORI . AR TR, i

NFxBpos T - - - 0 10 R 2 I Ik A B B E /N BR O JULH 2 98 SR AR AL B2

) WS, B OIERE. Lh B IT 25 S 8510 B
aror R 01034 352 UL 5 VR

oy et rmic RBIRAEIE R, BN L WAL i
SEAR R R, O AR T 0, LVEF.
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ERRALH e, NI, LVEF. LVFS JHi5,

Fig. 6 Changes in the expression of proteins related to the T%%W&%%ﬁ%@%«)ﬁ%}llmﬁ%ﬁﬂj ﬁ'bﬂﬂ?jﬁ{ﬁ, Eﬁ%‘l}
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#£5 HBEOINELS AMPK/mTOR/NF-kB (S 2B HBIEXEARIALE ( X+s, n=5)

Table 5 Comparison of expression of AMPK/mTOR/NF-kB signaling pathway-related proteins in mice cardiac tissue ( xts,

n=5)
15 it (mg kg) RAMA R
p-AMPK/AMPK p-mTOR/MTOR p-NF-kB p65/NF-kB p65

Xif R — 0.86+0.11 0.3340.05 0.31+0.07
R — 0.2140.04" 0.924+0.13" 0.8940.14"
1R 2 14 0.3940.06* 0.7640.08% 0.7240.09%

28 0.54+0.08"@ 0.58+-0.06%@ 0.5140.05%@

56 0.72+0.09%@& 0.43+0.057@& 0.36+0.047@&
it sz & +Compound C ~ 56+14 0.434+0.05" 0.714+0.08" 0.69+0.07"

SXPERALLLR: P<<0.05; SHIRALILES: #P<0.05; SHEE 14 mgkg ! MLILEL: @P<<0.05; Sl % 28 mgkg  4LHLEL: 4P<<0.05; S

& 56 mg-kg ' 4LELE: AP<0.05.

P < 0.05 vs control group; *P < 0.05 vs model group; @P < 0.05 vs quercetin 14 mg-kg™' group; &P < 0.05 vs quercetin 28 mg-kg™! group; "P < 0.05 vs

quercetin 56 mg-kg™! group.
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