BAI NGHIEN CUU -°

-

Sang loc cac hop chat thién nhién co nguon goc tur
duoc liéu Viét Nam ¢o tac dung uc ché Dipeptidyl
Peptidase IV dinh huong phong va diéu tri dai thao
duong type Il bang phuong phap In Silico

SCREENING VIETNAMESE PLANTS-DERIVED NATURAL COMPOUNDS AS DIPEPTIDYL
PEPTIDASE IV INHIBITORS FOR THE TREATMENT AND PREVENTION OF TYPE II
DIABETES USING IN SILICO METHODS

Nguyén Thi Van Anh, Pham Thé& Hai
Truong Bai hoc Khoa hoc va Cong nghé Ha Noi
TOM TAT

Muc tiéu: Sang loc cdc hop chdt thién nhién tir cdy thudc Vit Nam co tdc dung (¢ ché
dipeptidyl peptidase IV (DPP4) huéng diéu tri ddi thdo dudng type 2 bang mé hinh in silico.

Dai tuong va phurong phdp nghién ciru: Cac hop chdt thién nhién tir duac liéu Viét Nam dugoc sang
loc tdc dung trén dich phan t&r DPP4 bang phuong phdp docking phén ta, s dung phdn mém Autodock
vina 1.2.0 va ICM pro-3.8. Béng thdi, phuong phdp hda tinh todn duoc sir dung dé du dodn cdc théng
s6 duoc dong hoc va dgc tinh cda cdc hop chdt tiém nadng.

Két qud: Nghién ctru dd chi ra 11 hop chdt tiém ndng c6 tdc dung trén dich phdn tir DPP4. Trong dé,
c6 4 hgp chdt flavonoid cé ndng lugng lién két manh nhdt vdi dich tdc dung la eriodictyol (23,31 kcal/
mol), luteolin (-23,71 kcal/mol), cirsimaritin (-23,47 kcal/mol) va naringenin (-27,81 kcal/mol). B6n chdt
nay duoc du dodn la c6 tinh thaGm va do tan kém, thdi trir qua nudc tiéu > 70%, ¢ khd ndng trc ché
CYP1A2, CYP3A4, CYP2C9 va khéng c6 doc tinh.

Két lu@n: 11 hop chdt thién nhién tir dugc liéu Viet Nam da duoc du dodn la o tdc dung tét nhat
trén dich DPP4; trong d6, 4 hop chdt flavonoid (eriodictyol, luteolin, cirsimaritin, naringenin) la tiém
ndng nhat. Cdc nghién ciu thuc nghiém can duoc tién hanh dé nghién cdu sGu hon tdc dung trc ché
DPP4 ctia cdc hop chét ndy ciing nhu dinh huéng phdt trién sén phdm hé tro diéu tri ddi thdo dudong
trong tuong lai.

Tur khéa: Bdi thdo dudng, Docking phdn tu, Dipeptidyl peptidase 1V, Hop chdt thién nhién, In silico.

SUMMARY

Objective: To screen Vietnamse medicinal plants-derived compounds as dipeptidyl peptidase (DPP4)
inhibitors with promising anti-diabetic treatment effect by in silico method.

Subjects and methods: Vietnamese medicinal plants-derived compounds were screened for the
inhibiting effect on DPP4 by molecular docking methods using Autodock vina 1.2.0 and ICM pro 3.8
softwares. Pharmacokinetic and toxic properties were then examined for potential active compounds.

Results: This study showed that 11 potential natural compounds were able to inhibit DPP4. Among
them, 4 compounds were the best inhibitors, including eriodictyol (-23,31 kCal/mol), luteolin (-23,71
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kCal/mol), cirsimaritin (-23,47 kCal/mol) and naringenin (-27,81 kCal/mol). These four compounds
showed poor permeability and solubility, were excreted in urine (> 70%), were able to inhibit CYP1A2,

CYP3A4, CYP2C9 and had no toxicity on organs.

Conclusion: From the database of Vietnamese medicinal plants-derived compounds, 11 compounds
were predicted to have good interactions with the DPP4 target. Among them, there are 4 flavonoid
compounds (eriodictyol, luteolin, naringenin and cirsimaritin) showed the most potential on the molecular
target of DPP4. Therefore, experimental studies need to be conducted to further investigate the inhibitory
effects of these compounds against DPP4 for the treatment and prevention of type II diabetes.

Keywords: Diabetes, Molecular docking, Dipeptidyl peptidase 1V, Natural compounds, In silico.

PAT VAN DE

Pai thao dudng type 2 (BDTD2) la bénh ly man
tinh v&i nhiéu bién ching nguy hiém. Mac du
nhiéuliéu phdp méidiéutribTb2 da radoinhung
van tén tai nhiéu han ché Ién vé hiéu qua va doc
tinh. Tinh phtrc tap clia co ché phan tir ctia bénh
va tuong quan thap gilra cdc md hinh té bao (in
vitro), md hinh ddng vat (in vivo) vGi trén ca thé
Nngudi (in humano) trong giai doan sdm clia sang
loc hgp chat dan dudng la nhirng thach thac 1én
trong qua trinh nghién ciru thuéc méi diéu tri
PTP2 [1]. Nhiéu nhém thubc diéu tri BTP2 da
dugc phat trién va str dung rong rai trong 1am
sang nhu insulin, cac biguanid, sulfonylurea,
thiazolidinedione (TZD), meglitinide, chat uc
ché a-glucosidase hay dipeptidyl peptidase IV
(DPP4)... Trong d6, DPP4 la enzym c¢6 tac dung
bat hoat va phan huy incretin, mét hormon kich
thich tuy tiét insulin tr d6 lam ha glucose mau
trong co thé. Vi vay, ic ché enzym nay sé lam
tang nong doé va kéo dai thai gian tac dung cta
incretin, tir d6 lam tang tiét insulin va gidm tiét
glucagon, dan dén gidm glucose mau [2]. Trong
cac thuéc méi phat trién, nhiéu hoat chat dugc
tim thay thdng qua qua trinh thiét ké va sang loc
hop ly véi sy hé trg cda cadc mé hinh mdy tinh
(in silico), dac biét la cac mé hinh lién quan dinh
lurgng gilra cau truc va hoat tinh sinh hoc (QSAR)
va’hoac mé phdng protein docking véi lgi thé
vé thoi gian va chi phi. Protein docking la mét
phuong phap mo phong dua trén téi uu hda, tim
vi tri va cau hinh phu hgp nhat ctia mét co chat
gan két Ién protein [3]. Hién nay protein docking
dugc xem la phuong phap sang loc phd bién

nhat trong nghién ciru dugc liéu vi cac hgp chat
thién nhién thuong c6 tac dung da dich, dong
thoi ¢ cau tric dac tha, do dé méi lién quan
cau trdc-tac dung thuong khéng dong nhat.

Nudc ta ¢ ngudn dugc liéu rat phong phd,
nhiéu cay thudc da dugc sir dung phé bién trong
dan gian dé diéu tri DTD2 nhu gac, gido cé lam,
tho phuc linh, véi hang ngan hoat chat da dugc
xac dinh va phan lap tUr cac cdy dugc liéu néu
trén va la nguyén liéu quy gia cho cac nghién
cru sang loc tim kiém cac hop chat dan dudng
6 tac dung tét trong ki€ém soat dudng huyét
& bénh nhan BTP2. D& gop phan tim kiém cac
chat c6 hoat tinh t6t phu hgp phat trién thanh
thudc diéu tri DTD2, chiing t6i da tién hanh sang
loc mét thu vién cac hop chat thién nhién tu
dugc liéu Viét Nam cé tac dung Urc ché DPP4 str
dung phuong phap mé phdng protein docking.
Thong qua md hinh nay, cac hgp chat thién
nhién cé thé dugc danh gid kha nang tuong tac
véi dich cling nhu so sanh hoat tinh mét cach
gian tiép thong qua du dodn muirc nang lugng
tuong tac (dG, kcal/mol) trong qua trinh gan
dich cia chdng.

POl TUONG VA PHUONG PHAP NGHIEN CUU
Poi twrgng nghién ciru

Co's& dir liéu (CSDL) ding dé sang loc:

CSDL gém 1367 hgp chat ¢ nguén goc tir
311 loai thurc vat va ndm sinh trudng trén lanh
thd Viet Nam dugc cung cdp bédi Vién Hoa hoc
cac hgp chat thién nhién (INPC), Vién Han Lam
Khoa hoc va Cdng nghé Viét Nam (VAST). Danh
muc nay dugc tap hgp tur 418 bai bao khoa hoc
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vé dugc liéu Viét Nam cdng bd trong khodng
thoi gian 1992-2016 [4]. M&i hgp chat dugc
dac trung bdi cac trudng thong tin: tén thong
thudng, tén IUPAC, cong thirc héa hoc, dinh
dang biéu dién dong (SMILES, InChi, InChiKey),
phan nhém cau trdc, nguén goc dugc liéu, cac
thong s6 héa ly twong (ng véi Quy tac 5 cla
Lipinski va cac tai liéu tham khao goc.

Phuong tién tinh todn:

Hé thong tinh todn hiéu ndng cao tai Truong
Pai hoc Khoa hoc va Cong nghé Ha N&i (USTH),
VAST gém 14 may tram Sikmatek c6 cau hinh:
Core i7-12700K (12 nhan 20 luéng), RAM: 32GB
DDR4, VGA: Nvidia RTX2060 12GB. Cac phan

[ Céu tric cia DDP4 ]

Chuén bi Protein

- Tach co chit déng tinh thé

- Loai cac phén tir nuwée (H,0)
- Thém nguyén tir hydro con thiéu |
- Gan trudng lye Kollman '
- Luu tép *.pdbgt i

_____________ e

( Dock lai co chit ddng tinh thé ]

Pénh gia két qua
-RMSD
- Twong tac

Quy trinh tinh todn dua trén mé phéng
protein docking trong sang loc hop chdt
thién nhién cé tdc dung urc ché DPP4

C& méu va phurong phdp tién hanh:

Quy trinh sang loc cac hgp chat thién nhién
dugc tién hanh theo 3 budc, véi ¢ mau
va phuong phap nhu sau:

Butdc 1- Tién sang loc: Tr CSDL 1376 hop chét
thién nhién, str dung phan mém Volsurf+ dé tinh

meém dugc sir dung trong nghién ciru gom co:
Hyperchem 8.0.1, Open Babel, MGLtools 1.5.7,
Autodock vina 1.2.0, Discovery Studio Visualizer
2016, cac cdng cu tinh todn tham s6 phan tur:
Volsurf+, ADMElab3.0 va mot s6 irng dung phu
trg khac.
Thoi gian va dia diém nghién ciru

Nghién clru dugc tién hanh tai USTH trong
khoang thoigian tirthang 09/2023 dén 01/2024.
Phuong phap nghién ciru

Thiét ké nghién ciru:

Phuong phdp sang loc do dua trén mo
phdéng protein docking dugc thuc hién theo
quy trinh dugc mé ta dudi day:

[ Thur vién céu tric cac ]

hop chét thién nhién
- Danh sach SMILES

!

Loai cac chét co dac diém
sinh dugc hoc khong phu hgp

Burée 1

L)
[Céu tric cac hop chit thién nhién J

Chuén bi ciu tir
E - Xay dung ciu tric 3D ;
i - Thém nguyén tir hydro con thiéu |
' - Téi wu hoa nang lugng i
| - Gin truomg luc Gasteiger
i - Luu tép * pdbgt

l ____________________ ‘

Ma phong protein docking ]

Buwde 2

Y

[Lga chon cac chit tiém ning ]

Bude 3

[Du doan cac théng sé ADM ETJ

todn cac thong so6 cau tric va héa ly dua trén mo ta
cau trdc dang chudi SMILES, bao gém khdi lugng
phan t&r (MW, g/mol), hé sé phan bé dau/nudc
(clogP), s6 trung tdm cho lién két hydro, chui yéu la
NH va OH (Hdon), sé trung tdm nhan lién két hydro,
chdiyéu la N, O (Hacq), s6 lién két quay dugc (Rot),
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dién tich bé mat phan tdr phan cuc topo (TPSA, A2),
s lugng nhan thom (nRing), s6 lugng nguyén tr
carbon (nC), s6 lugng di nguyén tir (nHet), diém
sinh kha dung (F-score). Tiéu chi sang loc, dua

trén cac quy tac giéng thudc: Lipinski, Veber, Egan,
Muegge (Bang 1) [5]. M6i quy tac khéng dugc vi
pham qua 01 tiéu chi. Ngoai ra, cac hgp chat c
diém s6 sinh kha dung F-score <0,55 ciling bij loai.

Tiéu chi ddnh gid tinh giéng thudc va sinh dugc hoc clia cdc chdt sang loc

- L Quy tac Quy tac o Pi€m sinh
Quy tac 5 Lipinski Veber Egan Quy tac Muegge kha dung
MW < 500; clogP Rot < 10- clogP < 200 < MW £ 600; -2 < clogP < 5;
<4,15; Hdon < TPSA_< 14’0 5,88; TPSA TPSA <150; nRing <7; nC>4; F-score <0,55
5; Hacc < 10. - ’ <131,6. nHet > 1; Rot < 15; Hdon < 5; Hacc < 10.

Budc 2 - Sang loc docking:

Cac budc tién hanh va tiéu chi lua chon:

- Chuén bj protein: Cau trdc tinh thé tia X
clia DPP4 (ma PDB: 1X70) dugc tai vé tir ngan
hang dir liéu protein, va dugc xir ly trudc khi
sang loc [6]. Cac cau truc nay dugc phan tich vé
chat lugng d6 phan gidi, trinh tu acid amin (aa)
va dac diém trung tdm hoat dong. Sau d6 loai
nudc, tach cac cau ttr (ligand) ra khéi cau tric cla
protein va cudi cing thém hydro, gan truong
lyc Kollman va xay dung tép *.pdbgt. Cac budc
nay dugc tién hanh trén phan mém MGLtools.

- Chudn bi cau tir: Cac chat sau khi tién sang
loc dugc xay dung cdu trdc 2D bang Chemdraw,
sau dé xay dung cong thirc 3D hop chat nay
véi phan mém MarvinSketch, t6i uu hdéa nang
lugng trén server RunProdrg. Sau cung, su
dung phan mém MGLtools thém hydrogen, gan

truong lyc Gasteiger va xay dung tép *.pdbqt.

- M6 phéng protein docking:

Quaé trinh nay gom 2 budc:

+ Dock lai: Co chat dong tinh thé (Sitagliptin
enamine, CAS: 767340-03-4) dugc dock lai d& danh
gid d6 chinh xac cldia docking phan tir. Qua trinh
chuan bj cdu tr tuong tu nhu trén. D liéu cac tép
pdbqt da xay dung clia hgp chat va clia protein
sé dugc tién hanh docking, str dung phan mém
Autodock Vina. Trung tdm grid box dugc dat & vi tri
ban dau cda Sitagliptin enamine trong cau tric tinh
thé. Kich thudc grid box: 26 x 26 x 22 A. S6 vong lap
cho chuong trinh la 8 vong, cac tham sé khac dugc
cai dat & ché dé mac dinh. Két qua dock lai dugc
danh gia dua trén su trung khdp clia két qua Vi
cau dang ban dau clia co chat dong tinh thé théng
qua dd léch can bac 2 (Root mean square deviation
- RMSD, A), tinh theo cong thirc sau:

1 n
RMSD,p) = \/;Zi=1[(aix —bi)? + (ayy — biy)? + (ai; —bp)?] M

Trong d6 n la tong s6 nguyén tu; ix, iy, iz la
toa dd khong gian cia nguyén tir thr i trong 2
chat a va b; RMSD cang I6n thi mirc d6 sai léch
cUa hai cau dang cang Ién. Nghién ciru nay ap
dung ngudng RMSD < 2A. Ngoai ra con danh
gid sy tuong dong trong cac tuong tac cla
hop chat trudc va sau khi docking. Phurc hé
sau khi ti€n hanh docking dugc dua vao phan
mém ICM pro 3.8 dé tién hanh t6i uvu hda va
tinh nang lugng tuong tac (dG, < 0, kca/mol)
dya trén ham tinh diém GBSA/MM-type tich
hgp trén phan mém nay. Mlrc nang lugng cla

Sitagliptin enamine dugc xem la ngudng dé phan
loai cac chat cd/khong tuong tac véi dich DPPA4.

+ M6 phdng protein docking cac hgp chat
thién nhién: Quy trinh tién hanh tuong ty nhu
trén. Cac hop chat cé6 mirc nang lugng tuong tac
t6thaon Sitagliptin enamine dugc gitrlai(dG <dG,).
DE phl hgp véi muc tiéu cling nhu quy mo clia
nghién clru, chuing téi chi chon loc 10% cac chat
€6 két qua docking t6t nhat cho budc tiép theo.

Buéc 3 - Lya chon cac chat tiém nang va dy
doan cac théng s6 dugc ddng hoc va doc tinh
(ADMET) str dung c6ng cu hda tin ADMElab 3.0.
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Cac théng sb quan trong bao gom: kha nang hap thu
qua dudng tiéu héa, tinh tham qua hang rao mau ndo, lién
két huyét tuong, chuyén hda budc mét tai gan va rudt va
cac doc tinh lién quan. Tirkét qua phan tich s& Iura chon cac
chéattiém nang nhat cho cac thirnghiém sau.
Pao dirc trong nghién ctru

Nghién ciru dugc thuc hién trén hé thong may
tinh va khdng s&r dung ca'thé séng. S6 liéu dugc phan
anh trung thutc, khach quan va chinh xac.

T 1376 hop chat tir CSDL ban dau, chi 512 chat
khong vi pham qua mét tiéu chi trong cac quy tac
giéng thudc: Lipinski, Veber, Egan, Muegge.

Butdc 2 - M6 phdng protein docking:

+ Dock lai co chat dong tinh thé Sitagliptin
enamine: Két qua dock lai cho thdy md hinh
protein docking cé thé tai Iap gan nhu tuong tw
cac dac diém lién quan cau tric - tadc dung Urc ché
DPP4 cla co chat déng tinh thé voi do léch rat
nho: RMSD = 0,569A. Hinh 1 mo ta két qua dock
lai va giéng hang gilta co chat déng tinh thé va
chat nay sau khi dock lai.

KET QUA
Butc 1-Tién sang loc:
Trung tdm hoat
déng clia enzym b, 22,
DPP4 -
. \ =
M ,
é W 807 I
a2 AT - 'y
- |

Hinh 1. Két qud dock Igi Sitagliptin enamine (mau xanh) vao trung tdm hogt
ddng ctia DPP4 va so sdnh vdi ca chdt dong tinh thé (mau vang)

Két qua dock lai cling phan anh cac tuong tac quan
trong clia co chat khi gan dich DPP4 bao gom: lién két
hydro véi cac axit amin Arg125, Glu206, Val207, Cys551,
Tyr585, cac tuong tac pi stacking véi Phe357, Tyr547,...
Sau khi tinh nang lugng tuong tac gita Sitagliptin
enamine, két qua thu dugc dG, = -22,57 kcal/mol. Két
qua nay la phu hgp va cé thé img dung trong budc

sang loc tiép theo.

+ MG phong protein docking 512 hgp chét thién
nhién tir CSDL ban dau thu dugc 114 hop chat c6 dG
< dG,. Do d6, chi 11 chét (10%) c6 dG thap nhat dugc
chon. Day la cac chat thé hién ai lurc lién két manh nhat
vGi dich DPP4. Nang lugng gan két va tuong tac topo
ctia 11 chat nay dugc biéu dién trong Bang 1 va Hinh 2.

Bdng 1. Két qud tién sang loc va docking cda 11 hgp chdt thién nhién tiém ndng

STT Hop chat Lipinski' Veber' Egan' Muegge' F-score?  dG (kcal/mol)
1 Axit quinovic 1 0 1 1 0,56 -22,93
2 Apigenin 0 0 0 0 0,55 -23,05
3 Daphneolon 0 0 0 0 0,55 -22,82
4  Lupeol 1 0 1 1 0,55 -23,00
5 Hispidulin 0 0 0 0 0,55 -23,17
6 Eriodictyol 0 0 0 0 0,55 -23,31
7 Luteolin 0 0 0 0 0,55 -23,71
8 Resveratrol 0 0 0 0 0,55 -22,92
9 Axit rosmarinic 0 1 1 0 0,56 -23,11
10 Cirsimaritin 0 0 0 0 0,55 -23,47
11 Naringenin 0 0 0 0 0,55 -27,81
12 Sitagliptin enamine? 0 0 0 0 0,55 -22,57

('S6 vi pham cdc quy tdc gidng thudc; 2diém sinh khd dung; 3chdt d6i chiing duong)
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Hispidulin

S
)

Axit rosmarinic Cirsimaritin

Resveratrol

Interactions:

) polar > sidechain acceptor
O acidic  + sidechain donor
© basic = backbone acceptor
© greasy - backbene donor
v, proximity ligand

contour exposure

arene-arene
©H arene-H
+ arene-cation

€ solvent residue
O metal complex
o " solvent contact
g metalfion contact
. receptor

"7 exposure

Naringenin

Hinh 2. Turong tdc topo cua cdc chdt trong trung tém hoat déng ctia DPP4

Tat cd 11 hgp chat déu tuong tac tét vdi
trung tdm hoat déng ctia DPP4. Trong cac chat
nay, ching téi phat hién 4 chat cho két qua
docking phan tr t6t nhat la cac chat co ai
lyc cao nhat, gom: eriodictyol (-23,31 kcal/
mol), luteolin (-23,71 kcal/mol), cirsimaritin
(-23,47 kcal/mol) va naringenin (-27,81 kcal/
mol) (Hinh 4). Eriodictyol va luteolin chad
yéu tuong tac véi cac aa & day tui, bao gom

\s;azue ,

\_ARG35E

AYRB47

Luteolin

Eriodictyol

Ser209, Arg356 va Phe357. & miéng tui, nhém
5,7-dihydroxy-4-benzopyrone tao tuong tac
hydro vé&i Tyr547 va pi-stacking véi Phe357
va Tyr682. Trong 4 chat dugc chon nay,
eriodictyol thé hién tuong tac yéu hon vdi
dich. Trong khi d6 cirsimaritin va naringenin
tuong tac gan tuong tu nhu chat doi chirng
duaong (Sitagliptin enamine) v&i nang lugng
tuong tac tot hon so vdi naringenin.

Naringenin

Cirsimaritin

Hinh 3. Tuong tdc giita mét s6 hgp chdt sang loc dugc véi DPP-IV
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Budc 3: DE lya chon cac chat tiém nang nhat,
4 chat c¢6 éi lyc cao nhat véi dich dugc tiép tuc
nghién clru sdu théng s6 héa ly va dac diém dugc
déng hoc va doc tinh, str dung céng cu ADMETsar

va SwissADME, thu dugc két qua nhu trong Bang
2. Vé dac diém giéng thudc, eriodictyol cling nhu
cac flavonoid dugc chon déu cho thdy dac diém
giéng thudc kha tot véi F-score 2 0,55 (Bang 1).

Béng 2. Cdc tinh chdt ADMET (gid tri trong ngodic biéu dién xdc sudt du dodn)

Hoat chat Eriodictyol Luteolin Cirsimaritin Naringenin
Hdp thu
Tinh thdm qua mang . . . .
L Théap (0,895) Thap (0,898) Trung binh (0,902)  Trung binh (0,753)
té bao Caco-2
Tinh tham qua hang . . . .
. i Théap (0,578) Thap (0,571) Théap (0,682) Trung binh (0,679)
rao mau nao (BBB)
Hap thu qua dudng rudt Trung binh (0,953)  Trung binh (0,965)  Trung binh (0,987)  Trung binh (0,967)
Sinh kha dung dudng uéng Thap (0,945) Thap (0,931) Thap (0,898) Thap (0,894)
Phén bé
Té bao Ty thé (0,595) Ty thé (0,589) Ty thé (0,815) Ty thé (0,758)
Lién két protein
’ 65,0 69,0 70,5 68,8
huyét tuang(%)
Chuyén héa
Co chéat glycoprotein P C6(0,921) Cé6(0,562) C6(0,627) C6 (0,545)
Co chat CYP3A4 Khoéng (0,584) Khoéng (0,653) Khoéng (0,557) Khoéng (0,629)
Co chat CYP2C9 Khoéng (0,766) Khoéng (0,789) Khoéng (0,789) Khoéng (0,742)
Co chat CYP2D6 Khéng (0,878) Khong (0,941) Khoéng (0,792) Khoéng (0,869)
Uc ché CYP3A4 Cé (0,700) Khoéng (0,911) Khéng (0,557) C6(0,898)
Uc ché CYP2C9 C6(0,579) Khoéng (0,582) C6(0,776) C6 (0,894)
Uc ché CYP2C19 Khéng (0,792) Khong (0,902) C6 (0,896) C6(0,899)
Uc ché CYP2D6 Khéng (0,792) Khoéng (0,928) Khéng (0,733) Khoéng (0,756)
Uc ché CYP1A2 C6(0,819) C6(0,910) C6(0,867) C6(0,910)
Chuyén hoéa i . 5 .
C6(0,578) C6 (0,682) C6 (0,768) C6 (0,762)
Glucuronosyltransferase
Thdi trir
Thai trir qua nudc tiéu (%) 78,6 75,5 77,5 80,6
Péc tinh
Gan Khoéng (0,975) Khoéng (0,525) Khong (0,885) Khoéng (0,736)
Kich irng mat Khéng (0,812) Khong (0,945) Khong (0,915) Khoéng (0,936)
Dot bién gen Khéng (0,951) Khoéng (0,722) Khong (0,926) Khoéng (0,883)
Uc ché kénh hERG
o o Khéng (0,957) Khéng (0,978) Khéng (0,982) Khéng (0,964)
(d0c tinh trén tim)
Liéu gay doc tinh ca
SRR ; 3,45 3,02 3,058 3,511

trén chudt (kg/mol)
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Két qua phan tich dac diém ADMET clia 4 hoat chat
cho thdy vé hép thu, cac dac diém nhu tinh tham va
dd tan kha thap. Cac chat nay c6 kha nang lién két véi
protein huyét tuong 65-70%, va dugc du doan la co
chéat clia bom téng thudc glycoprotein P, do d6 cd thé
can trd qua trinh hap thu. V& chuyén hda, cac chat dugc
du doan cd kha nang trc ché mét sé cytochrome tai gan
nhu CYP1A2, 3A4 va 2C9 ciing nhu bj chuyén héa budc
2 béi glucuronosyitransferase. Dy doan cho thay >70%
hoat chat s& chd yéu bi dao thai qua nudc tiéu. Cac chat
nay cling dugc dy doan la an toan vi khdng ghi nhan
ddc tinh tai cac co quan cling nhutrén b mdy di truyén
(nguy ca gay ung thu).

BAN LUAN

Sang loc cac hgp chéat thién nhién hudng diéu tri
dang la mét trong nhitng xu huéng dugc khoa hoc rat
quan tam hién nay. Theo mdt s6 nghién clru da dugc
cdng bd, hau hét cac hoat chat tu nhién la cac chat
chuyén hoa thlr cdp cd cau trdc phiec tap, kho tong
hop, do d6 chiing mang dac diém hdéa hoc méi va duy
nhét. Cac md hinh in silico da dugc (g dung rong réi
trong sang loc tim kiém hgp chat thién nhién huéng
diéu tri DTD nham thu hep khdng gian tim kiém va gitip
tang xac suat thanh cong so vai sang loc thuc nghiém
trén dich phan tl, t€ bao hay mo hinh déng vat [11,[2].

Mat khéc, DPP4 dugc danh gid la mot muc tiéu hap
dan trong nghién ctru thuéc méi diéu tri BTP2. Uc ché
enzym nay s& lam tang nong dd va kéo dai thdi gian
tac dung cla incretin, lam tang tiét insulin va giam
tiét glucagon trong tuan hoan, dan dén gidm glucose
méu. Theo huéng nay, ching toi da thiét lap mot
quy trinh sang loc in silico dura trén md phong protein
docking dé tim ki€m hoat chat thién nhién cé tac dung
rc ché DPP4. Hon 1300 hop chat da dugc sang loc
va 11 chét cé tac dung manh trén dich DPP4 da dugc
phét hién. Trong d6, c6 4 chat thé hién hoat tinh t6t
nhat la 4 flavonoid: eriodictyol, naringenin, luteolin va
cirsimaritin. Eriodictyol la mot flavanon pho bién dugc
tim thay véi ham lugng tuong ddi cao trong vo qua
cac loai citrus, véi dac tinh thay dbi vi giac. Cac tac dung
dugc ly da dugc cong bé cho hoat chat nay gom bao
vé tim mach, ddc tinh t& bao [7],... D6i véi T2, chat
nay tung dugc nghién ciru trén md hinh in vivo tac dung

Urc ché tan tao glucose & gan, tang cudng chuyén héa
glucose cting nhu diéu hda hormon incretin. Tuy nhién
chua cd nghién cru nao danh gia tac dung trén DPP4.
K&t qua docking cho thay chét nay cd thé la mot chat
Urc ché tiém ndng doi véi DPP4. Tac dung nay c6 dugc
la nh& cac tuong tac véi cac aa Glu206, Val207, Arg358,
Tyr547... cta dich, dong thoi cé cau dang tuong tu
Sitagliptin enamine. Chat th(r hai, naringenin la mot
flavanone glycosid, c6 ham Iugng cao trong budi, tao
vi dang. Naringenin tiing dugc nghién clru nhiéu tac
dung dugc ly nhu chéng oxy héa, lam gidm lipid mau,
chéng ung thu. Mgt s6 cong bd vé tac dung clia chat
nay trén BTD2 da cong b, vi du nhur tac dung chéng
viém, chéng oxy hda cling nhu cai thién hoat tinh clia
protein van chuyén glucose ndi t& bao (GLUT4) [8]. Tuy
nhién chua c6 nghién cru vé tac dung clia naringenin
trén DPP4, do d6 day dugc xem mot két qua méi vé kha
ndng tuong tac clia naringenin doi véi enzym DPP4. Két
qua docking cho thdy chat nay tao dugc mang ludi cac
tuong tac day dac vai cac aa Cys551, Tyr585, Val207,
Phe357,... tuong tu chat déi chimg duong. Thir ba la
luteolin, mét flavon, cho két qué docking va cu dang
lién két tuong tu naringenin. Bay cling la mét hgp chat
c6 lgi cho strc khde, dugc phét hién kha nhiéu trong
tu nhién nhu oregano (~1%), cdy bac ha, x6 thom, cé
xa huang (>10%),... luteolin va luteolin-7-O-glucoside
tng dugc nghién clru tdc dung ha dudng huyét trén
mo hinh BTD2 & chudt [9]. Cho tdi nay, co ché tac dung
clia né van chua rd rang, va cac nghién clru mai chi chi
ra hoat tinh quan trong nhu' chéng oxy héa hay chong
viém. Két qua docking trong nghién ctru nay du doan
tac dung (c ché DPP4 clia naringenin tuong ty nhu
chat doi chiing duong. Chat cudi cing dugc chon la
cirsimaritin, mét flavonoid dugc tim thay trong nhiéu
thao dugc quy clia nudc ta nhuhuong nhu tia (Ocimum
tenuiflorum L.) hay huang thao (Rosmarinus officinalis L.).
Hoat chat nay tirng dugc nghién clru tac dung chong
oxy héa, hudng diéu tri DTD2 str dung cac md hinh in
vitro hay in vivo [10]. Tuy nhién co ché tac dung cta
chat nay van chua dugc nghién clru day du. Dua trén
két qua docking phan tr, c6 thé thdy cirsimaritin c6 kha
ndng tao tuong tac bén vitng véi DPP4 thong qua cac
lién két ky nudc véi Phe357, Tyrs85, Cyr551 hay Glu206.
Ngoai ra né tao dugc mot lién két cho hydro véi Glu205
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tuong tu nhu chat déi chimg duong. Nang lugng
tuong tac cda cirsimaritin véi DPP4 manh hon so véi
€O chat dong tinh thé (Bang 1), tir d6 c6 thé suy ra day
cling la m6t chat (rc ché tiém nang ddi véi enzym nay.

DE danh gia tiém nang phét trién clia 4 chat dugc
chon, chiing ti da tinh toan cac thdng so dugc dong
hoc va ddc tinh str dung ADMElab va SwissADME. Theo
dd, cac chat nay cé tinh tham va do tan kha thap, déu
a co chat ciia bom téng thudc glycoprotein P, do d6 c6
thé can trd qua trinh hap thu. V& chuyén hda, cac chat
dugc du doan ¢ kha nang (rc ché mét s6 cytochrome
tai gan nhur CYP1A2, 3A4 va 2C9, vi vay cd thé cd tuong
tac thudc-thude khi dung kem. Dy doan con cho
thdy cac chat nay c6 thé dugc chuyén hda budc 2 bai
glucuronosyltransferase va >70% hoat chéat sé bi dao
thai qua nudc tiéu. Bong thdi, day cling la cac chat an
toan, khdng gay déc tinh trén cac ca quan. Ngoai ra,
chiing khong gay dot bién gen va it 6 nguy co gay ung
thu (Bang 2).

KET LUAN

Nghién c(ru nay da sang loc dugc mét s6 hop chat
cd tac dung Urc ché DPP4 hudng diéu tri di thao dudng
tlr co s& dit liéu hgp chét thién nhién Viét Nam. Két
qua nghién ctru da du doan 11 hop chat tiém nang cd
tac dung trén dich phan tir DPP4. Trong dd, c6 4 hop
chat flavonoid c6 &i luc manh nhat véi dich tac dung
|3 eriodictyol, luteolin, cirsimaritin va naringenin. Bong
thai, cac tuong tac chinh clia chding véi dich cling dugc
xac dinh. Cac phan tich dugc dong hoc va ddc tinh cling
chi ra tiém nang dé phét trién thanh thudc clia cac chat
nay. Day la két qua cd y nghia khoa hoc ggi y cho qua
trinh nghién c(ru thuc nghiém va phat trién thudc dinh
hudéng diéu tri BTD2 trong tuong lai. Cac nghién ctru
thuc nghiém can dugc tién hanh dé nghién clru sdu
hon hoat tinh trén dich DPP4 clia cac hgp chét nay.

TAI LIEU THAM KHAO

1. Bowman P, Flanagan SE, et al. Future
Roadmaps for Precision Medicine Applied
to Diabetes: Rising to the Challenge of
Heterogeneity. Journal of Diabetes Research,
2018, pp.1-12.

2. Karagiannis T, Paschos P, et al. Dipeptidyl

peptidase-4 inhibitors for treatment of type
2 diabetes mellitus in the clinical setting:
systematic review and meta-analysis. BM]J,
2012, 344, pp. e1369.

3. Jain AN. Scoring functions for protein-
ligand docking. Current Protein & Peptide
Science, 2006, 7(5), pp. 407-420.

4. Nguyen TTTH. Inital building o database
of Vietnamese natural compounds for virtual
screening (In Vietnamese), Graduation thesis,
VNU University of Medicine and Pharmacy,
2017.

5. Zhang M-Q. Working with small molecules:
rules-of-thumb of “drug likeness". Methods in
Molecular Biology, 2012, 803, pp. 297-307.

6. Kim D, Wang L, et al. (2R)4-Oxo-4-[3-
(Trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]
pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-
2-amine: A Potent, Orally Active Dipeptidyl
Peptidase IV Inhibitor for the Treatment of
Type 2 Diabetes. Journal of Medicinal Chemistry,
2005, 48(1), pp.141-151.

7. SchmidtJM, MiklosF.PropertyDistribution:
Differences between Drugs, Natural Products
and Molecules from Combinatorial Chemistry.
Journal of Chemical Information & Computer
Sciences, 2003, 43(1), pp.218-227.

8. Kwon EY, Choi MS. Dietary eriodictyol
alleviates adiposity, hepatic steatosis, insulin
resistance, and inflammation in diet-induced
obese mice. International Journal of Molecular
Sciences, 2019, 20(5), pp. 1227.

9. Den Hartogh DJ, Tsiani E. Antidiabetic
Properties of Naringenin: A Citrus Fruit
Polyphenol. Biomolecules, 2019, 9(3), pp- 99.
10. Zang Y, Igarashi K, et al. Anti-diabetic
effects of luteolin and luteolin-7-O-glucoside
on KK-A(y) mice. Bioscience, Biotechnology,
and Biochemistry, 80(8), 2016, pp.1580-1586.
11. Alqudah A, Athamneh R, et al. The
Emerging Importance of Cirsimaritin in
Type 2 Diabetes Treatment. International
Journal of Molecular Sciences, 2023, 24(6),
pp. 5749.

16 | TAP CHIi Y DUQC CO TRUYEN VIET NAM



