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Abstract: Diabetes mellitus (diabetes) is a chronic disease associated with metabolic disorders and
hyperglycemia. a-glucosidase and a-amylase, which play an important role in the hydrolysis of
starch and carbohydrates, are enzymes. They are related to the increase and decrease in blood
glucose levels. Flavonoids are a common group of natural compounds that have been shown to have
many beneficial health effects. This study used molecular docking methods and drug-like criteria,
predicting pharmacokinetics-toxicity (ADMET) to screen and evaluate potential flavonoid
compounds in the treatment of type 2 diabetes. After screening the compounds, we obtained 46
compounds with lower binding energies than the positive controls, which are acarbose. Using
Lipinski's rule of five, we evaluated the drug-likeness of the compounds and identified 12
compounds that met the criteria. Then, continuing to analyze according to pharmacokinetic and
toxicological parameters (ADMET), we obtained 3 compounds including Galangin, Maackiain, and
Corylin, that have the potential to be developed into drugs when showing the ability to
simultaneously inhibit both enzymes a-glucosidase and a-amylase have positive properties: binding
energy is lower than the control, creates many interactions with target proteins in the active site, has
drug-like properties, relatively good pharmacokinetic properties and low toxicity. Therefore, further
in vitro and in vivo studies are needed to develop these potential compounds into drugs for the
treatment of type 2 diabetes.

Keywords: Molecular Docking, Type 2 Diabetes Mellitus, Enzyme o-amylase, Enzyme a-
glucosidase, Flavonoid.
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Sang loc In silico mot s6 hop chat flavonoid c6 tac dung
trc che alpha-amylase va alpha-glucosidase
dinh hudng di€u tri bénh dai thao duong type 2

Bui Thanh T~l]ng*, Lé Thi Huong, Trinh Thi Duong,
Nguyeén Thi Huyén, Nguyén Thi Thiay

Trwong Pai hoc Y Duge, Pai hoc Quéc gia Ha Noi, 144 Xudn Thity, Cau Gidy, Ha Ngi, Viét Nam

Nhan ngay 25 thang 01 ndm 2024
Chinh stra ngay 26 thadng 02 nam 2024; Chap nhén dang ngay 18 thang 3 nam 2024

Tém tit: Dai thio duong (DTD) 14 bénh 1y man tinh c¢6 lién quan dén rdi loan chuyén hoa va ting
glucose huyét. a-glucosidase va o- amylase 1a cac enzym co vai tro quan trong trong qua trinh thuy
phan tinh bot va carbohydrat, lién quan dén su ting giam nong do6 glucose méau. Flavonoid 1a nhom
hop chét ty nhién phd bién va di duoc chimg minh nhiéu tac dung c6 101 cho stre khoe. Nghién ciru
nay sir dung phuong phap docking phén tir va cac bd tiéu chi gidng thude, du doan dugc dong hoc-
doc tinh (ADMET) nhidm sang loc va danh gi4 tiém ning trong diéu tri bénh DTD type 2 clia mot
s6 hop chat nhom flavonoid. Sau khi sang loc bang phuong phap docking phan tir, chiing toi thu
dugc 46 hop chat co ning lugng lién két thap hon chat ching duong la acarbose. Su dung quy tic 5
Lipinski dénh gia dac tinh giéng thudc dé phat trién thanh thudc theo duong ubng, thu duoc 12 hop
chat. Sau do, tiép tuc phan tich theo cac thong sé duge dong hoc va doc tinh (ADMET) thu dugc 3
hop chit bao gdm Galangin, Maackiain va Corylin c6 tiém nang phat trién thanh thudc khi cho thay
kha ning wrc ché dong thoi hai enzym a-glucosidase va a-amylase v6i cac ddc tinh kha quan: ning
luong lién két thip hon dbi chimg, tao nhiéu tuong tac véi protein dich trong ving hoat dong, co
tinh giéng thudc, dic tinh dugc dong hoc tuong dbi tot va it doc tinh. Tuy nhién, can tién hanh thém
céc nghién ctru in vitro va in vivo sau hon dé phat trién cac hop chét tiém ning nay thanh thude diéu
tri bénh dai thao duong type 2.

Tir khéa: Docking phan tir, DTD type 2, Enzym a-amylase, Enzym a-glucosidase, Flavonoid.

1. Mé dau

DTD la bénh khong 1ay nhidm phd bién hién
nay, dang gia ting voi toc d6 dang bao dong,
duogc xem 1a mét trong nhitng nguyén nhan hang
dau gay tir vong va tan tat trén toan thé giGi va
tai Viét Nam, dac biét 1a DTD type 2. Pay la
bénh 1y man tinh c6 lién quan dén sy ting
glucose huyét va cac réi loan vé chuyén hoa
carbohydrat, protid, lipid. Néu khong dugce kiém
soat va diéu tri s& dan dén cac bién ching nghiém

" Téc gia lién hé.
Dia chi email: tungbt.ump@vnu.edu.vn
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trong nhu thic day qué trinh /dong mau, bénh
vong mac tiéu duong, tang huyét ap,... Theo Lién
doan TP Quéc té (IDF), nam 2021, ctr 10 nguoi
truong thanh trén toan thé gidi thi c6 mot ngudi
méc bénh tiéu dudng, udc tinh chi phi y té toan
cau 1a 966 ty d6 la My vao nam 2021 [1]. Tai
Viét Nam, theo két qua diéu tra cia B6 Y té nim
2021 cho thay ca nudc c6 khoang 7,1% sb nguoi
truong thanh bi mic DT, tvong tng v6i khoang
5 triéu nguoi. Trong s do, chi ¢6 khoang 1,75
triéu nguoi (chiém khoang 35%) da dugc chan
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doan va khoang 1,16 tri¢u nguoi (khoang 23,3%)
dang duoc quan ly, diéu tri tai cac co sO y té.
Theo dy doan, nhing con s6 nay s& tiép tuc ting
nhanh trong twong lai. Vi vdy, day duoc xem la
van dé cap thiét va can phai c6 nhitng danh gia
sau hon vé tac dong cuia bénh BTb ddi véi cude
song ctia ngudi bénh [2].

Enzym a-amylase (AA) 1a enzym rat phd
bién trong nhiéu loai sinh vat. AA c6 thé thuy
phan ca ho tinh bot va hat tinh bot nguyén dé tao
céc phan tir duong glucose, maltose hap thu vao
mau [3]. Enzym o-glucosidase (AG) la mot
exoenzym dugc tim thiy trén vién ban chai cua
té bao niém mac rudt ngudi (bao gdm maltase,
a-dextrinase va sucrase). Enzym nay tham gia
vao qua trinh chuyén hoa carbohydrat ctia co thé
va cit glucose tur cac polysacarid bang cach thuy
phan lién két a-1,4- -glycosid [4]. Vi véy, viée kiém
soat chit ch& dudng huyét sau dn bang cach trc ché
a-glucosidase va a-amylase co y nghia di voi su
phat trién, phong ngira va diéu trj bénh nhan DTD.

Flavonoid 12 nhém gdm hon 4000 hop chat
polyphenolic ¢6 mit trong hau hét cac loai thyuc
vat. Nhiéu hoat tinh sinh hoc ctia nhom hop chét
nay da dugc chung minh c6 tic dung trong bao
vé sitc khoe con nguoi. Tac dung cha yéu va
dugc biét dén nhidu nhit cua flavonoid 1a chéng
oxy hoa, giam nguy co mic cac bénh tim mach
va chbng ldo hoa [5]. Ngoai ra, cac tic dung
trong Uc ché su phat trién cua cac vi sinh vat,
chbng viém nhiém va kha ning chdng ung thu
cling da dugc nghién ctru va chimg minh [6, 7].
Vi vay, day 1a nhom hop chét tiém ning can
duoc khai thac va nghién ctru nhiéu hon, dic biét
1a cac tac dung trén hé tim mach va tiéu duong
nham dap Gmg nhu cau trong diéu tri. Do do,
trong nghién ctru nay, ching t6i tién hanh sang
loc mot ) hop chét flavonoid dé phat trién thanh
thudc dinh hudng diéu tri bénh DTD.

2. P6i twong va phwong phap nghién ciru

2.1. M6 hinh docking

2.1.1. Chudn bj protein

Céu trac ciia enzym AA va AG dugc tai vé
tr co s¢ dir liéu Protein Data Bank ¢ dinh dang

PDB lan luot 1a: 2QV4 va 3W37 véi ligand dong
két tinh tuong tng QV4 va NAG [8, 9]. Sau do,
tién hanh loai bo cac phan tir nudce, ligand dong
két tinh va cic phan tir nén bang phin mém
Discovery Studio 2021 Client; dong thoi thém
hydro, tdi wu héa ligand, gin truong lyc Kollman
va chuyén vé dinh dang PDBQT bang phan mém
Autodock Tools 1.5.7. Dya vao cac cong bd
trude day vé vi tri hoat dong cia protein 2QV4
va 3W37, chung t6i da lua chon ving hoat dong
v6i kich thudce hop ludi lan luot la: 70x70x70 A,
toa do (x; y; z) = (16,11; 49,57, 25,06) [10], va
60x60x70 A, toa do truc (x; y; z) = (14,103; -
27,101, -42,876) [11, 12].

2.1.2. Chudn bj phoi tir

Sau khi thu thip va tai vé cac hop chat
flavonoid tir co s¢ dit li€éu PubChem ¢ dinh dang
SDF, chung toi st dung phan mém Chimera d¢
chuyén céc phdi tir nay sang dinh dang PDB. Sau
d6, sit dung phuong phap Gradient li€n hop
(Conjugate Gradients) trong phan mém
Avogadro dé ti wu hoa ning luong. Cudi cung,
chuyén thanh dinh dang PDBQT bang phan mém
Autodock Tools.

2.1.3. Thyc hién qua trinh docking phdn tir
cdc hop chdt

Céc phéi tir sau khi chuan bi, dam bao cac
diéu kién s& dugc dock vao vi tri hoat dong cua
protein bang phan mém Autodock Tools. Hop chat
Iya chon 14 cac hop chét c6 gi4 tri ning lugng lién
két thap hon chat chimg dwong (acarbose).

2.2. Pdnh gid két qua docking

Pé danh gia két qua docking, chung t6i tién
hanh tach phéi tir dong tinh thé ra khoi protein
sau d6 phdi tir nay dugc re-dock lai vao ving
hoat dong cua muc ti€u dé tinh toan gia tri do
léch binh phwong trung binh gbc (RMSD). Két
qua qua trinh docking dugc goi la dang tin cay
néu gia tri ¢ 1éch binh phwong trung binh gbc
(RMSD) khéng vuot qua 1,5 A [13]. Kha ning
gin két cia cac hop chét véi protein duoc danh
gia dua trén tuong tac voi cac acid amin va nang
lwong lién két dugc tinh toan bang phan mén
Autodock vina.
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2.3. Pdnh gid quy tdc Lipinski 5

DPé danh gia quy tic 5 tiéu chi Lipinski,
chung t6i s dung coéng cu truc tuyén
(http://www.scfbio-iitd.res.in/software/
drugdesign/ lipinski.jsp) dé tinh toan cac thong
sO trong quy | tac nham danh gia tinh glong thudc
va khong gidng thudc ciia mot hop chat <o thé
phat trién thanh thudc dung dudng udng néu thoa
man 2 trong 5 tiéu chi sau:

- Trong luong phan t: MW < 500 Dalton.

- S6 lugng nhém cho lién két hydro (s6 luong
cac nhém —NH va —OH): HBD<5.

- S6 luong nhém nhén lién két hydro
(Nguyén tr O va N): HBA<10.

- Hé s6 phan bd octanol/nudc: LogP < 5.

- P6 khuc xa mol phai nam trong khoang
40-130 [14].

2.4. Dy doan cac thong 56 durgc dong hoc va doc
tinh (ADMET)

Cac hop chat co tinh gidng thudc thoa man
quy tac Lipinski 5 tiép tuc dugc phén tich
ADMET vé cac thong s6 dugc dong hoc va doc

Hinh 1. Két qua re-dock phdi tir ddng két tinh
véi protein 2QV4.

3.2. Két qua qud trinh docking cdc hop chdt véi
protein muc tiéu

Tién hanh docking 73 hop chét flavonoid lay
tor co so dit li€u Pubchem va do6i chiing duong
acarbose vao vi tri hoat ddng cta 2 enzym AG

tinh bang cach s dung cong cu truc tuyén
pkCSM véi dir liéu dau vao 1a cong thirc
SMILES cuia cac hop chat dugc 14y tir co so dir
liéu PubChem.

3. Két qua
3.1. Danh gia mé hinh docking

Pé danh gia mé hinh docking, can xac dinh
d6 1éch binh phuwong trung binh gbc (RMSD) ctia
phéi tir dong két tinh trude va sau khi dock bang
céch tach phdi tir nay ra khoi protein sau dé re-
dock lai vao vi tri hoat dong ctia muc tiéu. Gia tri
RMSD gitp danh gia do tin cdy cua qua trinh
docking thong qua viéc danh gia sy twong dong
vé cau dang, chong khit v& cu tric cua ph01 tu
dong tinh thé trude va sau khi dock. Két qua
RMSD ctia chiing t6i thu duge 1a 0,919 A véi
QV4 va 0,654 A v6i NAG. Cac gia tri déu thoa
mén RMSD < 1,5 A chimg t6 két qua docking
phan tir vao muyc tiéu la dang tin cay. Két qua re-
dock phdi tir dong két tinh véi protein dugc thé
hién ¢ cac hinh dudi day.

Hinh 2. Két qua re-dock phdi tir ddng két tinh
v6i protein 3W37.

va AA, ching t6i thu dugc 46 hop chat co gia tri
nang luong lién két thap hon chat ching duong
va tuong tac tot véi protein dich. Bang 1 1a két
qua docking cua 46 hop chat théa man. Cac hop
chat nay tiép tuc dugc danh gia dac tinh giong
thudc thong qua quy tic 5 Lipinski.
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Bang 1. Két qua docking ctia 46 hop chat thoa man

Ning luong lién két

Ning lugng lién két

STT Tén hoat chét (kCal/mol) (kCal/mol) véi
véi a-amylase a-glucosidase

1 Tectorigenin -8,5 -8,4
2 Rhoifolin -9,0 -8,6

3 Narcissoside -8,6 -9,7

4 Maackiain -8,3 -8,8

5 Isorhamnetin-3-O-neohespeidoside -7,9 -8,3

6 Sec-O-Glucosylhamaudol -9,3 -8,5

7 Cyanidin Chloride -9,0 -8,3
8 Cyanidin-3-O-glucoside chloride -8,2 -8,4
9 2"-O-Galloylhyperin -9,9 -8,9
10 Pectolinarin -9,0 -9,4
11 Eriocitrin -9,3 -9,2
12 Oroxin B -9,6 -8,8
13 Oroxin A -9,5 -8,2
14 Wogonoside -9,6 -8,3
15 Rutin -9,5 -10

16 Spinosin -8,7 -8,4
17 Methyl hesperidin -9,1 -9,0
18 (-)-Gallocatechin gallate -9,2 -8,5
19 (-)-Epicatechin gallate -9,0 -9,3
20 (-)-Epigallocatechin gallate -9,0 -9,7
21 Procyanidin B2 -9,8 -8,8
22 Naringin -8,8 -8,5
23 Icariin -8,8 -8,6
24 Narirutin -9,4 -9,2
25 Silymarin -10,0 -8,6
26 Amentoflavone -11,6 -10,1
27 Complanatoside A -8,0 -8,6
28 Quercetin -9,3 -8,8
29 Liquiritin -8,9 -9,0
30 Calycosin-7-O-beta-D-glucoside -9,6 -8,8
31 Glucosylvitexin -8,0 -8,6
32 Ononin -9,1 -8,4
33 Neohesperidin -9,3 -9,7
34 Scutellarin -9,5 -8,2
35 Baicalin -9,7 -8,6
36 Glycitin -9,1 -8,2
37 Daidzin -9,3 -8,3
38 Cosmosiin -9,4 -8,3
39 Avicularin -8,6 -8,3
40 Galangin -8,7 -8,4
41 Corylin -9,1 -9,0
42 Myricetin -8,8 -8,6
43 Sciadopitysin -10,4 -10,2
44 Hesperidin -9,4 -9,2
45 Kaempferol -8,7 -8,5
46 Luteolin -9,1 -8,2
+ Acarbose -7,9 -8,2

57
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3.3. Két qua danh gid quy tic 5 tiéu chi Lipinski

~ Bing 2 1a két qué ctia 12/46 hop chat c6 lién
ket tot vdi enzym AA va AG, dong thoi thdéa man

3.4. Bdnh gid két qua ADMET

_Phén tich ADMET nhim sang loc cac hop
chat c6 dac tinh dugc dong hoc tot va doc tinh

2/5 tiéu chi. thap nhat. Két qua duoc trinh bay ¢ Bang 3 va
Béang 4.
Bang 2. Két qua danh gia quy tic 5 Lipinski
STT Tén hop chat Phan tir khoi HBD HBA LogP MR
1 Corylin 320,34 1 4 4,19 91,23
2 Cyanidin chloride 322,70 5 6 2,72 73,72
3 Daidzin 416,38 5 9 1,92 96,21
4 Galangin 270,24 3 5 2,60 70,72
5 Kaempferol 286,24 4 6 2,31 72,39
6 Liquiritin 418,40 5 9 0,28 101,26
7 Luteolin 286,24 4 6 2,13 72,48
8 Maackiain 284,27 1 5 2,73 72,28
9 Myricetin 318,24 6 8 1,72 75,72
10 | Ononin 430,41 4 9 0,49 106,77
11 | Quercetin 302,24 5 7 2,01 74,05
12 | Tectorigenin 300,27 3 6 2,43 77,36
Bang 3. Két qua cac danh gia dic tinh hap thu, phan bd va chuyén hoa
51 hop ch Hap thu Phan bd Chuyén hoa
Teén hop chat Caco2 HIA VDss | BBB | CNS | CYP2D6 | CYP3A4
Corylin 1,26 96,87 0,43 0,18 -1,65 Khong Cé
Cyanidin Chloride -0,16 71,84 1,02 -0,90 -2,87 Khoéng Khoéng
Daidzin 0,24 59,32 -0,17 -1,23 -3,58 Khoéng Khoéng
Galangin 0,99 93,98 0,82 -0,75 -2,17 Khéng Khéng
Kaempferol 0,03 74,29 1,27 -0,94 -2,23 Khéng Khéng
Liquiritin 0,51 46,07 -0,16 -1,15 -3,87 Khoéng Khéng
Luteolin 0,09 81,13 1,15 -0,91 -2,25 Khong Khong
Maackiain 1,24 96,92 0,10 -0,06 -2,06 Khoéng Khbéng
Myricetin 0,09 65,93 1,32 -1,49 -3,71 Khéng Khéng
Ononin 0,29 61,69 -0,54 -1,24 -3,72 Khoéng Khoéng
Quercetin -0,23 77,21 1,56 -1,10 -3,07 Khoéng Khbéng
Tectorigenin -0,13 84,51 0,17 -1,06 -2,40 Khoéng Khoéng
Bang 4. Két qua danh gi4 cac dic tinh thai trir va doc tinh
Tén hop ch At Thai tru Doc tinh
j Clr OCT2 AMES hERG LDsg Gan Da
Corylin 0,22 Khoéng Co Khoéng 2,42 Khoéng Khong
Cyanidin Chloride 0,53 Khoéng Khoéng Khoéng 2,46 Khoéng Khong
Daidzin 0,14 Khoéng Khoéng Co 2,74 Khoéng Khong
Galangin 0,26 Khoéng Khoéng Khoéng 2,45 Khoéng Khong
Kaempferol 0,48 Khoéng Khoéng Khoéng 2,50 Khoéng Khong
Liquiritin 0,34 Khoéng Co Khoéng 2,55 Khoéng Khong
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Luteolin 0,49 Khong Khéng Khong 2,46 Khong Khéng
Maackiain 0,21 Khong Co Khong 2,35 Khong Khéng
Myricetin 0,42 Khong Khéng Khong 2,50 Khong Khéng
Ononin 0,20 Khong Khéng Khong 2,69 Co Khéng
Quercetin 0,41 Khong Khéng Khong 2,47 Khong Khéng
Tectorigenin 0,13 Khong Khéng Khong 2,33 Khong Khéng

(*Chu thich: Caco2: tinh thim qua mang, HIA: hap thu tai rudt ngudi, VDss: thé tich phan bd, BBB: hap thu qua
hang rao mau ndo, CNS: tinh tham qua hé than kinh trung wong, Clr: do thanh thai creatinine, OCT2: chat van
chuyén cation hitu co 2, AMES: kha nang gay ung thu, hERG: ddc tinh trén tim, LDso: liéu gy chéet 50%).

V& qua trinh hip thu, cac thong sé vé tinh
tham qua mang (Caco2) va hip thu & rudt ngudi
(HIA) gitp danh gia kha nang hip thu cia cac
hop chat. Gia tri Caco2 > 0,9 (log Papp trong
10 cm/s) dugce coi 1a ¢ tinh thdm tot qua mang.
Ddng thoi, cac hop chat dugc cho 14 ¢6 tinh hap
thu kém, vira va t6t néu HIA cua chung lan luot
nam trong khoang 0-20%, 20%-70%, va 70%-
100%. Bang 3 cho thiy co 3 hop chat cé tinh
thim qua mang Caco2 va kha nang hap thu ¢ rudt
t6t nhat 1a Galangin, Maackiain, Corylin.

Trong qua trinh phan b, cac hop chat dugc
cho 13 phan bd t6t dén cac md néu gia tri log
VDss > 0,45 va phan b kém néu log VDss < -
0,15. Ngoai Daidzin, Liquiritin, Ononin céc chat
con lai déu cho két qua phan bé kha tét. Pong
thoi, tat ca cac hop chét déu duoc du doan khong
¢6 kha ning hip thu qua hang rao mau ndo do c6
gia tri BBB < 0,3. Bén canh d0, Bang 3 cho thiy
chi ¢6 Corylin 1a hop chét duy nhit c6 kha ning

Trddrvactines
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108

Tuong tac 2D gitra Maackiain vdi enzym AG.

thim qua hé than kinh trung wong khi thoa man
CNS > -2.

Vé chuyén héa, hé cytochrome P450 1a hé
enzym quan trong trong qué trinh chuyén hoa
thudc ¢ gan v6i hai CYP quan trong la CYP3A4
va CYP2D6. Chi c6 Corylin chuyén hoa qua gan
bdi CYP3A4. Cac hop chét con lai khong chuyén
hoda qua gan.

V& thai trir, tit ca cac hop chit déu khong
phai co chit ciia OCT2 (chit van chuyén cation
hiru co 2). Pay 1 co chit dong vai trd quan trong
ddi vai viée giai doc va dao thai cac dang ion cta
thudc cing nhu cac hop chét noi sinh khoi hé
thong tudn hoan, 1a yéu t6 quyet dinh dang ké
dén phan tmg va d6 nhay cua thudc.

Vé doc tinh, Daidzin duoc du doan trc ché
hERG, do d6 c6 kha nang gay ddc tinh trén tim.
Maackiain, Liquiritin, Corylin c6 nguy co gy
ung thu (doc tinh AMES). Ngoai Ononin gay
doc trén gan, cac chét con lai déu khong gy doc
tinh trén gan va da.
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Hinh 3. Biéu dién 2D tuong tac gitra cic hop chét tiém ning va dbi chimg dwong
v6i acid amin trong ving hoat dong cla protein.
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Sau khi phan tich két qua ADMET, chung toi
thu duoc 3 hop chét ¢6 cac dic tinh duoc dong
hoc t6t nhat va doc tinh thép nhét 1a Maackiain,
Corylin, Galangin. Tuong tac giira 3 phén tr trén
véi cac enzym AG, AA dugc minh hoa 2D b?mg
phan mém Discovery Studio thé hién trong Hinh 3.

Duya vao Hinh 3 ¢6 thé thay Corylin cho lién
két tot nhat trén ca 2 dich vi tao dugc nhiéu lién
két hydrogen, alkyl, m-alkyl, m-anion vé&i nhiéu
acid amin tai trung tam hoat dong. Nang lugng
lién két ciia Corylin 1a nho nhat. Maackiain co
nang lugng lon nhét vi tao duoc it lién két véi
acid amin, chi yéu Ia cac lién két kém bén.

4. Ban luian

Trong nghién ctru nay, chung t6i tién hanh
sang loc 40 73 hop chét flavonoid c6 ngudn gdc
tu nhién. Nhiéu hop chit cho thiy ning luong
lién két thap, twong tac giita cac acid amin véi
protein tot hon chat d6i chung acarbose. Tuy
nhién, sau qua trinh sang loc, chiing t61 thu dugc
12 hop chét c6 dic tinh giéng thudc, thoa man
tiéu chi 5 Lipinski va 3 hop chat trong sé d6 cho
théy tinh kha quan vé mat duoc dong hoc va doc
tinh la Galangin, Maackiain, Corylin.

Véi enzym AG, Maackiain va Glangin lién
két voi vi tri hoat dong chi yéu thong qua céc
lién két hydro. Pay 1a lién két quan trong khi
danh gia kha ning trc ché protein dich. Cu thé,
Maackiain tao lién két hydro véi cac aicd amin
ARG699, ARG676; Glangin tao lién két véi
ARG670, GLU301, ARG699, ARG676. Diéu
nay cho thay 2 hop chat nay c6 kha ning tao
tuong tac tuong tu nhau. V&i enzym AA, 2 hop
chat Galangin va Corylin cho thiy c6 twong tac
v6i protein dich théng qua cac lién két hydro
quan trong. Pac biét 1a Corylin khi tao dugc cac
tuong tac véi acid amin twong tu acarbose:
ASP300, GLU233, cho thy tiém ning ctia no
nhu mot tac nhan tri DTD.

Galangin 1a mét bioflavonoid c6 tac dung
chéng viém va chéng oxy héa manh. Pay la
flavonoid dugc tim thay nhiéu trong mit ong va
& ctia cdy thudoc ho gimg (Alpinia galanga).

Galangin da dugc chung minh 1a c6 tac dung
khang virus, tri DTD va chéng ung thu [15].
Nghién ctru cua Tzayhri Gallardo-Velazquez
va cong su chimg minh rang Galangin @rc ché
DPP-4 trong dng nghiém. Pong thoi, cho thay
hiéu qua khi sir dung liéu phap két hop (10 nM
insulin va 250 pug/Ml galangin) trong diéu tri
bénh DTD, cai thién sire khoe té bao co xuong
[16]. Két qua docking ctia chiing toi cho thiy,
Galangin c6 nang luong lién két 1a -8,7 va -8,4
kCal/mol twong tmg véi enzym AA va AG, ¢6 tinh
thAm qua mang va kha niang hép thu tai rudt tot,
phan b tot dén cac mo, khong chuyén héa qua
gan, khong c6 ddc tinh trén gan va da, khong co
kha nang gay ung thu.

Maackiaing 13 mot hop chat co6 ngudn goc
tir Sophora flavescens dugc st dung nhu mot
loai thudc thao dugc truyén thong dé diéu chinh
céc phan tmg viém [17]. Tuy nhién, co ché chong
viém ciia hop chat nay van chua duoc lam 1.
Céc nghién ciru da cho thiy Maackiain & ndng
d6 cao nhat 50 pM c6 tac dung trc ché qua trinh
tao md thong qua con duong PPARy/C/EBPa
[18]. Maackiain cho gia tri ning lwong lién két 1a
-8,3 va -8,8 kCal/mol tuong tng véi enzym AA
va AG. Két qua danh gia ADMET cho thiy hop
chat nay c6 kha ning thim t6t qua mang Caco2
va hép thu 6t tai rudt, khong c6 kha ning giy
ung thu cling nhu gay doc tinh trén da va gan.

Corylin 1a mot hop chat tw nhién thudc nhom
flavonoid duoc tim thiy trong hat qua Psoralea
corylifolia L. (Fabaceae) Pay la mot loai dugc
liéu Trung Qudc dugec st dung trong diéu
tri lodng xuwong [19]. Cac nghién ctru trén dong
vat da chimg minh rang Corylin giup céi thién
bénh gan nhiém m& do béo phi, bénh DTD type
2 va xo vira dong mach [20]. Corylin co gia tri
ning lugng lién két thap nhét trong 3 hop chat
tiém nang: -9,1 kCal/mol véi enzym AA va
-9,0 kCal/mol véi enzym AG, c6 tinh thim qua
mang va kha ning hap thu tai rudt tét, khéng co
kha nang gay doc tinh trén tim va gy ung thu.
Tuy nhién, hop chat nay c6 chuyén hoéa qua
CYP3A4. Vi vy, can luu y khi sir dung cing vé6i
cac thude trc ché enzym CYP3A4.
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5. Két ludn

Tir 73 hop chét flavonoid duoc tai vé tir co

s0 dir li€u Pubchem, chung t6i thu dugc 46 hop
chat c6 tac dung tot trén ca 2 dich clia enzym AA
va AG. 12 hop chét trong s6 d6 cho thay cac dic
tinh gidng thudc, théa min cac tiéu chi sir dung
duong uéng cua 1 duge chit. Sau do, tiép tuc
sang loc thu dugc 3 hop chit co cac dic tinh
dugc dong hoc va doc tinh (ADMET) tét nhét la:
Galangin, Maackiain, Corylin. Do do, can thuc
hién cac nghién ctru sau hon trén thuc nghiém dé
phat trién cac hop chat tiém niang nay tr¢ thanh
thudc diéu tri DTD type 2 v6i hiéu qua cao va
han ché cac tac dung khong mong mudn trén
nguoi bénh.
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