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Effects of Xiongqi Formula on myocardial ischemia-reperfusion injury by
regulating trimethylamine N-oxide
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(Abstract] Objective To explore the mechanism of action of Xiongqi Formula (XQF) in regulating trimethylamine N-oxide
(TMAO) to protect against myocardial ischemia-reperfusion injury (MIRI) based on "the heart and small intestine being exteriorly
and interiorly related to each other". Methods Fifty male Sprague—Dawley rats were randomly divided into five groups (10 rats per
group): sham—operated, model, XQF 3,3-dimethyl-1-butanol (DMB), and XQF+DMB. The sham—operated and model groups received an
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equivalent volume of saline. All groups underwent intragastric administration for 14 consecutive days. The MIRI model was
established by ligating the rat left anterior descending coronary artery. After modeling, blood was collected from the rat abdominal
aorta. HE staining was used to observe histopathological changes in the rat myocardial and jejunal tissues. ELISA was used to
determine serum creatine kinase isoenzyme MB (CK-MB), lactate dehydrogenase (LDH), malondialdehyde (MDA), superoxide dismutase
(SOD), interleukin (I)-1B, and IL-6 in rats. Triple quadrupole liquid chromatography—mass spectrometry was used to measure serum
TMAO levels in rats. Results Compared with the sham—operated group, the rat myocardial and jejunal tissues in the model group
showed pathological damage such as myocardial fiber rupture, inflammatory infiltration, and jejunal villus swelling and rupture. The
serum levels of CK-MB, LDH, MDA, IL-1p3, IL-6, and TMAO significantly increased (P<0.05), while the SOD activity decreased (P<
0.05). Compared with the model group, the XQF, DMB, and XQF+DMB groups showed attenuated myocardial and jejunal damage,
with reduced serum CK-MB, LDH, MDA, IL-1p3, IL-6, and TMAO levels (P<0.05) and increased SOD activity (P<0.05). Compared
with the XQF group, the DMB group displayed more severe myocardial fiber rupture, cardiomyocyte deformation, vacuolization,
elevated serum CK-MB, LDH, MDA, IL-1B3, and TMAO levels (P<0.05), and reduced SOD activity (P<0.05). The XQF + DMB group
showed mild myocardial cell dissolution, slight inflammatory infiltration, widened intercellular spaces, and increased CK-MB, LDH,
MDA, and IL-1B levels (P<0.05). Compared with the DMB group, myocardial fiber dissolution and inflammatory infiltration in the
XQF+DMB group were alleviated but jejunal villus swelling was aggravated; the serum CK-MB, LDH, MDA, IL-1B, IL-6, and
TMAO levels decreased (P<0.05), while the SOD activity increased (P<0.05). Conclusion "The heart and small intestine being
exteriorly and interiorly related to each other" is an important scientific basis for modern medicine to treat MIRI from the perspective
of the intestine. XQF may exert a preventive protective effect against myocardial ischemia—reperfusion in MIRI stress events by
regulating the TMAO-mediated inflammatory signaling pathway and thereby alleviating oxidative stress and inflammatory cascade.
(Keywords]) myocardial ischemia—reperfusion injury; the heart and small intestine being exteriorly and interiorly related

to each other; trimethylamine N-oxide; Chuanxiong (Chuanxiong Rhizoma); Huangqi (Astragali Radix)
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90% B, Wii#E K 0.4 mL/min, HEFEE N 2 wL, HIRE
25 C,
1.9.2 Frigstr  SRABEE ESI IR
HEAT IS AT . BT 24 S54SR 550 °C, B F
RS 1 SHOE R 55, B FIRAR 2 S80E N
55, S A S B0 E R 40, B HLE 4.5 kV, R
MRM HEZCIMER A 25 1 %F ., TMAO fnifEik fy 4=
0.057 62x+0.018 82,r=0.999 59,
1.10  SGit=5aHh

K SPSS 25.0 Geit #4470 Hr , v = R
SO “xas" IR GORMIE B IR KO 2570,
ZH ] AR FHERL R 2R T 26 0 A, BRI R IE 2840
i Ko J5 225508, Kruskal-Wallis TEFIRGES . LA P<
0.05 FRERAGIFE X,

2 H#ER

2.1 FAXRONBRREREILER

TR AR LI B WL A 2SR, R/ N —
B, MG S ), T R RIS
O WLEFHEHES B ST, JOW e i 5 B G s BRE R 2 K
SR LA A AN MU, 8 B ] R B/ INAS S5 9 25
U0, O LA 2 W7 228 LK P 20 42 10 5 5 A R 2 A

LS

s

DMB 4

= S Yy ” - s
N i & 3 e
s - i, .. - SSaeE
oy AT B 2
L "

I, 2 4l \DMB 4 |75 E 7 +DMB ZH K BRLC JJLEF
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23 RVHAKXRIMEFE CK-MB,LDH MDA .SOD & &
b

S5BFARHEML , BRI 1 % CK-MB LDH
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0.05); SETULAH LY, 2 720 DMB 41 & ()7 +
DMBA I3 CK-MB LDH MDA 5 B (P0.05) ,
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Fig.1 HE staining of the heart tissues in each group of rats (HE, x400)
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Fig.2 HE staining of the jejunal tissues in each group of rats (HE, x400)

x1 |AKRIME CK-MB,LDH MDA ,SOD 7K F L& (x+s5,n=10)
Table 1 Comparison of the serum levels of CK-MB, LDH, MDA, and SOD among different groups of rats (x+s, n=10)

2157 LDH/(ng-mL™) CK-MB/(ng-mL™) SOD/(pg-mL™) MDA/(nmol *mL™)
BFARA 42.53+3.29 25.03+0.92 62.84+4.34 9.08+0.57
HLRIZH 56.38+2.05* 30.50+1.43% 37.09+2.05% 12.15£0.31%
HEEA 47.20+2.16* 26.65x1.16" 53.65+2.13 10.18+0.35*
DMB 41 50.77£1.70* 28.37£1.25" 45.86+2.28"" 10.92+0.36""
R 7+DMB 41 49312354 27.24%1.4974 49.96+2.51%4 10.73+0.45%4

T ST ARA S, *P<0.05; S Fed , 'P<0.05; 5= 1 4L HL# , “P<0.05; 5 DMB 41 He 4, 2P<0.05,

MDA £ ¥ & FA% (P<0.05),S0D #5# I+ i (P<
0.05), FEILFEL,
24 BAKRIME IL-1B.1L-6 SELLE

SEF ARG, AL M7 T1-18 . 11-6 & i
FFi (P<0.05) ; SHRI LA L, 5 B4l . DMB 4 |
ERT+DMB AT 1L-1B . IL-6 & FF(P<0.05);
AR A, DMB 4 % )7 +DMB 4117 11~
18 % & W W T % (P<0.05); 5 DMB 0 AH tb , &5 5
J7 +DMBA IfiL i 1L-1B IL-6 &1 R (P<0.05), 1F
W2,
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(P<0.05); SERILIA H, 5 4l \DMB 41 | %5 &
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R 4L He A, DMB 4 1ML i TMAO 7K-F B & Tt
(P<0.05) ;5 DMB 4L, 5 B 7 +DMB AL TMAO
IR 2 AR (P<0.05) , TEILE 3,

&3 BAKRIE TMAO KFLLEE (v ,n=5)
Table 3 Comparison of the serum levels of TMAO

among different groups of rats (x+s, n=5)

2H 51 TMAO/(pumol - L)
%2 BAKXRME IL-1B.1L-6 KF L (v+5,n=10) fEeFAAL 174.31+37.34
. R 417.41243.18*
Table 2 Comparison of the serum levels of IL-1B and .
R 253.03+27.51%
IL-6 among different groups of rats (x+s, n=10) DMB 41 350.1747.20%
vl IL-1pB/(ng-mL™) IL-6/(pg-mL™) EEEJ7+DMB 41 312.34+22.75%
BFARA 42.44+1.09 115.97+5.52 TE: SIRF AR LB, “P<0.05; SEIAI HEE,*P<0.05; 545 K7
RimIZR 53.86:1.31% 144.09+4.83* A, “P<0.05; 5 DMB 414, #P<0.05.
HEEA 47.62+2.28" 124.1625.53* N
3 Wig
DMB 41 50.23+2.05" 135.77+5.78"
HEEJr+DMB 41 48.25+2.24*"4 131.14£5.76" MIRI 7F H E T JE T Jads .0 7 g o

0 ST AR E, #P<0.05; SHIILI AL *P<0.05; 5 E 4
L, *P<0.05; 5 DMB 4 He AR, 2P<0.05,

BRI\ Wi AR M S 22 AE, A jtE LAt B B
T RE AR ARSI SR A FEBE A | LA



808 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

S H = RN SR I A RHE AT B T, A )
M G RIS & BLAE SR A O ERS Hh, <AS i o
SN 74.4% , BRSO Y 84.8% ,1RYT £ U4k
A IR FET, BT LI E - L 2T,
FAAFME AP0, B Ras SIHRH SR IE 2
JUE Y& AT A 45, P9 24 A0 (38 0 44 1
11 36 MBSz, PR & HE8 SRI GE KRR Z 3L
BRI AT P AN A SR A R i Co L4
JHLYR T 1) 5 v 0 s 20 B T B S A R 3
£ F I, 2 MIRI™, SAR2G B b o R W] i
A3 S (R R A 2R RIS B R 1 D R A
DAPR AR AR, [ Hsf 308 ol 94200 UL S i £ 5 30 I
RAEFUR K AWETE T VEF , AT O D RgR, 12
W DU A 4R T PR B 1D AT R 1) L A A AR i T
PRI 2R | A 1 A TP B8 D T 0 1 A5 i 223
i op RO I 75T 1 W B NG W N TSRO N 11 67 N 5 7= = W £
kB I BELAE R, <0 S5 /N A B e R
i EZAVE, DR T S BUNG 2 A 5 W RS
WUDIRERE B R AU A Z R S P 2 g B
AR PR Z R R Mg 2 fl 55 W], A0
T ORI (0 ok A R I | 5 R 4R kA v
SiE TR Y DL 28 S50, 16 NGB 2% Sk i
WIZ/NIE A Z BT e i AR A 5, PR
WO PRI AR SWUIFERE S | & B, e IR 22 3R B0
Sy M G o) 9 o7 T A IR, € SR
JHCURIRRAS | 75 I SR RSB 5 N 28 kA i R S
T6 24 LT PR SR 3 R B R I LA T R 6
PRI A, BB IESL , 18 i 5 1 nT 35 b i
TGP , 801 bt BT REREIR RS S 4 B
SAE SN, T PG ER2, Hh BIRYT LA 1At
RO A R R SR T B R kiE
TIfg , LI B REL 5 1 1 28 iy () 3] 85, )
e L&, /NG RITE I 2 T 5 B B 24 i 18 B R Y
AR FHEAT NTE— SO, )12 58 s R
FHFEATREL T s dd ASR O Bk 3R 7 BlLG:
VA B i 25 5 st O A D BE A U ML R
EEFRIS AL T IR A B R,

TMAO J2 F fi7 18 A IR PR B 55 i (R 4
A TMA , ZFIE FMO3 B Ak 5 T8 5 1 g 18 T 7
AR, HoKSF- T vl i 4 B AR5 AR HE i)
M BRAE , T Co LA A V3 108 5 Al 45453 40, 335 .o ot
BB KBS, ZE B BT TMAO BT AR

T JULH L P R R R i 7 e A, A T A A1 o
AR RZERLA T BE , X0 LI 8 T k7= A= 5 T 5
W] 5 76 P9 B2 AR TMAO AT LU 1 4205 S A A
PR, W5 20, AEARE (B TMAO T
(8 R I 2 (R O LB ZE /N BRSO LR BE IX 358 e
IR, RO WLET 4Rk SO T REEAE, TL-18
REAE TG N K 4NN S 4, (i i A6 1L-6 7Y
HoAh JREA TR I MIRT®, 116 REAEIIE H
I 240 R b P L, 35 A 2 L S5 4
LR I RUM A, F351, mK-F TMAO il
TE R IR i 1 3 3 P T MR IR, T BB SIS RAE
155 JEE TL-1B TL-6 ik, RO LA A 1 1B,
ATFFEAER TR 5 Ry ) 3 B2 MIRT K R
D EFEWT RS SRE IR B 2 Il B4 07, AR 1
JFH PT RE3E Ao 40 1) A 17 355 240 B A A0 ) s 40 o)
Jo SR TMAO A % | BELUBIT 98 R 20 S 0, DT 9
B WU 4 FHZE MR AERE . 5351, DMB B HIX}
OB R, 55 B B — P R AR
TMAO K A AE R F 7K H5 % 25 B Rb K , $27m
IS T 00 AT F56 X1 R AR 2 A7 250 T DI R R

B W N e R NS DN 778 £ L 7
BRUTE R TMAO &4 MIRT B R} 224
I3 3 Sh W S B HEA T IRIE , 25 SRR I S R ) T R
i 3 R A BEBE T RE , ] TMAO Az, Wb 1L~
1B IL-6 SF AAE K F 3Rk , T Il 48 25 , M1 &
PR B i PR O LA DR PR . IR S 20k
HEATE Ty T 1 38 DA R i BARBI Y, O 58 3
FSEHURIBEIE, AHF5T A CEE 22 MR DAL T
P SCHE IT M I ARE F & T B TR sk i O I S
PRAL TR IE YT B AL IR AR

S 3k

(1] X8I, Figak, 8 F, &5 (b RO 8 RS R R
2023)Z RfEEE)). P ELC ARG, 2024, 22(7): 577-593.

[2] ZHANG S, YAN F, LUAN F, et al. The pathological mecha-
nisms and potential therapeutic drugs for myocardial ischemia
reperfusion injury[J]. Phytomedicine, 2024, 129: 155649.

[3] ZHANG H H, HU H L, ZHAI C L, et al. Cardioprotective
strategies after ischemia-reperfusion injury[J]. American Journal
of Cardiovascular Drugs, 2024, 24(1): 5-18.

[4] WANG Q, ZUURBIER C J, HUHN R, et al. Pharmacological car-
dioprotection against ischemia reperfusion injury—the search for a

clinical effective therapy[J]. Cells, 2023, 12(10): 1432.



2025 455 45 %

TR R 2 R 2R http://hnzyydxxb.hnuem.edu.cn 809

[5] VIDEJA M, VILSKERSTS R, SEVOSTJANOVS E, et al. Data
on cardiac and vascular functionality in ex vivo and in vivo
models following acute administration of trimethylamine N-oxide[J].
Data in Brief, 2023, 46: 108890.

[6] EMONDS J J, RINGEL C, REINICKE M, et al. Influence of

—

trimethylamine N-oxide on platelet activation[J]. Nutrients, 2022,
14(16): 3261.
[7] SELDIN M M, MENG Y H, QI H X, et al. Trimethylamine N—

oxide promotes vascular inflammation through signaling of mito-

gen—activated protein kinase and nuclear factor-kB[J]. Journal of

the American Heart Association, 2016, 5(2): €002767.
(8

—

YI Z Y, PENG Y J, HUI B P, et al. Zuogui-Jiangtang-Yishen
decoction prevents diabetic kidney disease: Intervene pyroptosis
induced by trimethylamine n-oxide through the mROS-NLRP3
axis[J]. Phytomedicine, 2023, 114: 154775.

IRV, B, TRMS, SF WIE R AT O B
TR RIEOAR: A BOBLE FG T SR )] 252244, 2023, 58(8):
1988-1999.

[10] Bx #%, Br W, B ¥, S5 JET LK 24 M K SR I0IE AR
WEEITIRYT USRI FHE A AR FILHI)]. WIR hBE2y
KSR, 2024, 44(2): 266-277.

[9] &

—

[11] CRACIUN S, MARKS J A, BALSKUS E P. Characterization of

choline trimethylamine —lyase expands the chemistry of glycyl
radical enzymes[J]. ACS Chemical Biology, 2014, 9(7): 1408-
1413.
[12] BR . SEFmoR= D s B A-F NETs Fiiis MIRI
FERBLHID]. Kib: #ﬁ?‘ﬂ*@%k””-, 2024.
[13] WANG Z N, ROBERTS A B, BUFFA J A, et al. Non-lethal
inhibition of gut microbial trimethylamine production for the
treatment of atherosclerosis[J]. Cell, 2015, 163(7): 1585-1595.
FFEH, XIAETF. 3,3-HI 1= T B i = el i il 2%
Tl ELE I R K AR BV IG]. TR IR 244, 2024,
55(2): 246-256.
B, A, AT 8, AR INBRSTHSIRIE IR H2S &
BIAAR PR LR L/ FERE B0 ) SR AR ). 9 P2 R
4R, 2019, 39(10): 1183-1188.
[16] KWath, BHE, AP, 5. 500 SR IR IE A 5 2
SEPUIR[T]. FPEEZRAR, 2021, 62(12): 1092-1096.
B B, BEARE, BfEgE, 2. T Meta SMHT T35 T M2
TP RAIE R PCLAR G P IR v BE4s G 0 iwi i,
2L, 2022, 20(14): 2497-2507.
X0, HIIE. IS RIS dE ] e B 252 ),
2024, 42(8): 244-248.
[19] 2= H, 5RE 5, MEHRL &5 38R B0 i B i 1E
PLHIBFFEARBLT]. o G R 25 #2273, 2024, 40(17): 2580-
2585.
PRafele, WRRE, VFARS. )11 & Wil JAK2/STAT3 {5538 %
PAAT LRI B A O LBk I P L O DL RIS ). T

[14

=

[15

—

[17

—

[18

[t

[20

[}

g Aea, 2021, 37(7): 819-823.

1] ik, ZHA, SBREBE. RO RO R MO ) R
JZRBEBERE MY TNF-o IL-IB H-FABP 1 TMAO /K- KL BHAE R
). 2 TieWH5ia 24, 2024, 16(12): 2329-2332, 2337.

[22] FEREE, & W6 R, S RAEE T ApoE B kI RE
TEALAS R /)N B3 B RF 9K 3 TMA/FMO3/TMAO 8 % 1) 5% w1,
FREEZE, 2021, 62(8): 700-706.

[23] &M, #HEE, T K. VAMIEIR IR TR, 52
FHENEREE, 2022, 36(7): 24-26.

[24] Z=WIE, B, PR 2O NUAESE R BIF ST HERED). P
EZE A DA 24, 2022, 20(4): 658-662.

[25] £ —. ZHEEARH ARG A O D REAS A2 I RABCR B
DINREST R FEIAL]. T EEACZ N A, 2021, 15(1): 224-
226.

[26] PIAO X H, LIU B H, SUI X D, et al. Picroside II improves
severe acute pancreatitis —induced intestinal barrier injury by
inactivating oxidative and inflammatory TLR4-dependent PI3K/
AKT/NF-kB signaling and improving gut microbiota[J]. Oxida-
tive Medicine and Cellular Longevity, 2020, 2020: 3589497.

[27] JL &, BRSPIR, w3 ANEIRIOE 1 OI] Sl PR
2, 2013, 32(22): 180-181.

(28] Z5HE, =3, K W FET O R i E RS
uﬁﬁ};ﬁw@%T[J] SEHR R NERRRE, 2024, 38(9): 50-53.
[29] Wes,  f sk—M, S /NG WM DI RE R R R
Vo B B LR 2l K o A A A 1O M S (0], RS [ R

2, 2022, 33(12): 2982-2985.

[30] AHMADMEHRABI S, WILSON TANG W H. Gut microbiome
and its role in cardiovascular diseases|J]. Current Opinion in Car-
diology, 2017, 32(6): 761-766.

[31] DAY-WALSH P, SHEHATA E, SAHA S, et al. The use of an
in—vitro batch fermentation (human colon) model for investigat-
ing mechanisms of TMA production from choline, L—carnitine
and related precursors by the human gut microbiota[J]. Euro-
pean Journal of Nutrition, 2021, 60(7): 3987-3999.

[32] YANG W L, ZHANG S N, ZHU ] B, et al. Gut microbe—de-
rived metabolite trimethylamine N-oxide accelerates fibroblast—
myofibroblast differentiation and induces cardiac fibrosis[J]. Jour-
nal of Molecular and Cellular Cardiology, 2019, 134: 119-130.

[33] WL, ADCFE. SRAEMF S BUR S 2], MR QS E SRl
TR, 2024, 11(1): 9-19.

[34] 2= X, MYy, BRERRR, 5. 35T Mok A i R A7 i R 1
Do BSR4 0 T 3/ N BRLC D RE R LR, A R
2424, 2024, 42(2): 175-178, 285-287.

[35] YANG Y Z, KARAMPOOR S, MIRZAEI R, et al. The inter-
play between microbial metabolites and macrophages in cardio-
vascular diseases: A comprehensive review[]]. International Im-

munopharmacology, 2023, 121: 110546.

(RSB H )



