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TOM TAT

Tap dir litu 592 chit, trong d6: 132 dan chat cua quinolin, 75 dan chit cua
benzimidazol va 100 chét tir thu vién dai hoc Tokyo dugc st dung dé xay dyng mo
hinh 2D-QSAR béng phin mém MOE 2014.09 st dung thuat toan binh phwong tdi
thiéu ting phan. Két qua xay dung dugc 3 mé hinh 2D-QSAR vdi cac gia tri R?, Q?,
RMSE, CCC lan lugt 1a 0,79; 0,76; 0,20; 0,88 cho md hinh QSAR dan chét quinolin
(1); 0,79; 0,73; 0,10; 0,88 cho md hinh QSAR din chit benzimidazol (2) va 0,79;
0,76; 0,13; 0,88 cho m6 hinh QSAR cac chét tir thu vién dai hoc Tokyo (3). Két qua
sang loc 4o trong tap dugc liéu cb truyén Trung Hoa cho thdy mé hinh (1) c6 228
chat (ICsp < 10 uM), mé hinh (2) c¢6 5252 chat (ICso < 10 uM), md hinh (3) ¢6 313
chit (ICso < 15 uM) c6 hoat tinh khang hemozoin t6t.
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ABSTRACT

Databases used in 2D-QSAR model included 592 compounds with a wide variety of
derivatives. Of these, 132 compounds were derivatives of quinolin, 75 compounds of
benzimidazole and 100 compounds were from the University of Tokyo Library.
Building 2D-QSAR models used the partial least squares algorithm (PLS) in MOE
2014.09 software. Three 2D-QSAR models were built based on 2D molecular
descriptors parameters with R?, Q?, RMSE, CCC values which were respectively 0,79;
0,76; 0,20; 0,88 for QSAR model derivatives of quinolin (1); 0,79; 0,73; 0,10; 0,88 for
QSAR model derivatives of benzimidazole (2) and 0,79; 0,76; 0,13; 0,88 for QSAR
model of compounds from the University of Tokyo Library (3). Virtual screening
from 57423 compounds of TCM database by three 2D-QSAR models showed that 228
compounds (ICsp < 10 uM) corresponded with the model (1), 5252 compounds (ICsp <
10 uM) corresponded with the model (2), 313 compounds (ICsp < 15 uM)
corresponded with the model (3) having highly anti-haemozoin activities.
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1. GIOI THIEU

S6t rét 1a bénh xay ra nhiéu ¢ cac nude nhiét doi, bao
gom Viét Nam, do mudi Anopheles truyén bénh. Theo
béo céo nam 2022 cua T6 Chic Y Té Thé Gigi (WHO),
c6 247 triéu ca méc bénh sbt rét trén thé gisi, 619.000 ca
tr vong, chu yéu do ky sinh tring Plasmodium
falciparum (P. falciparum) gay ra [1]. Nam 2023, Viét
Nam cé 448 ca mac sbt rét. Trong do, 2 ca tir vong, gan 7
triéu nguoi séng trong ving bénh sot rét luu hanh, xuat
hién nhiéu 6 sot rét méi c6 nguy co lan rong [2].

Tinh hinh d& khéng cac thudc didu tri sot rét ngay
cang gia ting. Pau thé ki XX da xuat hién céc ching sot
rét khang quinin. Nhitng nam 1950, cac chung khang
cloroquin da xuat hién va lan nhanh khap thé gisi. Mot
s6 nudc Pong Nam A da xuat hign chung dé khang véi
dihydroartemisinin — piperaquin. Nam 2018 — 2019 da
phét hién cac chung P. falciparum mang gen dot bién
khang dihydroartemisinin — piperaquin la Pfkelch13
C580Y va plasmepsin 2/3 véi ti 1€ 17,9% [3].

Hemozoin 1& san pham tir su tiéu hoa hdng cau cua P.
falciparum. Hemoglobin trong khdng bao tiéu hda cua P.
falciparum dudi xic tadc cua enzym Aspartat Protease
duoc chuyén thanh globin va hem. Hem tu do doc véi ky
sinh tring, vi vy nhan hem dugc polymer héa thanh
hemozoin khéng doc. Vi su chuyén héa hemozoin la
diéu thiét yéu cho sy sdng con cuaa P. falciparum, nén tc
ché qué trinh giai doc hem — khang hemozoin la dich
nghién ctru dang duoc quan tam hién nay. Mot sé thudc
s6t rét duoc sir dung nhu: cloroquin, quinin va mefloquin
dugc chang minh cé hoat tinh diét P. falciparum do uc
ché qué trinh giai doc hem [4].

Hinh 1. Cdu tric phan ti hemozoin [4]

Nhiéu cong trinh nghién ciru trén thé gioi vé cac hop
chat khang hemozoin duoc cong bd. Nam 2018, NT Huy
va cong su da xay dung dugc md hinh du doan hoat tinh
khang hemozoin bing BMA (Bayesian Modeling
Average) c6 phuong trinh: logit (probability) = -23,62 +
0,592*logP + 0,351*N; + 1,322*Nj3 (probability la xac
Xuét c6 hoat tinh khang hemozoin cia cac chat, Ny 1a sb
nguyén tir cho lién két hydro va N3 la chi s khic xa
phén t&) [5]. Nam 2023, Bharvi Sharma va céng su di
tong hop dwoc mot s6 dan chat quinolin hydrazon. Cac
chat nay duoc tién hanh thir hoat tinh khang hemozoin
trén ching P. falciparum W2, két qua cho thay nhom thé
axit pyrazin-2-carboxylic c¢6 hoat tinh tét nhat véi 1Cso =
0,26 (M) [6].

Dé hd trg cho nghién ciru thude, phuong phap nghién
cau trén may tinh (in silico) thdng qua cdc md hinh sang
loc nhu md hinh gan két phan tir (molecular docking),
md hinh cac diém gin két (pharmacophore) hay mé hinh
lién quan dinh tinh hodc dinh lwong gitra cau tric va tac
dong (quantitative or qualitative structure-activity

relationships) dang hai chiéu (two dimension-2D) hay ba
chiéu (three dimension- -3D),...dugc xay dyng da gitp tim
kiém nhanh cac hop chat tiém nang trong thoi gian ngan
nhét véi chi phi thap va hiéu qua cao.

Pé tai “Xay deng md hinh 2D-QSAR sang loc cac
chat khang hemozoin” duoc thuc hién véi muc tiéu chinh
1a dy doan hoat tinh khang hemozoin c6 tac dung diéu tri
s6t rét thong qua mod hinh 2D-QSAR cua cac chat khang
hemozoin di biét, dic biét trén co so dit liéu 1a nhitng chat
¢6 ngudn gdc tu nhién nhu cac thudce cb truyén Trung Hoa
(TCM database) [7]. Céc chit tiém ning thu duoc c6 thé sir
dung dé phat trién thanh thudc diéu tri sbt rét méi trong
tuong lai.

2. PHUONG PHAP NGHIEN CUU
2.1 Co s dir ligu

_Co s¢ dit ligu 592 chét c6 gia tri 1Cso khang hemozoin
gom tap dir licu 224 chat sang loc bang HTS tur thu vién dai
hoc Tokyo [5] va 368 chat dugc thu thap tir cac bai bao [8-
14].

Duya vao chat dbi chiéu cé thé quy ddi gia tri hoat tinh
khang hemozoin cua céc chat theo quy tic tam suit néu
chénh léch gitra cAc gia tri hoat tinh cua chat di chiéu (nhu
cloroquin) trong cac bai bao khac nhau tir nim lan tro 1én.
Do hoat tinh sinh hoc ICsg ¢6 khoang chénh léch véi nhau
nhiéu nén khi tinh toan dugc ddi thanh plCso véi plCso = —
log (ICs) dé phu hop cho viéc xdy dung phuong trinh
tuyén tinh quan hé cau trdc — tac dung.

Co so dir lieu tap chat va gia tri plCso duoc upload
https://drive.google.com/file/d/1bHqcCqgtYiGwmsY Oarx6L
JOVNEKZY 2gHR/view?usp=sharing

2.2 Xay dung mo hinh 2D-QSAR

M0 hinh 2D-QSAR dugc xay dung bing phan mém MOE
2014.09. Qua trinh gom 6 budc: [15]

- Xay dung co so dir liéu bang cong cu Builder (MOE
2014.09) va luu dudi dang Database voi cac dinh
dang: mol: molecule; name: char; plCso: float. Mdi bai
béo dugc Iuu dudi dang méi Database riéng va co so
dir liéu 12 tong tat ca cac Database duoc gop lai thong
qua cdng cu Merge Databases (MOE 2014.09).

- Tinh toan cac théng s6 mo ta phan te 2D (MOE
2014.09): cac cau triic dugc téi thiéu hoa ning luong
nho cong cu Energy minimize véi thong sé gradient la
0,0001 mV. Cbdng cu Compute/Descriptors phan tich
192 thong sb mo ta 2D thé hién ciu tric hda hoc, tinh
chat vat ly cua mot phan tir bang cac gia tri s6, c6 anh
hudng téi tac dung sinh hoc.

- Phan chia tap hop thanh 2 tap: tap huan luyén (80%) va
tap kiém tra (20%) dya trén mirc d6 da dang Vé Cau
tric cua céc chét trong tap dir liéu ban dau. Str dung
cdng cu Diverse subset hoac Calculator/RAND (MOE
2014.09).

- Luya chon théng sé mo ta phan tu: loai cac thdng sé c6
> 20% gia tri bang 0 (Excel 2010), loc c4c thong sb co
do léch chuan bang 0 (Rapid Miner 5.3.013), loai
thong s tuong quan > 0,40 (Rapid Miner 5.3.013), lva
chon céc thong sé md ta phu hop nhat dé xay dung mo
hinh (Weka 3.7.1);

- Céc chit c6 Z-score > 2 duoc loai. Xay dung mo hinh
bang MOE 2014.09. Céng cu QSAR-Model: Activity
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Xdy dung mé hinh 2D-Qsar sang loc cdc chat khdng Hemozoin

Field chon plCso va Method chon PLS. Nhan Fit dé
thuc hién cac lénh hoi quy, céac gia tri RMSE va R?
dugc hién thi. Phuong trinh hdi quy dugc ghi nhan
bang lénh Report trong cira s6 QSAR-Model. Md
hinh duoc luu bang Save dudi dang * fit;

- Dénh gia md hinh 2D-QSAR théng qua danh gia
noi LOO (Validate trong MOE 2014.09), danh gia
ngoai (Model evaluate trong MOE 2014.09), danh
gia Roy (Excel 2010), Hé s6 tuong quan phu hop
CCC (Excel 2010).

2.3 Ung dung mé hinh 2D-QSAR

M0 hinh xay dung dugc ding dé du doan hoat tinh
khang P. falciparum trén co s¢ dix lieu TCM [7]. Pau
tién, cac chat duoc loai theo quy luat Nam Lipinski: tdi
thiéu héa ning lugng bang cong cu Energy minimize
(MOE 2014.09) va tinh toan 4 théng sé6 md ta: weight
(khéi lwgng phan tir), a_don (s6 lwong cac nhém cho lién
két hydro), a_acc (sé lwong cac nhém nhan lién két
hydro) va logP (hé s6 phan bé gitra octanol/ nudc). Cac
chat khdng thoa duoc loai bo, cac chat con lai dugc chia
ty lé thong s6 mo ta bing cong cu Normalize
(Rapidminer 5.3.013). Sau d6, dung coéng cu model
evaluate (MOE 2014.09) dé dy doan hoat tinh sinh hoc.

3. KET QUA VA BAN LUAN

3.1 Khéo sat xdy dung mé hinh 2D-QSAR trén cac
chat khang hemozoin

Co so dit lieu 592 chat, sau khi chon loc théng s6 mo
ta, tir 192 thong s giir lai 4 thong sb 1a a_aro, b_1rotR,
slogP_VSA0, Q_VSA_NEG. Dung céc thdng s nay dé
xay dung md hinh 2D-QSAR. Két qua so bo, R = 0,20;
RMSE = 0,39. Két qua khong dat cho mot mé hinh
QSAR. Nghién ciru dwoc tiép tuc bang cach chia nho tap
dir liéu ban dau thanh céc tap:

- Dir liéu 224 chét sang loc bang nghién ctru sang
loc High Throughput Screening (HTS) tu thu
vién dai hoc Tokyo (a).

- Dir liéu cac chét c6 hoat tinh khang hemozoin
¢6 cau trdc gidng nhau hoic tuong tu nhau va
xay dung teng md hinh 2D-QSAR trén moi
nhém cau trac nay (b).

V6i cach chia a), tap xay dung gébm 179 chat theo
phan chia da dang, chon dugc 6 thong sb:
BCUT_SMR_2, b_double, b_1rotR, logS, PEOE_VSA-
0, PEOE_VSA-6. Két qua so bo, R? = 0,28; RMSE =
0,29. Nhu vay, vdi cach chia nay, mé hinh 2D-QSAR
xay dung dugc khong dat. Tiép tuc tién hanh chia tap dir
liéu thanh nhiéu tap chat theo gia tri 1Cs trong d6 c6 mot
tap chat thoa mé hinh 2D-QSAR.

Vi céach chia b), trén nhém din chét quinolin (132
chat), 5 thong sé md ta dugc chon: a_aro, a_don, a_nCl,
b_double, PEOE_VSA+2, vsa_acc. Két qua so by R? =
0,69; RMSE = 0,24. Trén nhom dan chét indol (77 chat),
chon dugc 7 théng s6 md ta: GCUT_PEOE_1,
PEOE_PC-, PEOE_VSA-2, PEOE_VSA-5, petitjean,
SlogP_VSA4, SMR_VSA3; R2 = 0,38;: RMSE = 0,36.
Trén nhém dan chat benzimidazol (75 chét), chon dugc 5
thong s6 mo ta: apol, PEOE_RPC+, Q_VSA-FHYD,
slogP+VSA4, SMR_VSAT7; R? = 0,65; RMSE = 0,11.
Cac chat con lai thudc nhidu nhém héa hoc khac nhau cé

sd chat trong nhdm it nén khong xay dung mé hinh. Céc
mb hinh trén ¢6 2 mé hinh dat yéu cau 1a mé hinh c6 tinh
dy doan tuong d6i t6t nhung R? chua cao 1a mo hinh trén
cac dan chat quinolin va benzimidazol.

Nghién ciru duqc’tién hanh tiép tuc trén md hinh 2D-
QSAR cuia 2 nhém cau trdc nay.

3.2 Mb hinh 2D-QSAR trén céc chat khang hemozoin
nhom din chat quinolin

Tap dir liéu bao gdbm 132 chat tir cac bai bao khoa hoc
[8-11] va cung phuong phap thir nghiém hoat tinh Pandey.
125 Chat dugc dung dé xay dung md hinh 2D-QSAR, 7
chat gay nhiéu duoc loai. 6 théng sé mé ta dugc lya chon
va tuong quan gitra cc théng sé nay véi nhau va véi plCso
duoc xac dinh (bang 1).

Tir 6 thong sb mo ta duoc chon, tién hanh xay dung mo
hinh 2D-QSAR bing phuong phap binh phuong tdi thiéu
ting phan. Két qua thu duoc mot md hinh ¢é kha ning dy
doan (1).

plCsy = 486898 - 0,53568*a_aro -
0,49008*a_don + 0,50595*a_nCl + 1)
0,42972*b_double — 0,53935* PEOE_VSA+2 —
0,31186*vsa_acc

Két qua chi tiét v& mo hinh duoc trinh bay ¢ bang 2.
Panh gi4 trén mo hinh 2D-QSAR cho thiy phuong trinh
dat mirc d6 twong quan cao (R? = 0,79 > 0,5), do léch trung
binh gitta gi4 tri du doan va gia tri thyc nghiém thap
(RMSE = 0,2 < 0,5). Theo danh gid Roy, md hinh dat (r_2
m
=0,70 > 0,5; Ar;2 = 0,18 < 0,2). Banh gia thong qua hé so
twong quan phu hop CCC = 0,88 > 0,85 ly tuong cho mot
md hinh QSAR.

Gia tri du doan cua cac chat hau nhu déu nam trong
khoang 95% du doan ding cua mo hinh (hinh 2).

Bang 1. Mo trong quan giira céc thong so xay dung md hinh 2D-
QSAR trén cac chat khang hemozoin nhém quinolin

ST X 1 2 3 4 5 6
Tén

T

1 aaro 1

2 adon 0,33 1

3 ancCl 0,16 -0,33 1

4
g—dOUbl -0,22 0,13 -0,07 1

5 PEOE

- -0,08 036 -003 -0,25 1

VSA+2

6 wvsa_acc 0,25 002 -038 003 014 1

7 plCso -0,41 -059 046 05 -04 -041

Chd thich:
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a_aro: tong s6 nhan thom

a_don: tong s nguyén tir cho lién két hidro

a_nCl: tong sé nguyeén tir clor

b_double: tong sb lién két doi (ngoai trir nhan thom)

PEOE_VSA+2: tong dién tich bé mat Van der Waals co
dién tich trong vung [0,10; 0,15)

vsa_acc: bé mat Van der Waals c6 nguyén tir nhan H,
trir acid va nguyén tir cho nhan (OH)
Nhan xét md hinh

Céc thong s6 danh gia déu dat cho thay day 1a mot md
hinh c6 kha nang du doan hoat tinh khang hemozoin tot.

Céc thong s6 mo ta quan trong: b_double, a_aro lién
quan dén sb lién két doi va nhan thom; a_nCl lién quan
dén s6 nguyén tur clor va a_don lién quan dén kha ning
cho lién két hidro trong phan tir. Cho thiy tam quan
trong cua sé lién két doi, nhan thom, s6 nguyén ti clo va
kha ning cho lién két hidro cia hop chét véi hoat tinh
khang hemozoin. P&u nay phi hop vai cong thirc cau tao
cua cloroquin (chat khang sét rét co hoat tinh khang
hemozoin). PEOE_VSA+2, vas_acc lién quan dén dién
tich bé mat Van der Waals cua phan tir cho thdy tim
quan trong cua lién két Van der Waals d6i vai hoat tinh
khéng hemozoin. Tir phuong trinh pICso cho thiy hoat
tinh khang hemozoin cua phan tir cang manh khi cé
nhiéu nhom thé clor va nhiéu ndi doi.

6

y(traning) =0,7597x + 1,1249
33 R?=0,7694
§ s
-]
B.
]
2
045
2
4 y(test) = 0,9123x +0,4071
R?=0,9123
35 +
35 4 45 5 5.3 6
PICsy
thye nghiém

Hinh 2. D6 thi fwong quan gié tri plCso thuc nghiém va plCso
dw dodn tir m6 hinh 2D-QSAR trén cac chat khang hemozoin
nhoém quinolin

Chu thich: (a) — tap kiém tra
(b) —tap xay dung

Bang 2. Két qua mod hinh 2D-QSAR trén cac chat khang
hemozoin nhém quinolin

RMSE 0,20 0,21 0,14 0,20
R? 0,76 073 0,91 0,79
2 0,76 0,91 0,79
m
2 0,57 0,83 0,61
m
) 0,67 0,87 0,70
m
A2 0,19 0,08 0,18
cce 0,94 0,88

Dw doan hoat tinh khang hemozoin nhém quinolin
théng qua mé hinh 2D-QSAR

Ung dung md hinh 2D-QSAR xay dung duoc vao du
doan cac chat trong thu vién 57.423 chét tir co so dit liéu
TCM [7]. Két qua c6 228 chat dugc du doan ¢ hoat tinh
khang hemozoin véi 1Cs0 < 10 uM.

CAu tric cia mot sb chat co hoat tinh du doan tét duoc
trinh bay ¢ bang 3.

Bang 3. Mgt s6 chdt c6 hogt tinh dy dodn tét tir md hinh 2D-

QSAR ddn chat quinolin trong thir vién TCM

Tap huAin  Panh Téap Toan
luyén gia kiem tap
chéo tra
N (sb chat) 99 99 26 125

STT Cong thic cau tao ICso dw
doan (uM)
1 o)
\ (0]
Aristolacton ‘ é
10
2 10
0._0
Eremanthin
3
Zaluzanin D O 9.5
o~ © o/U\
4 (0]
o 8,71
\
(0]
Ligustilid dimer
O
5

Br
cl N N Br
Plocoralid A a1

5,25

Cac (;hét c6 1Cso du doén tt tir mo hinh 2D-QSAR nhom
dan chat quinolin cha yéu thuoc nhém cau tric: alkaloid,
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lacton va terpenoid, trong ciu tric c6 mot hoac nhiéu
nhém halogen (brom, clor). Trong d6, mot sb chat da
duoc nghién ctu thir nghiém hoat tinh khang sot rét.
Plocoralid A va mot s6 monoterpen khac duoc chiét tir
Plocamium corallorhiza (Plocamiaceae) c6 hoat tinh wrc
ché P. falciparum vaéi ICso thap hon cloroquin. Cao chiét
ethanol tir 14 Vernonia amygdalina (Compositae) (thanh
phan héa hoc cé zaluzanin D) c6 hoat tinh tc ché P.
falciparum dé khang cloroquin 3D7 véi ICsp = 9,82
pg/ml. Ligustilid dimer duoc tim thdy trong ré duong
quy Angelica sinensis (Apiaceae), dwong quy dugc
ching minh ¢6 nhiéu tic dung nhu khang viém, ting
huyét 4p, khang oxy hoa, khang két tap tiéu cau [16].

3.3 M6 hinh 2D-QSAR trén cac chat khang hemozoin
nhom din chit benzimidazol

Tap dit liéu bao gdbm 75 chét tir cac bai béo khoa hoc
[12-14] va cung phuong phap thir nghiém hoat tinh Ia
phuong phép Sandlin. 71 Chéat dugc dung dé xay dung
md hinh 2D-QSAR, 4 chét gay nhidu duoc loai. 5 thong
s6 md ta dwoc lra chon va tuong quan giira cac thong sé
nay vaéi nhau va vai plCso duge xac dinh (bang 4).

Tu 5 thong s6 mé ta duoc chon, tién hanh xay dung
mb hinh 2D-QSAR bing phuong phap binh phuong t6i
thiéu tng phan. Két qua thu duoc mot md hinh cé kha
nang dy doan tét (2).

pICso = 4,08183 + 0,54961*apol + 0,59011*
Q_VSA FHYD — 043199*PEOE RPC+ +
0,17921* SlogP_VSA4 + 0,09700*SMR_VSA7

Két qua chi tiét v& mo hinh duoc trinh bay & bang 5.

Panh gia trén md hinh 2D-QSAR cho thiy phwong
trinh dat mac do twong quan cao (R? = 0,79 > 0,5), do
léch trung binh gitta gid tri dy doan va gid tri thuc
nghiém thip (RMSE = 0,1 < 0,5). Theo danh gia Roy,
mod hinh dat (% =0,70 > 0,5 A2 = 0,18 < 0,2). Danh
gia thong qua hé sé tuong quan phi hgp CCC = 0,88 >
0,85 1y tuong cho mot md hinh QSAR.

Bang 4. Méi tirong quan gijra cac thong s6 xay ding mé hinh
2D-QSAR trén cac chat khang hemozoin nhém benzimidazol

STT Tén 1 2 3 4 5 6

1 apol 1

2  PEOE_ 031 1
RPC+

3 QVSA 023 01 1
_FHYD

4  Slogp_ 008 008 013 1
VSA4

5 SMR_V 004 -010 033 -0,09 1

SA7
6 pICso 060 -059 064 028 029 1
Ch thich:

apol: tong s nguyén tir phan cuc

PEOE_RPC+: tong dién tich duong phan cyc: ty s6 gitra
dién tich duong 16n nhat q; vdi dién tich duong g;

Q_VSA FHYD: tong dién tich bé mat ky nuwéc Van der
Waals

SMR_VSA7: tng dién tich bé mat Van der Waals c6 do
khuc xa trong vung > 0,56

SlogP_VSA4: tong dién tich bé mit cd thé tao lién két Van
der Waals khi logP(o/w) nam trong khoang (0,1; 0,15]
Gia tri du doan cua c4c chat hiu nhu déu nam trong
khoang 95% du doan dting ctia mé hinh (hinh 3).
51

yltraning) =0,7983x + 09583

5 Ri=0,7978 A

PICs¢ du doan
o
=

y(test) = 0,8284x +0,3266
R*=08284

43 45 47 49 5.1
pICs thie nghiém

Hinh 3. D6 thi fong quan gia tri plCso thuc nghiém va plCso dur
dodn tir md hinh 2D-QSAR trén céc chat khang

hemozoin nhém benzimidazol
Chu thich: (a) — tap kiém tra
(b) - tap xay dung

Bang 5. Két qua md hinh 2D-QSAR trén cac chat khang hemozoin
nhom benzimidazol

Tzfn,p Panh T@p Toan

huan gi& chéo kiém tap

luyén tra

N (s6 chét) 56 56 15 71
RMSE 0,09 0,11 0,26 0,10
R? 0,80 0,72 0,94 0,79

12, 0,80 0,94 0,79
r2 0,62 0,88 0,61
a 0,71 0,91 0,70
Ar? 0,18 0,06 0,18
Ccc 0,97 0,88

Nhan xét md hinh
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Céc thong s6 danh gia déu dat cho thay day 1a mot mo
hinh c6 kha nang du doan hoat tinh khang hemozoin tét.

Céc thong sé md ta Q VSA FHYD, SMR_VSA7,
SlogP_VSA4 lién quan dén dién tich bé mat Van der
Waals cua phan tor (46 khic xa, ky nuéc, chi sb
octan/nuéc) cho thiy tam quan trong cua lién két Van
der Waals ddi vai hoat tinh khang hemozoin. Cac thong
s6 apol, PEOE_RPC+ lién quan dén tinh phan cuc, tich
dién tich duong ctia phan tu. T phuong trinh pICso cho
thdy phan tir c6 hoat tinh khdng hemozoin ting khi co
nhiéu nguyén tir phan cuc va kha ning tao lién két Van
der Waals.

Dy doan hoat tinh khang hemozoin nhom
benzimidazol thong qua md hinh 2D-QSAR

Ung dung md hinh 2D-QSAR xay dung dugc vao du
doan céc chat trong thu vién 57.423 chit tir co so dit liéu
TCM [7]. Két qua c6 5252 chat dwoc du doan c6 hoat
tinh khang hemozoin véi ICsp < 10 pM.

CAu trdc cua mot sb chat co hoat tinh du doan tét nhat
dugc trinh bay ¢ bang 6.

Bang 6. Mt sg chdt co hogt tinh du dodn t6t tir 6 hinh 2D-
QSAR dan chat benzimidazol trong thur vien TCM

STT Cong thikc ciu tao ICso dyr dodn
(M)
1 o) HO,
Anabsinthin
° 0 5,89
0 0
2 o]
Artemyriantholid D
(0]
o
b 6,76
3

Trilocularol A

HO

HO
5,37
4
(e]
HO OH
Piscidinol A oHt 55
5
o
Lucidin A
5,89

CAc chét c6 ICso du doan tdt tir md hinh 2D-QSAR nhém
dan chit benzimidazol cha yéu thugc nhém cau tric:
alkaloid, steroid, triterpen va sesquiterpen. Mot sb cay dugc
st dung dé tri sot rét & chau Phi la Turraea robusta va
Turraea nilotica (trong thanh phan héa hoc c6 piscidinol A
va mot s triterpen c6 ciu tric tuong ty) dwoc ching minh
c6 hoat tinh khang sét rét [17].

3.4 Mb hinh 2D-QSAR céc chit khang hemozoin bing
HTS tir thw vién dai hoc Tokyo

Tap dir liéu bao gom 100 chét tir co so dir ligu thir
nghiém hoat tinh khdng hemozoin véi gia tri 1Cso > 20 pM
cua dai hoc Tokyo bang phuong phap Sandlin. 4 thong sb
mo ta dugc chon va tuong quan giita cac thong sé nay véi
nhau va vai plCso duge xac dinh (bang 7).

Tir 4 thong sb mo ta duoc chon, tién hanh xay dung mo
hinh 2D-QSAR bing phuong phap binh phuong tdi thiéu
ting phan. Két qua thu duoc mot md hinh ¢é kha ning dy
doan tét (3).

piCsy = 407221 - 0,49118*b_1rotR +
1,04030*logS -~ 0,00654*PEOE VSAD  —
0,47361*PEOE_VSA-6

Két qua chi tiét v& mo hinh duoc trinh bay ¢ bang 8.

Danh gi4 trén mo hinh 2D-QSAR cho thiy phuong trinh
dat mtrc d6 twong quan cao (R?2=0,79>0,5; RMSE = 0,13
< 0,5). Theo danh gia Roy, m6 hinh dat (a =0,70 > 0,5;
Ar?2 = 0,19 < 0,2). Banh gia CCC = 0,88 > 0,85 ly twong
cho mot mé hinh QSAR.

Béang 7. Méi rong quan gijra cac thong s6 xay ding mé hinh 2D-
QSAR trén cac chat khang hemozoin tir thur vién DH Tokyo

ST Tén 1 2 3 4 5
T
1 b _1rotR 1
2 |ogs -0,04 1

3 PEOE_VSA-0 010 037 1
4 PEOE_VSA-6 0,04 -0,02 -0,09 1

5  plCs 031 076 031 -033 1

Chd thich:

b_1rotR: ti I¢ lién két don quay duoc

logS: Log cua df tan trong nudc c6 gid tri (-1, 1)
PEOE_VSA-0: di¢n tich bé mit VDW véi chi s6 dién tich
tieng phan trong khoang [-0,05; 0,00)

PEOE_VSA-6: di¢n tich bé mit VDW vdi chi s6 dién tich
tung phan trong khoang [-0,05; 0,00)

Gia tri du doan cua c4c chat hiu nhu déu nam trong
khoang 95% du doan dting cia mo hinh (hinh 4).
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49 -
yltraning) = 0,7682x + 0,9783
47 1 R?=0,7732
4.5
g
S 43
'E.
a1
=
-1
39
y(test) = 0,8979x + 0,4441
R:=0,3979
37 4 .
35 - t t t t t t t
35 37 39 4.1 43 4.5 47 49

pICsq thire nghiém
Hinh 4. D6 thi neong quan gia tri plCso thuc nghiém va plCso
du dodn tir md hinh 2D-QSAR trén cac chat khang
hemozoin tir thu vién dai hoc Tokyo
Chu thich: (a) — tap kiém tra
(b) — tap xay dung

Bang 8. Két qua mod hinh 2D-QSAR trén cac chdt khang
hemozoin tir thu vién dai hoc Tokyo

Ung dung md hinh 2D-QSAR xay dung duoc vao du
doan cac chat trong thu vién 57.423 chét tir co so dit liéu
TCM [7]. Két qua c6 313 chit duoc du doan c6 hoat tinh
khang hemozoin v&i ICso < 15 uM.

CAu tric cua mot sé chat c6 hoat tinh du doan tét nhit
duoc trinh bay ¢ bang 9.

Bang 9. Mgt s6 chdt c6 hogt tinh dir dodn 6t tir m6 hinh 2D-
QOSAR dgi hoc Tokyo trong thu vien TCM

Tap Panh Tap Toan

huan gia chéo kiem tap

luyén tra

N (s6 chat) 80 80 20 100
RMSE 0,14 0,15 0,09 0,13
R? 0,76 0,73 0,90 0,79

2 0,76 0,90 0,79
r2 0,56 0,80 0,60
a 0,66 0,85 0,70
Ar2 0,20 0,10 0,19
CCC 0,94 0,88

Nhéan xét md hinh

Céc thong s6 danh gia déu dat cho thay day 1a mot md
hinh ¢6 kha niang du doan hoat tinh khang hemozoin tot.

Céc thong s6 md ta quan trong: PEOE_VSA-6, logS,
PEOE_VSA-0, b_lrotR c6 lién quan dén dién tich bé
mit Van der Waals cta phan tir. Diéu nay cho thay tam
quan trong cua viéc tao lién két Van der Waals ddi voi
hoat tinh khang hemozoin. Théng sé b_1rotR lién quan
dén s6 lién két don quay duoc, logS lién quan dén do tan
cta phan tir trong nudc. Tir phuong trinh pICso cho thay
phan tir cang c6 it lién két don quay dugc va kém tan
trong nudc thi hoat tinh khdng hemozoin cang manh.

Dw doan hoat tinh khdng hemozoin théng qua mé
hinh 2D-QSAR

STT Cong thikc ciu tao ICso dur dodn
(M)
1 N
N{ H—NH,
HO—’ )=N
_QZN
14,79
2 H
atel
14,45
3
N X
N
0
13,8
4 O H
3N
HN k
\ o 12,3
N-NH
o H
5 H
o) N\fo
N N\
\=N
12,59

Cac chat ¢6 1Cso du dodn tot tir md hinh 2D-QSAR tir
thu vién Tokyo chu yéu la cac phan ta nho, trong cau tric
¢6 oxy hoac nito.

4. KET LUAN VA KIEN NGHI
4.1 Két luan

Dé tai da nghién ctu tng dung thanh céng 3 md hinh
2D-QSAR trén céc chat khang hemozoin gom tap hop 125
dan chit cua quinolin, 71 dan chét cua benzimidazol va 100
chét sang loc bing HTS tir thu vién dai hoc Tokyo bing
phuong phap PLS. Két qua md hinh dan chit cua quinolin
cho ra phuong trinh véi 6 thdng s6 mé ta, cd cac gia tri R?
= 0,79; RMSE = 0,2; Q%00 = 0,76. M6 hinh din chat cua
benzimidazol cho ra phwong trinh véi 5 thdng sé md ta, co
céc gia tri R? = 0,79; RMSE = 0,1; Q%00 = 0,73. M6 hinh
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tur thu vién dai hoc Tokyo cho ra phuong trinh véi 4
thong s6 mé ta, c6 cac gia tri R? = 0,79; RMSE = 0,13;
Q%00 = 0,76. Ca 3 mo hinh déu dat cic yéu ciu theo
danh gia Roy va hé s6 twong quan phtt hgp CCC. Tir két
qua danh gia 3 mo6 hinh 2D-QSAR cho thay ca 3 mé hinh
déu dat yéu cdu ciia mot md hinh dy doan tét voi sai s6
giita gia tri thuc nghiém va gia tri du doan 1a chip nhan
dugc va c6 thé ung dung dé du doan hoat tinh khang
hemozoin trén ky sinh tring sét rét.

Két qua sang loc 40 trong tap TCM bang 3 mé hinh dy
doan 2D-QSAR cho thay:

e  V6&i mo hinh 2D-QSAR cac dan chét quinolin,
sang loc dugc 228 chat cé hoat tinh khang
hemozoin tot, vai ICso < 10 uM.

e V6i mo hinh 2D-QSAR cic din chat
benzimidazol, sang 1ch duogc 5252 chat ¢6 hoat
tinh khang hemozoin tot, vdi ICso < 10 uM.

e  V6i md hinh 2D-QSAR cac chat tir thu vién dai
hoc Tokyo, sang 190 duogc 313 chat c6 hoat tinh
khang hemozoin tot, véi ICso < 15 pM.

Trong d6, mot s6 dan chat duogc xac dinh cd trong cac
cay ¢ Viét Nam nhu cdy 14 dang Vernonia amygdalina
(Compositae), cdy duong quy di thuc Angelica sinensis
(Apiaceae)...dinh huéng tién hanh thir nghiém in vitro
khang sét rét trén dich chiét cac cay nay.

4.2 Kién nghi

Tuy nhién nghién ctu khong thanh céng trong viéc
x&y dyng md hinh 2D-QSAR trén toan bo co s¢ dir liéu
thu thap dugc. Do tap dir liéu bao gom nhiéu chat véi
ciu trac da dang, thuat toan PLS con han ché trong viéc
giai quyét van dé trén.

Nghién ctru wng dung thém cadc md hinh QSAR vai
nhiing thuat todn cao cdp hon PLS nhu may vecto hd trg
(SVM), mang no ron nhan tao (ANN) nhiam xay dung
dugc cac mod hinh c6 (tng dung cao trong sang loc cac
chét c6 hoat tinh khang hemozoin.

Nghién ctu tng dung mé hinh 3D-pharmacophore dé
c6 thé dua ra thém mot phuwong phéap sang loc 40 nham
gilp cho viéc sang loc nhanh chéng va hiéu qua hon trén
mot sb luong 16n hoat chit.

Tién hanh thir hoat tinh in vitro dich chiét nhiing dugc
liéu c6 thanh phan hda hoc twong ty nhitng chat cé hoat
tinh du doan khang hemozoin tot.

5. LOI CAM ON

Cam on ban bién tap va phan bién Tap chi Khoa hoc
Lac Hong (Journal of science of Lac Hong University)
da gop y cho bai bao nay.

Cam on PGS. TS. Nguyén Thuy Viét Phuong (Khoa
Duoc, dai hoc Y Dugc TPHCM) da dinh hudng cho
nghién ctu va PGS. TS. Nguyén Tién Huy (dai hoc
Nagasaki, Nhat Ban) da cung cap dir liéu 224 c6 hoat
tinh khang hemozoin chét sang loc bang HTS tur thu vién
dai hoc Tokyo.
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