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Inhibitory Effect of Tartary Buckwheat Flavonoids on Xanthine Oxidase
Activity and Its Molecular Mechanism
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Abstract: To evaluate the development potential of Tartary buckwheat flavonoids (TBF) as natural inhibitors of xanthine
oxidase (XO) activity, this study investigated the inhibitory effect and mechanism of TBF on XO activity through enzyme inhibition
assays, molecular docking, and molecular dynamics simulation. The results showed that TBF exhibited good inhibitory effects
on XO activity, with a half-maximal inhibitory concentration (ICs,) of 0.83 mg-mL". At a TBF concentration of 1.4 mg-mL",
the inhibition rate reached 60.43%, and inhibition followed a reversible mixed mode. The main TBF components were rutin and
quercetin. The active binding sites of rutin with XO included PHE1142, VAL1011, PHE1013, LEU1014, and PHE649, primarily via
hydrogen bonding and n-= interactions, with a binding free energy of —26.42 kcal-mol . The active binding sites of quercetin with
XO included LEU648, VAL1011, PHE649, SER876, and ASN768, primarily via hydrophobic interactions, n—n bonds, and hydrogen
bonding, with a binding free energy of —27.70 kcal-mol . Both rutin and quercetin formed stable complexes with XO, thereby
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effectively inhibiting XO-catalyzed oxidation of purine to uric acid. This study provides evidence for the enzymatic and molecular

mechanisms by which TBF inhibits XO activity, indicating its potential for developing functional foods that regulate uric acid

metabolism and help prevent hyperuricemia and gout.
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91




MR B

Modern Food Science and Technology

2026, Vol.42, No.7

25 BT, BMEEEERSEMEE ML
i

T M RS e S A R A A ELAE A
A DAAE BEAS A0 R h g AT M. a7 B, R
FT 5 X0 E R4S Gk B #E AR A B & R
# ASN768. PHE1013 il GLN1016, *f#il jz & 5 XO
B 4 Ak B AR A 2L R B ASNT68.
SER774 F1 SER876, I.AHH{EF B A, KMl
BiAKVER . UL FE R A R B s EE 1L
A EAEH S R S S, SR E IR A Y
B8 I8 M F S8 5 v M S Bl B 1 PR VS A R
Zah At o AR S ML R K SO BRI R B
B R 1) 00 £ 7 B N T 00 ok Bl ) 4, 3 RS SR
i 7K A AR 2E 0 57 5 g ) AR PR X S s A, AT AR
SEAAIRE, DRI B . Yo M@ 5T
PRV T B 2. P9 T RN 4 22k EF XS T MR A S AL
Bt A AR B, 45 SR R =R R 28 A Y
S BKAH BAE YRR ) AR S AR E
PEo AWFFUE— PRI T I =M BAE AR 2T DL
A B AL S 1) 25 R R B T T R v A A R £ 40 )
ROR, AR R B A R IF RO AR T SR
Pefit

FOT L MR RS R E BRI A B R A
Bk ¥ 8 BT g, & 2k R ik HE ASNT68. SER774,
LYS770., PHE1013, LEU1014., GLN1016.
ASN1073. SER1074 5 7 T H £ & # fil ( LL &
WPt KR, & KR ik 5 ASN768. LYS771,
SER774, THR803. ASP872. SER876 5#i{ i £H %
A CUBIRI R R).

26 EFT. MEAE5EELEANBES-F&4
R AT

BlO RN T WERNEYS & APk
TER B Edl R 2B WK 9a i, T 5 X0 EH
() & It % 5% 3 SER1074 (98%). GLN1016 (49%).
ASN768 (33%). SER774 (24%). ASN1073 (17%)
HEERE R, 575 SER1074(13%).LYS771 (12%)
WL K AR A, 55k EE PHELO13 (27%) H
IR nn B Wi 9b PR, &S XO EE AR
LR % F ASN768 (88%). SER774 (32%). THRS03
(21%) H # % A B, 5 5k 5 ASP872 (61%).
SER876 (58%). ASN768 (51%). THR803 (30%)
WL K A A, 5 5kAE PHELO13 (28%) H
VRS n-n i, 553 LYST71 (36%) BELHIKE n [
R

92

a s @
1074 OH

b e
@ _s19,/51%

8% &~

o TR A
@ 4% %"m he
< ()

N 40\ 98% X ¢

o OH-+ > 88%:4

9AT. WEERE XO EALGHE
Fig.9 The results of protein-binding pattern display of rutin,

quercetin and XO
3 LR

AT FA FHBHE D) 1 #4588 5 Lineweaver-Burk [
RURN AT 1 7 7 A 0o A S Ak Tl 11 41 1) R
PSR, e % R 8 M A S e T 2 = 41 ) 3k 2
[ ICs, 154 0.83 mg-mL™", 45 E K E N 1.4 mg-mL™
B, FF R 30 2 60.43% % T 51 P R4 I 1) 400 1)
2 92.88%, HAMGIEA A R G A, BD R
] e % VRS 5 20 40 1) PR TR ) A e 3 P A B I X
W S AL VS Ve B R A HIE A, IR A
e A AP B e S AL B A )

I 37 X5 1 3 1 AT VE R D T 3R
T 2 BRI P T L MR 0T B A SR A I P A o )
PRl T ORI R A o B K




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.7

M Al B 7K B 73 ) 5 B R4 A A B SER1074, GLN1016
45 8 AN FEERTRF A ASNT68. ASP872 %5 9 ANa JE
SMEAEH, 446 HHAEN 2642, —27.70 keal-mol ',
St HHRERAR, dataE, A R s s
AMEE . N IrT7KF ERRRE T8 77 2 I %o 2 M s
SRS T B HI AL, s Y i A S A Bl A ) )
Bt IR RIRME T IZ% .

Zr BT, SRR — R OR AR I B N A AL
B AR 75, T o A ] B A SR A B, T A
W WA AR 15T PR IR PR e AL R, R R T o R R I
TR JRUID T R B R AT B T E S AN

B Tk

(1] 582 36 ZRTWT, 55 0 7 2 AN R B AR S48 20 S 1 i 7
IIAR[I A W RFE,2021,42(2):212-217.

[2]  WANG P, LI Q, WEI J, et al. Germplasm resources and metabolite
marker screening of high-flavonoid tartary buckwheat (Fagopyrum
tataricum) [J]. Journal of Agricultural and Food Chemistry, 2023,
71(50): 20131-20145.

[3] BETTS Z, DEVECI O A, YUKSEL B, et al. Investigation of the
combined cytotoxicity induced by sodium butyrate and a flavonoid
quercetin treatment on MCF-7 breast cancer cells [J]. Journal of
Toxicology and Environmental Health, Part A, 2023, 86(22): 833-
845.

[4] SHEN W, LIU Q, LI C, et al. Exploration of the effect and potential
mechanism of quercetin in repairing spinal cord injury based on
network pharmacology and in vivo experimental verification [J].
Heliyon, 2023, 9(9): 12.

[5] BOROVAYA A S, KLYKOV G A. Some aspects of flavonoid
biosynthesis and accumulation in buckwheat plants [J]. Plant
Biotechnology Reports, 2020, 14(2): 1-13.

[6] LIUY]J, SUI XY, ZHAO X H, et al. Antioxidative activity
evaluation of high purity and micronized tartary buckwheat
flavonoids prepared by antisolvent recrystallization [J] Foods,
2022, 11(9): 1346.

(71 2 2R DR, 5k AE 35 s SR TN ) LM AL (] & AT s 501
£,2016,37(21):68-71.

(81 W, B, D . vy 7 B W X A T8 Ty e (X W 7 3 e (0] £ i
F14%,2014,39(10):194-197.

(91 Tk B, < W A, 0 1A 413, 45 ] 20 1 T MO 4 S A £ 300 o1 AL
HR[I]. A SRR 241,2023,41(1):115-125.

[10] ZHANG M, ZHU X X, WU J, et al. Prevalence of hyperuricemia
among Chinese adults: findings from two nationally representative
cross-sectional surveys in 2015-16 and 2018-19 [J]. Frontiers in
Immunology, 2022, 12: 791983.

(117 4 PHHT B SCE AR, 55 TR AR S IR BT A S 9 PR R i
PE[I]. AR A W RHE,2023,39(7):16-23.

[12] ZM 35 X 55 29 M A A0 I X OD RIGLUT9 73 J3) A 3%
D PREGA R A b R X B A A (RO AL A [ 9 P 15 2 B
247.,2024,30(2):94-99.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

T T BT IR AL 53 e B PRIR A PRI 8 (D3 o Bt B TR
%£,2020.

AT R BRI, W KRS R R A B T R AR B R A
2 LA B BTG TE PR 7 (1] R 5l IR,2021,34(4):
123-128.

2 SRR i 7R U S B B A SRR B T 2R AL [T] AR
5591§,2019,32(11):93-96.

TR A R B A, A 4 A S G i SR B T K bt
FALTEVE BT (0] 7 El Ik, 2023,74(1):64-68.

IR, TR AR, A7 AR, S5 A [R] 7 b 5 AP L U 5
W] AE¥ 44 78,2024,6:78-83.

IRIR, R, AR, A5 S SR I AR AN T AR o 3 2 R
AEALANR 5 (9] 1 0 2% 76,2025,3:85-91.

ABDIZADEH R, HEIDARIAN E, HADIZADEH F, et al.
Investigation of pyrimidine analogues as xanthine oxidase
inhibitors to treat of hyperuricemia and gout through combined
QSAR techniques, molecular docking and molecular dynamics
simulations [J]. Journal of the Taiwan Institute of Chemical
Engineers, 2020, 113: 72-100.

SONG J L, CHEN M H, MENG F L, et al. Studies on
the interaction mechanism between xanthine oxidase and
osmundacetone: Molecular docking, multi-spectroscopy and
dynamical simulation [J]. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 2023, 299: 122861.

F A, 7K EF AT SR SR X BN S AL R
FH 0177 i 24,2020,42(2):462-465.

TRAT R, T A S A AU AN IRV 1) B HU) X B4 S AL
Wt (04 B B)) 70 2 W0F 78 [0] . 1L 2R Hh B 2 K 2% 24 41,2024,48(2):
217-226.

PINEE S B B 5 PR IRV FH VP K% 9 JaR 15 A 2% 1 o [ D]
BB RO R 2,2023.

A R ) SR S R B MR S A BT 71 A I 3R U o
RAE[D] KA HRORE2,2023.

BATHULA S, SANKARA M, MALGIJA B, et al. 2-Amino
thiazole derivatives as prospective aurora kinase inhibitors against
breast cancer: QSAR, ADMET prediction, molecular docking, and
molecular dynamic simulation studies [J]. American Chemical
Society, 2023, 8(46): 44287-44311.

B DU Tl 3 A 2 £ 0 B T LA B O R A D B LA B
FL[D]. 7 &5 & K2,2020.

WANG Y, HU T, WEI J J, et al. Inhibitory activities of
flavonoids from Scutellaria baicalensis Georgi on amyloid
aggregation related to type 2 diabetes and the possible structural
requirements for polyphenol in inhibiting the nucleation phase
of hIAPP aggregation [J]. International Journal of Biological
Macromolecules, 2022, 215: 531-540.

WEI W, ZHOU L J, WANG S, et al. Katsuwonus pelamis peptide
and its complexes protect zebrafish and mice from hyperuricemia
through promoting kidney excretion of uric acid and inhibiting
liver xanthine oxidase activity [J]. Frontiers in Chemistry, 2022,
10: 924371.

FUJISHIMA Y, NISHIZAWA H, KAWACHLI Y, et al. The effects

93




MR B

Modern Food Science and Technology

2026, Vol.42, No.7

[30]

[31]

94

of topiroxostat, a selective xanthine oxidoreductase inhibitor, on
arterial stiffness in hyperuricemic patients with liver dysfunction:
A sub-analysis of the BEYOND-UA study [J]. Biomedicines,
2023, 11(3): 674.

JIANG S Y, SONG D N, ZHAO H H, et al. Bioactivity and
component analysis of water extract of sophora japonica against
hyperuricemia by inhibiting xanthine oxidase activity [J]. Foods,
2022, 11(23): 3772.

DAS S, BORA N, ROHMAN M A, et al. Molecular recognition of
bio-active flavonoids quercetin and rutin by bovine hemoglobin:
an overview of the binding mechanism, thermodynamics and

structural aspects through multi-spectroscopic and molecular

[32]

[33]

dynamics simulation studies [J]. Physical Chemistry Chemical
Physics, 2018, 20(33): 21668-21684.

ZIKRI A T, PRANOWO H D, HARYADI W. Stability, hydrogen
bond occupancy analysis and binding free energy calculation from
flavonol docked in DAPK1 active site using molecular dynamic
simulation approaches [J]. Indonesian Journal of Chemistry, 2020,
21(2): 383-390.

YUY L, XIONG Y Z, TONG S M, et al. Inhibitory activity of
quercetin, rutin, and hyperoside against xanthine oxidase: kinetics,
fluorescence, and molecular docking [J]. Current Pharmaceutical

Biotechnology, 2025, 26(4): 513-524.




