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[Abstract] Objective To explore the pharmacodynamic substances and protective effects of Aiweixin (AWX) oral liquid in
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alleviating myocardial ischemia-reperfusion injury (MIRI) in rats. Methods The chemical components of AWX were identified using
UHPLC-Q-Orbitrap-MS, and its potential targets were obtained from the ETCM database. MIRI-related targets were screened from
databases such as GeneCards and OMIM. Protein—protein interaction (PPI) analysis was conducted using the STRING database to
construct a PPl network. The "AWX component-target" interactions, along with their involved biological processes and signaling
pathways, were analyzed using the David database. An "AWX component-disease—target" network was constructed using Cytoscape
391 software. Seventy-five male SD rats were randomly divided into normal group, model group, and low- 2 ml/kg), medium— @ ml/kg),
and high—-dose (8 ml/kg) AWX groups. After seven days of continuous drug intervention, a rat model was established by ligating the
left anterior descending coronary artery, followed by another 14 days of intragastric administration. Blood samples were collected
from the abdominal aorta. ELISA was used to determine changes in serum lactate dehydrogenase (LDH), creatine kinase (CK),
interleukin—1B (IL-1B), and interleukin—6 (IL-6) levels in rats. The content of malondialdehyde (MDA) and glutathione peroxidase
(GPX) in myocardial tissue was measured. HE staining was used to observe myocardial pathological changes, and Western blot and
TUNEL methods were used to check myocardial cell apoptosis and related protein expression levels. Results A total of 52 chemical
components were identified from AWX, of which 22 active components were screened. There were 109 intersecting genes between
drug and disease targets. Targets such as Aktl, ACTB, and ESR1 were closely related to AWX treatment for MIRI. Enrichment
analysis predicted that AWX treatment for MIRI mainly involved signaling pathways such as the tricarboxylic acid cycle. Animal
experimental validation results showed that compared with the model group, the degree of myocardial tissue damage was reduced,
the mitochondrial morphology was improved, and the apoptotic signals were reduced in the AWX groups at all doses. The levels of
serum LDH, CK, and MDA content in myocardial tissue decreased (P<0.05, P<001), and the level of GPX in myocardial tissue
increased in the medium- and high—-dose AWX groups (P<0.05, P<0.01). Compared with the model group, the serum IL-6 level
significantly decreased in the high—-dose AWX group (P<0.05). The protein expression ratios of p—Akt/Aktl and BCL2Z/BAX in the
myocardial tissue of MIRI rats increased in the medium- and high-dose AWX groups compared with the model group (P<0.05).
Conclusion AWX exhibits myocardial protective effects against ischemia-reperfusion injury through multiple components, targets,
and pathways. In particular, it can activate Aktl and inhibit myocardial cell apoptosis, thereby reducing the loss of myocardial cells
and exerting protective effects on the myocardium.

(Keywords]) myocardial ischemia—-reperfusion injury; aiweixin oral liquid; chemical component; mitochondrial function;

apoptosis; cardioprotective effect
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Table 1 Chemical component identification of AWX in positive and negative ion modes
F5%  /min BT E/ (m/z) S F BT R2%/ppm &Y LHiES
1 2.02 136.061 46 CsH;Ns [M+HJ* -2.29 NS HAlh
2 2.56 123.055 17 CeHgN,0 [M+H]* -0.99 e A HA
3 2.62 341.109 13 CpH,0, [M-H] 0.57 TR HoA
4 2.86 137.045 49 CsHN,0 [M+H]" 221 UCH IS oA
5 2.94 124.039 17 C6HsNO, [M+H]* -1.1 HH R HA
6 3.97 169.014 28 C;He05 [M-H] 0.21 W FiR AR
7 478 167.034 99 CsH:0,4 [M-H] 0.04 AL RAkIR AR
8 5.51 153.019 35 CHy0, [M-H] 0.11 iEHHP‘i?z HHLIR
9 5.53 109.029 47 CeH0, [M-H] -0.28 42— oA
10 6.52 353.088 29 CeH 00 [M-H] 4.47 i)ﬁ@a‘ HHLER
11 6.86 353.088 26 Ci6H 505 [M-H] 4.38 [SEIfre AR
12 7.24 137.024 46 CHy0; [M-H] 0.31 TR HA
13 791 179.034 97 CoHy0, [M-H] -0.05 Mz A HHLIR
14 9.32 609.147 28 CoH3016 [M-H] 3.72 BT TR
15 9.59 431.099 03 CyHyOs9 [M-H] -0.14 FERR-C-OH TR
16 9.96 609.147 34 CyHyOs6 [M-H] 3.82 ARFEHE-0- OB B
17 10.04 173.081 91 CsH,,0, [M-H] -0.13 TR LR
18 10.21 463.088 71 CyHxOp [M-H] 0.63 0 B
19 10.29 447.094 09 CyHxOyy [M-H] 0.02 NN pa
20 10.58 163.040 07 CoH,0, [M-H] -0.55 DR LR
21 10.73 593.152 11 CyHyOs5 [M-H] 3.37 LIS -0t 48 O - M sk )4 S A 1 1 TR
22 11.13 609.147 09 CyHy0s6 [M-H] 1.62 Wit e K -O0-Ri S B - BT
23 11.21 447.094 06 CyHyOy [M-H] 1.72 11 Z5H-0-C AT pa
24 11.59 161.024 46 CoHeO5 [M-H] -0.72 BREREE HFIE
25 11.68 447.093 72 CuHyx0, [M-H] 0.58 oy i B
26 11.94 447.093 66 CaHyOyy [M-H] 3.28 it Z-0-Wi A OB pa
27 11.96 479.104 11 CHpOy [M+H]* -2.09 SERAZE-0-CHtY TR
28 12.18 431.098 72 CoHyOs [M-H] -0.14 FHE-O-CBETT R
29 12.45 435.130 07 CaHu01 [M-H] 343 R A TR
30 12.68 593.152 16 CyHiy015 [M-H] 3.48 LA B -0-t A O - O kR 4 A ik 2 pa
31 12.83 417.083 47 CaoH 5010 [M-H] 1.78 LA -0 A B B[R] 43 S A Ak 1 pa
32 13.33 417.083 22 CaoH 5010 [M-H] 1.2 1L ZS -0t S8 OB TR Bl R) A A 1k 2 FETR
33 13.42 187.097 53 CsH0, [M-H] -0.42 T LR
34 13.78 431.098 82 CaHxO10 [M-H] 1.03 Bt TR
35 15.18 593.185 79 CosH3Ou [M-H] -1.16 FIREZE -0 S W T - OB sl m] o A k1 pa
36 15.35 317.064 73 CoH1,0, [M+H]* -2.69 FRAEEL B
37 15.44 593.185 85 CasH014 [M-H]J -1.06 FIRRZE -O-WL A T - ST B R 20 S 1k 2 pa
38 15.95 303.049 13 C1sH10, [M+H]* -2.63 fi iz A B
39 16.15 263.129 09 C1sHy0, [M-H] 0.78 Jilb i HoA
40 16.28 147.043 82 CoHe0, [M+H]* -1.58 FEE FEE
41 16.47 445.114 38 CHnO10 [M-H] 1.63 S EWRE-O-C T TR
42 16.64 285.040 62 C1sH106 [M-H] -0.52 PN B
43 16.82 257.080 38 CisH,0, [M+H]* -1.75 WEZE B
44 17.98 137.024 41 CHy0; [M-H] -0.02 Kig LR
45 18.77 269.045 87 CysHy0s [M-H] 0.12 FrRERA G
46 19.17 287.054 29 CysH,006 [M+H]* -2.53 LA A FE T
47 19.28 301.070 19 CioH1,06 [M+H]* -1.57 HFHAE B[
48 20.17 287.221 71 CioH30, [M-H] 0.08 TR R HHLIR
49 20.50 229.144 71 CpH0, [M-H] 0.79 TR HAlh
50 21.04 269.080 41 CioH 1,0, [M+H]* -1.57 TERRTE T2 B[
51 23.41 403.138 55 CuHyOs [M+H]* -0.48 JIBRE % FE T
52 23.58 283.061 37 CieH 105 [M-H] -1.26 EHEWE g
T st NP ERESR] ; A5 % BR A EL S B
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Fig.1 Total ion chromatograms of AWX in positive and negative ion modes

2P P A
67 109 7 476
(0.9%) (1.4%)  (97.7%)

________________________________________________________

2 AWX MRS HTE
Fig.2 Network pharmacology analysis diagram of AWX
T A AWX-BORHL 5 R s BT — B - 4 R

0.4), RERESAUE A, 74533 PP K (18] 3B) %M
2% —JLAI A 102 451905 438 2534, Hih AKT1LACTB,
ESRT HSPOOAAT JE A% 0o L i, 4 A0 I i L A
0 24 &1 11 2% OC S 8 A 1 A9 Alpha Fold 2 AU 40
& 4,

3.2.3 GO PIfE 1 Fl KEGG i % & S it 1
GO &M, & HEF] 547 &4t #2 (biological
process, BP) 34 Z54HIiIZH 53 (cellular component, CC) |
121 457 FIHE (molecular function, MF), L) P<0.05

R SR BUET 10 4> GO 2% B 2 151,45 5 UL K
5. GO WIBEAMrE R o, RN PG £5 20 iy
Xt BRARIE 10— A AL R B A AE A DU RAR
AR AR 2RSS 1 Sl R,
B L i A ML LA A AR SR A S R
TOB (GABA 2R A K4 ER T I RERLIE AL
SEARIETE MERCR RO TCIEES & AR SRR |
WA S IAS & IMLLRES G JEHRELh & BRE 145
AR AIE RS TR 3 TR A & BUb 54



1216 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

LGALS7

LGALS2
CSNK2A1
Lz
SOAT2
ML LeALS: SiGLEC Gvpaks (ESRRE
oxert
SFTPD s AHR 4
e PRKCE ESRRA
@B o GPER1 amo Neoa2
PRKCA Z AKR1D1
ALDH2 w NR1Z - sYK
LoaLs3 JAKY RDSA2
HIBCH 5 3
PIK3CG CEBPB. - (1) MTTP
@D o
sucLet
wie O QP ey (ERD @@
ALAD SDHA - Gl
'SUCLAZ S PTK28 PARP1 'NCOA1 -
- i GABRGH
(Fs sRTS ONMT1
ACACB ‘GABRA1
el GABRG3
SDHD. - oot PIM1 pTosi
- P4HA GABRG2
oz HK1  ACTAT L
PY(
il A o SMARCAS
B \\ S/ |\ |\ / /B
BB
LeT  HBal B
GeK ASPH A2
MB
PYGL

cA3

3 AWX B9 PPl 45E
Fig.3 PPl network diagram of AWX
T AAWX BT TR AU PPL L BASHER S PPL 2% ], 5 s 201 (0 M 35 3 S8 R H2 8 ( Degree ) B HIAE K,

_~HSP0AAL

B4 AWX HIXEEHSAED PPl NEREEE AlphaFold 4544
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R, 51F %4 A, Bel-2/Bax FAE I 3 FEAIK (P<
0.01), il MIRT 75 5 1.0 UL P T /ATl T2k
iy, SR A AWX A Bel-2/Bax FU{H
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Fig.7 HE staining of histopathological examination in myocardial tissue in each group of rats (HE, x100)
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Fig.8 Transmission electron microscopy observation of mitochondrial morphological changes in

myocardial tissue in each group of rats

R2 AWXIZEHKXR LDH CK FEHEHIRME (n=5,xs)
Table 2 Effects of AWX on LDH and CK activity in

each group of rats (n=5, x+s)

M LDH/(U/L) CK 7&E/(U/mL)
EH4Ul 135.4+38.7 0.140.04
A ZH 553.4463. 1% 0.700.09%
AWX EF =41 461.3269.2%+ 0.58+0.09%
AWX 74 358.0261.4%#42 0.54+0.06%%
AWX E7l 4 283.1£78.3%448 0.50+0.06%# 544

L S IER AL, #P<0.05, %%P<0.01 , *##P<0.001 ; S EIZH HL &%,
2P<0.05, 22P<0.01, “22P<0.001 ,

R3 AWX WEAARME 1L-6,1L-18 FEETLHIHMT
(n=5,x+s)
Table 3 Effects on the changes in serum IL-6 and IL-1B

content in each group of rats (n=5, x+s)

M4 IL-6/(pg/mL) IL-1B/(pg/mL)
EH4Ul 31.2+8.99 76.8+19.1
AR ZH 90.6210.5%%% 152+39.9%%

AWX I R4 76.7£10.6 122+30.4
AWX sl 4L 74.6£11.8 115%23.8
AWX FEFl 4L 63.0£12.42% 107.8+18.1

L SIEH A L, *P<0.05, ¥ P<0.01 , *#*P<0.001 ; SHRIZH 4L,
2P<0.05, *2P<0.01, 222P<0.001 ,

R4 AWX HFAXBOAELR MDA CPX EBELH
BN (n=5,x+s)
Table 4 Effects on the changes in MDA and GPX
content in myocardial tissue in each group of rats

(n=5, xs)

HA MDA/(nmol/mL) GPX/(U/mlL)
EH4Ul 1.4620.51 102.0+11.9
AR ZH 6.28+0.78% 32.848.01%+*

AWX I 4L 5.38+1.06 43.0£9.77
AWX sl 4L 4.76£0.96" 55.3+14.8°
AWX =il 3.8620.42444 59.3+14.8°

S IEH AL, #P<0.05, ##P<0.01 , *#P<0.001 ; ST ZH HL&
2P<0.05, 24P<0.01, 224P<0.001 ,

A B C D E
Akt1 |- | — ---|56kDa

PAUL M — — - - 5O D

Actin | -6-’6“ 42 kDa

9 BHEXBOHAELR Aktl p-Aktl BERIEKTFLLE
Fig.9 Comparison of protein expression levels of Aktl and
p—Aktl in myocardial tissue among different groups of rats
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Fig.10 Effects of AWX on apoptosis in myocardial tissue of rats (TUNEL staining)
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Fig.11 Effects of AWX on the expression of Bel-2 and
Bax proteins in myocardial tissue
T AR H AL B CARF A AWX 4Dl AWX 4

E.EHE AWX 41,

x5 HBAKRROIALRF Bel-2/Bax, p-Aktl/Aktl EH
RIZHIRSME (n=3 ,x+s)
Table 5 Effects of AWX on protein expressions of Bel-
2/Bax and p—-Aktl/Aktl in myocardial tissue in each

group of rats (n=3, x+s)

WA Bel-2/Bax p-AKT1/AKTI

IEHH 2.12+0.14 2.31+0.04

FRIZ 0.81+0.17:* 0.6020.07:*
AWX IR =4 1.19+0.17* 0.78+0.06%*
AWX H5fI) 2 1.64+0.20% 0.9520.1 [ #52
AWX 72 1.65+0.26% 1.21+0.09% 3545

0 SIEWH HLEL, ¥P<0.05, ##P<0.01 , ***P<0.001 ; S A1 4L
2P<0.05, 22P<0.01, *22P<0.001 ,
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2552 7 IR 22 WA 22 F AR FHALEI ) A5
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K FUBAY (9 v e VR FH AL, KEGG A i 43 BT &5
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metabolism ) ZE A8 B ACHHE FEAHSC . =R 24
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AE R A AT, MO UGS, AFFE R 45 2
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PRI =SRMAGIAI E2 BT, OB S aE H 4=
AN RE A S AR AR UK o AWX T R 4
P2 ZORIRAGER R A8 i, 20 JULRE F AC 58,
2 figp O LR ML R S0, DTG A #35  MIRT BIAEFH
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signaling pathway ) F1 H R R 3 25 5 38 [ (thyroid
hormone signaling pathway ) %5 #1128 N 31 *Hﬂé@%
FI5G. GABA JEH XA 28 AR 5L 2L YA f 22
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RE 1P, SRR D) e A MIRT 75 50490 LAH M 9
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