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Sang loc in silico cac hop chat Xanthone
c6 tac dung tc ché enzym a-glucosidase
dinh hudng diéu tri dai thao duong type 2

IN SILICOSCREENING OF XANTHONE COMPOUNDS WITH o-GLUCOSIDASE
INHIBITORY ACTIVITY TARGETING TYPE 2 DIABETES TREATMENT

Nguyén Thi Tra, Ta Thi Thu Hang, Tran Hoang Mai, Lé Thi Hung, Bui Thanh Tung
Truong Dai hoc Y Duoc, Pai hoc Quéc gia Ha Nbi
TOM TAT
Xanthone cé nhiéu tdc dung sinh hoc khdc nhau, bao gom cdc ddc tinh chdng oxy héa, khdng khudn, gdy
déc té bao va vic ché ung thu. a-glucosidase la enzym dong vai tro quan trong trong chuyén hoa carbohydrate
thanh glucose, gdy tang duong huyét trong co thé, lam tdng nguy co mdc ddi thdo duong. Trong bai nghién ciiu
nay, chiing téi tién hanh ddnh gid kha ndang tic ché enzym a-glucosidase ciia 133 hop chdt xanthone dinh huéng
diéu tri ddi thdo duong bing phuong phdp docking phan ti. Két qud thu dugc 4 hop chdt co tiém ndng nhdt la
mangostanol, isonormangostin, cudraxanthone B va isojacareubin. Vi vdy, ddy la cdc hgp chdt cd tiém nang tré
thanh thudc diéu tri ddi thdo duong trong tuong lai va cdn dugc nghién ciiu sdu hon.
Tii khéa: Xanthone, a-glucosidase, ddi thdo dudng type 2, docking phdn tii, mangostanol, isonormangostin,
cudraxanthone B, isojacareubin.

ABSTRACT

Xanthone has various biological effects, including anti-oxidase, anti-microbial, cytotoxic, and anti-cancer.
a-glucosidase is an enzyme that plays an important role in converting carbohydrates into glucose, increasing blood
sugar in the body to increase the risk of diabetes. In this study, we evaluated the ability of a-glucosidase enzyme
inhibition of 133 compounds xanthone by molecular docking method. Finally, we obtained the 4 most potential
compounds: mangostanol, isonormangostin, cudraxanthone B, and isojacareubin. Therefore, these compounds
have the potential to become drugs for the treatment of type 2 diabetes in the future and need to be studied further.

Keywords: Xanthone, a-glucosidase, type 2 diabetes, molecular docking, mangostanol, isonormangostin,

cudraxanthone B, isojacareubin.

BI\T VAN DE nam 2019, hién nay trén thé gidi c6 khoang hon
Theo théng ké ctia Hiép hoi Dai thio dudng 400 triéu ngudi mic bénh dai thio dudng (DTD),
Qudc té IDF (International Diabetes Federation) — udc tinh dén ndm 2045, con s6 ndy c6 thé sé ting
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1én dén khoang 700 triéu ngudi va chi phi dap ting
cho bénh dai thao duong toan ciu dy kién sé tang
lén 845 ty USD [1]. Day dugc xem 1a mot dai dich
khong lay nhiém véi ty 1é mic bénh va td vong
cao. Vi viy, PTD dugc coi la mét trong nhiing
nguyén nhan dan dén ty Ié t vong tim mach hang
dau so véi cac nguyén nhan khac. a-glucosidase
(AG) la mot exoenzym hoat dong tuong tu nhu
glucoamylase trén di-saccharide, oligo-saccharide
va aryl glucosidase, dong vai trd quan trong trong
qué trinh chuyén héa carbohydrate, tao ra glucose,
lam ting dudng huyét trong co thé [2]. Viéc tic ché
enzym AG dan dénlam chim qué trinh chuyén héa
carbohydrate thanh glucose, tit 46 ngin hién tugng
tang dudng huyét sau an. Hién nay c6 4 chét tic ché
AG dugc st dung trong diéu tri: acarbose, miglitol,
voglibose va emiglitate. Tuy nhién, da c6 nhiéu tai
liéu chiing minh rang viéc st dung cac chdt nay gay
ra cic tac dung phu trén tiéu héa nhu day hoi, dau
bung va tiéu chay. Ngay nay, viéc phat trién cac loai
thudc c6 nguén g tii ty nhién, it tic dung phu va
hiéu qua tét hon dang 1a muc tiéu dé phat trién loai
thudc diéu tri di thdo dudng méi. Xanthone lahgp
chat dugc tim thdy trong cac ho thuc vat bic cao,
ndm, dia y, vi khuén, chu yéu dugc tim thdy & ho
Gentianaceae, Polygalaceae, Clusiaceae.... Cic hop
chit xanthone ty nhién dugc bio cdo 13 c6 nhiéu
tac dung khac nhau, bao gom khang khuén, chéng
virus, thuéc bao vé gan, thuéc chong sét rét, chong
ung thu... Hién nay, xanthone dang dugc nghién
cttu va da cho théy tic dung chéng tiéu dudng trén
mot s6 muc tiéu [3].

Docking 1a mét phuong phép du doan sy lién
két ctia mét phan ta véi phén ti tht hai d€ tao
thanh mét phitc hop 6n dinh véi nang lugng lién
két thdp nhét. Uu diém ctia phuong phap nay1a c6
thé du dodn cdu trac phdi t; vung hoat dong, vi
tri va cdu hinh cta protein v6i d6 chinh xéc khd

<

cao va tiét kiém nhiéu chi phi, thuin lgi cho viéc
thiét ké thudc.

Bl TUONG VA PHUONG PHAP NGHIEN CUU
M3 hinh docking

Chudn b cdu triic protein: Cdu tric tinh thé AG
c6 trong cu cii dudng véi acarbose (ID: 3W37)
dugc ldy ti co sd dit lieu RCSB (https://www.
rcsb.org/). Qué trinh chudn bi protein bao gém:
loai bo phan tu nudc, tich cdu tric dong két tinh
ra khoi protein, gin truong luc va hiéu chinh trang
thai proton hoa ctia cic acid amin thong qua phian
mém MGL Autodock Tools 1.5.7. Viing hoat dong
ctia 3W37 dugc lya chon béi hop luéi co kich
thuéc 60A x 60A x 70A v6i toa d¢ truc lan lugt 1a x
= 14,310; y = -27,101; z = -42,876.

Chudn bi cdu tric phdi tit: 133 hgp chitxanthone
duogc tai vé tif co s di liéu PubChem (https: //
pubchem.ncbinlm.nih.gov/) va luu & dinh dang
sdf sau d6 dugc t6i uu héa ning lugng va chuyén
thanh dinh dang pdb bing phan mém Avogadro st
dung phuong phép Gradien lién hgp (Conjugate
Gradients) roi chuyén thanh dinh dang pdbqt bing
phin mém Autodock Tools.

Thuc hién docking phdn ti: St dung phan mém
Autodock Tools, docking protein véi chat doi
chuing 14 acarbose (ID: 41774) tai vé tit cd s& di
liéu PubChem.

DPanh gia két qua docking

bé danh gia két qua docking, phdi tir dong
két tinhsau khi tich ra sé dugc re-dock lai vao vi
tri hoat ddng cta protein muc tiéu. Gid tri d¢ léch
binh phuong trung binh géc (RMSD) nhé hon 1,5
A dugc dung dé€ danh gid d¢ tin cdy ctia qua trinh
docking [4].

Panh gid quy tic Lipinski $ va dy doan ADMET

Quy tidc Lipinski 5 tiéu chi dugc st dung dé
dédnh gia cic dic tinh giéng thudc ctia mét hop
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chat va kha nang thuéc d6 dap tng dugc cic tiéu
chi ctia mot dugc chit dudng uéng. D€ danh gid
quy tic Lipinski 5, chung t6i st dung cong cu
(http: / /www.sctbio-iitd.res.in/software/
drugdesign/lipinskijsp). Sau khi lya chon dugc
céc hop chit giéng thudc, tiép tuc tién hanh phéan

online

tich cac thong s6 dugc dong hoc va doc tinh dé cho
ra két qua cudi cing.Chung t6i stt dung cong cu
truc tuyén kaSM(http: / /biosigunimelb.edu.au/
pkesm/prediction) dé du dodn céc dic tinh dugc
dong hoc va doc tinh véi di liéu dau vao la cong
thiic SMILES ctia cac hgp chat.

KET QUA
Danh gia mo6 hinh docking

bé danh gia do tin cdy cua qua trinh docking,
chung t6i tién hanh re-dock phdi ti dong két tinh
vao lai vi trf hoat dong cua protein muc tiéu bing
phian mém Chimera. Két qua thu dugc gid tri
RMSD la 0,654 A. Gi4 tri nay théa man diéu kién
RMSD < 1,5 A; chiing té qua trinh docking la déng
tin ciy (Hinh 1).

Acarbose (IC_ = 22,80 uM) la thudc tc
ché AG duong uéng da dugc ké don rong
rai d€ diéu tri bénh DTD type 2 va thudng
dugc st dung két hop véi cic thudc diéu
tri DTD khac dé ting tic dung [S]. Do d¢,
trong nghién cttu nay, chung toi so sénh ning
lugng gan két ctia cdc hop chit tiém ning véi
acarbose dé danh gid kha ning tc ché AG
ctia chung. Két qua docking chit d6i ching
acarbose cho ning lugng lién két AG 1a -8,1
kcal/mol. Acarbose tao lién két hydro véi cic
acid amin nhuw THR681, GLU301, ARG720,

Hinh 1. Két qud re-dock phdi tit dong két tinh v6i AG

Hinh 2. Minh hoa hai chiéu cdc tuong tdc ciia acarbose
v0i AG tai vj tri hoat dong

lién két C-H v6i PHE682 va ion kém tai vi tri
hoat dong (Hinh 2). Piém s6 docking -8,1
kcal/mol dugc diing lam co' s¢ dé sang loc cac
hop chit tiém ning.
Két qua qua trinh docking cic hgp chat
xanthone véi protein muc tiéu

Sau khi x4y dung va dénh gid m6 hinh
docking, chiing t6i tién hanh sangloc 133 hop
chit xanthone dé danh gid kha ning tc ché
enzym AG. Bang 1 1a két qua ctia 23 hop chit
c6 ning lugng lién két (AG) thap hon chit d6i
ching 1a acarbose (AG = -8,1) kcal/mol.
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Bidng 1. Két qud docking 23 hop chdt va chdt doi chiing vdi enzym AG

STT Tenhop chit Nanglugng | - ¢ Tenhop chit Nang luigng
(kcal /mol) (kcal /mol)

0 Acarbose 8,1 12 Isogarciniaxanthone E 82

1 Mangiferin -84 13 Butyraxanthone B -84

2 Neomangiferin -84 14 7-O-Methylmangiferin 82

3 Polygalaxanthone ITI -8,7 15 Bijaponicaxanthone C -8,3

4 Mangostanol -83 16 7-Prenyljacareubin 838

S Garciniaxanthone E -85 17 Pyranojacareubin 94

6 Isonormangostin -84 18 Parvifolixanthone A 81

7 Cudraxanthone L -83 19 Formoxanthone A 81

8 BR-Xanthone A -87 20 Isojacareubin -82

9 Griffipavixanthone -109 21 Homomangiferin -83

10 Nigrolineaxanthone V -82 22 Rheediaxanthone A 91

11 Cudraxanthone B 83 23 Neolancerin 81

Két qua danh gid quy tic S tiéu chi caa Lipinski

Mothop chit dugc goila “gidng thudc” khi ching dép ting it nhdt 2 trong 5 tiéu chi ciia quy tic Lipinski:
khéi lugng phan ti <500 Da; c6 tinh via ddu cao (logP < 5); ithon S nhém cho lién két hydrogen; it hon 10
nhém nhan lién két hydrogen; d¢ khic xa mol nam trong khoang 40-130. Bang 2 1a két qua ctia 15 trong

23 chdt thoa man quy tac S tiéu chi ctia Lipinski. Tiép theo, 15 hop chit nay dugc danh gid cdc dac tinh vé
dugc dong hoc - doc tinh bang du dodan ADMET.

Bdng 2. Két qua cdc thong s6 quy tdc S tiéu chi ciia Lipinski ciia 15 hop chdt théa man

$6 nhém cho S6 nhém
STI' | Ténhgp chit PII:;[;:“ lién két hydrogen nhan lién két LogP MR
(HBD) hydrogen (HBA)
1 | Mangostanol 426,0 3 7 40262 113,82
2 | Garciniaxanthone E 464,0 4 6 6,5896 132,31
3 | Isonormangostin 396,0 2 6 46417 105,78
4 | Cudraxanthone L 396,0 4 6 4,8180 10941
5 | BR-Xanthone A 3960 2 6 46417 | 10578
6 | Nigrolineaxanthone V 408,0 2 6 5,1360 113,15
7 | Cudraxanthone B 394,0 3 6 47879 108,35
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8 | Isogarciniaxanthone E 464,0 4 6 63718 132,45
9 | Butyraxanthone B 462,0 3 6 6,3417 131,40
10 | 7-Prenyljacareubin 394,0 3 6 4,8330 108,26
11 | Pyranoj acareubin 3920 2 6 4,8029 107,20
12 | Parvifolixanthone A 464,0 4 6 63718 132,45
13 | Formoxanthone A 394,0 3 6 4,8330 108,26
14 | Isojacareubin 326,0 3 6 33243 85,130
15 | Rheediaxanthone A 392,0 2 6 4,8029 107,20
Danh gia ADMET

Phén tich ADMET duya trén S thong s6 chinh vé: Hap thu, phan b6, chuyén hoa, thai tritva doc tinh thu
dugc 4 chit c6 cic dic tinh tot nhdt Ia mangostanol, isonormangostin, cudraxanthone B va isojacareubin.
Két qua dugc thé hién ¢ Bang 3.

Bdng 3. Bang ddnh gid ADMET

DPiactinh Mangostanol | Isonormangostin | Cudraxanthone B | Isojacareubin
Tinh thim mang Caco2
0,534 1,232 0,484 0,178
Hip thu | (logPapp trong 10 cm/s)
Hip thu & ruot HIA (%) 87,526 9543 100 90,588
Thé tich phin bd VDss
0,564 0,587 0,003 0,486
Phanbs | (logl/kg)
Tinh thim BBB (logBB) -1,243 -0,156 -1,091 -1,256
CNS (logPS) 2,884 1,74 1,935 2,185
Chuyén Ucché CYP2D6 Khong Khong Khong Khong
hoa | Ucché CYP3A4 Khong Khong Khong Khong
D¢ thanh thai toan phin
Thai tru ) -0,18 -0,32 0,356 0,349
(log ml/min/ kg)
Doc tinh AMES Co Khong Khong Co
Poc | Boctinh hERG Céo Céo Céo Khong
tinh | Doctinh gan Khong Khong Khong Khong
Kich ting da Khong Khong Khong Khong

V& hdp thu, mét hgp chét dugc coi 1a c6 khda  hip thu & ruot (HIA) tSt (>90%). Bang 3 cho thdy
nang hdp thu t6t khi c6 tinh thdim qua mang Caco2  chi c6 isonormangostin thé hién tinh thim tot qua
cao (>0,9 log Papp trong 10° cm/s) va khd ning  mang Caco2 (1,232 log Papp trong 10 cm/s). Tit
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ca hgp chit déu c6 kha ning hap thu tét & rudt véi
gid tri thdp nhat la 87,526% ctia mangostanol. Vé
phén bd, céc hop chét dugc cho 1a phan bé tot dén
cdc mo néu gid tri log VDss > 0,45 va phan b6 kém
néu log VDss < -0,15. Trit cudraxanthone B, cic
hop chit déu cho két qua phan bs kha t6t. Ngoai
ra, hai thong s6 tinh thim qua hang rao médu nao
(BBB) va hé than kinh trung uong (CNS) rit quan
trong khi ddnh gia tinh an toan déi véi hé than
kinh cta dugc chit. Bang 3 cho thdy hau hét cic
chat c6 thé khong thdm hodc it thdm qua hang rao
méu nao. Mangostanol va isojacareubin dugc du
dodn khong thdm qua hé than kinh trung uong.
V& chuyén hoa, hé cytochrome P450 1a hé enzym
quan trong nhét trong qua trinh chuyén hoa thudc
pha I 6 gan. Hai kiéu hinh chinh ctia cytochrome
P4501a CYP3A4 va CYP2D6. Ca 4 hop chat dugc

Y,

phén tich qua ADMET déu khong c6 kha nang tic
ché ca CYP3A4 va CYP2D6. Vi vay, cac hop chit
nay c6 thé dugc chuyén hoa tai gan. Thai trir thude
qua than phu thudc vao khéi lugng phan ti va tinh
ua nudc ctia hop chiat. OCT2 la chit van chuyén
cation hitu co 2, déng vai trd quan trong trong qué
trinh dao thai cic dang ion héa cua thude vao té
bao 6ng than. T4t ca cdc chit déu dugc du doan
la khong phiéi co chit caia OCT?2. Vé doc tinh, tat
ca cac chat déu khong c6 kha ning giy doc tinh
trén gan va khong géy kich ting da. Bén canh d¢,
isojacareubin c6 kha ning gay doc tinh trén tim (dc
ché hERG), mangostanol va isojacareubin c6 thé
c6 nguy co gy ung thu (doc tinh AMES). Tuong
tc gitta 4 hop chit trén v6i AG dugc minh hoa hai
chiéu bing phan mém Discovery Studio Visualizer
4.0 Hinh S.
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Hinh S. Tuong tdc ciia mangostanol (A); isonormangostin (B); cudraxanthone B (C); isojacareubin (D) véi AG
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Bdng 4. Két qud phan tich mo phong docking

! Ning lugng lién !
Tén hop chit ID ] Acid amin tao lién két
két (kcal /mol)
ASN668, ARG313,PRO316, MET801, ARGS536, LYSS560,
Mangostanol 10048103 -8,3
PRO316
Isonormangostin 91884715 -84 ARG313,ASN668, PRO316, MET801, ASP802, LYSS60
Cudraxanthone B | 91885224 -83 ARG699, PHE682, ARG720, PRO682
Isojacareubin 9996463 -8,2 ASP684, ARG720, TYR717, GLY 738, ASP685
GLU301,ARG720,TYR717,ASP684, THR681, PHE682,
Acarbose 41774 81
ARG699, PRO683

Xét vé kha ning tao tuong tic, cic hop chit déu
lién két t6t tai vi tri hoat dong cuia a-glucosidase
khi tuong tac v6i S acid amin trd 1én. Trong 4 hop
chdt, cudraxanthone B va isojacareubin cho thdy
c6 nhiéu sy tuong dong véi acarbose ¢ cac lién
két v6i cic acid amin quan trong nhu ARG699,
PHEG682, ARG720, ASP684, TYR717. Xét vé gia
tri diém tuong tac, isonormangostin cho thdy két
qua t6t nhét (-8,4 kcal/mol), thé hién phiic hop
gitta co chit va enzym c6 kha nang 6n dinh cao
nhdt, diéu nay phtt hop véi viéc chit nay tao dugc
nhiéu lién két bén viing véi cac acid amin tai trung

tim hoat dong.

BAN LUAN

Mangostanol, mot loai xanthone prenyl c6
trong vo ctia qua ming cut (Garcinia mangostana
L.). Hién nay, chua c6 nghién cdu thyc nghiém
déi véi tac dung tc ché AG caa mangostanol.
Vi véy, mac du c6 kha ning tuong tic tot véi
enzym dich va c6 nhing dic tinh giéng thudc,
nhung ciing can c6 nhiing nghién ctiu sdu hon vé
doc tinh ctia mangostanol d6i vé6i co thé ngudi.
Isonormangostin dugc phén lap tir qua chin cta
ciy G. dulcis, dugc biét dén 1a mot cay thude dan

gian c6 téc dung chéng viém, diéu tri viém bach
huyét, viém tuyén mang tai va viém tui 1¢. Trong
nghién ctfu nay, isonormangostin dugc du dodn
c6 thé thdm qua hang rdo mdu nio va hé than
kinh trung uong. Vi vdy, cdn c6 nhiing dédnh gia
sau hon trén thyc nghiém dé ching minh tic
dung cing nhu kha ning tré thanh thudc cua
hop chit nay. Cudraxanthone B dugc phén lap
t chiét xudt cua cidy Cudrania cochinchinensis
Lour (Moraceae). Dy la dugc liéu c6 truyén cta
Trung Qudc, dugc dung dé€ diéu tri bénh lau,
thidp khép, mun nhot. Trong nghién ctiu nay,
cudraxanthone B cho thiy kha ning lién két véi
AG v6i diém docking la -8,3 kcal/mol, va c6 thé
di vao hé than kinh trung wong. Vi vdy, can tién
hanh nhiéu nghién cttu vé tic dung tic ch€ AG ctia
cudraxanthone B va cic dédnh gia sdu hon vé tic
dong ctia nd trén hé than kinh. Isojacareubin cé
tdc dyngtic ché sy phat trién cua té€ bao HeLa-C3,
chong lai cac t€ bao ung thu khac nhau, bao
gém ca té bao ung thu biéu mé gan HepG2 [6].
Isojacareubin c6 thé hap thu tét qua rudt (90,588
%), khong dc ché cic enzym chuyén héa tai gan
va khong gay ra cdc doc tinh trén tim, gan, da;
cho thdy tiém nang phat trién thanh thudc.
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KET LUAN

Tt két qua sang loc 133 hop chat ban dau, ching t6i da tim ra 4 hgp chat thoa man tiéu chudn quy
tac 5 Lipinski va du dodn dic tinh dugc dong hoc — ddc tinh t6t nhét Ia: mangostanol, isonormangostin,
cudraxanthone B va isojacareubin. Do d9, can tién hanh nhiing nghién ctu in vitro va in vivo dé€ phat trién
nhiing hop chét tiém ning nay trg thanh thudc diéu tri DTD type 2.
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