MR E MR Modern Food Science and Technology 2023, Vol.39, No.11

% R RIRIS S A ERHIHIFI RV L 5 B K BiE o

ERiz, B, =ER, XER, ETRE, KiBR
(‘lif‘ﬁ';&k'l":}"\??qii, Tk A 130032)

TE: KIABE AT R, EeAI R, fik-BP W2 MSHFHA . G RgFHA, ZaRagindm i H24a
BRI R R 693 7 k. Bk, AR EAE FR-BP APE MR RAE ST LA GEORIRT Y, Rk, H-BhAduish A
o T, HAREREEA, TR E T 0 R BB I, FIA, RS TrEHORIER S R A A, B, AEH
Rt A&, AR GREREERRSBHEEF HRA BN HF], SREF: BT AA GBRORERIRT LA LBRARSHK
80%. RAHHL 16 mL/g. JRIXATH] 1.4h. RICKI 3K, EREMNT, 24 GEITEHD 231%; MEETIHLH 0B E 4N EHE
90% A L i Zeh R AERIP R R, HAp | BURIRBYIAF H H BBR A>H 5ER B>7§:f£] %-4,6,8(14),22-v9 H-3-BR> % f $§-7,22- —H-3-EF,
TRk RE, AR RGN 0 — SRR T — R b s

KRR X FRhAdkEs; BP VAN, 5Tt HikidiAcE

XERS: 1673-9078(2023)11-58-67 DOI: 10.13982/j.mfst.1673-9078.2023.11.1366

Screening, Isolation, and Mass Spectrometric Analysis for Xanthine

Oxidase Inhibitors from Polyporus umbellatus
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Abstract: A new method was developed for the rapid screening of xanthine oxidase inhibitors in Polyporus umbellatus. The novel rapid
and sensitive method uses an integrated approach combining a genetic algorithm-back propagation neural network mathematical model,
chromatography, and mass spectrometry. Extraction of ergosterol from P umbellatus was optimized using the genetic algorithm-back
propagation neural network mathematical model. Secondly, using xanthine oxidase as the biological target molecule, ultrafiltration mass
spectrometry was applied to screen for potential xanthine oxidase inhibitors in P. umbellatus. Molecular docking technology was used to validate
the accuracy of the ultrafiltration experiment. Finally, with the guidance of the activity screening, high-speed counter-current chromatography
was used to separate the xanthine oxidase inhibitors from P. umbellatus. The optimal extraction conditions for P. umbellatus ergosterol were 80%
ethanol by volume, liquid-solid concentration of 16 mL/g, extraction time of 1.4 hours, and three extraction cycles. The optimized yield of
ergosterol was 2.31%. Four xanthine oxidase inhibitors with purity >90% were identified and isolated from P. umbellatus. Their inhibitory
activity ranked in order of polyporusterone A> polyporusterone B> ergosta-4,6,8(14),22-tetraen-3-one> ergosta-7,22-dien-3-one. The findings
providing a theoretical basis for further studies on the anti-gout effects of P. umbellatus.

Key words: Polyporus umbellatus; xanthine oxidase; back propagation neural network; molecular docking; high-speed counter-current
chromatography
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Fig.1 Flow chart of BP neural network model
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Table 1 Design scheme and test results

gy ACERR Bidht CREL DR %
2% (mL/g) B E/A RHIR FadE RSM FAME  GA-BP FUMA

1 70 10 2.0 4 1.62 1.62 1.62
2 90 15 1.5 3 1.92 1.97 1.97
3 90 20 1.0 4 1.80 1.76 1.80
4 90 10 1.0 2 1.53 1.54 1.54
5 80 15 1.0 3 2.07 2.08 2.07
6 80 15 1.5 3 2.30 2.26 2.29
7 70 20 2.0 2 1.62 1.61 1.62
8 90 10 2.0 4 1.68 1.69 1.68
9 80 20 1.5 3 2.19 225 2.20
10 80 15 2.0 3 2.15 2.18 2.15
1 70 20 1.0 2 1.54 1.52 1.55
12 90 20 2.0 2 1.64 1.65 1.64
13 80 15 1.5 3 2.30 2.26 2.29
14 90 10 1.0 4 1.64 1.66 1.65
15 80 10 1.5 3 2.14 2.16 2.14
16 90 20 2.0 4 1.79 1.78 1.80
17 80 15 1.5 2 2.07 2.11 2.06
18 70 20 2.0 4 1.73 1.71 1.72
19 80 15 1.5 4 2.13 2.19 2.13
20 80 15 15 3 235 2.26 2.29
21 70 15 1.5 3 1.86 1.88 1.86
2 70 10 1.0 4 1.55 1.52 1.54
23 90 10 2.0 2 1.65 1.60 1.66
24 70 10 2.0 2 1.51 1.54 1.51
25 80 15 1.5 3 228 226 2.29
26 70 10 1.0 2 142 142 142
27 90 20 1.0 2 1.63 1.63 1.64
28 80 15 1.5 3 231 226 2.29
29 70 20 1.0 4 1.60 1.64 1.61
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Fig.5 Liquid chromatogram of the combination of Polyporus
umbellatus extract and xanthine oxidase
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Table 2 Binding strength of Polyporus umbellatus extract and
xanthine oxidase

s L R %
02U/mL 05U/mL 1.0U/mL
1 33.68 38.69 40.77
2 54.74 57.99 59.22
3 14.01 16.11 17.53
4 9.28 11.76 15.17
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Table 3 Analytical data of effective components in crude extract of Polyporus umbellatus by LC-MS

%5 BE/min 2FX A ZBIF A a4
1 79.14  CyHyuOg 47632 363, 345 B B
2 81.12  CxHyOs 47833 461, 443, 407, 345 HEER A
3 8485  ChuHuO 39261 335, 268, 253 & A $5-4,6,8(14),22-v9 4 -3-BR
4 9533 CyuHuO  396.65 381, 274, 256 Z A $§-7,22- = H-3-)

6 NEMLEMSHIZRE MBS SRS FXHEE
Fig.6 Molecular docking diagram of different compounds binding to xanthine oxidase
i 1 AREEB; 2 AREIA; 3 hEAK-4,68(14)22-m9K-3-F; 4 Ak A E-7,22-H-3-F,

24 BEFHPRALD L EHRRAMEBN LT

xS R A

KH Autodock vina ¥ 4 NG U 5 RIS SE AL
BgEAT o0, L 568 (Binding Energy,
kl/moD). S5E RS, XM SARE, IETERRST
SR A EHZER, SRR, kst S
Kl 6 Frs.

Kl 6 W, 250 B 5 Glu263(B)ER— A4,
B 291 nm. 5 Asp360(B)E K — LA, BK
2.70 nm. 5 Lysd422(B)JEmiscal s, K 2.95 M
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Table 4 Partition coefficient of effective components in Polyporus umbellatus in different solvent systems

A B RS VIvVIVIV K; K, K; K,
1 I T TEE-K 5:1:5 1.52 423 5.12 12.30
2 I T TEE-K 5:2:5 1.23 3.12 3.55 10.12
3 IEOIR- LR TES- T EE-K 5:1:1:5 1.30 1.50 2.58 5.98
4 IEOIR- LR TES- T EE-K 5:1:2:5 1.09 1.43 2.34 473
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Fig.7 High speed countercurrent chromatographic separation
diagram of Polyporus umbellatus
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Fig.8 Liquid chromatograms of compounds obtained by high
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