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experiments. This study aims to elucidate their pharmacodynamic material basis and mechanisms of action, providing a basis for
optimal clinical selection. Methods A zebrafish arrhythmia model was induced using 4.2 png-mL " barium chloride. The experimental
groups included a control group, a model group, a positive control group (resveratrol, 30 ug-mL 1), and groups treated with G. uralensis
flavonoid extracts of raw (28.6 pg-mL™"), stir-fried (26.7 pg'mL™"), and honey-fried (31.4 pg'mL™"). Efficacy was evaluated by
measuring heart rate, SV-BA distance, and pericardial edema area, while cardiomyocyte apoptosis was assessed using acridine orange
(AO) staining. Flavonoid constituents in the three processed products were analyzed by UPLC-Q-Orbitrap MS to identify differential
compounds. Based on these, active components were screened, and network pharmacology was employed to predict key targets and
pathways. HOC2 cells were treated with various concentrations (0, 5, 10, 20, 40, 80, 120 umol-L ™) of naringenin and licochalcone A
for 24 h, and cell viability was determined using the CCK-8 assay to examine the effects on cell proliferation. Cells were also co-
treated with 4 pmol-L™! doxorubicin (Dox) and the compounds for 24 h to evaluate their effects on Dox-induced cell viability. The
expression levels of phosphatidylinositol 3-kinase (PI3K)-protein kinase B (Akt) pathway and apoptosis-related proteins in HOC2 cells
were detected by Western blotting. Results The flavonoid components from all three processed products reversed the barium chloride-
induced decrease in heart rate and increases in SV-BA distance and pericardial edema area. AO staining showed reduced pericardial
fluorescence intensity, indicating attenuated cardiomyocytes apoptosis, with honey-fried G. uralensis demonstrating the highest cardiac
injury repair rate. UPLC-Q-Orbitrap/MS analysis characterized 51 flavonoid components and identified 21 differential compounds
among the products. Network pharmacology screening yielded 88 common targets. Protein-protein interaction (PPI) network analysis
identified 15 core targets, including AKT1 and tumor necrosis factor (TNF). Naringenin and licochalcone A were pinpointed as key
compounds. Enrichment analysis suggested their action involves regulating the PI3K-Akt pathway and inhibiting apoptosis. In vitro
cytotoxicity tests showed that naringenin (<20 umol-L ") and licochalcone A (<40 pmol-L™") had no significant effect on cell viability.
Both compounds reversed Dox-induced H9C2 cell injury. Western blotting showed that naringenin and licochalcone A treatment
reversed the Dox-induced downregulation of PI3K and AKT1 protein expression. Additionally, they reduce the expression level of
cleaved Caspase-3 protein and upregulated the Bcl-2/Bax ratio, thereby counteracting apoptosis. Conclusion Honey-processed G.
uralensis is the most effective processed product against arrhythmia. Its enhanced efficacy is associated with specific post-processing
components, naringenin and licochalcone A, which confer cardioprotection by activating the PI3K-Akt pathway and inhibiting
cardiomyocyte apoptosis. This study provides theoretical and experimental evidence for the scientific basis underlying the efficacy
enhancement of honey-fried G. uralensis.

Key words: UPLC-Q-Orbitrap/MS; Glycyrrhiza uralensis Fisch.; stir-fried; honey-fried; zebrafish; arrhythmia; network
pharmacology; naringenin; licochalcone A; PI3K-Akt signaling pathway
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Fig.1 Total ion current diagram in positive ion (A) and negative ion (B) modes of flavonoids from G. uralensis
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Table1 Common components in total flavonoids of raw, honey-fried, and stir-fried G. uralensis
75 tmin WE AT BT EIRE RE(X10) B
1 132 ILZ3-0-EF  CyHaOs  [M—H[T 5931512 -235 503.1192. 4731078, 3530658
B
143 EfHE CxHxOu  [M—H]" 5631406 -235 503.1186. 4731082. 4330962
219 KRG CaHxOs  [M-+H] 4171180 -4.03 2550640, 2270703, 1190488, 137.0229
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B 1370232
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13 469  HWHIG7-OP- CxHxOs [M—H]”  549.1614 -235 4171167, 2550655, 1350073. 1190486
D-fri-4-0-p-
D- R
14 471 bR HEE CoHxO  [M—H]” 5491614 -2.35 4171167, 2550655. 1350073, 1190486
15 482  6"-O-ZFETHE  CeHxOuw  [M—H]™ 5911719 -2.35 549.1609. 2550654, 1350073, 119.0486
A HEH
16 509  SHHF CaHxOy  [M—H]” 4171191 -235 255.0655. 1350073, 1190486, 910173
17 521  H¥IFDJ/Dy CxHxOs [M—H]” 6951981 -235 5491601, 399.1072. 2550654, 1350072
18 522  THWEEE CoHx0y  [M+H] 4311337 -4.81 269.0796. 2540551, 137.0228
19 565  HHA/REB CiHuOs  [M—H]" 2850768 -235 191.0338 . 1500307
20 574 KE% CisHiOs  [M+H] 2550652 362 199.0749. 1810639, 137.0231
21 599  HHER CisHOs  [M-+H]  257.0808 -559 1470435, 1370229, 1190489, 910543
22 610  (LiZE) CisHwoOs  [M-+H]  287.0550 —-2.25 121.0645. 1530175, 2410484, 2130538
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5 thmin WEY) AT BT ERE RE(X10) B
23 626  PUOEEER CiHOs  [M+H] 2850758 —4.65 2700507
24 630 HHHFA CxHxzOrs [M—H]" 7252087 -235 695.1955. 5491617, 2550654, 135.0073
25 637 MR CiHuOs  [M+H] 2710965 —4.38 1610592, 137.0593. 1230438
26 673  FlEHER CiHuOs  [M—H] 2710965 —4.03 1610592, 137.0593. 1230438
27 770 BHEERE CiHuOs  [M+H] 2710965 —4.64 1210281, 2290850, 107.0490. 177.0540
28 798  KHGEEER CisHoOs  [M-+H] 2710601 -467 2530483, 1690650, 1230434
29 821 AR CeHpOs  [M+H] 2850758 -431 197.0593. 1210646
30 836  EALH CiHOs  [M-+H] 2850758 -400 2700511, 2250537, 137.0230
31 893  AMAHR CiHOs  [M-+H] 3010707 -354 286.0453. 2290486, 1530176
32 968  HEER CisHOs  [M-+H]  257.0808 —4.06 1470435, 1370229, 1190488, 810338
33 980  Friaz CisHOs  [M—H]"  257.0808 -4.03 1470435, 1370229, 1190489, 910543
34 1002 HREHEER CieHOs  [M-+H]  269.0808 -5.48 2130905, 1180411
35 1353  Xanthogalenol CaHz0s  [M—H]- 3531394 -2.35 3381152, 177.0180. 1500307
36 1437  HEAREDEY CaoHiOs [M—H]” 3531031 -235 3230022, 283025 3,218094 2, 203.0715
HIR et
37 1439 HEATR CaHxOs [M—H]” 3671187 -235 309.0399. 2250550
38 1440 PEEER CaHxOs [M—H]  367.1187 —4.03 309.0399. 2250550
39 1446 HEEEERE A CaHsOs  [M—H]" 3531031 -4.03 3230922, 2830253, 2180942, 2030715
40 1484 MHEHERC CaHx«0s  [M—H]" 3551551 -4.03 3231281, 2830605. 2030703, 1350436
41 1485  FPHEAMFE  CoHiOs  [M—H]T 3371081 -4.03 3051175, 2680729, 2431024
42 1515  HEEEE CaoHiOs [M—H]™ 3531031 -4.03 3230922, 2830253, 2180942, 2030715
43 1527 CPFHERHEAB  CeHieOe  [M+H] 3551024 -4.38 2990539, 287.0537
4 1550 PEER CisHeOs  [M+H] 2850758 451 1470436, 2290848
45 1563 W CaHzOs  [M+H] 3551540 -4.09 2990543, 1790333
46 1583  HEAIREA CaH2Os  [M—H] 3371445 -235 268.0732. 2290861, 2010910
47 1583  HEAREHA CaHzOs  [M-+H] 339.1591 350 297.1475. 2710942, 1210281
48 1621 HE® CaHisOs [M—H]” 3651031 -235 307.0241. 2950241
49 1659  yHuEer CoHxOs  [M—H] 3231289 -4.03 3221200
50 1801  JHERm CxHx0s  [M—H]” 3911915 -4.03 187.1116. 2030702
51 1910 H¥TE CxHxOs [M—H]” 4231813 -4.03 229.0861. 1930859

32 HHE, WHE, KHEFEILRSEFH
SR

321 EESHT (PCA) i SIMCA 14.1 ¥4t
BT PCA, Wl 2 Fow, 3 Ml 7 Bl i,
PC1=51.4%, PC2=15.3%, EA5XI[E7E 95%LL L,
FB 3 A H R R B A B R

3.2.2  fmi/h = FIH 4T (PLS-DA) >R H] PLS-
DA 3t — 3D B AN ) H 5 o) o 5 2K R 1 22
S, GERILE 3, ARSI R R 2R
R X 734 3 28, 5 PCA 453 —3. 200 ik
MBI IIES RER, BEUMESH RA=
0.772+ R¥=0.991 5 02=0.966 (I8 1, FHIH

B B IR RE 1 S TIARE . BAVIP=1 H
P<0.05 Ntz R &Y, SR IE 2.
il JE BRSBTS R Aefe, &H
FHEA/RE A RIH R E/RE S/ REESE S R B
Tty WHESRREGH, HET B &7 iR L
Tty MH R H R RER NS BT N R, ATRE
T v U SRR 2 1 PN R A SR A A T R T A
o, BEm et BRI R P A, XU
AL AT B S B o 7 3 H 5 b T e A R 4
B/, 28RO B R -
33 RN HERIHZEINZ4HaIE 8

HIE 4 AT, 2 H SR ETR B Rk <
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1 = Y A
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Fig.2 PCA plot Fig.3 PLS-DA plot
x2 &R WPHERARETHERES
Table 2 Differential components in total flavonoids of raw, honey-fried, and stir-fried G. uralensis
5 ) L J e S A
75 t/min l5%a) poaTen aren P VIP
1 2.83 N 1 — 2.29X10° 1.99
2 3.05 HEH ! ! 2.20X1072 10.22
3 471 b H B ! ! 450%X10°5 4.22
4 5.09 S H B 1 ! 27810 14.84
5 5.22 TR 0 ! 9.47Xx10°® 5.62
6 5.74 KE& ! ! 1.31x10* 1.03
7 5.99 HHER 1 0 7.92X107 4.63
8 7.70 o H A R 0 1 6.47X1078 1.36
9 7.73 eSS R Vit 1 ! 3.30X10°8 6.00
10 8.21 AR ! 0 214X 1071 2.09
11 8.36 B 7 ! 2.14x1071 2.09
12 9.68 RHER 7 ! 4.15X10°5 2.75
13 9.80 TN 0 ! 1.99X1077 3.76
14 10.02 FITEARAE R 1 ! 2.26X10°8 3.26
15 14.85 P 5 AR 1 1 477X1073 222
16 15.15 R e ! ! 3541073 11.56
17 15.15 R A A 0 0 3.54X1073 7.89
18 15.50 PR R ! ! 6.23 X107 1.38
19 15.83 H AR A 0 ! 1.57X103 7.26
20 18.01 HH R 1 ! 1.14X10718 10.48
21 19.10 HHETE 1 1 2.25X10718 11.43

-3 -

t-increase; |-decrease.

40 pg-mL B, XS ZHBE S AT RO Y
H B SR EU R B E =60 pg-mL T B, %40
PEE O A FRRE BT A2y K. W H E K
FEEUII LCso 4351 85.8. 94.2. 80.1 pg-mL™',

3.4 MWD& EEERIERABRLER
340 SRR H RS B 2 1 E

W5, &SI BRI EAE 1/3 LCso I
I RO e, JREEBI Y SRR R R IR T

HEAT VAR

3.42 B0 R B ER IR SACIIE 3

R R A ORI

SR WKE 6. K3, H5xf

HEZLAR EG, BB SV-BA ] ER Mol 7K i T A S 25
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Fig. 4 Effects of different concentrations of total

flavonoids from G. uralensis on survival rate of zebrafish

0, OFREE K (P<<0.01). SEERIAIAIL, 3
FH A TR, ORWEIEENE (P<
0.01), 3 20 SV-BA [HFEBEERDHIAN 74.86%-
74.36% - 97.40%, OrHL 7K I AR S B K 5 5k
82.57%- 75.11%- 90.70%. & FiRFeFRAT W, K
H LS ) GE A RO R

343 OWAIMITETIE A0 Yt apiigss R
WK 7. £ 4 . SXTRRAFALE, BRI BE D
JUE DX 3 (1) P38 e B R 2 e (P<<0.01), REHE
WHRIHES 7 ONIRRE T, SERAMEL, £ 3
FAS EE AR H R Gl s, 3 O EX
BF R DOCE B B GES, A B, KSR

(X *+5,n=3)
2004 1X10% 200 -
-~ & 8X10% £ - FEHE
E 1504 El Z 1501 - JOHE
< £ 6x10] §
% 1004 S D 100-
! ¥ 4X10% 2
g
2
50. 2Xx10° 50.
wiRRAER 15 1/4 13 1/2 XA 1/5 1/4 13 12 YTHRAERL 1/5 1/4 13 12
LC50 LC50 LC5o LCso LC50 LCso LC50 LCso LC50LC50 LCSO LCSD

5 TRIREREHELREMNEDE0E, (LEKMER, SV-BA BERFM (X £s,n=38)
Fig. 5 Effects of total flavonoids from G. uralensis at different mass concentrations on heart rate, area of pericardial edema
and SV-BA distance in zebrafish ( X +s, n=8)

A H

P H R B

5 H S

Ele6 HESRHNIUMLEEHDEEROEL TN (X40)
Fig. 6 Effect of total flavonoids from G. uralensis on cardiac development of zebrafish embryos treated with barium
chloride (x40)

95 FE B 9N 58.72%- 51.12%+ 90.86%,
o B S B R A2 I L 5 1 5 Y 5 PRI
R, 5ARPEEY (91.65%) THRCERMY, %
HE ORI B 2% .

35 MEHBZESN

350 BLEWEPERC AT AR AT £3d Swiss
ADME Jfiik JL13 3] 17 MBS ERS, 44

PubChem 5 Swiss Target Prediction (3 £ 15 21 398
ANEVERL TR A

352 4R RORECR B2 K disgent.
GeneCard. OMIM ¥ 22 5 7 126 15 E1 R 2 B8 A
L EERFIBRIER 1 624 Ao ] Venny 2.1.0
extf] “Zip-pan” FIRE, AR A 88 A,
SR 8.
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#=3 HS&LRGERIESERER (X £s,n=8)
Table 3 Situation of cardiac injury and repair in zebrafish ( X *s, n=8)
IR
AL pamiy UHOCTINY SV-ABRm  SV-ABEAMG MM AT
g m

paitct 158.89+1342  107.28+6.27 — 4592.72+546.88 —

FEEITY 42 100.91+1390% 174.57+8.91% — 8 415.761+-849.42# —
SRR 30.0 153.60+9.09"  11052+6.64™ 95.19 4772.79+680.37" 95.29
AEH RS 28.6 137.38+£7.15™  12420+7.27" 74.86 5259.124+-408.77" 8257

SO H RS 26.7 124754501  12453+9.75" 74.36 5544.124+612.05" 75.11
PSSy 314 159.00415.38"  109.03+11.44™ 97.40 4 948.37+395.20" 90.70

XA #P<0.01; SEALE: "P<0.05 P<0.0l1.

#P <0.01 vs control group; "P < 0.05 P <0.01 vs model group.

X g

e [

b

AR

O H R B B H RS

7 AO REERDEMEIOIETFIIRAERE (X40)
Fig. 7 Average fluorescence density of zebrafish embryo hearts after AO staining (x40)

x4 HDBORKAEE (X xs,n=8)

Table 4 Fluorescence intensity of zebrafish heart

(X *s,n=8)
151 )ﬁ%i&fﬁ:/ oSk PO R

(g mL™) 121%

pay — 28424271 —

i 42 58.55+17.00% —
S5 300 30.93+3.13" 91.65
HAEH RS TR 286 40.86+3.18" 58.72
SO H RS 26.7 43.14+452 51.12
K H RS 314 31.17+458" 90.86
XA #P<0.01; SEALLE: "P<0.05 P<0.0l1.

#P <0.01 vs control group; "P < 0.05 P <0.01 vs model group.

3.5.3 PPI M  PPI M%K% [E H 87 M A, 743
B, KA Cytoscape 3.7.2 BUAE AT ALAL 43 #T A
CentiScaPe i3 M HT X AZ O T ) AT O Ik, 45
RIE 9, MRAEEME. NEh O, BrorE
fifide, JEAFE] 15 M OHE A B B B (AKT1).
BB IRBER 7 (TNF). Src BRZRIEEE (SRC).

R i

B8 RELLFERE
Fig. 8 Venn diagram of intersecting targets

AiFEFHET 1 (HIF1A). AT5IERER N A&
2 (PTGS2) . i % 1k ¥y i 14 3 58 P 0E 2 1k
(PPARG). EFi&EE AN 9 (MMP9). 2R 5%
R E AW 1 (MAPKD . #1bFF(C-X-C #£71)
Ak 4 (CXCRA). FIHEA 1 (CALMD). 4%
& ABEMHI 7 El (SERPINEL). o- R fili#% & A
(SNCA). B2 B ERE= 32k (ADRB2). 4Hfuftz
P450 (CYP3A4). T BEAHBEIEEG (BCHE). K&y
FOR/ANFIB R S FEE R IE L
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Fig. 9 PPI network diagram
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0.05), HrhAy#idfE (BP) 2714, AHFEHTE
PRI AT XA RN OSSR S i
B (CCH 56 4, BLFGFUE. A, fRmES; 4

TIIRE (MP) 714>, BE(E 5 2k 45 & M R%
W Fesg ORI 745546 . KEGG 40753 80 5%
P{E
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B (P<0.05), K PEHEAET 15 i@ nT A1k,
JLE 10. cAMP 15 5. PI3K-Akt {55 18 £ A1
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B XU O T AR BEURTC UL i T
VAT R E A, BT e] BRI X 3 5%
A 5 (R R TT O R IR

cAMP signaling pathway -

Apelin signaling pathway

Neutrophil extracellular trap formation -
Phospholipase D signaling pathway -|
Lipid and atherosclerosis -

Regulation of actin cytoskeleton
PI3K-Akt signaling pathway -{

C-type lectin receptor signaling pathway
Calcium signaling pathway -

Adrenergic signaling in cardiomyocytes |
Diabetic cardiomyopathy

Rap1 signaling pathway -

cGMP-PKG signaling pathway -{

MAPK signaling pathway + [

Apoptosis-{ e

g8 10 12 14 16 18
GeneRatio

10 GO #1KEGG 55 BHEEN
Fig. 10 GO and KEGG signaling pathway enrichment analysis
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S 2RI BB R ZR . 7 Bl 1 25
TUNRFEAIE 11 PR, S0 E R H R
Pl A R S e R B PSS R 2E TR (P<<0.01. 0.001),

=]}

PERFAE S H RS T P AR S RS 2 -
BRI AR TS SRR (B12), XL CRR
Iy AT REIEIT 2 AKT1. PPARy. PTGS2 S5 c4# i,
BT cAMP {5518, PI3K-Akt {55 @k 5H
M, BRARFEFUODEREREEH.
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XPREAT ) 7 ANTEAERZ LG5 PP g ik
T T PR AT T TR SR R (GR 6),
BT %0 B 57 350 5 0o 2R A DG RO R I T I 3
RIFHIZE G, HE &K T-21 kI-mol ™!,




578  H49BH2H 2026428  L¥i4at A Drug Evaluation Research  Vol. 49 No.2 February 2026

x5 LRI HINER

Table S Topological parameters of core components

b &4 42 R Pl R R R B RO
7 2% 1357.927 912 0.004 201 681 21
FMRE R 1 698.155 835 0.004 347 826 20
R e 1 022.339 895 0.004 065 041 32
HEARE A 2403.378 712 0.004 587 156 28
AR 1 328.525 099 0.004 201 681 21
HHE 838.037 277 0.004 132 231 18
) H B IR AR 1 625.529 819 0.004 504 505 24

H 2 R A HEE Mg IR
*%F ik
SX10 e 5107 - 3X107 1.5%108 i
4% 10° * 4107 i I:I 2
B = B oo é £ 2107 B 1Lox10f
g ae £ 2xuw & 1x10 £ 50x10 B
' 1X10° B 1X107 b4 &
1] (4] 0 0
B AR AR H R St SCH B A SR A R
A 2 AR FiE T
£
1X 108 EE 6.0X108

W 9X107 . 55X 106
E 8X 107 E & soxae
g 73107 £ 4.5X106
g“g 6x 107 = E 40X10°
53107 3.5%10° 0
PARE e Rt T A S AT R R

"P<0.05 “'P<<0.01 *"P<<0.001.
11 Bk sy B S T R 5
Fig. 11 Core component ion response intensity
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WL X N 7 MY A\ /
D1/ ioutT, el sp cAth  HIEMA
TNF KT ADRB2 BRAF BCHE HDAC2 MMPS
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Fig. 12 Differential component-target-pathway network
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Table 6 Molecular docking binding energy
- 445 Re/(kd mol™)

L HEEEE OFRE HREEE O HEEREA MR HER  HEAKRE
PTGS2 —41.4216 —34.308 8 —33.4720 —31.3800 —40.5848  —32.6352 —31.798 4
HIF1A —33.053 6 —28.032 8 —26.359 2 —27.614 4 -32.2168 —26.3592 —25.104 0
SRC —32.635 2 —32.635 2 —27.196 0 —28.0328 —-41.0032 —27.6144 —27.196 0
PPARG —38.9112 —29.288 0 -31.798 4 —30.124 8 —46.4424  —30.5432 —28.0328
TNF —29.706 4 —27.614 4 —28.032 8 —28.4512 —39.3296  —34.3088 —25.522 4
AKT1 —32.6352 -31.798 4 —28.4512 —28.869 6 —39.3296  —29.2880 —24.685 6
MMP9 —29.706 4 —32.635 2 —28.869 6 —30.543 2 —347272  —29.706 4 —28.4512

RN AIEMRE. Hrb, MRSz L©L
REJBEA A G, PR B RIEPUO R
TER IR W 13 FiToR, 40 F 0 S B gt
— DA TR R RO AL P AR R A S
3.7 SCEREOSE

370 MR HEAIRE A AEB Bl R 7 21
AR R o ph 2% 2 B K TR AT R
MR SH0RE RS s, T HEE/RE A B

BALEY). ik, ABFTRE—2 R HOC2 4HfiufsiY
X H AR ML AR AE D S R REAT TRVl . HA
14 751, AR IR FEAE 20 pmol- L1 BA B 5 4 ffd vy
BRI, 7EET 40 pmol- L1 ISR 4H /RS 5
FEAE—E 5o ; H A /KB A 7€ 40 pmol L' PATR I
SXoF £ G 70T W SR B2, 7 =5 T 80 pwmol- L B X4
MAEIE A — e MHER . HE 15 arA, S5X A
ARG, B8 R A Z5RENE B35 AR R (P<
0.001), SHAALLEL, PIFZ5Y7E 10 pmol L' i
REMS 0 2 0 B ) B R 5 (A0 3 T AR

A RINSEL SR BN R 2R %
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Fig. 13 Visualization of molecular docking
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SxtiEaA s *P<0.05 P<0.01 *P<0.001.

P<0.05 *P<0.01

14 HEERHES/RE A X HIC2 AR ERMNEN (X s, n=6)

**P <0.001 vs control group.

Fig. 14 Effect of naringenin and licochalcone A on survival rate of H9C2 cells ( X *s, n=6)
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1001
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SRR P<0.05
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Hiatinan
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15 WMEZEREBEERN A MFSRESHAMETERNZNE (X £5,n=6)
Fig. 15 Effect of naringenin and licochalcone A on cell viability induced by doxorubicin ( X +s, n=6)
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