TRAY T AT 2 28 AL D IERETERY PR P BLA®

RV A WL EFEML OB AARLD #LE FLEEEYLR AV
%Héw%ﬁJ mi%é% %%mﬁ%%ﬁﬁﬂmlﬁém?% ETE 55000452, %
Zh, M 550004;3 EXERAFERAEHF

SEEFRANRRAERIEAR T, 7 M %mm)

FES 2SS R965;R285.5 TERER A
DOI  10.6039/j.issn.1001-0408.2024.06.04

FNERAZ
FHEHAES
EELBEEMNEL 563006;4 2 MER KFREKY

s

XEHS 1001-0408(2024)06-0659-06

i E HM KERSTAFT(GA)RE S FI1L 2 (DOX) AW e EERIH . ik FAHEICR N KL 4 x84
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B (AST) LR 8B (CK)  WUBR 4 B ) T 85 (CK-MB) , SLE& B 4B (LDH ) R -F . A TARML S 7k, R M Z 30840 & 8-k
A G B BB B RIE R R, B R AT (PCA) B3R ) = -1 51 047 (OPLS-DA) e Fhmh b AT T FZHEZHME=1,
e AR £ S AEH > 1 B P<0.05 4 47 5 it £ F K4 (DEMs) , 3+ £ T HMDB ,PubChem % # 48 Bt FT A F o047, R 5
CON 48 3b4 , DOX 48> R 2 7 ' AST .CK.CK-MB . LDH & -F 3 2 %7+ % (P<<0.05) ; 5 DOX 48 3b4% , GDOX 41/ f e 7 o Lig
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Mechanism of ginkgo flavonoid aglycone against doxorubicin-induced cardiotoxicity
CAI Ying"?,QIAN Li*, WANG Kailiang" *, LI Qin’, LIU Chunhua', SUN Jia',PAN Jie',LI Yongjun*",LU Yuan'’
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of Medicinal Plants, Guizhou Medical University, Guiyang 550004, China; 2. School of Pharmacy, Guizhou
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Education, Zunyi Medical University, Guizhou Zunyi 563006, China; 4. Engineering Research Center for the
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University, Guiyang 550004, China]

ABSTRACT OBJECTIVE To investigate the potential mechanism of the effect of ginkgo flavone aglycone (GA) against
doxorubicin (DOX) -induced cardiotoxicity. METHODS The male ICR mice were randomized into control group (CON group) ,
model group (DOX group) and GA+DOX group (GDOX group), with 12 mice in each group. The DOX group was injected with
DOX solution at a dose of 3 mg/kg via tail vein every other day, and the GDOX group was given GA suspension intragastrically at
a dose of 100 mg/kg every day+DOX solution at a dose of 3 mg/kg via tail vein every other day, for 15 consecutive days. After the
end of administration, the serum levels of aspartate aminotransferase (AST), creatine kinase(CK), creatine kinase isoenzyme (CK-

MB) and lactate dehydrogenase (LDH) in mice were detected in each group. Based on the metabolomics method, UHPLC-Q-

- Exactive Orbitrap HRMS method was used; based on principal
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component analysis (PCA) and orthogonal partial least squares-
discriminant analysis (OPLS-DA) ,

metabolites (DEMs) were screened using the criteria of

the differentially expressed

variable importance in the projection=1, fold change of peak
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area>>1 and P<<0.05; biological analysis was conducted based
on databases such as HMDB and PubChem. RESULTS
Compared with CON group, serum levels of AST, CK, CK-
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MB and LDH were increased significantly in DOX group (P<<0.05); compared with DOX group, the serum levels of the above
indicators (except for CK-MB) were decreased significantly in GDOX group (P<<0.05). PCA and OPLS-DA showed that
myocardial tissue samples of CON group, DOX group and GDOX group were isolated completely. After database matching, 37
common DEMs were identified, among which 17 DEMs were significantly up-regulated in the DOX group and significantly down-
regulated in the GDOX group, and 8 DEMs were significantly down-regulated in the DOX group and significantly up-regulated in
the GDOX group; pathway enrichment involved the biosynthesis of unsaturated fatty acids, arachidonic acid metabolism, linoleic
acid metabolism, taurine and hypotaurine metabolism; the key metabolites in the above pathways included docosahexaenoic acid,
arachidonic acid, phosphatidylcholine (16:0/18:3) and taurine. CONCLUSIONS GA may regulate the biosynthesis of unsaturated

fatty acids, arachidonic acid metabolism and other metabolic pathways by acting on the core metabolites such as docosahexaenoic

acid and arachidonic acid, thus alleviating the cardiotoxic effects of DOX.

KEYWORDS ginkgo flavonoid aglycone; doxorubicin; cardiotoxicity; metabolomics

£ 72 1 & (doxorubicin, DOX) X FRF# & , J&—Fh
BRGNP PUAE R BURIS T, BeA
Jiea 240 il RNA AT DNA (96 1%, AT FH T8k e 2R
P i B EAE A I TG, SRTING RS B R
DOX EA.CMEREME: i Hil i i D) B i S s RIEH , B
DLt W M A ol 35, ™ H I 23 5] A0 7 32 i (heart
failure, HF) . WFFEHR 1, IR 250 10O IEREME S 251
RPURAE S UIALOC : 4 2R & 400 mg/m’ I, HF 1
R USSR 3% ~5% ; X4 AR 124 550 mg/m’ i, HF 114
R AU AT 3K 7%~ 26% , 1™ 5 5% ) S8 5 U R,
A PRS2 (0 OB REE (T A T 22 4 v A8 ) DR AP 57
BAE 2GR XL

4R 7% 35 i 4 T (ginkgo flavone aglycone, GA) J&—
B A B SIS AR ), A S e il K AR AR, A
FEM R LA R R R A PERERET, iR
BT A B BRI R0 il 1 R G5 2 A
PIEMET, AU AT R Y RSP SIS PR
GA X DOX HA “¥4 240828 "4 H , IF ) Bl & 38 % DOX
AL MEREPES AEAE DAL M AT RE

R4 2% (metabolomics ) A Jiz WA W44 N T 5 /N3
T (715 <1 000 Da) ¥ BIAESN AT T B4R 4F T Y
AR, SE A BT B2 WA S e =[]
AR IC R IR RE 4 T W R PP i 2
b, IR AL S AR Y R AR A B, SR 2
BT SRR T R IEAR AT SRz ] T BE 2y
WEFESURT, 3T 1, 7E0) 20 UESE GA E 235 DOX
D MERE X —AE R SRR b AR R FHEAA 4
B RO RN o PR R TR MR A O R e S8OR
AR € 3 - DU B T H 3% 900 18 B AR K 5T 3 (UHPLC-Q-
Exactive Orbitrap HRMS, P T f## # “UHPLC-MS/MS” )
FARKGI /N FC L 2R A Q) , 0 1k 22 S A4 (dif-
ferentially expressed metabolites, DEMs ) J-43H1AH A Gl
I %, DA PR B GA 52 DOX LR EEPE I T REAILH , Ry
GA T i B i
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1.1 FEMNF

AT It FH 32 EAY A OG5 Q Exactive Plus AU
A3 9 I 1% A4 #Y9 Vanquish 7 UHPLC % 4t . Forma 905-
ULTS1490 #Y &= FHAR IR VKA | Variskan Lux £ 2 I GE BibR
{% (2% [E Thermo Fisher Scientific 2% 7] ) , ALLEGRA X-
30R AU B0 (35 [E Beckman Coulter 24 ] ) , 6KQ-300DE
RUE R S P Ve (LT S R PR A /) 55
12 FEHRSKH

ERPR 2 22 e B ROREZY (L5 NO625 A, 4l i >98%)
W A K ISR A R T GAM R R A
SERAEE SRR 47.28% .43.42% .1.93% ) i 5t N4
A TR O ] B ) 5 L 8 Y R4 4k R il (CMIC-
Na) 4 [ 630 R SE R B A BRA ) 5 K& R T 2 il
(aspartate aminotransferase, AST) . L& it & i (lactate
dehydrogenase, LDH) . JULJZ J# [ (creatine kinase, CK) .
LI 154 FiF [R] T 15 ( creatine kinase isoenzyme , CK-MB )iz,
FIAS I & (HE5-45-531 2k 20210708, 20210722, 20210710,
20210709) ¥ H 5 L gl 9 TREFSET s R O NG
Ry, H AR R o pr 4l K R Atk .
1.3 KIEEhY

SPF I ICR /N AR EE 18~22 ¢, Il H KV TT R
ARG R A s A =14 AT e S SCXK G
2022-0011, JIrf s34 3% FRE 18~25 °C FHXT R
J& 50%~T0% W PR 858 b | 3 By ME AR 97 18]S R4 TS 5
AHIF G P A% 3R Bh 4 S 56 A AR S BRSNS
J1 RA TN ERMR A0 sh W 10 B2 D3 2 H At (G
52101200)
2 Ak
2.1 HHHEMR

B4 /N BB AL 53 4 X B 41 (CON 4] ) (#5121 (DOX
) .GA+DOX 41 (GDOX 41 ) , i 12 H o AR A A
58", CON 4/ B i ik e S AR R 7K 0.25 mL, K 1
U DOX ZH/INRUR DK i DOX 2459 (LA A= R /K 7%
#)3 mg/kg, R 1k, 2R E N 21 mg/kg; GDOX 4
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/N EHE ' GA TR E K (L4 0.5%CMC-Na I3} #5771 ) 100
mg/kg, TR 1 IR+ HEIKES DOX 25 3 mg/kg, ffi K 1
WK, TS 15 do 2253 TR] IR R 1A 0 45 20 /D B 4R B AR
A, WG HORE SRS Tk B o, IRk EE AR fh it 2k .
KR 2G5 2 h, A4/ B IRER UL, T2 15 F #E 30
min Ji7, 74 °C K L4 3 000 r/min &> 15 min, W4 2 1ML
W, T —80 °CIR A7 BEMLILEEA AL 6 H /N B I T+
ritr o ¥4 RO N 1280) & U B 5 5 e B4, 1 ) 2 D) RE il i
ASURSE ) HeF AST . CK . CK-MB , LDH 7K - , P 56 JiF 5%
RUEEZ H DI GA TR
2.2 RigHEZSH
2.2.1 ORI A 3

(1)L MEZHZURE R AR UL, 25 2 /0N BRUBSE 2 Ak
HE, N7 BVECT O, AR A P i Az BEER K gk 14, 7
DLV BT A% 2 — 80 °CUKAE T AAF 45

(2) 5P B A3 B 3B I P, B D EZH 2T 4 °CTF fil
7R, VK L BRI, FRIBUEE i 50 mg B F 2 mL EP 4+, in
AT 9 50% BB 1.5 mL, TokIE )3, #4414
WM o WOZH R AIKWE, T4 °CF LA 12 000 r/min &0
15 min, B E V5 W, DLA R WK1, BIAS B M Wi 43,
—80 °C FP-AF, 285

(3) AR B 53 H B - B AR AR A o i 5 0 e
JITASFR I , AT B — S ot - FR IR A VATl (AR
3:1)1.5 mLE &, Trkin A1, il & A5 30 . B
AW, T4 °C T LA 12 000 r/min &.0> 15 min, B
VEW DVRAIRWT, BIAR RN E R 7, T —80 °CTR R
7, £

(4) B A AL BT HERE S AT AT, B R AR (AR B M B
A3 FE S 43 91 509% FEE 120 pL 7%, LA 12 000 r/min 55
> 15 min J5 , B VEW, A IR AT, BNAS 2 H/ N A
i, 2
2.2.2  UHPLC-MS/MS Z#71 25

%S0T A Hypersil Gold(2.1 mm X 100 mm,
1.9 um) A ERERE, LL0.1% H R KRR TSI A 0.1%
TR 5 V5 W0 R T sl AH B AT 86 JEE 3k B (0~3 miin,
99%A; 3~5 min, 99%A—55%A ; 5~13 min, 55%A—
20%A; 13~15 min; 20%A—1%A; 15~18 min, 1%A;
18~18.5 min, 1%A—99%A ; 18.5~22 min, 99%A ) ; F£ il
40 °C; Ji A 0.3 mL/min; HEFEARFA 3 pL,

JE ST < R H HL M 25 L 2575 (electrospray ioni-
zation, EST) #4171 T4 & FH# , HEEEHE b m/z 10~

1 0503 4= F14 (full MS) 23 #4170 000, — e 4745 (MS/
MS) ZrHER R 17 500 ; H5 I N 35 arb, Sl A &

A 10 arb; BARAFIEEE H7 320 °C ; Rif {8 B JE ( 248 H
20,40 .60 V; Wi H R R 3.5 kV(IEEF) 125 kV (i
BT,

TEZD; 20244555 35 555 6 ]

2.2.3 BRI

HU CON 41 . DOX 41 . GDOX 41 /™ B (140> ik 2H 21 F
fi, FC2.2.17 TR TR AL P C2.2.27 50T
A 2 RE A I, 1 S €51 RN RS {5 B . Rl FH Compound
Discover 3.2 F4: Xt 3 21 71N BRLCo WIE 20 2R i 14 D i A0 i
HEAT A TEEAR IR 7 G AR — R AL A IR
I 4y O B 1] (retention time, RT ) F104 T L4

FE. S ay i AR (FF A TR e b ) S AR
K SIMCA 13.0 54247 3 4343 #HF (principal compo-
nent analysis, PCA) , LA EDUL R /R £ 2 S Y 22 4k
2.24 DEMs /i

h 2 3 M 218 22 S SR Al A R L D
2 A Py g e 1 AR (R R AT R R AL ) AR L SR
SIMCA 13.0 3 A4 347 1F ¢ it 5 /1y — 3 - 21 3] 43 #r (or-
thogonal partial least squares-discriminant analysis, OPLS-
DA) , LIAF & 8 24 52 (variable importance in the pro-
jection, VIP){H =1 W I F1 22 5% %4 (fold change , FC) >
1 H. P<<0.05 Ay h5iE" i & DEMs..

225 AW

& B HMDB % # J& (http : //www. hmdb. ca/metabo-
lites) . PubChem %% 4} /£ (https: //pubchem. ncbi. nlm. nih.
gov/) . KEGG %t #E /& (https://www. kegg. jp/) A1 LIPID
MAPS %04 %€ (https : //www.lipidmaps.org/) ¥ Fi#5 DEMs
HATICHD , SR J5 38 3k L A RS A X DEMs 47 8
78 3 & J MetaboAnalyst 5.0 7F 2k T. B (https://www.
metaboanalyst.ca/) , LA P<<0.05 1F A i %€ 55 1 , %} DEMs
HEATIE I AR AT O — 2D R OC AR (R SE B
For i 2 H 5 s w42 AT B DG %) DEMs) (1) A= 92
B,

3 #R
3.1 HFESWER

S5 I ME], CON 2/ BB R (g Bk S R AT
DOX 41/IN R AT 0L B I i 22 BEANTR B R A B SRR, A%
B 25 25 OB IS AR 2 T B B IR B Bl
/bl GDOX 4/ B HS FR S5 DOX 4 A7 Freh 3% , 14
FR DOX A I, IR & M ik sh it bz 3 m. %
A/NR AR E A2 LK 1A,

5 CON 41 b4, DOX ZH /)N ifiL ¥ Ht AST .CK, CK-
MB . LDH /K ¥4 i % 715 (P<<0.05) ; 5 DOX 41 [L 4%,
GDOX Z/)N UL i L i 45 F5 /K- (CK-MB BN ) 1
FHIREAR(P<<0.05) . #ZH/NEUIMLTE T AST .CK ,CK-MB,
LDH /K-F2 4L 1 5L WK 1B,

32 RBEZHSHTER
3.2.1 ACAEER BT a1

PCA L5 (E 2) B~ , CON4L . DOX 4 .GDOX £1/)h
BRC IEZH 2R A BB I 0 DX 4, HLZH A X R 2R
£, UAHH 3 AR B B R[] .
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309 o cont
= DOX 4]
98 | -+ GDOX 41

DOX il
B. I MG AL (n=6)

a: 5 CONZ L4, P<<0.05;b: 5DOX4 L4, P<0.05,
Bl &4EA/NMREERKMEBHRAST.CK.CK-MB . LDH

KFTUER (X + )
) @ con#l
80 - W DOX 4l
60 - A GDOX 4
40 -
20 -
g

i IFl/d CON#l GDOX 41

AMRE(=12)

4o A“
—80 -
—100 - ,
—150 —100

—50 0 50 100
1]

B2 JBHEMROHEALERPREDHPCABHE

OPLS-DA 55 (&1 3) it 7n , CON 415 DOX 41 .DOX
25 GDOX /N FUL IE L ZURE S I RE 58 403 15, Ui B 4%
/N RO IEZH b A A A AE B S 22 57 s SR T A
GO X REAIHEAT 200 R HEF B ik, BT A5 RYY (Y il SR B,
) A OF (R ) B TA M5 aq 1, H O° 5 Yl
LT, TR AT SE EORAATE i A IR , A
A BRI RE ) B, vT T J 2k DEMs 1Y i o
3.2.2  DEMs i 1% K S A4k

DOX £ 5 CON 4 [8] A 451 4~ DEMs, GDOX #1 5
DOX #H 8] 4 548 /> DEMs ( k1L & UL & 4) o ¥ bk
DEMs M2 48, 3154 163 3L DEMs, i — 20 id iof
HMDB , PubChem .KEGG ., LIPID MAPS %4} % VE i, fi%
AME 3T AN DEMs (1), Hivb, 5 CON 4l 1
5, DOX 41 & A= A8 Ak 1 4 GDOX T Hi 5 i 2 71 i i
DEMs A 254, 4145 DOX 4 i % b 41 GDOX 41 . %
T DEMs17 1> . DOX 41 1 3 T 1] GDOX 41 1. % -
& DEMs8 4™, $2/% GA R it I8 1 i 2 Py YA C i)
KW DOX (1L B CRISHAEI LI 5) o

JJi 45 DEMs 3= 2295 e 0 35 i 6 435 AN 10 A0 i 1D
PRI A6 B AR DO R G S ah R A Qi 2R R R
AR AR (2 2) o 8 X BT 42 B Ao i R B
GA 7] e o A R ACHHE B h O [ =+ =
B 7SR AL DURTR R I ARG (161 0/18: 3) Al fifk
R 1R I8 % DOX T 5 | /e 1) S8 A I 38 R AE RN I o 32
B T84 DOX (L EREEVE R L B R LR 6
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i W pox 41
6X10° 4 A GDOX 41

4X10°
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2X10" ‘
0 l
—2X10°

1.279 04X 10[1]

—4X 10’
—6X10°
—8X 10"+ T + T -

—8X10" —4X10" 0 4X10"

1.000 26 X #[1]
C. DOX 4155 GDOX £H 1) OPLS-DA 343 4]
i . .Rl
"y
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L R

0.2 n ¢ =
0.1
0 =
—0.1
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D. DOX 415 GDOX 41 A & 6 4 <]

3 FH/NER O AEH R GRS H) OPLS-DA 43
&R

25 - : .
20 R Y
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| B0
n o)

—-10 -5 0 5 10 —10 —5 0 5
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A. DOX 45 CON 411y DEMs B. GDOX 415 DOX 41 /) DEMs

4 BHNROBEEAR GRS DEMs BN LLE

thEZG G 2024 4E45 35 545 6 11



*1 DEMsHIEREER

\ , R & : . -
givitas AR .- HMDB%%  DOX45 GDOXAS5
mn  Ef , .
CON4l  DOX4l
I OMBERE18:00:0)  CuHNOP 1399 +H  HMDBOOIL0 4 ¥
) LIFRER CHNO, 239 4H HMDBOOOIG4S 4 ¥
3 HER CHNO, 161 +H HMDBOOOO9Z 4 ¥
4 HIMEE00:40:0)  CHNOP  ILI0 —H  HMDBOOIISIT 4+ ¥
5 WZAR(A18:014:0) CHNO, 1586 +H  HMDBOOITS) 4 ¥
6 LHER CHNOS 156 +H HMDBOOO0GSS 4 ¥
TR CHNOS 199 —H  HMDB000025I $ ¥
§ L0 TERECHE LR CH0, 825 +H  HMDB0244918 ' ¥
9 D& CHNO, 110 +H  HMDBO0034II t ¥
10 T3iEER: CoHNO 1450 +H  HMDBOOG2SSS 4 ¥
11 HMAMMIS:012:0) CyHNO, 1520 +H  HMDBOOLTSS 4 ¥
VI CoHNO 1428 +H  HMDBOO3IES ¢ ¥
13 24ZHEETE  CHO 1044 +H HMDBOORIL ¢ ¥
149, 11T CsHu0, 1207 +H HMDBOODIYT ¢ ¥
15 R C.HOPS, 920 +H HMDBOG3IZSI ¢ ¥
16 HE CiHlo 1043 +H  HMDBO039S5!1 t ¥
A CoHoNO, 1506 +H  HMDBOOGMGS 4 ¥
18 BEGEEAERI(16:000:5) CLHNOP 1536 +H  HMDBOOI9S ¢ 'S
19 ZFZRAKR CoH0, 1505 +H HMDBOO2IS3 ¥ P
0 4HELRHR CoHi0s 1505+ HMDBOO040 ¥ 'S
A TR Colu0; 1538 +H  HMDBOOOIS ¥ 1
20 BIEEINAL(16:018:3) CoHNOP 1553 +H  HMDBOOOTSTS ¥ 'S
B RhE R CiHNO, 1435 +H  HMDBOOO2IOO ¥ 'y
U pETEH o0 1625 —H HMDBOO36S6S ¥ 1
5 R CiHx0s 15020 +H  HMDBO0GIS6] ¥ s
2% s CHNO 163 +H HMDBOOOI406 4 'S
2 LRERLEER  CHNO, 202 +H HMDBO2SI2S 4 'y
B IR CHO, 157 —H  HMDB000%4 'S 'S
29 DA'-ZFR: CHNOP 242 +H  HMDBOOOIOIG 4 'S
30 D-fERER CHNO, 120 +H HMDBOOO26T 4 S
3 BEIEHRR(18:118:0) CLHNORP 1546 +H  HMDBOOOSIO2 4 'S
N 6EHZ CH:0, 1029 —H HVDBOOOSTS ¢ ¥
3B REBEMCEAER CGHNOL 681 —H  HMDBOOI4S 4 'S
M 2,6 ZHIERR CHN 627 +H  HMDBO060677 'S Iy
35103 CHN; 207 1 HMDBOMASTZ 4 'S
3% MEER C:HN0S, 218 —H HMDBO2S2M46 4 'y
3 REELRE CHNO, 174 —H HMDBOOOWG ¢ 'S

2T $FEIG 2 5 CONAL LR, P<<0.05;b: 5DOX4 HuAE,

P<0.01;c:5CON4 45, P<<0.01;d: 5DOX4 4%, P<<0.05,

CON-I
CON-2

CON-1~CON-12: CONZH/NFLOIEZH Y ; DOX-1~DOX-12: DOX

HpBonsirsl | o

HMDBO0G2636.
HMDBO0D1043
HMDBO002183

HMDBOOIITS8  ©

HMDBO032142

HMDBOG1S61 | -

'HMDBO031678
HMDBOO0341L

HMDBO001643 \
'HMDBO000292
HMDBO006%6
HMDBO002040
HMDBOOL1130
HMDBO011517
'HMDBO036565
HMDBO011739
'HMDBO03985:
HMDBO244918
HMDBOO00231
HMDBO039528
HMDBO0I2100
'HMDBO0G2468
HMDBO00T975

HMDBO003T97

H/NFUODEZHZE ; GDOX-1~GDOX-12 : GDOXZH /MR IEZH 2

B5 fE/NROFESARSFB DEMs BB ZEHE

TEZD; 20244555 35 555 6 ]

X2 DEMsHIFEREHERER

F5 ik BEREIA SRR P
1 NEREHRGESA R 3 RSB A TR 0010823
i 3 TEAE DGR BRISEEIRR(16:018:3) 0010823
3 5 BERREINM(16:0/18:3) 0023 036
4 FRRRARAE R 8 IR 0036 669
K@iﬂ#gﬁ%ﬁ}zﬁ% AL g RIS
a ' Ol l FEAE I l Wﬂﬁm: I
Tt S:@;ﬁo—( %
} %imu ! 5y 60,%1 —] CYP!ZJZ L, 8 Mﬂ??

EETs

1}J I IjJHblf‘iﬁT

AEBRRRAIR (— ) RIE ( VERHE
pa LA ifr TR A
[ER] ] mam t

1467 HE - DEMs ] A2 55 ) 10508 14 5 I €7 A - AR
R3], EL T B 5 £ I A DI R4 5 CYP2J2 : 40 L (5 3 P450
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