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Tém tat

D3t van dé: Gout |3 mot bénh réi loan chuyén hda phd bién, cé lién quan dén sy tang acid uric mau do
hoat déng clia enzyme xanthine oxidase. Viéc tim ki€m cac chat (rc ché xanthine oxidase cé ngudn géc tw
nhién dang nhan duoc nhitu sy quan tdm nham mé rdng ngudn hop chat tiém nédng va da dang hda lua
chon diéu trj tdng acid uric mau. Nghién ctru trwde day cho thay dich chiét clia cdy Gdm 1a nhd (Gnetum
parvifolium) &rc ché hiéu qua xanthine oxidase.

Muc tiéu: Danh gid tiém nang (rc ché enzyme xanthine oxidase cua tirng hop chat va nhdm hop chat cla
cay Gam |a nhé.

Pa&i twong va phwong phap nghién ctru: 58 hop chat tir cdy Gam 14 nhé duoc docking phan tr véi
enzyme xanthine oxidase (tinh thé 2E1Q). Phdn mém MOE va LeadIT dwoc sir dung dé chuln bi ciu tric
protein, phdi t& va thic hién docking nham thu nhan cac cau hinh gan két t6i wu va tinh todn diém s docking
phuc vu phan tich. DI liéu dugc phan tich bang Pandas va tric quan hda bang Seaborn va Matplotlib dé
minh hoa sy phan bd diém s docking gitta cdc nhém hop chat.

K&t qua: 38 hop chat dat diém docking dudi-15 kl/mol, trong dé 11 hop chat cé diém sd docking nhd hon
allopurinol. Cac hgp chat néi bat 1a acid p-coumaric (-30,94 kJ/mol), trigonellin (-29,80 kJ/mol) va apigenin
(-24,48 kJ/mol). Nhém phenylpropanoid (C6-C3), alkaloid, flavonoid, stilbenoid c6 nhiéu dai dién tiém nang
vdi diém sd docking thap, goi y kha ndng twong tac thuan loi véi enzyme.

K&t luan: Cay Gam |d nho chira nhiéu hop chat cé tiém nang sinh hoc trong diéu tri gout. Nghién ctru
khuyé&n nghj thuc hién thém cac khao nghiém in vitro dé xac thuc hiéu qua thuc té.

Ttr khod: Gnetum parvifolium; Gdm Id nhé; docking; xanthine oxidase; trc ché.

Molecular docking study of xanthine oxidase inhibitory compounds
from Gnetum parvifolium (Warb.) W.C.Cheng
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Abstract

Background: Gout is a common metabolic disorder associated with elevated blood uric acid levels due to
the activity of the enzyme xanthine oxidase. The search for natural xanthine oxidase inhibitors has attracted
considerable interest in order to expand the pool of potential compounds and diversify therapeutic options
for the treatment of hyperuricemia. Previous studies have shown that extracts of Gnetum parvifolium
effectively inhibit xanthine oxidase.

Objective: To evaluate the xanthine oxidase inhibitory potential of individual compounds and compound
groups derived from Gnetum parvifolium.

Materials and methods: 58 compounds from Gnetum parvifolium were subjected to molecular docking
with the enzyme xanthine oxidase (crystal structure 2E1Q). MOE and LeadIT software were used to prepare
the protein and ligand structures, and conduct molecular docking to obtain optimal binding conformations
and calculate docking scores for subsequent analysis. The data were analyzed with Pandas and visualized using
the Seaborn and Matplotlib libraries to illustrate the distribution of docking scores among compound groups.

Results: A total of 38 compounds achieved docking scores below -15 kJ/mol, of which 11 compounds had
scores lower than allopurinol. Notable compounds include p-coumaric acid (-30.94 kJ/mol), trigonelline (-29.80
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kJ/mol), and apigenin (-24.48 kJ/mol). The phenylpropanoid (C6-C3), alkaloid, flavonoid, and stilbenoid groups
contain several promising representatives with low docking scores, suggesting favorable interactions with the

enzyme.

Conclusions: Gnetum parvifolium contains numerous bioactive compounds with potential for the
treatment of gout. Further in vitro assays are recommended to validate their practical efficacy.
Keywords: Gnetum parvifolium; docking,; xanthine oxidase; inhibitory.

1. DAT VAN BE

Gout 1a mot bénh phé bién va dic trung bdi giai
doan viém khép cap tinh véi cac triéu chirng nhu
suwng, néng, dd, dau dir doi va dot ngdt & mét hodc
nhiéu khép, phé bién nhat 1a & khép ngdn chan cai.
DPay 1a mot bénh ly chuyén hda, xay ra khi néng @6
acid uric ting cao, hinh thanh céc tinh thé natri urat
va lang dong trong cac khép va cac méd xung quanh
khép. Cé nhiéu nguyén nhan cé thé dan dén tang acid
uric mau, chang han nhu ting san xuat acid uric hoac
giam dao thai acid uric qua nwdc tiéu. Cac nghién
ctru trwde day d3 chirng minh rang xanthine oxidase
c6 lién quan mat thiét dén viéc tdng san xuat acid
uric [1]. Xanthine oxidase la m6t enzyme duoc tim
thay & nhiéu loai, bao gdbm ca & ngudi, cé chirc nang
chu yéu trong qua trinh dj hda base purin. Théng qua
mot loat cdc phan &ng, purin, guanin monophosphat
va adenosin monophosphat dwgc chuyén déi thanh
hypoxanthine hodc xanthine. Phan &ng phan hdy
hypoxanthine va xanthine dugc xuc tac b&di xanthine
oxidase va chuyé&n héa thanh acid uric. Acid uric sau
dé duwoc enzyme uricase chuyén d6i thanh allantoin,
mot phan tlr hoa tan trong nwdc duwoc bai tiét qua
nuéec tidu [2].

Cay G3m 1d nhd con cd tén goi khac 13 Day
méi, tén khoa hoc Gnetum parvifolium (Warb.)
W.C.Cheng, tén d6ng nghia Gnetum indicum (Lour.)
Merr., Gnetum montanum f. megalocarpum Markgr.
[3, 4]. Cay than day leo cao tdi 12 m, dwang kinh
trung binh 2 - 4 cm. V6 cdy mong mau nhat hodc
nau xam, than cay cé nhiéu mau. L& moc dai, day,
dai, hinh elip hodc hinh trirng hoac hinh than kich
thudc 2,5-10x 1,5 - 5 cm, khong cé I6ng, gan bén
5 - 8 d6i mbi bén. Cum hoa duwc don gian, moc &
néach |4 hay & than, cudng manh. Cum hoa cai moc
trén canh gia, phan nhanh, cuéng day 2 - 3 mm,
dai 1,5 - 2 cm. M6t s6 nghién clru d3 xac dinh cay
chra cdc nhédm hgp chat c¢6 hoat tinh sinh hoc nhw
stilbenoid, flavonoid va alkaloid. K&t qua dinh tinh
cay Gam 14 nho thu hai tai Hoa Binh bang phuong
phap hdéa hoc cho thdy sy xuat hién cla cac hop
chat tanin, saponin, chat béo, anthranoid, flavonoid
[5]. Than va ré cta loai nay thuong duoc dung lam
thuéc ty nhién trong diéu trj thap khép, dau nhirc

chan tay, nhiém trung duwong hd hap cap tinh, viém
phé& qudn m3n tinh va chan thvong & Trung Quéc.
Dich chiét cGa Gnetum parvifolium (rc ché& hiéu qua
xanthine oxidase in vitro va lam gidm néng dé acid
uric trong mau & chudt [6].

Céc hop chat don [& phan 1ap tir cdy Gam 14 nhd
tuy da duoc bdo cdo trong nhiéu tai liéu, nhwng hau
nhu chua dugc ddnh gid mot cach hé théng vé tiem
ndng gan két va trc ché enzyme xanthine oxidase &
cap do6 phan tlr. Trong bdi canh d6, phuong phap
tinh todn nhu docking phan tl 13 céng cu hiru hiéu
dé sang loc va danh gid ban dau hoat tinh cla cac
hop chat ty nhién mét cdch nhanh chéng va tiét
kiém chi phi. Do d6, nghién ctru nay duoc thyc hién
nham sang loc va danh gia kha nang trc ché enzyme
xanthine oxidase clia cdc hop chat cé trong cay Gam
l4 nhé bang phuong phap docking phan tir, tir do
xac dinh céc (rng vién tiém nang cho nghién ctru phat
trién thudc hodc thywc phdm bao vé sirc khde trong
diéu trj tdng acid uric mau va bénh gout.

2. DOl TUQONG VA PHUONG PHAP NGHIEN CU'U

2.1. BGi tweng nghién ciru

CAu tric hod hoc clia cac hop chat trong cady Gam
I4 nhd Gnetum parvifolium (va céc tén déng nghia)
thudc ho Day gdm (Gnetaceae) duoc thu thap tir cac
bai bdo khoa hoc.

Tinh thé 2E1Q duwoc tai vé tir RCSB PDB (rcsb.
org). 2E1Q 13 ciu truc tinh thé clia moét dang dot
bién enzyme xanthine oxidoreductase & ngudi
(Glu803Val). Cau tric nay duwoc xac dinh bang
phuong phap nhidu xa tia X véi d6 phan giai 2,60
A. ot bién Glu803Val d3 lam gidm manh hoat tinh
V@i co chat purin, va dac biét khi€n enzyme mat dap
rng v&i e ché phu thudc thoi gian cha allopurinol
[7]. Do d6 Glu803 can duoc phuc hoi lai trong MOE
dé m6 phéng dung dic tinh cla enzyme xanthine
oxidase hoang dai. Phan tich chéng cau tric ving gin
co chat trwdc va sau khi phuc hdi Glu803 cho thay
d6 léch RMSD téng thé chi 0,034 A khi so sanh cac
nguyén t&r Ca, chirng td khung chinh cla vung hoat
dodng hau nhu khong thay déi. Sai khac dang ké nhat
xudt hién tai vi tri 803 (0,142 A), phan anh su thay déi
mach nhanh do thay thé Val bang Glu, trong khi cau
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tric khong gian tong thé van duoc bao ton. Nhu vay,
viéc phuc hdi Glu803 khoéng gy bién d6i hinh thai
dang ké clia trung tam xuc tac.

2E1Q c6 4 chudi dai phan tir A, B, C, D ¢ dd dai
tuwong ty nhau 1333 acid amin. Phéi tlr trong tinh
thé gdbm cé FAD: flavin-adenine dinucleotide, MTE:
phosphonic acid mono-(2-amino-5,6-dimercapto-
4-o0x0-3,7,8a,9,10,10a-hexahydro-4h-8-oxa-
1,3,9,10-tetraaza-anthracen-7-ylmethyl)ester, ~ FES:
Fe /S, (inorganic) cluster, MOM: hydroxy(dioxo)
molybdenum, SAL: 2-hydroxybenzoic acid, BCT:
bicarbonate ion, CA: calcium ion. Cofactor gébm cé
[2Fe-2S] cluster, FAD, Mo-molybdopterin. Ph&i tir
SAL gan tai vj tri MoCo trong trung tam hoat ddng clia
enzyme, vén la vi tri xdc tac chinh cla enzyme trong
phan &ng oxy hda purine, gitip xac dinh vj tri twong
tac lién két hydro [7]. Tuy nhién, vi SAL khéng tham
gia phan &rng sinh ly, cling khéng phai la chat tc ché
duoc sir dung ph6 bién nén cau tric cta allopurinol,
mot thudc théng dung trén thj trwong, dwoc st dung
nhu 13 chat (e ché tham chiéu trong docking.

2.2. Phan mém, phan cirng

Phan mém, thuw vién: Molecular Operating
Environment (MOE) 2019.102, LeadIT2.1.8,
ChemDraw 18.1, Visual Studio Code 1.102.2, Pandas
2.1.4, Seaborn 0.13.0, Matplotlib 3.5.3

Hé diéu hanh: Windows 11 Pro.

Phan clrng: BO x(r ly: Intel(R) Core(TM) i7-8700
CPU @ 3.20 GHz 3.19 GHz, RAM 16 GB.

2.3. Phurong phéap nghién ctru

2.3.1. Tién hanh docking lai

Dich tdc dong dugc chudn bi theo quy trinh
docking trong 2.3.2. Docking va phdn tich dit liéu

Viéc danh gid mo hinh bang cach redocking sé&
thwc hién nhw sau: Chuan bi 3 phdi ti (PT) & 3 file sdf
V@i cdu dang dwgc mé ta nhw sau. Phdi t&r 1 (PT1):
Phéi tlr dugce tach ra tir phirc hgp dong két tinh. Phéi
tlr 2 (PT2): Phéi tr dugc tich ra tir phirc hop déng
két tinh va dwgc chuan bj nhu quy trinh chuan bj phoi
tlr. Ph&i t&r 3 (PT3): Phéi t&r dwoc vé bang phan mém
ChemDraw va dugc chun bj nhuw quy trinh chuan bij
phdi tlr. Sau khi docking 3 phdgi ti trén, ghi nhdn md
thirc gan két, diém s6 docking, RMSD (cin bac hai
cla trung binh binh phuong khoang cach gilra cac
nguyén tlr twong (ng cta phdi tlr & tw thé (pose) sau
khi docking so vé&i phdi tlr ban dau). Yéu cadu: RMSD
<2A. Ngoai ra, viéc docking nay con thuc hién trén
allopurinol, 1a thudc ¢ ché xanthine oxidase dugc
sir dung phé bién trén thi truong, dé ghi nhan va
xem xét mo thirc gan két.

2.3.2. Docking va phén tich dir liéu

Quy trinh docking

Dich tdc déng dugc chuan bi trong phan mém
MOE. D3u tién, phan t&r nudc, cac phdi tlr phu va cac
chudi khéng lién quan bj xoa trong phtrc hop, dé lai
1 chubi protein va phdi t& chinh théng qua Sequence
Editor. Tiép dén, enzyme trong phirc hop duoc dot
bi€n bing cong cu Protein builder thay Val803 bang
Glu803. Sau d6, cau truc dwoc stra chira, proton héa,
tinh dién tich riéng phan, t8i wu héa hinh hoc, t6i
thiéu héa nang luvong bang cong cu QuickPrep.

Cac hop chat dwoc chuin bj trong phan mém
MOE. Céac phan t&r duwoc chuin hda bang cong cu
Database Wash, bao gdm céc buwdc: loai bd tap chat
(ion d&i, dung mdi), diéu chinh trang thai proton,
thém hodc loai bd nguyén tlr hydro, tdi tao cau tric
2D va 3D, va liét ké céc tautomer tiém ndng. Sau
do, cac hop chat dwoc ti thiéu hod nang lugng
bang céng cu Energy Minimize trong truong luc
MMFF94x.

Viéc docking giira dich tadc dong va phéi tlr duoc
thywc hién trong phan mém LeadIT, bao gdbm: chuan bi
tUi gan két bang cdng cu Prepare receptor, chon phdi
tlr d& docking, xac dinh cac théng s& cho qua trinh
docking bang Define FlexX Docking. M6 thirc gan két
duwoc xem trong MOE bang Ligand Interactions.

Phan loai ciu trac

Cac hop chat dugc phdn nhém cdu tric dya
trén mang noron sdu mang tén NPClassifier cla tac
gia Hyun Woo Kim [8]. Truy cap trang web: https://
npclassifier.ucsd.edu, nhdp ciu tric vao 6 “Smiles
Structure”. Trang web s& ty ddng phan loai ciu truc.
Khi qud trinh phan loai hoan tat, két quad phan loai
s& hién trén man hinh gébm cé: Pathway (Con dudng
sinh t6ng hop), Superclass (Nhém), Class (Phan
nhom), Is glycoside (C6 phai glycosid khéng).

Xl ly, md ta va phan tich di¥ liéu

Viéc xt ly va phéan tich dit liéu duoc thuc hién
bang ngdn ngit 1ap trinh Python trong moi truong
Visual Studio Code. Tap dit liéu dwoc nhap va xuét
thong qua cac ham read_excel va to_excel tir thu vién
Pandas. Cac thao tac lam sach va xtr ly di¥ liéu sir dung
cac ham nhu drop_duplicates, groupby, sort_values.
C4c gid tri thdng ké nhu trung vi, khoang bién thién va
s lwgng phan t&r trong mi nhém duwoc tinh bang ham
agg sau khinhdm dit liéu bang groupby. Viéc tric quan
héa dit lieu duoc thye hién bang thu vién Seaborn va
Matplotlib, v&i cdc ham nhu stripplot, legend, xlabel,
ylabel. Cac gid tri trung vi cho tirng nhédm duoc truc
quan héa bang cach thém ky hiéu | trén biéu d6. Mot
duwdng tham chiéu ciling dwgc thém vao dé biéu thi
diém sd docking cla allopurinol, ho tro so sanh truc
quan gilta cac hop chat.
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3. KET QUA NGHIEN cU'U
3.1. Tién hanh docking lai

Phe
915 Ser
1009

Ala
1080

Hinh 1. M& thirc gin két gitra SAL PT1 (trai) va allopurinol véi xanthine oxidase

SAL PT1 gin két chd yéu théng qua twong tac
manh v@&i acid amin Arg881 (Hinh 1), dong vai tro la
diém neo chinh. Cu thé, nhém carboxylat trén ligand
hinh thanh céc lién két hydro véi cdc nhém NH, va
nitrogen epsilon cla Arg881, vdi khodng cach lan
lwot 13 2,80 A va 2,51 A, nang luvong -32,2 va -31,4
kJ/mol. Béng thdi, nhdm nay con tham gia lién két
jon v&i Arg881, trong dé manh nhat 13 tuwong tac vai
nitrogen epsilon (khodng cach 2,51 A, nidng luong
-36,4 kJ/mol). Ngoai ra, mét lién két hydro khac
duoc ghi nhan véi Thr1011 (khodng cach 2,56 A,
nang lvong -24,7 ki/mol), gép phan gia c6 dd bén
cla phirc hgp. Bén canh lién két hydro (khodng cach
3,05 A, nang lvong -3,8 kl/mol), Phe1010 con tham
gia twong tac n-H véi vong thom cda ligand (khodng
cach 3,40 A, nang lwong -2,1 kJ/mol).

Két quad docking lai cdc phdi tir véi enzyme
xanthine oxidase (Bang 1) cho thay ca ba phéi tir PT1,

PT2 va PT3 déu dat diém s6 docking thap hon so véi
allopurinol, goi y kha nadng twong tac thuan lgi hon
vdi vi tri hoat déng clia enzyme. D6 1éch chuin tuong
déi (RSD) diém s6 docking clia 3 phéi tir 1a 1,71% cho
thay d6 phan tan giira cac diém s& docking thap. Nhu
vay, ba phdi t&r PT1, PT2 va PT3 c6 mirc d6 nhat quén
cao vé diém s6 docking v&i enzyme. Gia tri RMSD cUa
ba phdi tlr déu nhé hon 2 A, dat yéu cau vé dé tin cay
clia mdé hinh docking. Ca ba phdi tir va allopurinol
déu twong tac néi bat vadi acid amin Arg881 théng
qua lién két hydro, cho thay day 1a diém neo chinh
trong qud trinh gan két. Ngoai ra, cac phdi tir cling
tao lién két hydro v&i THR1011, gidng véi md thirc
gan két cla allopurinol (Hinh 1). Téng thé, cac phdi tlr
m6 phdng cho thdy sy tuwong tac bén vitng véi vi tri
hoat dong clia enzyme, dong thoi md thire gan két co
nhiéu diém twong déng v&i thudc chuan allopurinol,
khang dinh dé tin cdy ca mé hinh nghién ctu.

Bang 1. K&t qua docking lai cac phdi tlr vi enzyme xanthine oxidase.

Phai tir DSH RMSD M6 thirc gén két

Arg881 (LK hydro va LK ion), Thr1011 (LK hydro), Phe1010

PT1 3L29 032 hydro va TT ) (Hinh 1)

PT2 30,61 0,63 Arg881 (LK hydro va LK ion), Thr1011 (LK hydro), Phe1010
(LK hydro)

PT3 30,54 0,60 Arg881 (LK hydro va LK ion), Thr1011 (LK hydro), Phe1010
(LK hydro)

Allopurinol 20,47 i Arg881 (LK hydro), Thr1011 (LK hydro), Glu1262 (LK hydro),

Phe915 (TT mt-mt) (Hinh 1)

Ghi cht: DSD: diém s6 docking (kJ/mol), RMSD (A), LK: lién két, TT: twong tac.
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3.2. Docking va phan tich di¥ liéu

78 hop chat d3 dugc thu thap trong 9 bai bao tir
nam 1965 dén 2019 (bao gdm ca cac chat gidng nhau)
[6, 9-16]. Trong d6, 58 hop chat c6 cau tric khéng
trung 13p. Ba con dudng sinh téng hop chinh cla
cac hop chat trong cdy Gam |a nhd duoc ghi nhan 1a
alkaloid, shikimate va phenylpropanoid, va terpenoid.
Trong do, shikimate va phenylpropanoid la con
dudng chiém wu thé vdi nhiéu nhém hop chat nhu
stilbenoid, lignan, flavonoid, isoflavonoid véi s lugng
hop chét 16n, dac biét stilbenoid chira dén 14 hop
chat monomeric stilben va 18 hop chat oligomeric
stilben. Nhém lignan trong con duong nay ciling kha
da dang, bao gdm stilbenolignan, furanoid, neolignan,
furofuranoid, arylnaphthalen va aryltetralin méi phan

nhém cé tir 1 dén 3 hop chat. Hai con dudng con lai
6 s8 lwgng chat khiém tén hon. Con duong alkaloid
gdbm cac nhédm nhu nicotinic phenolic acid alkaloid
va tyrosin alkaloid, nhung chi cé téng cong 5 hop
chat. Cuéi cung, terpenoid dwoc dai dién bdi nhom
stigmastan steroid v&i 2 hop chat. Than cay la ngudn
chtra hgp chat phong phu nhét, vdi téng cong 51 hop
chat dugc phét hién. Trong dé, cac hop chat thudc
con dudng shikimate va phenylpropanoid chiém uu
thé tuyét déi véi 45 hop chét, theo sau 13 alkaloid véi
5 hop chét va terpenoid chi ¢é 1. VO cdy dirng thi hai
V@i 9 hgp chat, déu thudc vé con dudng shikimate va
phenylpropanoid, con lai khéng ghi nhan sy hién dién
cta alkaloid hay terpenoid. L& cay cé sé lwgng hop
chat thap nhat véi chi 1 hop chat terpenoid.

Bang 2. Cac hop chat cé diém sd docking nhd hon -15 kJ/mol.

Hop chat (sz:l)ol) Hop chat (kJ*;fr:)ol) Hop chat (kJD/f':)ol)

Acid p-coumaric  -30,94  Gnetifolin M -19,26 g?;ﬁ':;g;i:g;:g'o'ﬁ'-17,26
Trigonellin -29,80  (+)-Lariciresinol -19,26  Gnetumontanin C -17,22
Apigenin -24,48  Pinosylvin -19,19 Medioresinol -17,21
Gnetumontanin A -24,45  Gnetofuran B -19,18  &-Viniferin -16,88
Higenamin -23,78  Gnetumontanin B -19,06  Pinoresinol -16,80
Piceatannol -23,67  Gnetifolin B -18,93  Gnetifolin A -16,19
Rhaponiticin -22,56  Isorhapontigenin -17,86  Gnetumelin A -15,74
Isorhapontigenin +)-8-(p-hydroxybenzyl)-2, . .
Z;ﬂ(;;lz;t;-D- -21,91 (3,iO,l(f-te\t/rahyc\i/roxyp»;cztoberberin -17,83  (+)-N-methylhigenamin -15,56
Rhapontigenin -21,20  Gnetumelin C -17,82  Gnetifolin D -15,45
Gnetin D -20,98  Parvifolol D -17,46  Cis-shegansu B -15,32
Gnetumontanin D -20,52  Gnetupendin B -17,35 Gnetulin -15,27
Gnetol -19,94  Resveratrol -17,27 f\ﬁ::l(;:ethylhlgenamm -15,02
Oxyresveratrol -19,92  Gnetumelin B -17,27

Ghi chu: BSD: diém s& docking (don vi kJ/mol).

Két qua sang loc docking cho thdy 56 trén 58
hop chat c6 thé docking dugc véi diém s6 docking
tir -30,94 dén -0,49 kl/mol. 38 hop chat c6 diém sb
docking nhé hon -15 kJ/mol (Bang 2) va 11 hgp chat
c6 diém s6 docking nhd hon allopurinol gdm cé acid
p-coumaric, trigonellin, apigenin, gnetumontanin
A, higenamin, piceatannol, rhaponiticin,
isorhapontigenin 3-(0-beta-D-glucoside),
rhapontigenin, gnetin D, gnetumontanin D (Hinh 2).

Cac hop chat thu duogc tir Gnetum parvifolium
thé hién diém s6 docking da dang véi enzyme
xanthine oxidase, déong thdi phan anh sy khéc biét
dang ké vé tiém nang (rc ché giira cac nhém ciu truc

héa hoc (Hinh 2). Nhém hop chat cé diém docking
am nhat (phan 4nh kha nang tuong tdc manh nhat)
I3 phenylpropanoid (C6-C3) v&i 1 hop chat acid
p-coumaric (Hinh 3) cé gia tri -30,94 klJ/mol. Twong
tw, nhom nicotinic phenolic acid alkaloid cé 1 hop
chat trigonellin v&i ciu trdc pyridin cé diém so
docking -29,80 kJ/mol. Trong khi d6, nhéom tyrosin
alkaloid v&i 4 hop chat cé diém s6 docking trai dai
tlr -23,78 kJ/mol (higenamin) dén -15,02 kJ/mol, v&i
khoang bién thién 8,76 kl/mol, phan 4nh sy da dang
dang ké trong tuwong tac lién két. Nhém flavonoid
c6 2 hop chat 1a apigenin, gnetifolin B v&i diém s8
docking 1an lvot 13 -24,48 va -18,93 kJ/mol, cho thay
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day 13 nhdm tiém nang vdi mirc dé twong tac twong déi cao. Isoflavonoid gébm 3 hop chat gnetifolin M,

gnetofuran B, gnetumelin B, cé trung vi -19,18 ki/mol,

khoang bién thién thap (1,99 kJ/mol).

Phenylpropanoid (C6-C3)
Nicotinic phenolic acid alkaloid

o Flavonoid |
2 Stilbenoid ity .
8 Tyrosin alkaloid e
; Stilbenoid, Coumarin, Lignan |-
e Isoflavonoid {
z Lignan R
Stilbenoid, Isoflavonoid € }
Steroid & |
-30 -20 -10 0
Diém sé docking

o Oligomeric stilben . ° e
& Monomeric stilben S N

-25 -20 -15 -10 -5 0

Diém sé docking

Hinh 2. Diém s8 docking phan theo nhdm hod hoc (trén) va 2 phan nhém stilbenoid (dudi).
Ghi chd: mdi cham tron tuong ng véi mot hop chat. Ky hiéu | 13 gia tri trung vi cia nhém hop chat. Mot s&
hop chat cé cau tric dong thoi thudc nhidu nhém hod hoc khac nhau (stilbenoid, coumarin, lignan va stilbenoid,
isoflavonoid). Buong nét dirt (---) biéu dién diém s& docking clia allopurinol. Diém s& docking cé don vi kl/mol.

o
HaC. -
WOH 3 @)’LO
HO

acid p-coumaric trigonellin

OH
OH ©
HO @ NH
HO
apigenin higenamin

Hinh 3. Cac hop chét acid p-coumaric, trigonellin, apigenin, higenamin.

Nhém stilbenoid 13 nhém 1dn nhat véi 30 hop
chat, ¢ trung vi -16,31 kJ/mol, va dang chi y 1a ¢
dai gid tri rat rong, tir -24,45 dén -0,53 kJ/mol (khoadng
bién thién 23,92 kJ/mol), thé hién su khac biét rd rét
gitta cac dan xuit trong cung mét con dudng sinh
téng hop (Hinh 2). Diéu nay cho thdy mic du nhiéu
hop chat stilbenoid cé tiém nédng lién két manh, van
tén tai mot s6 hgp chat kém tuwong tac dang ké. Nhin
chung, monomeric stilben néi bat véi mic d6 tuong
tdc manh hon va déng nhat so véi oligomeric stilben.

Monomeric stilben gébm 14 hgp chét, cé trung vi diém
s8 docking -18,53 kl/mol, v&i gia tri dao dong tir-23,67
dén -11,25 kJ/mol, cho thay kha nang lién két twong
déi manh va kha 6n dinh (Hinh 2). Digu nay phan énh
ring cac monomeric stilben nhin chung cé tiém ning
cao trong tuong tac vai muc tiéu sinh hoc. M6t s8 hop
chat monomeric stilben tiéu biéu cé thé ké dén nhu
piceatannol (-23,67 kJ/mol), rhaponiticin (-22,56 kJ/
mol), isorhapontigenin 3-(O-beta-D-glucoside) (-21,91
kJ/mol), rhapontigenin (-21,20 kJ/mol)...

jol
H

gnetumontanin A

gnetin D

O
gnetumontanin B H

Hinh 4. Cic hop chat gnetumontanin A, gnetin D, gnetumontanin B.
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Oligomeric stilben gébm 16 hop chat cé trung vi  docking lan luot 13 -20,52 va -17,22 kl/mol, cho thay
cao hon dang ké (-10,42 kl/mol), véi mirc dao ddng  mirc d6 twong tac trung binh cao. Hop chat gnetifolin
rat rong tlr -24,45 dén -0,53 ki/mol. Day 1a nhém cé A cé cau tric hdn hop stilbenoid, isoflavonoid ghi
d6 bién thién I&n nhat (23,92 kl/mol), cho thady s  nhan diém sd docking -16,19 kl/mol, nam trong vliing
khéng ddng nhat rd rét vé mirc d6 tuong tic gitta  trung binh so vdi toan tap hop. Nhém lignan, gdbm
céc oligomeric stilben. M6t s8 hop chat trong nhdm 10 hgp chat, cé trung vi diém s& docking 13 -15,77
nay van dat diém s6 docking rat &m (manh), nhung  kJ/mol. Khoang bién thién kha réng 12,15 kl/mol,
cling cé khéng it hop chat lién két yéu. Cac hop chat  tir -19,26 (lariciresinol) dén -7,11 kJ/mol, cho thay
tiéu biéu cé thé ké dén la gnetumontanin A (-24,45 kha nang lién két & mic trung binh cao dén yéu,
kJ/mol), gnetin D (-20,98 kJ/mol), gnetumontanin B phan anh sy da dang déng ké trong mirc dé tuong
(-19,06 kJ/mol)....(Hinh 4). tac cha cdc lignan. M6t s6 hop chat trong nhém nay

Cac nhém hop chat cdu tric hdn hop nhu  tiém ndng, nhung mot s6 khac lai thé hién tuong tac
stilbenoid, coumarin, lignan va stilbenoid, y&u. Nhém steroid chi gdm 2 hop chat, cé diém s6
isoflavonoid mac du chi cé s lvgng han ché, vin  docking 13 -2,63 dén -0,49 ki/mol, thap nhét trong
ghi nhan cdc gid trj ddng chd y. Cu thé, 2 hop chat  tat ca cac nhém khao sét, cho thdy tinh déng nhat
ciu trdc hdén hop stilbenoid, coumarin, lignan 1a  vé mat twong tac, nhung dong thoi cling phan anh
gnetumontanin D va gnetumontanin C c6 diém s6 twong tac yéu.

Leu Leu\
) ® @
a 649
<\1012 _______ /
Phe 1011 o
@ \‘/
_- .

Pro
2
(A
®

Hinh 5. M6 thirc gan két clia acid p-coumaric va trigonellin vé&i xanthine oxidase.

Acid p-coumaric thé hién mirc d6 gén két cao nhat  trigonellin con hinh thanh twong tac ri-it véi Phe915
véi diém s6 docking -30,94 kJ/mol. Nhém carboxylat (3,91 A) va twong tac m-H véi Ala1080 (4,80 A), gop
tao lién két hydro (2,73 A; -31,4 kJ/mol) va twong téc  phan tang do 6n dinh phirc hop.
ion (2,73 A; -27,6 kJ/mol) véi Arg881 (Hinh 5). Nhém
hydroxy tao lién két hydro véi Glu803 (2,82 A; -25,5 4. BAN LUAN
kJ/mol). Nhdm carboxylat cling tao lién két hydro véi SAL 13 phdi t&r nhd gin tai ving MoCo cla trung
Thr1011 (2,54 A; -18,4 klJ/mol), gép phan 6n dinh cdu  tdm hoat dong, do dé redocking SAL chl y&u xac nhan
hinh phan tl trong vi tri hoat dong. Trigonellin (diém  kha ndng tai tao vi tri gdn két tai viing xtc tac chinh. Tuy
s6 docking -29,80 kJ/mol) c6 nhédm carboxylat tao 2 nhién, viéc danh gia bang mot ligand nho cé thé chua
lién két hydro (2,73 A; -31,8 ki/mol va 2,76 A; -34,3  bao quét hoan toan khdng gian tui gan két d6i véi cac
kl/mol) cung véi 2 twong tac ion (2,73 A; -27,6 ki/  phan tl Idn va linh hoat nhu oligomeric stilben. Do
mol va 2,76 A; -26,4 kl/mol) v&i Arg881. Ngoai ra, do, day la mot trong nhirng gidi han clia nghién ciru.

CHs
OH CH3
OH
; HO
HO OH Ho/_ OH OH
resveratrol rhaponiticin piceatannol isorhapontigenin allopurinol

Hinh 6. Cac hop chat resveratrol, rhaponiticin, piceatannol, isorhapontigenin, allopurinol.
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Trong nghién ciru nay, mot sé hop chat tir cay
G3m 14 nhd d3 thé hién tiém nang tc ché enzyme
xanthine oxidase théng qua mo phong docking vdi
11 hop chat cé diém s6 docking thdp hon so véi
allopurinol. Trén thyc t&€, mot s& chat trong nghién
clru nay c6 gia trj IC, thdp hon allopurinol. Hop chét
acid p-coumaric cé diém sé docking -30,94 kJ/mol.
Acid p-coumaric dugc chirng minh cé kha nang rc
ché xanthine oxidase véi IC,, = 6,8 UM, so véi doi
chirngallopurinol c6 IC, 1a 7,5 uM [17]. Gid tri IC_ cla
thudc d6i chirng allopurinol cé thé thay déi tly thudc
vao phuong phép va diéu kién thi nghiém cla tirng
nghién clru. Theo nghién ctru cda Tang va cdng su,
cac hgp chéat resveratrol, rhaponiticin, piceatannol
va isorhapontigenin (Hinh 6) thu duoc tir Gnetum
parvifolium déu thé hién kha ning (rc ché xanthine
oxidase manh hon allopurinol (IC, = 52 uM), v&i céc
gia tri IC,, [an lwot 13 3,88 uM; 5,97 uM; 6,44 uM,
va 46,75 uM. Trong dd, resveratrol cé hiéu qua c
ché cao nhat, tiép dén la rhaponiticin, piceatannol,
con isorhapontigenin yéu nhat nhung van vuot troi
so vdi allopurinol. Chi cé piceatannol thé hién kiéu
Urc ché canh tranh vdi xanthine oxidase, con 3 chat
con lai rhaponiticin, resveratrol, isorhapontigenin la
phi canh tranh (uncompetitive) [6]. Cdy Gam 4 nhd
cling cé chira resveratrol, rhaponiticin, piceatannol,
isorhapontigenin v&i diém s& docking lan lugt 13
-17,27 kJ/mol, -22,56 kJ/mol, -23,67 ki/mol, -17,86
kJ/mol. Ca 4 chat nay déu thuéc nhém monomeric
stilben. Sy khéng tuong ng gitta diém docking va
gia tri IC_, thuc nghiém la diéu thudng gap trong
nghién cttu moé phéng - thwc nghiém, do nhiéu
nguyén nhan khac nhau. Diém docking la mét uéc
lvong nang luong gan két Iy thuyét dua trén ham
cham diém. Cac han ché co ban ham chdm diém
la khéng phan dnh day d0 cac yéu td déng lwc hoc,
linh hoat cta protein va cac hiéu &rng dung mai trong
qua trinh gan két [18]. Bén canh dd, gid tri IC,, con
phu thudc manh vao co ché (rc ché enzyme (lrc ché
canh tranh, khéng canh tranh, phi canh tranh) méi
loai c6 dnh huwdng khac nhau dén IC,, do duoc trong
thiét 1ap thl nghiém [19]. Diéu nay gidi thich tai
sao resveratrol ¢ IC_ thap hon so véi rhaponiticin,
piceatannol va isorhapontigenin nhwng diém docking
lai khdng phai 13 thdp nhat trong nhém. Cé it nhat 5
hop chét da duoc bdo cdo cd gia tri IC,, thdp hon
allopurinol trong céc nghién ctru truwdec day. Diéu nay
cho thay mot s6 hop chat tir cdy Gam |a nho nhu acid
p-coumaric, resveratrol, rhaponiticin, piceatannol,
isorhapontigenin cé thé dugc xem |13 nhitng (ng vién
tiém nadng vadi kha nang (rc ché xanthine oxidase in
vitro ddng chi y hon so vdi thudc chuén.

Xanthine oxidase xUc tac qud trinh oxy hoa
hypoxanthine thanh acid uric. Nghién c&u cla
Noriyoshi Masuoka chi ra rang rhapontigenin |a chat
(rc ché manh hon piceatannol, isorhapontigenin va
cac dan xuat resveratrol trong qua trinh tao acid uric
VOi IC,,=7,9 uM, Ki= 3,5 pM. Xanthine oxidase cling
xUc tdc qud trinh khir O, tao goc superoxide (O,),
mot géc ty do nguy hiém gay stress oxy hoéa. Trong
phan rng rc ché sy tao superoxide (0,) do xanthine
oxidase xuc tac, piceatannol thé hién hoat tinh manh
nhat véiIC = 4,5 UM va Ki = 2,2 uM, thap hon so véi
rhapontigenin (IC, = 6,0 uM; Ki = 2,4 uM), resveratrol
(IC,,=21 uM; Ki=7,1 uM) va isorhapontigenin (IC, =
99 uM; Ki = 36 uM). Stilbenoid khdng chi don thuén
Ia canh tranh véi xanthine & trung tdm xuc tac, ma
con gan vao vj tri FAD trong xanthine oxidase dé ngan
chdn sy hinh thanh goc superoxide (0,) [20]. biéu
nay goi y rang co ché tc ché cla stilbenoid cé thé
lién quan dén nhiéu vj tri chirc ndng trong enzyme.
Do d4, két qua docking tai mién MoCo trong nghién
clru nay phan anh twong téc tai trung tdm xuc tac
chinh, nhung khéng loai trir vai trd cia mién FAD
trong hoat tinh trc ché t6ng thé.

Trong nghién cru clia Chin Yong Sin va cong su,
apigenin dugc phéat hién 13 chat (c ché enzyme
xanthine oxidase cé diém s& docking 13 -8,2 kcal/mol
thap hon so vadi allopurinol -5,2 kcal/mol, mé phdng
docking phan t&r cho thdy sy twong tac thuan lgi véi
enzyme xanthine oxidase. Hoat tinh (rc ché xanthine
oxidase in vitro cla apigenin va allopurinol [an luot
vao khoang 74% va 86% [21]. Trong nghién clru nay,
apigenin c6 diém s& docking -24,48 kJ/mol, t6t hon
so vdi allopurinol. Do d6, apigenin cé thé 13 chat tiém
nang trc ché xanthine oxidase.

5. KET LUAN

Cay Gam 1a nhd cé chira chll yéu cac hop chat
stilbenoid, lignan, flavonoid, alkaloid, terpenoid...
Trong dé, phenylpropanoid (C6-C3), alkaloid,
flavonoid, stilbenoid, néi bat v&i mirc do tuong tac
manh khi gén két véi xanthine oxidase, |a nhitng déi
tugng tiém nang trong nghién ctru sang loc hoat chat
¢6 hoat tinh sinh hoc. Nhin chung, monomeric stilben
ndi bat v&i mirc d6 tuwong tdc manh hon va ddéng nhat
hon oligomeric stilben, trong khi oligomeric stilben
lai thé hién sy da dang trong kha nang tuong tac véi
enzyme. K&t qua sang loc cho thay c6 dén 38 trén 58
hop chét dat gid tri ndng lvong docking dudi -15 kJ/
mol, trong d6 11 hop chat cé diém s& docking nho
hon allopurinol. Ba hgp chat cé diém sé docking thap
nhat |a acid p-coumaric (-30,94 kJ/mol), trigonellin
(-29,80 kJ/mol), va apigenin (-24,48 kJ/mol).
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D& phat huy tiém nang rng dung cla cac hop
chat tlr cdy Gam |4 nho trong diéu tri bénh gout, can
ti€p tuc thyc hién cac nghién cru nham lam rd co
ché (rc ché enzyme xanthine oxidase & cap d6 phan
tlr, tir d6 hiéu sdu hon vé céch thic tuong tac cla

tirng hop chét vai enzyme dich. Bén canh d6, can lua
chon va xac dinh cac hop chat cé hoat tinh dua trén
k&t qua sang loc in silico d& wu tién th&r nghiém hoat
tinh sinh hoc in vitro.
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