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BE GRS EAAHREZERNGERRBS T, FEIE L IURE B, AR E,
ZF RN B R A BRERIE, A RESES L2 E @ mgke), N RLHEI hRE
A, o SRR A B RORAR €3I ARAT K AT BT 18] S # (UPLC-Q-TOF-MS)#E AT 3F ¥ 6] RS 52 4
M. Bt E RS AT(PCA) e iE AR 3]s = ) 3] 547 (OPLS-DA) i ik £ F R4, 45 4KEGGE
3Bg oM AR 0 A FidAR, HEF R FATCMSP. ChEMBLA=STITCH%. 4% &
Fml¥e, %, 5 GeneCards. OMIMATTDHAE & 3k B 44 FUIR & ok o4 ¥ B UEAT X R o AT, MIEEZ G -
&8 Al ZAE R (PP M 451 T it Az v de b K T Riftdh—¥e &8 37 W 4 55 it AR Rt i, KA
CCK-8i%. Transwell 5232, X|J& 5236 & Western blotdaiE -3t = [ 14 LR & MDA-MB-468 f2MDA-
MB-23140fi a3 5. T A LR -8 ey #on. Rt s £ 52 B 2264 2 3 Kit4, KEGG
FHREMETLREE £ TRARKRS. ABCHZE G AZ O RHMPFEHS, NLHEE 5
T FRAF209/MK M)~k 21 B $2 &, 4o ¥e,5 6L48p53. EGFR. STAT3%. i id“fKiffd)—¥e &
F4 W 440 ik B TAAE R AR, RS T A8 B8 & A lusianthridint P A FUAR % 8 A0 EL A A AR B
38 7 Jp 6| AE ) ) BT B E 4748 e it it #%, T B FibronectinfeSnail & i& . _EifE-cadherin/k-F. H
AR R R R AL B ERRA BOREIL G, B, ZARRAARRBMA T R%, NELE
PR 4524 64 ot P AR 3 I i 31 £ 22 F AR A ARag 49 lusianthridin, 22 359E lusianthridin®T & 4830 5L 2
VER . R lusianthridindg Ko & MR EAR T A 224 2 HRE T 5554 —F B o) s ik,
RTFEZFOBRCHBAERBIRPHEURE. ZARALLZEZNMBEXAFRRET X E,
T hEe KA R R R = W% AR R I 69T 47 b

XA BAE URe A RIEiE AR, DRI E; P
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Abstract This study aims to systematically screen the in vivo-formed bioactive metabolites of erianin and

validate their anti-breast-carcinoma activities, so as to furnish experimental evidence for elucidating the material
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basis responsible for the in vivo pharmacological efficacy of erianin. Mice were intravenously injected with erianin
(4 mg/kg), and serum samples were collected 1 h post-administration. Non-targeted metabolomics analysis was
performed using UPLC-Q-TOF-MS (ultra-performance liquid chromatography coupled with quadrupole time-of-
flight mass spectrometry). PCA (principal component analysis) and OPLS-DA (orthogonal partial least squares dis-
criminant analysis) were employed to screen differential metabolites, and KEGG pathway enrichment analysis was
conducted to identify perturbed biological processes. Targets of differential metabolites were predicted using TC-
MSP, ChEMBL and STITCH databases, and breast cancer-related targets were retrieved from GeneCards, OMIM
and TTD databases. Intersection analysis was performed to obtain common targets, followed by PPI (protein-
protein interaction) network construction and core target identification. Candidate metabolites were selected based
on “metabolite-target-pathway” network analysis, and their effects on proliferation, migration and EMT (epithelial-
mesenchymal transition) of triple-negative breast cancer MDA-MB-468 and MDA-MB-231 cells were validated
using CCK-8 assay, Transwell assay, wound healing assay and Western blot. Metabolomics analysis identified 226
differential metabolites, which were significantly enriched in amino acid metabolism, ABC transporters and protein
digestion and absorption pathways. Network pharmacology analysis yielded 209 common targets of metabolites and
breast cancer, with core targets including p53, EGFR and STAT3, et al. Seven candidate metabolites were selected
through “metabolite-target-pathway” network analysis. /n vitro functional validation demonstrated that lusianthridin
exerted dose-dependent inhibitory effects on proliferation of both breast cancer cell lines, significantly suppressed
cell migration, down-regulated Fibronectin and Snail expression, and up-regulated E-cadherin levels. The remain-
ing six candidate metabolites showed no significant activity or required excessively high effective concentrations.
This study successfully employed a functional metabolomics strategy, identified lusianthridin as an in vivo metabo-
lite of erianin from serum samples after in vivo administration, and further validated that lusianthridin exerts potent
anti-breast cancer effects. Although the in vitro activity of lusianthridin was lower than that of the parent compound
erianin, it retained a consistent anti-tumor functional profile, suggesting that the core pharmacophore of erianin is
preserved during metabolism. This study provides clues for structure-activity relationship research of erianin and
suggests the feasibility of functional metabolomics in discovering bioactive metabolites of natural products.
Keywords erianin; functional metabolomics; candidate bioactive metabolites; functional validation; breast

cancer
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BEA . BT, JRAI4EMRIT R . 40 iR 28 A0 i A
RO, TEMERER B2 K (estrogen receptor, ER)FHPEFL
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E 22 & (erianin) & M\ == BHE Y S8E £ i)t (Den-
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R ) 24, HorP AR SR 3 k. B H
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IR EAR AR T B2 R AR B AT
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il DRI A FH 24 S s B A R S
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2 1A I35 P PR A e T AR (S A . BT
5, BAVEX B2 RO 5/ R g AT R A
ST, 1%k 2 S IR B ANE AR M, TAE A 4%
2 B 2RO FL AR A S R e i R A Al
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YOk B 22 R AR SN AR % 2 TH e
Z “THREIIE S IR 2, R R H 2530 i S A
PAE T HMA, ARG AR A 1) R ISR
WEHRAL T RS

1 MRS
1.1 /NERECEE R B EE

S5 3% M Balb/e /B, 6~8JF Y, THH
W DR (L) AEMERER AR, WFAHEgR 5
SCXK(%)2019-0010. Fif /N RAEESE N (23£3)
°C., FHNTIEIE A 55%+15% ] 5 b [ 2 45 vh 1A
78, YIS RN v A GRORMEBZRAG
Yo BER (0 BOBA i 6 0 48 5 = 98%) (1%

5 B20844)l B _EHEEM AEVRHA IR A7 B2
2 UL DMSO M fa Fl A MRe, & B 445 T4
DMSO+F K. R =IREG 2515, Bk 4 mg/ke,
S YORIEE IR B B 20 h, 35 VORISR = IR [A] B 4
h, 1 WG 2 MRERRUIL . RS AR7E B 08 Hh I T 37
°C(H IR ) B 1 hilb AT RE[ 72)= . #8)5 3 000 r/min
A0 10 min, BRI A 23 s 08
Hi. 12 000 r/min. 4 °C#5.010 min, B 5756 201.5
mL B0 F, 55 0.2 mL, —80 °Ci4fE. S Lifg
FI R AE DR A BR 2 ) vh 245 N AR A A AR U B
TR . 2B TIKEIE LB AR
PR ) I R AR SR AR AR A A I 3 M o T AT S5 )7
F¥yze B TR 2 S IAC B D b (dk itk 5
PZWH(JH) K2024-0001).

1.2 MERREFEN

12,1 AR RBATRE BIERE S AR
WG, IAHE30 s; KEAEAFEE D 0006%, EAURIIARE &
AR BREARE T UK b F 0M A R
150 uLFEA T2 mL EPE A, I 15 pLERERA R (2
mol/L), &€ 30 s, VKK 5 min; JIA 585 pLZs
i, WAIE30 s, VKK A 5 min; A —40 °CIKF
#1530 min; T4 °C. 12 000 r/min(Z CALHTE O /7
913 800 xg, B LML T2 48.6 cm) B0 15 min;
WHL 600 puL FiE T2 mL BPE H, AT A
60 LLIRHGHK (PR 0 K IR R EGR 2:2: 1) A,
SRS FIRL RIS NS, IBE30 s, VKK 1
min; T4 °C. 12 000 r/min(;Z LI 0 F1°413 800
xg, BOHLEE 7215 8.6 cm) B 0215 min; X _E 21
BRI, BRI

122 LC-MS/MS_E#uaml 547 il Vanquish i#
121 ROURE €615 A (ThermoFisher Scientific/y &), i#id
Phenomenex Kinetex C18(2.1 mmx100 mm, 2.6 pm)
WO CTE A XS B As b St A7 i 20 8. WA
W ARHNIKAR, 5 0.01% 218, BRCARTREL N 1:11
SN O PR N4 °C, BEREATN 2
uL. Orbitrap Exploris 120/ B4 58 % 7F 4 il 41 £F
(Xcalibur, A4S : 4.4, ThermoFisher Scientific/A &) )#%
Hl P REAT — . R BUE R RE . RS En
I, Sheath gas flow rate: 50 Arb; Aux gas flow rate: 15
Arb; Capillary temperature: 320 °C; Full ms resolution:
60 000; MS/MS resolution: 15 000; Collision energy:
SNCE 20/30/40; Spray Voltage: 3.8 kV(positive)5{-3.4
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kV(negative).
123 #ETAE W IGERE# IS ProteoWizard
A A mzXMLEE R, T RIES A
PLXCMS A% Lo 1) AR P AT AR BE, SICEI UG AN |
FEHL. XF55 ARy ThRe. RIS e RAH TR
T4, 5 BiotreeDB(V3.0) %4 .
1.3 BB hHTFEEFR IS

TEARBETTH, N 1 BRARAS I 2R Gt 2250 45 SR 1
s, A R G b R AR A R L, AT R AR
PFAT — RPN AR . e m ST e, X
A Feature b AT i 8 DL 2 fR e 25, T D9 73 A BE G
i AR AT L P8 . RS RAE IS UE , X 524 Feature
AT E, RIRAE PATEAZ T 50%8 8 A 4+
TEHAZ T 50% M ARG . Bfs, KA & /ME
() — R B R AE AT S AN, FRAEEAR At R T
WHRIA— 7. AR EIER'S . FEARLIR KA
— Al T AR BB S 3\ SIMCA 18.0.145K 1
i, (Sartorius Stedim Data Analytics AB, Umea, Swe-
den)iF AT Z LBt M. X AT A AR AT BRI
I3, I R .

N BEAR G 75 e A B i g 2 B ), 0 HHE AT
T AR e, & EIR TN S, B RTE
%5343 M7 (principal component analysis, PCA), —Ff
B B 2 P2 1 e e B o A 7, BARTARAL AR A
A SRR L. TEPCAR A EF, PLOS%ERFX
(AR AR, T TR0 Hcdhe 4 b BV A B A

ik — 5 W] ARAL 2L TR 53 B O O i 2 3 2 AR
WA, R AT B I I 2 e g5 2> = 3fe )3 43 A (or-
thogonal projections to latent structures discriminant
analysis, OPLS-DA). i J5i#E4T 74758 X8k, LAt
HRAOME, Hrh, REF RGN AR B AR 7 1R ff e e
71, QN e WA 5 (R PN RE /7. N vEAl OPLS-DARR
RIR TS TUN e 7), 3 — BT 7 200K & ks
550, JF3RAF T RRAIQA IR E . A, QPRI AERE T
SBRAR Y B RS L I AOL B XU R AT SE M, R R
NR IR SE

AL, 3RELT OPLS-DAZMT S — E o vh &%
AR & [ 5 # B4 (variable importance in the projec-
tion, VIP){H , H T 2% & VAL #5748 & 055 24 ) 57 ik
FZo % VIP>1, NS b B I ) FC=1.2H.
P<0.05(Student’s tF 36 ) AP 1E N i 2 22 AR
B, FERs ok 2= AR A I 25 R LUK 1L B (volcano

plot) T AT AT AL
14 EFREMBEREESH

R [R5 R DR 2H 1 L4 4 (Kyoto Encyclope-
dia of Genes and Genomes, KEGG, http://www.kegg.
jp/kegg/pathway.html)i % 24k 2 DL AE DRF1 L DR 20
(DR BN AR, AR NN ZR R, HREC] g
(AU i A Bt B R 4a B e, DA ) 7 e
YR AR A AR R . FRATTEE B 6T S B Mus
musculus(house mouse)Ze 54K ) WL (1) BT A7 380 14
W2 AR/ KEGGH % ] B TARid . ARYE 2=
FAREIIE KEGGAU T B H (1) 8 245 R, 118 rich
factor(F: — i B Hh R B 2 A B 5zl
R T A A B E I EUE), 2R RN B R R
BEHCK . P{EIEII Fisher’s testih 5

KEGGIER e 2 AR 2 5 (1) 2%
TR R, (HAE ARk — o i S8 Sk A R B B
AR Ak I AR ()8 B e, U B A 2 S AR
Xof e P 75 38 B B S M AT IR AN AT o T80 2 AR
WD PRI B I 25 0 A (B S S A A b 4y
M), FRATTAT LSO 8 B AT i — P L, HE 5 2%
SEACHE AR DG B i 1 DB E e . FRATE I 22 AR
B4 KEGG PubChem &5 BUBA I 54 & 2k AT
BILSS, E S 22 S AR Y I UL LS 2 S, FRAT DX B
Y Fh Mus musculus(house mouse) i B F s B 3E47
FRZR AN IE S Ao ARIEHE %2 B i 25 R DL
(bubble plot)E/~. K P AE— AR —
AR IE R, ST R AR R AR RN R R
TR A PSR N NPNANY S N AL
TR ; SILFTE AL FR AR AN RO & 4R 0 i
FIPE[E S H AR X2, Bl -In(P-value)], S talkiR PE
B, B .
1.5 WRAEBFSH
151 EZApKiftAilUgzLRERN L L
%6, BRI A5 20 A 5> £ TCMSP. ChEMBL
AN STITCHHHE e Hh T Xk W BE i . e ChEMBL
i it 80%E {7 & “active 1 “both” 1 threshold>6 1 $E £,
STITCHfii% score>300[1#E . 28 J5 , 7E GeneCards
OMIM A TTDHHE e H 53 7] 25 4 7L e Xof o2 P A £
5 J& 1 F Venny 2.1(https:/bioinfogp.cnb.csic.es/tools/venny/
indexhtml) T EXF P 2 #EAT A8 4L 73 A, i 79 212094
L RIS R

1.52 3ZaePPINLMEN M HAEAFK-
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B RUEE 5 A B A F M 2% 43 #7 (protein-protein inter-
action network analysis, PPI network analysis), /&%
HIRAEREEH TN EZ —. FATRH STRING
HHEE (v11, string-db.org)f4 & F AL [F4E AR AL
PPIM %% &, 7E PPIM 5, degreefd /& — /N 1]
WIS E, AR T — A R (B B ) FE N 25 ok
PO FARTT A (A ) E . degreefH =i Y A
T HE AN YA IR 2 e () <R A 7 B rpuly Y R, AR
Ve R T R OB R A . B RO, AU
network python e T1 5 X 45 FAE & HH 2541 U degree
1H, R KRN NFEATHES, 2% 080 M 2 AR
K.
1.5.3 GO #tA2KEGGi##E £ GO(Gene
Ontology)### /% (geneontology.org) % 1 3K S 5
HIA= 95 72 (biological process, BP). Frabi)4n o fiz
B RIER5 T HI8E (molecular function, MF) =5
15 5, HeAEC A MRS 7 AL ) ThReE R, HIE T
FEE TR 73 AR R b i WL 4 FETRIE Il . AT T4
FE R 7] GOHUHE P2 1 4719 s ot , R H GOEAT )
RE & AR B L IEBP . 412 73 (cellular
component, CC). MF =B 7 (1) 77 i 47 70 KRR,
Frt— B 7E KEGG M 5k i 8 Homo sapiens(human)%
I 2, ) AR A 2 B B AT KEG Gl % 3 A7
1.5.4  “hanRiftdy e b B kR i 78 P A &
SHT FIF Cytoscape 3.7.15%/% (https://cytoscape.
org/ ) T “Z4 —A U — B i IR B 5 T 4%
13 3] 7 B 2= F AR b U 45 L e 2 R v 1 K
gy, JREN KB T B AR SIS LR
T S5 R R 2 [A) (R AH AR A o
1.6 SCISLEIE
1.6.1 e BaxAl  AE=FEFL R4 IMDA-
MB-23 1 fl MDA-MB-468 3 T [ 58 4 #) [ 2% 5
I AH ML BEUR R . BE IR AT AHIRAE TR N 10%15 4 I
7% (fetal bovine serum, FBS)A1 1%% 5 % /85 5 = 1)
DMEM$; FREE i 97 | BEFRIRE N 37 °C, B IRk AT
5% CO,. DMEMIE;FRIEAIIG A MLIE I H Gibcos
CIE

lusianthridin(7-methoxy-9,10-dihydrophenan-
threne-2,5-diol, # 5 : HY-121418). FLWkFHE 4
(schisandrol B, 175 : HY-N0692). % 7 & (fraxetin,
175 HY-N0580). & Bl E (dihydrocapsaicin,
B25 : HY-N0361). M ELJ%Z (cyclopamine, 5 : HY-

17024). 6-ZMW3([6]-gingerol, $75: HY-14615) X i %{
1% (ferulic acid, 5%5: HY-N0060)J A MCE/A 7]; CCK-8
RFNEL (P51 40203ES76)W H g AEVRHA
PR/ 7] ; Transwell/NE (585 : 3422)01 [ 3£ [E Corning
/5] ; FN(fibronectin)fi44< (1:5 000, 575 : 15613-1-AP)
Il H Proteintech’/A 7] ; E-cadherindiif& (1:1 000, 575 :
610182)1) I BDA #]; SnailiifA(1:1 000, 785 3879S)
W H CST/A#] ; B-tubulin(1:1 000, H25 : GB15140-
100)J14 H ServicebioA 7]« 4 il 5256 HH lusianthridin 1
57 ADMSO, i HE 245 T2 1A DMSO.

1.6.2 CCK-8# | 5235 BE2x 10441 i FE N 48
UM, 37 °CH57%; I H, BUH48FLHR, WL IHKE 77
i, H 1x PBSTEVE TSI, LR IMANZY), 37
°CH37%24 h; BUH 484U, Wk IH 577 2%, 1< PBS
TEVET A, I H 4  CCK-8 TR, 37 °C
WFE2 ho i FEEAR ORI % FLTE 450 nmi K AL )
W S (Daso) L, [FIE 152 5 25 0 B AL FH T A i
ZAH .

1.6.3 Transwell5£% 78 24LARHIIA 600 nL 7
10% FBS[1) DMEM#$ 773 | 5 %25 41 i 78 4 1l 25 B
Y M B, B 2x 1041, FH 200 pll 7 ifiL i 3 77 5k
AT EBMRE, BB LF BN NI B3, 4
INE BT 2450, 37 °C. 5% COL%9524 hy A%
BN, BUH /=, H 1x PBSIHEE T3, A 500
uL T4 HEE, [ 52 30 min; WE HEE, FH 1> PBSIE ¥
/NEE, NS00 pL 0.3%%5 458 Yl = i % 130 min;
W e S A R gL O, MR T B, 1
PBSIE /N E e iRid %

1.6.4 XRFEE  CKBSHAIEIHE LR R, ¥
S}10°MHH I 6FLAR 1, 37 °CH5 7724 h; HUH 641
B, 10 pLI AL gkl — S B4k, B RS IR ,
F 1x PBSIEHR4IHE, A 3 mL% 1% FBSH) DMEM
R gRdk, IR0 h, 37 °CHE 9524 h; BUH 6L,
F1x PBSTE 40, H i id5% 924 he

1.6.5 Western blot5 3 UWEEZf, I ARIPAZL %
T, 4 °CELE 30 min, FHUEE [, H BCAERN &
FRE . AL LEFE10 ugB A, 8820 uL. £ SDS-
PAGEHLVK I 5 , ¥ PVDER ] 5%25- 54} A1 =5
42 h, 2 S HFN. E-cadherin. Snail & B-tubulin—
P4 °CL A & B PVDFE, A 1x TBSTif ¥, 4R
Ja EIRECE P (1:5 000) 2 h, i 1x TBSTiE VLA H
ECLK JGIRFEAT 25 .
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1.7 GitFESH

B SEBR 35T B T 22 /0 3K, BRI 3R
2 L. Western blotzk i i F ImageJ R AF 31T 2
fii, LLB-tubulincy N Z1H AN RIL &, IF UG B2
PeiEtt . BT Gitt £dE 448 H GraphPad Prism 8.0%¢
FEREAT 530 . s DA +hR 22 (X£9) R om . PIAH
[F] LG IBCR FH ARSI AR AS eRr 56 5 22 2L 1R) U BCR FH B R 3R
75 =53 #1 (One-Way ANOVA). *P<0.05/8% % 7 B
Bl Em L, ==*P<0.001 R ER BHF R ER T
R, Rk p<0.000 140K Z 7 HAWR g2

2 HFER
2.1 EZZH/AUBEMBERBEENE/HSH

N R GIR I 2L 4 2 o it/ BRI A
(RIS FRATTNT 25 24 20 5 ) B A 1T 375 R AN i3k AT T 2
T LC-MS/MSHIAEFE AL 22 04 (B 1A) . 45
PETAL R I, 33815 65 085 MR 1L, Horh
STIMRW MR F — ik e 5 B (I 1A). N
TH R R G01R 2 FE ORI B 1 o] B, JRATT0) S 46 4
PEAT A — AL 3, IR 2 IR B M i A A
KRAT BB RN, 45 R IRGE 254 550 2
A SR IR (T E1B).

TR PCABT B M4 S50 ). &5
REIR, FrEREARLET 95%E 15 X 8] (Hotelling’s
T, TR EREAR L, B 250 5% AT
PCL4h 2 I B 1) 4 5i& % (BB, FHE 1C), $27=
EBERAEAGIR T RENRFRELE. FEK
T2 [R) 22 S IR0k 22 AR AR B4, FRATTIE— 25K
FH A Mo B 1) TE A2 Al B /s — 3 1) 531 43 #r (OPLS-DA) 6
OPLS-DATH ) Bl , 25 24 20 15 50F B2 AR s Tt
FRAT ({115 B &, BT REARBIE T 95%E
BEIXIAI N, R B P2E B ARG A A R G 7 = (]
1C) o N RS EY R AR AR 1 JE HEBR I LA KUK, 3.
AR FH 2000k B kG 30 3h AT B B0 UF . &5 SR BOR,
BENLHES G I OB BB TR B A ) 0, H
[0 U= 28 15 G0 A A Dy 57 AR (BT D), IE S BT 2 57 1)
OPLS-DAR A HA B aF M fa g it g i 2% B 2 1,
KRELTHA

IR REW, R AR A T S A 2 o
G ANIESE, B2 RA G W E SR T /MR M
ARG

22 ERREVIFERESBEREEST

T TR 2L RS 2 I R AR, 3R
LA VIP>1.0. P<0.05% FC=1.2 0 8I{H , ik i
Z AR, L8 e H 39M 22 AU (B 1D). H
T AT B AR RILE 22 20 AR IR AR, Tk
Ak TE EACE BRI S, PRI N TR .
AR, 25 B 2R AR AE 25 24 ZH 13 Hh R, 3R
TR X L «“F 2 WA A 1) 187 MU AN 5
2o, Feit k226 Mk 25 AR .

tERIx e 22 AU I R AR A R, 3R
s et Hdh A7 KEGGH % & £ 0 . 4R BoR,
Z AR B S AT A % " (metabolic path-
ways). “ABC¥%12 851 ”(ABC transporters) } “4 [
AU (protein digestion and absorption)&% i
P (B 2A)0 HE—2 R RN WP AS 22 AU 0t
T SRR L, RN IR TN R IR R A (0
TR A4 1% (phenylalanine, tyrosine and tryptophan
biosynthesis). “Z & R " (glyoxylate
and dicarboxylate metabolism )5 i i & 4= ¥ 2 A4k
(B2B). ik 52 LA B AR MR
PEV T )5 I AR s B UIAR G, IR B2 RN 2
ISR RVEZ IRW I e e st/ R
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Fig.1 Erianin-induced metabolic changes in mouse serum
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Fig.2 Pathway enrichment analysis of differential metabolites
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Fig.3 Integrated analysis of differential metabolites and breast cancer-related targets
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Fig.4 Functional enrichment and integrated network analysis of differential metabolites in breast cancer
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Fig.5 lusianthridin suppresses migration and invasion of breast cancer cells
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Supplementary Fig.1 Metabolomic analysis of mouse serum induced by erianin
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Supplementary Fig.2 Effects of serum metabolites on the proliferation of breast cancer cells



