584 Frontiers in Pharmaceutical Sciences, Apr. 2026, Vol. 30, No.4

-

- RE - KRR -

ISR S 5 R i S S D LR O
IR {5 B R LB S 4L £

MR, REM, WER, w57, A %, 7 L, HER

FNFEGAFE s REFR/) R4 FER ()7 M 510120)

[HBE]) By %L&NEM L E (GXBD) st OB E/E A (H/R) #5Y
LRl , AT HGE A SR LR B W R O HURI I L. iR CRAME SR IL &
GXBD brifeiz 7, WL T AR50, A D101 KL NG E—25 o g5 alifh
BT HOe2 L JULAR ML H/R PG, 3 CCK-8 a3 SIS I 42 J7 IK PE R A7 . 40% 2 BV
1L 90% & BEPEEBAL T WA BB 16 J1 o 32 PR i R0 (i DU AT AT Bof ] B IR o
it (UPLC-Q-TOF-MS ) AR/ %58 H 7 40% LB i AL 22 i 435 18 4d Western
Blot Kl £ 2H 21 i 2 Bt R KA S PR r e B I 3 ((Caspase=3) | A48 ( Parkin )
M FUN14 A 1 (FUNDCL) WEAERDE, BuEE s R 4 2 8 Zt H/R L
WLARAEG O ML . Z55R 52 /KVERBAL . 40% LEEVEEBAL S 90% £ Bl 1 L 7
AT M H/R O LA B AETS R, 40% CIBEUERR AR T4, &5 40% L BuEiRhi
AU 4 SR B R AR 88 ML AWy, HASE RS R B3 il H/R O ILAIHE Parkin Al
FUNDCI 2635, T Caspase-3 ik, Wi H/R OULAMEHIG . 4i6 GXBD & 5 G ER >
&R E R SRR AN, AR, mEcEC AL H/R 5.
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Study on the material basis and mechanism of Gualou Xiebai Banxia decoction
in promoting mitophagy to ameliorate myocardial hypoxia/reoxygenation injury
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[ Abstract] Objective To identify the material basis of Gualou Xiebai Banxia decoction
(GXBD) in ameliorating myocardial hypoxia/reoxygenation (H/R) injury and to elucidate
its cardioprotective molecular mechanism mediated through the promotion of mitophagy.
Methods The standard decoction of GXBD was prepared by the traditional decoction method.

Chemical fractions were obtained via ethanol precipitation and further separated and purified using
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D101 macroporous resin. An H/R injury model was established in H9c2 cardiomyocytes. The protective effects
of the aqueouswashed fraction, the 40% ethanoleluted fraction and the 90% ethanoleluted fraction of GXBD
against cardiomyocyte damage were evaluated by the CCK8 assay. UPLC-Q-TOFMS was employed to analyze
and identify the chemical constituents of the 40% ethanoleluted fraction. Western Blot was performed to detect
the protein expression levels of cysteinyl aspartate specific proteinase-3 (Caspase-3), Parkin, and FUN14 domain-
containing protein 1 (FUNDCI) in each group, providing preliminary validation of the mechanism by which the
active monomer chrysoeriol from GXBD attenuates H/Rinduced cardiomyocyte injury. Results The aqueous-
eluted, 40% ethanol-eluted, and 90% ethanol-eluted fractions all dose-dependently increased the survival rate
of H/R-injured cardiomyocytes, with the 40% ethanol-eluted fraction showing superior efficacy. A total of
88 compounds, including chrysoeriol, were identified in the 40% ethanol-eluted fraction of the compound.
Chrysoeriol significantly upregulated the expression of Parkin and FUNDCI, downregulated the expression of
Caspase-3, and alleviated H/R-induced injury in cardiomyocytes. Conclusion The active component chrysoeriol

derived from the GXBD formula activates mitophagy and suppresses apoptosis, thereby ameliorating myocardial

hypoxia/reoxygenation (H/R) injury.

[Keywords ] Gualou Xiebai Banxia decoction; Chrysoeriol; Hypoxia/reoxygenation myocardial cell injury;

Mitophagy; Apoptosis; Caspase-3; Parkin; FUNDCI1
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S FALEL, A CXBD #eE . ILE /S 4 (hypoxia/
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1.1 FENEF

C170i B3 F4E (12 Eppendorf 2AH] ) 5
CA92014 AY Gl S /N = (L [FH Billups—Rothenber 7y
A ) ;5 IX80+DP80 Y 3] & W i Hi ( H 4% Olympus
N ) 5 6546 HUE AR G- DO AR AT - R AT
B B3 B R 48 (32 Agilent 22 ] ) 5 Alpha2—
4LSC-Plus HAS R TRTEEHL (12 Christ AF] ) ;
U-2910 BEEAM3EEE T ( HAS Hitachi 24F] ) 5
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FI (A5 221101, 7=H. J709) W9 AT MEE
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WAl A ER R T AR, R A 14% vol, £F
B GBIT 13662 B3Rk ) 5 p TXFIRED (0o
B A RN, 5. 20220327001, 4}
>98% ) ; & XH # K (chrysoeriol, CSR) X} 1R
a0 I 25 P E R A R AR, it
RFS-J12702302015, 4 >98% ) ; K+LHH| (1l
E ER v AR A B2 A BR A A, dit . SLCM1503,
4l £>98% ) ; DMEM & #f 85 % 3 (it 5
6124561 ) | H & Rm-HEH X WP AE R (5.
15140-122) | fig4-1mig (L5 N2780776P) |
PBS 2% v i ( it 5. 6124372) W [ %
Gibeo 2> w5 B 2K 111 B ( fit 5. 20220324 ) Al
CCK-8 ik & (b5 . 20241011 ) W [ 75 M5B
TEEAEY R AR A RIPA 24#W (5
YA362490) . BCA X7 & ( 58 5 : A55864) .
Rabbit anti-FUNDC1 ( #it5: 38664A05) ¥4 H
2% [ Thermo Fisher 28 A5 ¥t Bt & R K4 =
PR 4 S M 2 U 3 (Caspase-3) PUik (Ht5.
BA076520997 ) #1 4 ¥t p-AL 2l & 1 ( B-actin )
P (it 45 4967S) W [ 35 [ Cell Signaling
Technology 3 Fl; T Parkin HLiK (I =84
YHEARFRAR, #5: PKI0076) 5 /NP
K 52 7 11-60 (heat shock protein 60, HSP60 ) F¢
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R CHARE L CEERER (25 H T
) ) U GXBD IR B BAR X R Oy i, R
RS ALE T2 M &7 H30.00 g R
20.70 g #E AN 17.25 g R, INETE 1000 mL Al
H 2K, BEIK 30 ming A IFUEWR, WRWSE, M
CERERIEWR R, WA, 4 CHABE T,
78 LI RIUINE, LU WEOR R, TR T,
RIAS A

PIREHE (A) . LERE (B) | BEULAT
] (C) ABEEHNE, &Il L3) E355K:, LR
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Table 1. Factor level table for the orthogonal experimental design of the extraction process of active ingredients from GXBD

N %
*¥ A RTEE (gom) B R (%) C O (h) D
1 1.10 60 12 1
2 1.15 70 18 2
3 1.20 80 24 3

1.4.2  ZHEAeGM Z Tk

KEBPRE R T AR 5 mg, Il 50% F ] A
0.2 mg/mL A2 T X RE S A RG22 B0GIZ
WO, 1.2, 3. 4, 5mL, &£ & T 10 mL 2l
L, A 5% WEAEPREAE K 0.3 mL. 10% i
FRAE TR 0.3 mL. 1 mol/L A AL4NIA T 4 mL,
K E R ZEZIE . AE 500 nm I AR 5E 45 %F 1R
VA TR RE AT E A v B R R A bR (X
mg/mL) | WOGEENIAERR (Y) bRl
K FRERESD 100 mg , & 10 mL A, il 50%
HEA It R 2 208, WA 202, BE
BRI, RFESESIR . R 50T B AH R Y
Ty A B AR, D O B A A AR
MR, THE SRS &

1.5 GXBDW =B TZA

W LI T2 W WA VR 15 e B A i B
Y. FRECHAEIC 0T84 5 ¢, gk 100 mL %
fiff, AL 50 me/mL A K IR . K592 7K I G 1o 2
H ARG TR 5 A5 D101 AL R i Y 35k 3
HE, HRUKH4EK 500 mL, 40% ZBE 500 mL 1 90%
T 500 mL VB, 4 BIMCEE 3 FRRI R, I ik
AIGVRURT M, SRS, 33l 44 7K R
i, 40% BRI AN 90% L BRI .
1.6 GXBDBEXABALIHIE
1.6.1 fmfpizi

HOe2 4 i fii FH & 10% Jif 4 138 A 19 RL3E
() DMEM §535:35E, BT 37 C. 5% CO, (45
FEAATEESR . YA AR B B IR B2 80% B kAT
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A%, BOHEUE KR 4N T e 225250
1.6.2 B 2L 2T HIC22m el 7& 71 %57

3 N FR B 3 A A () 8 108 35 7 1 O T 8 oK 4%
28 mg, fILA 7 mL PBS ¥R, POl 4 mg/mL
HIZ5 )RR, T DMEM 35 332 B bR B &
BSLIG I URE . JREE HOC2 4N 8 x 107
AS/mL, #ZREFL 100 pL 3280 F 96 fLAR . BRX)
TRZ (Cul ) Ab, ARAESS 250 B iR 9 A Fl e,
YRS 3,13, 6.25, 12,50, 25.00. 50.00.,
100.00, 200.00, 400.00, 800.00 pg/ml., 4F 4 1%
B 3APATE AL MRS 48 h T, HRCAHTEE
BrFedk, BmALINA 10 uL CCK-8 iRX7, #OCIE
1.5 h, BEJGTE 450 nm P AN E OGRS, JFit
A2 HOC2 ARBTG5
1.6.3 RREHEBLIRALFTH/R HOc22m ity 25
AE A

W HOc2 44> Crel 20 . BEAIZH (H/R4H) |
ANRIEREER AL 22 (5 /K BERRAL A . 40% LT
VEFROLZH AN 90% LBUEROiZH ) KPP 25 4 ( CA
41) , HA¥RE 3 PTRESL. R BCH
FEER “1.627 TR, CA4ld, FREL13 mg CA,
BT 2 mL PBS I, BCHI L 6.95 mg/mL AYERR,
T H DMEM £ 7% 5 7 B¢ 2= 320 pmol/L Y ¥ B 3F
14525 ARIVEBLHE A 25 W 4131 R 100, 200,
400 pg/mL 3 PMHSE

HRAE B HRAE (19 H/R BERr gt A7 e
W VR L L 2 B Y HOC2 AR AN T 96 fLAR, BT
37°C. 5% CO, FEFRAETTHEFE 48 h, Frdifd kKl
& B2 80% if, HEAT H/R BRI B Cul 20 A1
H/R 241, HA44TE H/R BERIR BT 1 h #4770
Yh2h. WSS H/R RS 25 A AR, R4
Hie % i/ Vas AR B 2.5 he BRESSIRE
Hid oy DMEM 35537 Bk A7 4, Rl pir A 2 B AL
JIA 10 pl, CCK-8 k7], #F 37°C. 5% CO, Hi¥t
FAHEEIRE 1.5 ho BJE, 7 450 nm B AN E
WOERE, A4 HOc2 ARG R
1.7 40% ZEERELLU ER 5 53 17

SR FER 130 2550 VROR 00 % DU A A& A T Ao ] B K
7% (ultra~high performance liquid chromatography—
quadrupole—time of flight mass spectrometry,
UHPLC-Q-TOF-MS ) # R 7 #7 & 415 2 1) 40%
LBV AL, (5% A & ACQUITYPremierHSS T3
38 (100 mmx 2.1 mm, 1.8 um) , UL 0.1%
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HER KW (A) - 05 (B) A it ol #H i 47
B4 EEVEME (0~2 min, 5%—25% B; 2~4 min,
25%—50% B; 4~11 min, 50%—90% B;
11~13 min, 90%—99%B ) , i # & 0.30 mL/min,
RN 2 plo SR MBS (ESI) HEH AR,
IE. PRI, B EE TRy
4500 V, B FHER -4 500 V; MS1, MS2 %
I FEN 70~1 700 mizo FFH Progenesis QI A,
MRIEFE 5 R 18 115 B AT B B A B #r
Y5E 40% LT ) B EAL SR
1.8 S FXHHETEIRE R 5

kg E— 2 i 1k 40% £ B FB AL 4 35 P
g%, X 40% L BEVEERAL A th B S L AR
Yo LA K ik 25 5 Parkin, FUNDC1 il Caspase—3
3R AT Ay o R R, Horp 45 A RE R
F —7 keal/mol, BiBAALA Y5 #0545 A6 MR
1.9 CSR#nH/RO AL R 3545 HLHl
1.9.1  CSRATH/RS LR 694237 4E A

# HOc2 40 ift 43>}y Cirl 41, H/R 4. CSR A
WA, CAd, BAE3 N PATRE L, FREL
CSR 1.2 mg, J0A ZH AR 50 ul %5
5 24 mg/mL CSR B, 5 H DMEM K5 372 5676 B
BFIFRWE . BR Cul IEF B340, HAvdimy
YEAT H/R 34, J7Ekln] “1.6.37 T, CSR 4114 1.25 .
2.50, 5.00, 10.0, 20.0, 40.0, 80.0 pmol/L A [F]
WeREAL ], SR CA 41LL 320 pumol/L ¢ FE AT 44
24, RH CCK-8 J246 I 40 i 11224k
1.9.2  CSRtw& L2m i B T & & Ao & F /R
SR E= I A

1 HOc2 A4 M 6 41, Cul 20, H/R 4. CSR
4. Lbitk AW EINERA (Rap ) | 4
LR FL D 3R 3-H L RRIEERS 4] (3-MA 4) |
CSR+3-HIBLIRIES2H (C+3 40 ) , HRLH 3 AT
Lo B Col HIEF IR, HAAAUN T HR
wift, ikl “1.6.37 Wi, CSR 41, Rap 411 3-MA
AL 40, 5 pmol/L A1 5 mmol/L ¥R FEHE 74425,
C+3 ZH25F 40 pmol/L 4 CSR H1 5 mmol/L Y 3-MA .

H/R AbFREER S, WEA A4, fiiH RIPA %
RIS, R BCA ke . W&
B RE S AT 12% SDS-PAGE HLVK /3 B, JHHGEN R
PVDF &, 5% BiNgAFWE S, 435045 Caspase-3 .
Parkin Fll FUNDC1 —¥t 4 °C W& 4%, TBST Y5
5 HRP Arid ZHiE IR E 2 he FJi R A ECL fb2
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FOCRSY , i AR RGEREETI o 5ty
1.10 Fit=ah

At EEIE s £ s Fon, 240 TECR
R ZE 298 ( One—way ANOVA ) , FHJ5M
P AT Tukey's Z2 BG4S0 . FIHH Progenesis QI
BT B A I ) A2 o A T e, TR it
A4 SPSS 25.0 Fl GraphPad Prism 9.0 #fF
eI, DL P<0.05 HZESA GRS

2 #R

21 IEXIKGER
SIS R EMZE (RIE) W, %545
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DR X B GXBD A8 %A 40 1 B 5 R K /MK
WRHIBERE (A) >LFEKE (B) >MEIinT
B (C), AP T EHE N ABC, HE
BHE N 1.20 g/em’, LW E R 60% ., [
DUREA] Ry 24 h ( 2 M3 ) o RISz /Y
b o 1t 4% Y=0.008 8 X+0.114 2 (7=0.999 9) ,
SR FH IE 38 10 56 A £k 10 B2 BT 20 A7 1 3 Ik
B U IR, A IR R T R AR T AR
FEPE, 19 E] B N 0.146% + 0.002% |
0.139% + 0.006% H1 0.141% + 0.007%, V- ¥J{E
4 0.142% + 0.007%, 5 1EAC G007 2 (1) e O T
R IIERYIA

FR2 BRI ZEHEKFEZRRIEZRLER
Table 2. Orthogonal array of factor levels for the extraction process and experimental results

IR A B C D SR (%)
1 1.10 60 12 1 0.093
2 1.10 70 18 2 0.092
3 1.10 80 24 3 0.065
4 1.15 60 18 3 0.132
5 1.15 70 24 1 0.102
6 1.15 80 12 2 0.073
7 1.20 60 24 2 0.144
8 1.20 70 12 3 0.096
9 1.20 80 18 1 0.081
K1 5.233 11.700 9.567 9.933
K2 10.400 10.867 9.833 11.600
K3 15.600 8.667 11.833 9.700
R 10.367 3.033 2.266 1.900
3 HEREREFESER

Table 3. Analysis of variance table for the ranking score method
7 2RI Pl A h F T
RE 161.202 2 25.024 £
i 14.736 2 2287 g
FiE 390 Hsf 1] 9.209 2 1.430 &
PR 6.440 2

iE: Flys(2,2)=19.00,
2.2 GXBDHZ=EBALaift T2k

K. 40% 2B, 90% L BEPEF AT A H5 W Y
M 0.98% . 1.54% . 0.66% (n=3) , 453
B, 40% CBEUEEROT BRI, TR 40% 1%
VRS ALHEAT IS B2 o i o PR VT 9
2.3 ARk EBALITHIC2H BaH/RIR % i

HRER
231  RERBLERAL T HIC2 48 Il 1 7@

WHEERBR, 5 Cul AM L, KWKE 40%
Z A A B A AN A R 22 I G
B (P>0.05) , FIHZMIENEN 40% Z B
PRI HOC2 4L JC I 2 MEAE T (111) o 247K
VR 90% £ BEVEHAL e T+ % 800 pg/ml

F, H9e2 F775 %M B EFFIK (P<0.01) .
2.3.2 RE ZEBIRILITH/REF G HIC24m
e R R

5 Cul AAIEE, H/R 2407715 R o 3 1%
it (P<0.01) , Priliidtsinith. 5 H/R dAHLL,
40% 2. W PE B AL 100, 200, 400 pg/ml 7 &
ZHANMAF 15 R B (P<0.01) , HKEN
400 pg/mL I A0 BLAF % Hodwe i s K PERB AL 90%
YRR A 200, 400 pe/mlL 57 £ 2H 40 MO A7 1%
N (P<0.01) , H¥EJE N 400 pg/ml i 41
WA R e, HBES 25T, A
ik, EREAETE (K 2) o JREESKR
40% LRI HEAT o
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2.4 A0%ZEFREBAIWZER 53 1

i# i A ] Pubchem . ChemicalBook .
ChemSpider, Pubmed, CNKI Z&%(#i %, X} GXBD
AL 2 L AR GBS AT R B 9, A A
A 2E B o B 2 o R FH Progenesis QI #0414 T4k
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PR U I VEIC . Gl X 40% LPEBERALAY 5T
TERARIATHT, N 40% C PR T RS
88 MLy (K13) , AW 94>, B
B2 4 4>, R 84, FFEME 134, ki
HAFL O (B 1) «

A 150 B 150 C 150
= 1004 s 1004 s 1004 2
Ha it H1
£ s0- L 50+ £ s
0 T T T T 0 T T T T 0 T T T T
SIS S SPFFE LSS S SIS S
GXBDE (pg/mL) GXBDJE (pg/mL) GXBDE (pg/mL )
B ANEBEB ALY IE % HIc2:0 AL AE 1940 ( n=3 )
Figure 1. Effect of different elution fractions on the viability of normal H9c2 cardiomyocytes (7#=3)
VE: AKBEIALAL; B A0% LER LRI LL; C. 90% LEF B4 ; L Curlsartix, ‘P<0.01,
A 150 B 150 C 150
s 100 = S 1004 o2 s 100= ¢
v T S - c T b - ¢ b
- H -
4 a s a s a
& &
}; 504 2 50 g 50 ﬂ ﬂ
= B =
U T 0 LN . O=T T T 71T
SRR S &S e RO

GXBD&E (pg/mlL)

GXBDH¢J¥ (pg/mL) GXBDVE (pg/ml)

B2 ARESEHERAL T H/RIA G RS SRR (n=3 )

Figure 2. Effect different elution fractio

ns on the viability of H/R—injured cells (n=3)

W AL KRS, B A0% LA L; B, 90% LELZMEL; B Crlkit, P<0.01; BH/RWIER, "P<0.05, P<0.01,

A

80-CSR

1
15 t/min

4

5 6

[E3 GXBD40%

01
ZEZSEEBAL BB F iR

12 13 14 15 t/min

Figure. 3. Total ion chromatogram of the 40% ethanol-eluted purified fraction from GXBD
E:OAEBFEX; B i BFAEX; 80—CSRAF M 44 &, 384 A GXBD WP CSRAF AR
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2.5 HoFITE
241 E W) 5 Parkin, FUNDCI1 Hil Caspase—3

HZh S RE LR 4, A4S & ¥ < -7 keal/mol $E4T
GatEs, Hh 5 3 A RS SRR < -7 keal/mol
WA 34, SRR (fabacein) | B
il ZEAK A Copercurin A ) 1 CSR, H:Hr, CSR *f 3
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ARSI RI B H S aae ), B&2
AR RN Ty, HOEERRZ AR Caspase-3 Fil
FUNDC1 1 P S A DCEEER SLE i e U ([&14A
ME 4B) , [FEF, HI7H AR RERT EG A Parkin
B Leu204 Bi/K 240 ([&14C) o Ik, JREikeE
CSR 1R 24 THL RIS o

R4 BRS5HOHERRE

Table 4. Binding energy of targets and components

#EAfE (keal/mol )

s R Caspase—3 Parkin FUNDC1
1 HEZE (cordycepin ) -5.8 -5.0 -5.6
2 BHPTELR (trigonelline ) -4.3 -4.0 4.1
3 BRZEFL (pilocarpine ) 4.8 4.3 -4.6
4 7 3 fe EAS ( gentiatibetine ) -4.6 -4.6 -5.1
5 L E Y (pedatisectine F) -4.9 -4.3 =53
6 AT A (eriojaposide A ) -7.8 -6.3 -7.1
7 FEFHHA (gardenin A) -6.6 -5.6 -6.2
8 HFAY (liquiritin) -7.3 -6.6 -6.8
9 AR (jasmonic acid ) =5.1 -4.7 =53
10 FRFBEH (schizandrin ) -6.2 -5.9 -55
11 WKW (harman ) -5.6 -5.6 -5.6
12 P25 (harmine ) -5.7 -5.6 -5.8
13 VEEF (fabacein ) =72 -7.1 -7.3
14 2L AR (taxiresinol ) -7.3 -6.2 -7.5
15 FIR 2 -7-O- 4% FETT (thermopsoside ) -7.6 -6.6 -7.4
16 FIHERATBI (timosaponin BIT ) -7.8 6.1 73
17 B 3608 (napelline ) -7.3 -6.8 -7.3
18 HARJZEMRA (opercurin A ) -8.4 -7.4 -75
19 L LK (bullatine A ) -5 -6.4 74
20 FEHHTF ( macrostemonoside F ) -8.1 -6.5 -7.6
21 4 H I ZE (chrysoeriol ) -7.3 -72 -7.4
22 WERERR ( grasshopper ketone ) -5.1 -4.8 -5.0
A B C
GLU-ZG;\‘_ 4 1‘
) Ny @ 21t
Lrs-210 U

r/*”\

El4 CSR5Caspase-3. FUNDC1#aParkinsF3$1Z# = &
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