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Nghién ctru in silico kha ning &rc ché receptor GP llb/llla cGia cac dan

chat flavonoid va curcumin
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Tém tat

Dat van dé: Huyét khai 13 mot trong nhirng nguyén nhan phé bién gy tlr vong. Nhirng liéu phap khang
tiu cau hién tai van ton tai nhiéu tac dung phu, hodc khi€n bénh nhan khong dap ng vai tri liéu. Vi vay,
nghién clru va phat trién cac thudc khang tiéu cdu mdi |a muc tiéu quan trong trong cai thién diéu tri bénh.
Muc tiéu cta nghién cru nay |a thiét k& cac dan chat flavonoid va curcumin cé kha ning tc ché trén
receptor glycoprotein (GP) lib/llla. B8i twgng va phwong phap nghién ciru: Xay dung cdc mé hinh in silico
dé dy dodn hoat tinh sinh hoc va kha ning gan két vdi receptor GP IIb/llla ctia cac dan chat. Ap dung cac mo
hinh nay dé sang loc ao thu vién dan chat flavonoid va curcumin. Thiét k& dan chat mai tir cac cau tric tiém
nang nhat. K&t qua: Xay dwng dwoc md hinh 2D-QSAR va mé hinh docking phan t&r véi kha nang du doan tét.
Sang loc trén thu vién flavonoid va curcumin thu dwoc 16 dan chat curcumin va 29 dan chat flavonoid tiém
nang. Hai dan chat S4 va $35 duoc lwa chon dé t8i wu hda cau tric va thu duwoc 2 din chat tuvong ng 1a S4
va S35’ c6 thé sir dung cho cdc nghién clru tiép theo. K&t ludn: Nghién ciru s& gép phan dinh huwdng tim ra
duoc cac chat khdi ngudn cé kha ndng Grc ché receptor GP lib/llla, qua dé rit ngan thoi gian tim kiém thudc
md&i trong diéu tri cac bénh ly huyét khéi.

Tir khéa: Huyét khéi, receptor GP Iib/llla, in silico, QSAR, docking phén tw, flavonoid, curcumin.

Abstract
In silico inhibitory activities of flavonoid and curcumin derivatives
against GP llIb/llla receptor
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Nguyen Thanh Bich Chau?, Tran The Huan?, Tran Thai Son*"
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Background: Over the past 15 years, thrombosis has been one of the most common causes of death. Current
antiplatelet therapies could limit the morbidity and mortality from thromboembolic diseases, but they still
have side effects such as uncontrolled bleeding, and patients’ intolerance. Therefore, finding new antiplatelet
agents is an important goal in improving the treatment of thrombotic diseases. Objective: To design flavonoid
and curcumin derivatives that inhibit the glycoprotein (GP) Ilb/llla receptor, which plays an important role in
platelet aggregation. Materials and Methods: /n silico models were built to predict the biological activities of
chemical compounds. These models were used in virtual screening, and new structures were designed from
most promising molecules. Results: The 2D-QSAR and molecular docking models were developed with good
predictability. From the virtual screening process, 16 curcumin and 29 flavonoid derivatives were obtained with
potential activities on target protein. Two substances S4 and S35 were selected for structural optimization, and
two new compounds with the greatest potential for further research were found. Conclusion: The study will
contribute to the orientation of finding lead compounds capable of inhibiting the receptor GP IIb/llla, thereby
shortening the time to search for new substances in the treatment of thrombotic diseases.

Keywords: Thrombosis, GP IIb/Illa receptor, in silico, QSAR, molecular docking, flavonoid, curcumin.

1. DAT VAN BE

Theo théng ké cla T6 chirc Y té thé gidi, trong
hon 15 ndm qua, cac bénh ly huyét khéi la mét trong
nhitng nguyén nhan phd bién nhat dan dén tlr vong,
déc biét |a thi€u mau cuc bd co tim va tai bién mach
mau n3o. Nhitrng liéu phdp khang tiéu cau hién tai
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gitp han ché ti 1& mac bénh va tr vong do huyét khéi
nhuwng ching van toén tai nhiéu tac dung phu nhw
gay chay mau khong kiém soat, va nhiéu bénh nhan
khong dap &ng vai tri liéu (1, 2).

Liéu phap s dung aspirin cé kha ndng lam gidm
nguy co tlr vong do nhdi mau co tim & bénh nhéan
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mac hoi chirng mach vanh cap, trong khi dé céc
thudc rc ché receptor glycoprotein (GP) lib/Illa tiém
tinh mach con gidm duoc ti 1& bién cd thi€u mau
cuc bo, bién chirng sau dit stent nong mach vanh
va cai thién hiéu quad dat stent mach vanh. Do dé
ngay cang c6 nhiéu nghién ctru vé cac chat doi khang
receptor GP lIb/llla (3).

Phirc hop GP lib/llla thudc ho intergrin, Ia thu
thé dac hiéu duy nhat va phong phu nhat trén bé
mét tiéu cau. N6 cé vai trd quan trong trong qud
trinh k&t tap ti€u cau. Khi cé tin hiéu kich thich
théng qua viéc két dinh tiéu cau & dich ngoai bao
hodc céc chat ddng van thi thdng tin dugc truyén tir
ndi ra ngoai bao, GP IIb/llla dugc kich hoat, phoi bay
domain gan két RGD (Arg-Gly-Asp) ngoai bao, ting ai
luc gan két véi cac phoi tlr. Mat d6 bé mat cla GP
lIb/Illa hoat déng tang Ién trong qua trinh hoat héa
tiéu cau lam tang dan lién két gitra GP lIb/llla véi
cac phoi tlr, dién hinh 13 fibrinogen va yéu t& von
Willebrand (von Willebrand factor). Céc lién két nay
cho phép céc phdi t&r hoat dong nhw ciu ndi giira
céc tiu cau lién ké tao nén tap hop tiu cau va hinh
thanh cuc méu déng. Thudc khang thu thé GP lIb/
llla trc ché lién két gitra cac phdi tir voi thu thé, din
dén ngan chan hinh thanh cuc mau déng (4-6).

Cho dén nay, c6 3 chat ddi khang GP lib/llla
duogc chap thuan cho sir dung trén 1am sang & hau
hét quéc gia, d6 |a abciximab (Reopro), eptifibatide
(Integrilin) va tirofiban (Aggrastat). Tat ca déu duoc
st dung bang dwong tiém tinh mach (7).

Hién nay, hon 80% cac nghién cru phat trién
thudc md&i déu bat ngudn tir nhitng san pham tyu
nhién. M6t lugng Ién dan xuét cla cac hop chat ty
nhién duoc nghién cru, thir nghiém 1am sang va tao
ra nhitng (rng vién quan trong cho thu6c méi. Trong
dé, cac din xuat flavonoid va curcumin dwoc biét
dén vdi nhiéu loi ich cho strc khde clia con ngudi, va
van con dugc tiép tuc nghién clru vé cac tiem nidng
sinh hoc mai (2, 8, 9).

D&i vdi cac bénh Iy huyét khéi, cdc hop chat
flavonoid va curcumin duoc nghién ctru va ching
minh c6 tac dung trc ché qué trinh déng mau trong
nhiéu nghién cru vdi nhiédu co ché& khac nhau. Trong
dé flavonoid 13 (rc ché téng hop tiéu cau thong qua
rc ché sy ting Ca®* ndi bao (can thiét cho sy hinh
thanh huyét khéi, tai t6 chirc cac actin dé thay déi
hinh dang), khi tin hiéu integrin duoc tao ra béi
GPlIb/Illa; khang thu thé cla collagen va GPlIb/Illa
hoat d6ng; tang san xuat NO, lam giam s biéu hién
cta phirc hop GP lib/llla, gidm téng hop tiéu cau
(10-12). Bén canh d6, cac din chat curcumin duwoc
nghién ctru cd thé 1am gidm mirc d6 biéu hién cla
P-selectin, E-selectin va GP lIb/llla trén tiéu cau va

t€ bao néi mé mach mau nio; trc ché con duwong
cyclooxygenase bang cach ngdn chin thy thé GP Ilb/
llla [dm (e ché qué trinh téng hop tiéu cau (13, 14).

Cung véi sy ho tro dac lwc cla cong nghé hién
dai, khoa hoc may tinh cho phép thiét k& mé hinh cac
phén t&r va dy doan hoat tinh sinh hoc dua trén tinh
chat ly héa cla chiing mét cach nhanh chéng, giup
rat ngan thai gian va chi phi cho giai doan nghién ctru
phat trién thudc mdi. Trong d6, sang loc 3o in silico 1a
phuwong phap xac dinh cac phan tlr nhd cé hoat tinh
sinh hoc dwoc phat trién théng qua sy cai tién cla
cac thuat todn va nang lyc cha may tinh, tao thuan
Igi cho qua trinh nghién ctru va phat trién tiép theo
dé xac dinh tac dung cla cac phan tlr déi véi dich tac
dong bang cac th&r nghiém thuc nghiém (1).

Nghién ctru nay dugc thuc hién véi muc tiéu dy
doan hoat tinh trc ché& va kha ning gin két clia cac
dan chét flavonoid va curcumin d&i v&i receptor GP
lIb/Illa, tir d6 tim ra nhitng phan tl&r titm nang dinh
huwdng cho nhitng nghién ctu tiép theo véi mong
muén phat trién dugc nhirng thudc mdi trong diéu
tri, ngan chan cac bénh huyét khéi.

2. DOI TUQONG VA PHUO'NG PHAP NGHIEN cU'U

Nghién ctru duwgc thuc hién trén receptor GP
llb/llla, va cac dan chat flavonoid va curcumin dwoc
thiét k&€ mdi dwa vao cidc phuong phap thiét ké
thudc cé sy hd tro clia may tinh.

2.1. Quy trinh nghién ctru

Quy trinh nghién ctu gébm 4 budc chinh, bao
gdbm: (i) xay dwng md hinh 2D-QSAR; (ii) xay dwng
m& hinh docking phan tl; (iii) sang loc 3o; (iv) t&i wu
hda céc chat sang loc duoc.

2.2. Phan mém va phuong tién str dung

- MOE 2008.10 (15) - RapidMiner Studio 9.6 (16)

- BioSolvelT LeadIT 2.1.8 (17) - Weka 3.8.4 (18)

- ChemBioDraw Ultra 11.0 (19) - SwissADME (20)

2.2.1. Xdy dwng mé hinh 2D-QSAR

Co s dir liéu

D{ liéu vé ciu tric va hoat tinh sinh hoc cda cac
dan chat cé kha ndng trc ché GP llb/Illa dugc thu thap
tlr cac bai bao khoa hoc (21-29) theo cac tir khoda:
Glycoprotein IlIb/llla antogonists, inhibitors, platelet
aggregation, derivatives... Sau do tién hanh lya chon
duwoc 57 hop chat cé phan bé ciu tric da dang; va
duoc nghién ctru khd ning tc ché GP lib/llla bing
phuong phap in vitro trén tiéu cau ngudi. Tiép theo,
tién hanh hiéu chinh céc gid tri IC, va plIC_ cla cac
dan chét, tat ca gid tri hoat tinh sinh hoc duoc chuyén
thanh pIC_ theo cong thirc pIC_, = -log (IC,). Cau
tric 2D cla cac dan chat duoc xay dwng bang phan
mém ChemDraw Ultra 11.0 va MOE 2008.10. Cac
dan chat cé dac diém cau trdc tuong tu nhau duoc
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gop lai thanh cum bang cong cu Cluster codes (MOE
2008.10) va chi gilt lai nhitng chat cé hoat tinh sinh
hoc cao nhat trong m&i cum. Két qua thu duoc tap
hop gdbm 32 cau tric lam co s& dit liéu dau vao cho
nghién clru xay dung va danh gid mo hinh 2D-QSAR.

Tinh todn va lwa chon cdc théng s6 mé ta phdn ti

Cac théng s6 mo ta phan tlir 2D dugc tinh todn
b&i phan mém MOE 2008.10, sau d6 duwoc xir ly
dé loai bd céc théng s6 thira hodc khodng lién quan
nham ting chat lwvgng cdc méd hinh du doan, dong
thoi giam thiéu thoi gian tinh todn. D3u tién phan
mé m RapidMiner Studio 9.6 dugc st dung dé loai
bo céc thong sd khdng hitru ich — useless (cé gid tri
¢6 dinh cho it nhat 80% t6ng s6 chat), cac thong s6
cé twong quan vdi nhau — correlate (c6 hé sé tuwong
quan > 0,9). Phan mém Weka 3.8.4 tiép tuc duwoc
st dung dé lwa chon cdc théng s6 t8i wu, phuong
phdp 4p dung la tim kiém BestFirst vai kiéu lya chon
thuoc tinh |a Use full training set.

Phdt trién va ddnh gid mé hinh

Co s& dir lieu dugc phan chia thanh 2 tap hop la
tap xay duwng (chiém 80% téng s6 chat) va tap danh
gia (chi€m 20% tong s6 chat) bang phuong phap
phan chia ngdu nhién. M& hinh 2D-QSAR duogc phat
trién dya trén thuat toan binh phwong t6i thiéu tirng
phan (Partial Least Square) va duoc danh gia bang cac
gia tri: (i) RMSE (root-mean-square error - can bac 2
trung binh binh phuwong sai sd giita gid tri hoat tinh
sinh hoc dy doan va thuc nghiém), R? (binh phuong
hé s6 twong quan), XRMSE (RMSE clia ddnh gia chéo),
XR?(R? clia danh gia chéo) trén tap xay dwng mo hinh
(danh gia noi); (ii) va gia tri RMSE va R? trén tdp danh
gia (danh gia ngoai). Tiéu chuan d6i vdi mét mé hinh
2D-QSAR 6 nang lyc dy doan hoat tinh sinh hoc cua
cac dan chét |a cac gia tri RMSE < 0,5 va R? > 0,5 (30).

2.2.2. Xdy dwng mé hinh docking phén to&

Tién trinh docking phan tlr dau tién duoc thuc
hién véi phéi tir dong két tinh dé danh gid do tin
cdy cla md hinh xdy dwng. Phéi t&r dong két tinh
duoc dock trd lai (re-dock) vao khoang gan két cta

3. KET QUA VA BAN LUAN
3.1. M6 hinh 2D-QSAR

receptor GP lIb/llla, néu gid tri RMSD (root-mean-
square deviation - can bac 2 trung binh binh phuong
d6 léch) gitra cadu dang re-dock va ciu dang cd san
trong phttc hop dong két tinh < 2,0 A thi md hinh
docking phan tlr duoc xay dung duwoc xem la co d6
tin cay cao va cé thé sir dung dé phan tich twong
tac cla cac phdi tlr khac khi 4p dung mé hinh nay
(31, 32). Trong nghién ctru nay, phirc hop déng két
tinh cda receptor GP llb/Illa dwoc s dung la 2VDN
véi do phan gidi 2.90 A. Phirc hop 2VDN duorc tai
xudng tlr ngdn hang dir liéu protein (protein data
bank) (33) va tién hanh docking bang chuong trinh
FlexX trong phan mém BioSolvelT Leadlt 2.1.8 v&i
cac théng s6 va grid box dugc gitr mac dinh (khoang
gan két duoc xac dinh bao gdm céc acid amin nam
trong vong ban kinh 6,5 A tinh tir vi tri cGia phéi ti
dong két tinh). Cac cau dang gan két dwoc phan tich
dwa vao diém s& docking va cac twong tac tao dugc
v&i dich tdc dong.

2.2.3. Sang loc o

Tién hanh sang loc cac dan chat cé dic tinh giéng
thudc bang luat 5-Lipinski va cong cu SwissADME.
Cac dan chat sau d6 duoc du dodn hoat tinh sinh
hoc bdng mo hinh 2D-QSAR va kha ning gan két véi
receptor GP lIb/llla bang m6 hinh docking phan tcr.
Lwa chon cc dan chat cé tiém ndng nhat thu duoc
tlr sang loc 4o dé t6i wu hda ciu truc.

2.4. T6i wu héa ciu tric cac chat sang loc dwoc

Lya chon dén chét c6 pIC,, t6t nhat va/hodc
diém s6 docking t8t nhat dé thyc hién t6i wu hda
cau truc. Qua trinh nay duoc thuc hién bang cong
cu LigX (MOE 2008.10), trong d6 cac dan chat méi
duoc thiét k& phu hop véi vi tri gan protein bang
cach gan thém cac nguyén t&, nhdm thé, cac nhém
gan két (linker) thich hop... nham dam bao ¢ hoat
tinh sinh hoc dy doan va/hoac sy gan két tot nhat
V@i protein dich tac dong. Tiép tuc danh gia twong
tac gitta cac phéi tr méi duwoc thiét ké va protein
dich bang tinh todn nang lwong tw do gin két (AG)
cho dén khi thu duoc cac dan chat tdi wu nhat.

Két qua xay dung va ddnh gid md hinh 2D-QSAR duoc trinh bay & Bang 1 va Hinh 1.
Bang 1. M hinh 2D-QSAR dugc phat trién trong nghién ctru

pIC,, = 22,01649 — 31,71352  petitjean + 2,87619 x BCUT_SLOGP_1 + 2,21249 x GCUT_SLOGP_2
+0,09717 x chiral_u + 0,00000 x a_nBr +0,23426 x a_nN — 0,55677 x balabanJ + 0,08511 x PEOE_VSA-2
+3,45675 x PEOE_VSA_FNEG

Panh gia noi Panh gia ngoai
S8 chat RMSE R? XRMSE XR? S8 chat RMSE R?
26 0,18 0,87 0,29 0,70 06 0,19 0,87
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Hinh 1. D6 thj biéu dién méi twong quan gitra gia
tri pIC,, thyc nghiém va pIC,, du doan tlr mo hinh
2D-QSAR da xay dung duoc.

Trong Bang 1 duoc trinh bay & trén:

petitiean: 1a thdng s6 thudc nhdm ma tran ké
va ma tran khodng cach (Adjacency and Distance
Matrix Descriptors) cé gia tri bang (dudng kinh do
thi — ban kinh d6 thi)/duwdng kinh d6 thi. Trong d6,
Petitjean (34) dinh nghia do léch tdm cia mot dinh
la dwong di dai nhat tir dinh dé dén bat ky dinh nao
khac trong d6 thi. Ban kinh db thi 1a d6 léch tdm dinh
nhd nhat trong d6 thj va dudng kinh d6 thj 1a dé léch
tam dinh 1&n nhat. Cac gia tri nay duoc tinh toan bang
ma tran khoang cach. (Ma tran ké clia mét ciu tric
héa hoc dugc xac dinh bdi toan tlr [Mij] trong do Mij
bang 1 néu cac nguyén tr i va j lién két vdi nhau va
bang khong néu ching khong lién két véi nhau. Ma
tran khoang cach clia mét ciu tric hda hoc duoc xac
dinh bdi toan tlr [Dij] trong d6 Dij la do dai cha duong
di ngan nhat tir nguyén tlr i dén j; toan tir nay cd gia
tri bang khéng néu cac nguyén tlr i va j khong thudc
cung mét thanh phan lién két) (15).

BCUT _SLOGP_1: la théng s& BCUT st dung su
ddéng gdp clia nguyén tir ddi véi logP (phuong phap
Wildman va Crippen SlogP (35)) thay vi dién tich
tirng phan. Théng s6 BCUT 13 cac thong sé duoc
phat trién b&i Pearlman (36). Day |a cac théng s6 thu
duwoc tlr cac gia tri riéng am va duong cla ma tran
k&, tinh trong s6 cla cac todn tlr nam trén duwong
chéo d6i véi trong luvgng nguyén tir (15).

GCUT_SLOGP_2: 1a théng s& GCUT st dung su
déng gdp clia nguyén tir d6i vdi logP (phwong phap
Wildman va Crippen SlogP (35)) thay vi dién tich
tirng phan. Théng s& GCUT la céc thong sé duoc
tinh todn tlr cac gid trj riéng cla ma tran ké khoang
cach db thij hiéu chinh. M&i muc nhap ij cla ma tran

ké nhan gia tri 1/(dij)? trong dé dij la khoang céach
d6 thi (hiéu chinh) gilra cdc nguyén tirivaj (15).

chiral_u:thdng sé vé sd trung tdm bat d6i khdng
bi han ché cau hinh (15).

a_nBr: thdng s6 vé sé nguyén tl& Br trong phan
tlr (15).

a_nN: thdng sb vé s6 nguyén tir N trong phan
tlr (15).

balabanJ: chi s6 t6pd két ndi duwoc dé xuat bdi
Balaban (37).

PEOE_VSA-2: thudc nhém théng sé dién tich
tirng phan (Partial Charge Descriptors). Phuwong
phap can bang mot phan dé am dién orbital (Partial
Equalization of Orbital Electronegativities, PEOE)
(38) sr dung dé tinh toan dién tich tirng phan Ia
phuong phép trong d6 dién tich dwoc chuyén giita
cac nguyén tlr lién két cho dén khi can bang. PEOE_
VSA-2 cho biét téng dién tich bé mat Van der Waals
cla phan tlr vdi chi sd dién tich tirng phan trong
khoang [-0,15,-0,10) (15).

PEOE_VSA FNEG: thong sd dién tich bé mat Van
der Waals phan doan am. DAy la téng dién tich bé
mat Van der Waals cta cac nguyén tlr trong do dién
tich tirng phan ctia mdi nguyén t&r cd gia tri am va
bi chia bdi téng dién tich bé mat. Dién tich bé mét
Van der Waals cia mbi nguyén tir duoc tinh dya vao
bang wdc lugng (15).

M6 hinh 2D-QSAR cho thay gid tri pIC, phu thudc
vao cac théng s md ta lién quan dén s6 lwong cac
nguyén tlr va sé lugng cac lién két, mai lién két gitra
cdc nguyén tlr vdinhau, dién tich bé mat cé dién tich
rieng phan twong tng. Nhitng dan chat cé céc gid tri
BCUT_SLOGP_1, GCUT_SLOGP_2, a_nN, PEOE_VSA-
2 cang l&n va/hodc cac gid tri petitjean, chiral_u,
balabanJ, PEOE_VSA_FNEG cang nho thi dan chat dé
sé co gia tri pIC,, cang I&n, tirc la cé hoat tinh sinh
hoc cang cao.

Két qua dénh gia cling cho thdy mé hinh 2D-QSAR
xay dung duoc trong nghién clru nay dat yéu cau &
cac thdng sd danh gia & ca danh gia ndi va danh gia
ngoai va cé thé s dung mé hinh 2D-QSAR d3 xay
dung dé dy dodn tot hoat tinh sinh hoc ctia cac dan
chat mai.

3.2. Mé hinh docking phan tir

Két qua docking lai phirc hop protein dong két
tinh 2VDN duwoc trinh bay & Hinh 2 cho thdy mé
hinh docking phan t&r dwoc thdm dinh va dat tiéu
chuan 1a mét mé hinh déng tin ciy dé giai thich kha
nang gan két clia cac phoi tlr vao vi tri tac dong cla
receptor GP llb/llla.
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RMSD:
Piém so docking:

1,61 A
-57,06 kJ.mol!

Hinh 2. X&p chdng ciu dang docking lai clia eptifibatid va cau dang clia dan chat nay cé san
trong tinh thé protein d6ng két tinh cla receptor GP lIb/Illa (tinh thé 2VDN).

3.3. Sang loc 3o

Thuc hién qua trinh sang loc 3o st dung thu vién
cac dan chat flavonoid va curcumin d3 dwoc phat
trién trwdc d6 (30). Thw vién cac dan chat duoc
sang loc trwdc tién bang luat 5-Lipinski va céng cu
SwissADME thu duoc mot tap hop cac dan chat cd
dac tinh gidng thudc va cé kha nang tham t6t qua
duong tiéu héa gdom 242 din chét flavonoid va 18
dan chat curcumin. Tiép tuc sang loc tap dan chat

nay bang mé hinh docking phan tlr. Két qua 18/18
dan chat curcumin va 210/242 dan chat flavonoid
docking dworc vao dich tac dong la receptor GP llb/Illa
(tinh thé 2VDN). Hoat tinh sinh hoc clia cac dan chat
nay sau dé duoc du doan bang mo hinh 2D-QSAR.
Két qua thu dwoc 45 dan chat tiém nang, gdm 16 dan
chat curcumin (S1-S16) va 29 dan chat flavonoid
(517-545). Pay la cac dan chat cé diém s6 docking
tot nhét va gid tri pIC, cao nhat (pIC,,> 5, Bang 2).

Bang 2. Danh sach 45 din chat tiém nang thu dugc tir qua trinh sang loc o

o Dié’m' s6 ic o Dié’m. s oIC o Dié’m. s oIC
Dan chat docking du dé%n Danchat docking dur dé%n Danchat docking dur dcsﬁé\n
(kJ.mol?) (kJ.mol?) ’ (kJ.mol?) ’
S1 -26,29 5,78 S16 -20,38 6,21 S31 -22,77 7,76
S2 -29,07 5,79 S17 -26,37 7,66 S32 -27,41 7,76
S3 -20,43 6,72 S18 -25,27 7,57 S33 -25,45 7,71
sS4 -20,57 6,77 S19 -22,56 7,97 S34 -24,82 7,71
S5 -21,69 6,23 S20 -22,90 7,87 S35 -29,90 7,69
S6 -18,71 5,15 S21 -22,22 7,84 S36 -22,14 7,69
S7 -21,19 6,33 S22 -20,37 7,72 S37 -24,56 7,59
S8 -19,93 6,05 S23 -22,77 7,67 S38 -25,93 7,59
S9 -20,93 6,27 S24 -21,82 7,82 S39 -23,12 7,80
S10 -18,76 5,19 S25 -27,18 8,00 S40 -24,96 7,78
S11 -21,25 6,15 S26 -23,53 7,90 s41 -24,76 7,72
S12 -25,09 6,30 S27 -28,68 7,86 S42 -22,36 7,69
S13 -20,15 6,27 S28 -25,29 7,84 s43 -23,29 7,66
S14 -18,39 6,20 S29 -25,85 7,83 S44 -22,98 7,64
S15 -20,52 5,13 S30 -27,61 7,78 S45 -23,99 7,58

3.4. T6i wu héa cau tric cac dan chat

Dan chat S4 duoc lwa chon dé t6i wu hda cau
tric thém. Dan chét nay c6 pIC_ dy doan la 6,77
cao nhét trong cac dan chat curcumin, va cé diém
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s6 docking 1a -20,57 kJ.mol?, v&i nang lugng ty do
gan két AG = -12,04 kl.mol™. Tién hanh t5i vu hda
cau truc dan chat S4 bang cach gan thém mot nhém
thé& —OH vao vi tri meta trén vong benzen, thu duoc
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dan chat S4’ cé nang luvong tu do gan két 1a AG =
-21,74 kJ.mol*va gid tri pIC,, tinh toan la 6,64 (IC
227 nM). Dan chat nay tao thém dugc mot lién két
hydro vé&i acid amin AspA159 nén cé kha nang gin két
tét hon véi receptor tai viing xuc tac. Gid tri pIC,, duw
doéan bang md hinh 2D-QSAR clia dan chat nay hau
nhu khoéng thay d6i (Bang 3), nhung lai cho kha ndng
gan két trén receptor GP lIb/llla t8t hon han so vdi
S4 (Hinh 3).

Trong 29 dan chat flavonoid, dan chat $35 dwoc
lwa chon dé t8i wu hda cau tric thém. DAn chat nay
c6 diém s6 docking 13 -29,90 kl.mol?, nang luvgng tw
do gan két AG = -7,15 kl.mol va gid tri pIC_, 1a 7,69
(IC,, 20,42 nM). Tién hanh t8i wu hoa cdu tric dan
chat $35 bang cach gan thém mdt nhém thé —F vao
vi tri 3’ clia vong B va loai bd nhdm thé —F & vij tri s6
7 trén vong A, thu duoc dan chat S35”. Viéc t8i vu
hoa ciu tric bang cach bién d6i sang mot dang dong
phan khéc cla cdu trdc ban dau cé tiém nang sé thu

duoc mot dan chat co hoat tinh sinh hoc duoc duw
dodn s& thay déi khong dang ké so véi dan chat ban
dau (do gid tri cdc thong s6 mé ta phan tl&r 2D cla cac
dong phan khac nhau khong dang ké), nhung dan
chat mai sé co bd tri khong gian va dinh hwdng gan
két khac biét dang ké. Diéu nay s& dan dén co hoi
cao tim duoc mot chat mdi cé hoat tinh sinh hoc
manh hon trong thyc té. Thyc vay, dan chat $35°co
nang lwong ty do gan két AG = -22,15 kl.mol? va
gid tri pIC, Ia 7,95 (IC_ 11,28 nM) (Hinh 4, Bang 3).
Nhu vay sau khi t8i wu hda ciu tric dan chat S35 thu
duwoc dan chat mai vira cé kha nang gan két véi dich
tdc déng manh hon vira cé hoat tinh sinh hoc duoc
du doan cao hon doi chut so vai S35.

Hai dan chat thu duogc sau khi t8i wu hda cau
tric cling dugc kiém tra lai [An nita v&i cong cu
SwissADME. Két qua cho thay ching van thda man
déc tinh gidng thudc va cd kha nang tham tét qua
duong tiéu hoa.

Bang 3. Hoat tinh sinh hoc dwoc dw doén cla cac dan chat duoc tinh toan dua
trén moé hinh 2D-QSAR xay dyng duoc

D4n chat sS4 s&’ S35 $35’
petitjean 0,50 0,50 0,45 0,45
BCUT_SLOGP_1 -0,51 -0,50 -0,53 -0,54
GCUT_SLOGP_2 0,14 0,12 0,21 0,26
chiral_u 0 0 0
a_nBr 0 0 0
a_nN 2 2 2
balabanJ 1,54 1,57 1,73 1,69
PEOE_VSA-2 0 0 0
PEOE_VSA_FNEG 0,62 0,6 0,47 0,52
pIC,, dy doan 6,77 6,65 7,69 7,95

AG=-12,04 kI.mol"!
pICs du dodn=16,77

AG=-21,74 klmol!
plICsy du dodn = 6,64

Ophinoge  ——»Choinkét H (chudibén) () pung moi (O Tuong tic xép ching pi-pi
Q acid < Nhgn lién kBt (chudi bén) () Phiichgpkimlogi  (G)+ Tuong tic cation-pi

Base 4y Ch lin KBt H (hung)

(O Béo/kj nufdc—t— nh3n e kSt H (khung)
Phan ph ra bat

® Jigand (thudc)

Buing gidi
han lan can

=== Tugng téc dung mdi

Hinh 3. Qua trinh t8i wu héa ciu tric dan chat S4 dé dugc dan chat S4’ c¢é kha ndng gan k&t manh hon
vdi dich tdc ddng va cd hoat tinh sinh hoc dugc du dodn thay di khéng déng ké so vdi S4
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835
AG=-7,15kI.mol!
pICs; du dodn=7,69

Op[ﬁulm 4 Cho lién két H (chudi bén) O Dung moi
O Add 4= Nhan bén két H (chudi bén) () Phic hop kim logi
=== Tutang tac dung mai

0 Base ey Cho liEn k&t H (khung)

() Béo/ki At st hhin lién kit H (khung)
Buting gidi Phan phé ra béi
han lan can ® ligand (thudc)

535’
AG=-22,15kI.mol!
pICs; du dodn = 7,95

rumg ‘tac xép ching pi-pi
[©)+ 1wsong téc cation-pi

e L kit ion

Phan phii ra béi receptor
(mue tiéu tac ding)

Hinh 4. Qua trinh t6i wu hda cau tric dan chat $35 dé dwoc dan chat S35’ ¢ kha ning gan két véi dich tac
dong va hoat tinh sinh hoc dwoc du dodn cai thién hon so véi S35

4. KET LUAN

Nghién clru da xay dwng va danh gid dugc cac
md hinh in silico, bao gdm mo hinh 2D-QSAR va mé
hinh docking phéan t&, cé kha nidng dy doan dang
tin cay hoat tinh trc ché& va kha ning gan két ctia cac
dan chat flavonoid va curcumin trén receptor GP
llb/Illa. Ung dung cdc md hinh in silico nay trong
qua trinh sang loc o, nghién clru da thu duoc 18
dan chat curcumin va 210 dan chat flavonoid duoc

du doan cé kha nang trc ché receptor GP lib/llla v&i
cac dic tinh gidng thudc va dic diém dugc dong
hoc t6t. Trong d6, 16 dan chat curcumin va 29 dan
chat flavonoid 13 tiém ndng nhat. T&¥ qua trinh t6i
wu héa cdu trdc, nghién clru d3 thu dugc 2 dan
chat mai c6 cé hoat tinh (rc ché& va/hodc kha ning
gan két vai receptor GP Ilb/llla dugc cai thién. Day
|a nhitng dan chat tiém ndng cho cac nghién cru
tiép theo.
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