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Tom tat:

Nghién ciru dwoc thue hién nham danh gid tiéem nang irc ché acetylcholinesterase (AChE) ciia cdc dan
xudt tranilast bang cdc phwong phdp in vitro va in silico. 9 dan xudt tranilast (5a-i) dwoc khao sat hoat
tinh vrc ché AChE bdng phwong phdp Ellman va xdc dinh gid tri Ic,, déi véi cde hop chat ¢é hoat tinh
ddng ké. Nghién ciru docking phdn tir dwoc thuce hién trén enzym AChE (PDB ID: 4EY7) bangphan mém
AutoDock Vina nham danh gid di lyc lién két va cdc twong tdc lzgand—enzyme Két qud cho thdy, 4 dan
xudt 5f, 5g, 5h va 5i ¢é hoat tinh irc ché AChE dang chii Y véi gid tri Ic,, lan lwot la 45,51 + 5,05, 40,96
+2,58; 21,64 + 1,03 va 44,17 + 2,45 uM. Trong do, hop chat Sh ‘mang nhom thé 4,5- dimethoxy thé hién
hoat tinh manh nhdt. Két qua docking cho thay, cdc ddn xudt c6 nang luwong lién két tir -9,3 dén -11,2 kcal/
mol; riéng 5h dat i lic lién két tot nhat (-11,2 kcal/mol) va hinh thanh nhiéu twong tac quan trong voi cac
amino acid thugc vung CAS va PAS cia AChE. Két qua nghién ciru cho thdy, cdc dan xudt tranilast, ddc
biét la hop chdt 5h, cé tiém nang phat trién thanh cdc chat ke ché AChE. Cdc nhom thé cho dién tir, nhat
la nhém methoxy, gop phan tang cwong kha ning twong tdc véi enzym dich va cdi thién hoat tinh sinh hoc.
Tir khéa: bénh Alzheimer, acetylcholinesterase, dan xudt tranilast, docking, phwong phép in vitro, phirong
phap in silico.

Evaluation of the acetylcholinesterase inhibitory potential of tranilast
derivatives using in vitro and in silico approaches

Abstract:

This study was conducted to evaluate the acetylcholinesterase (AChE) inhibitory potential of tranilast
derivatives using both in vitro and in silico approaches. Nine tranilast derivatives (5a-i) were screened
for AChE inhibitory activity using the Ellman assay, and IC,, values were determined for compounds
exhibiting significant activity. Molecular docking studies were performed on AChE (PDB ID: 4EY7) using
AutoDock Vina to assess binding affinity and ligand-enzyme interactions. The results showed that four
derivatives, namely 5f, 5g, 5h, and 5i, exhibited notable AChE inhibitory activity, with IC,, values of
45.51 £5.05, 40.96 £2.58, 21.64 = 1.03, and 44.17 + 2.45 uM, respectively. Among them, compound 5h
bearing a 4,5-dimethoxy substituent demonstrated the most potent activity. Molecular docking analysis
revealed binding energies ranging from -9.3 to -11.2 kcal/mol. Notably, compound 5h exhibited the best
binding affinity (-11.2 kcal/mol) and formed multiple key interactions with amino acid residues located
in both the catalytic active site (CAS) and peripheral anionic site (PAS) of AChE. The findings indicate
that tranilast derivatives, particularly compound 5h, possess promising potential as AChE inhibitors.
Electron-donating substituents, especially methoxy groups, appear to enhance interactions with the target
enzyme and contribute to improved biological activity.

Keywords: Alzheimer s disease, acetylcholinesterase, tranilast derivatives, docking.
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1. Pit van dé

Bénh Alzheimer (Alzheimer’s disease, AD) 1a nguyén nhan pho bién nhat gay sa sit tri tué & ngudi cao
tudi, dic trung boi su suy giam tién trién vé tri nhé va chirc niang nhan thirc. Mic du co ché bénh sinh cua
AD lién quan dén nhiéu yéu t6 nhu su tich tu amyloid-B, ting phosphoryl héa protein tau, stress oxy hoa va
viém than kinh, gia thuyét cholinergic van dugc xem 1a mot trong nhitng co s& quan trong nhit trong diéu
tri tridu chiing cta bénh (Zheng & Wang, 2025). Theo gia thuyét nay, su suy giam acetylcholine (ACh)
trong ndo din dén réi loan dan truyén than kinh va suy giam nhan thirc. Acetylcholinesterase (AChE) la
enzym chiu trach nhi¢m thuy phan ACh; do dé, ttic ché AChE gitp lam tang néng d6 ACh va cai thién chirc
ning nhan thire. Hién nay, cac thude trc ché AChE nhu donepezil, galantamine va rivastigmine van dugc
sir dung rong rai trong diéu tri AD, tuy nhién hiéu qua con han ché va co6 thé giy tic dung khong mong
mudn (Begines et al., 2026).

Tranilast 12 mot din chit cta acid anthranilic d3 duoc sir dung trong 14m sang nhu mot thude chong di
g va chdng viém (Darakhshan & Pour, 2015; Saeedi-Boroujeni et al., 2021). Ngoai ra, tranilast va cac
din xuét con duogc ghi nhan co nhiéu hoat tinh sinh hoc khac nhu chéng oxy hoa, chéng x0 hoa va chéng
ung thu (Ismail et al., 2020). Trong cac nghién ctru truée dy, nhom tac gia da tong hop thanh cong mot
loat dan xuét tranilast va danh gia hoat tinh khang ung thu (Nguyen et al., 2025; Phan et al., 2024). Tuy
nhién, tiém nang uc ché AChE cua cac hop chat nay van chua dugc khao sat mot cach hé théng.

Do d6, nghién ctru nay dugc thuc hién nham danh gia hoat tinh {rc ché AChE cuia 9 dan xuét tranilast
bang phwong phap Ellman két hop voi docking phan tir, qua d6 1am rd méi lién quan giita cau trac hoa hoc
va kha ning tuong tic v6i enzym AChE, dong thoi dinh hudng phat trién cac chat e ché AChE tiém ning
trong diéu tri bénh Alzheimer (Ellman et al., 1961).

2. Vit liéu va phuong phap nghién ciru

2.1. Héa chit va thiét b

2.1.1. Héa chat

9 dan xuit Tranilast da dugc tong hop trong nghién ctru trude ddy cua tac gia Nguyen et al. (2025).
(Hinh 1)

Hinh 1. Cong thirc ciu tao ciia 9 din xudt tranilast trong nghién ciru

=

R
5

5a: R = 4-F 5d: R=5Br 5¢:R=5-OH
5b:R=4-CI  5e:R=5-F  5h:R=45(OCHj,),
5c:R=4-NO, 5f:R=5-CH, 5i:R=35-(CHy),

Hoa chét thir hoat tinh in vitro bao gdm: Acetylcholinesterase (AChE), acetylthiocholine iodid (ATCI),
5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), DMSO (Sigma).

2.1.2. Thiét bi

Céc thiét bi dugc st dung trong nghién ciru in vitro bao gdm: Pia 96 giéng nhya (Corning, USA),
micropippette (eppendorf), may doc ELISA 96 giéng (Biotek)

Thiét bi duoc st dung trong nghién ctru in silico 1a May tinh HP Z4 G4 v6i cAu hinh: CPU (Intel(R)
Core(TM) i17-7800X CPU xung 3,50GHz), RAM 32,0 GB, card dd hoa (NVIDIA GeForce GTX 1080 - 8
GB) v6i hé diéu hanh Windows 11 Pro.
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2.2. Phwong phdp nghién civu irc ché AChE in vitro

Hoat tinh trc ché enzym acetylcholinesterase (AChE) dugc xac dinh bang phwong phap do mau Ellman
v6i mot s6 didu chinh phu hop (Ellman et al., 1961). Nguyén tic ciia phuong phap dua trén phan tng thuy
phan co chit acetylthiocholine iodide (ATCI) dudi tac dung ciia AChE, tao thanh thiocholine. Hop chat
nay tiép tuc phan tng véi thude thir 5,5°-dithiobis-(2-nitrobenzoic acid) (DTNB), sinh ra anion 5-thio-2-
nitrobenzoate c6 mau vang va duoc do quang & budc séng 405 nm. Trong thi nghiém, dung dich mau thir
v6i cac ndng do duoc u voi dung dich enzym AChE trong mot khoang thdi gian xac dinh trude khi bo sung
DTNB va co chat ATCI dé khéi dong phan tng. Su thay doi dd hap thu quang dugc theo ddi bang may
doc vi dia. Kha ning trc ché AChE ciia mau dugc danh gia théng qua mirc do giam tdc d6 hinh thanh san
pham mau so v6i mau d6i ching khong chira cht thir. Phan trdm trc ché dugc tinh toan dua trén sy chénh
léch gia tri hip thu giita mau thir va di ching, tir d6 xac dinh hiéu qua tGrc ché enzym (IC, ) clia cac mau
nghién ctru.

2.3. Phwong phdp nghién cuwru in silico

Nghién ctru docking phan tir dugc thuc hién trén enzym acetylcholinesterase (AChE, PDB ID: 4EY7)
nham danh gia kha ning tuong tac ciia cac hop chat khao sat. Cau tric protein duge xir Iy bang cach loai
b6 phan tir nudce, ligand ddng két tinh va bd sung nguyén tir hydro (Cheng et al., 2012). Céc ligand duoc
t6i wu hoa nang luong va chuyén sang dinh dang PDBQT trude khi docking. Qua trinh docking duoc thuc
hién bang AutoDock Vina (Trott & Olson, 2010), véi hop ludi bao phu ving hoat dong ctia enzym. Ning
luong lién két va cac tu thé gin két dugc phan tich bang BIOVIA Discovery Studio Visualizer dé xac dinh
céc tuong tac quan trong va lya chon ciu dang tdi wu cho viéc thao luan.

3. Két qua va thio luin

3.1. Két qua thir nghigm in vitro
9 din xuét tranilast (5a-i) dugc danh gia hoat tinh trc ché AChE theo phwong phép dugc mé ta
trong muc 2.2. Hoat tinh trc ché in vitro AChE duoc trinh bay trong Bang 1 va Hinh 2.
Bang 1. Két qua IC,, cuaa cac din xuit tranilast 5a-i

Dan xuat IC,, (UM) Dan xuét IC,, (UM)
5a >100 5f 45,51 £ 5,05
5b >100 5g 40,96 + 2,58
5c 95,29 + 3,75 5h 21,64 £ 1,03
5d >100 5i 44,17 £2,45
5e >100 Galantamin 1,83+0,12

Hinh 2. Ty I¢ % ikc ché AChE ciia cdc din xudt tranilast 5a-i ¢ néng dp 100 uM
100

88.05
77.56 78.36
80 69.06
% 60 51.49 1631
43 4541 46.3
& B0 393
$ 40
20
0
5a 5b 5c 5d Se 5f Sg 5h 51

Dan xuat
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3.2. Két qua thir nghiém in silico
Két qua docking phan tir vao enzyme Acetylcholinesterase (PDB ID: 4EY7) dugc trinh bay trong
Bang 2.
Bang 2. Két qua docking phén tir vao receptor 4EY7

. Ai lwc lién két , . L f e
Ligand (kcal/mol) Cac amino acid c6 twong tac véi ligand
Donepezil* -12,3 Lién két hydrogen: PHE295, TYR72; Twong tac ky nwéc: TRP286,

LEU289, TYR341, PHE338, TYR337, HIS447, TRP86.

5a -9,5 Lien két hydrogen: ARG296, TYR124; Twong tac halogen: ASP74,
THR83; Twong tac ky nwéc: TYR341, VAL294, TRP286, TYR72.

5b -9,3 Lién két hydrogen: TYR124, ARG296; Twong tac ky nwéc: TRP286,
TYR341, TYR72, TRP86, VAL294.

5c -9,5 Lién két hydrogen: GLY121, GLY122, SER203, TYR124, ARG296;
Twong tac bat loi: HIS447; Twong tac ky nuwéc: TRP286, TYR341,
TYR72.

5d -9,4 Lién két hydrogen: THR83, TYR124, HIS447, PHE38; Twong tac ky
nuwoc: TYR341, TRP86, VAL294, TRP286, TYR72.

5e -9,7 Lién két hydrogen: TYR341, ASP74, TYR337, TRP86; Tuong tac
halogen: PHE338; Twong tac ky nwéc: TRP286, VAL294.

5f -9,9 Lién két hydrogen: ARG296; Tuong tac ky nuwéc: TRP286, TYR341,
TYR72, TYR124, TRP86.

5g -10,4 Lién két hydrogen: TYR341, TYR337, PHE338, TYR124; Twong tac ky
nuwoc: TRP86, VAL294, TRP286, TYR72.

5h -11,2 Lién két hydrogen: THR83, HIS447, ASN87, TRP85, TYR124, GLY121,
PHE38; Twong tac ky nwédc: VAL294, TRP286, TYR72, TYR341.

5i -10,7 Lien két hydrogen: ARG296, TYR124; Twong tac ky nwéc: TRP286,
TRP86, TYR341, TYR337, HIS447.

*RMSD = 0,947 (28 atoms)

Hinh 3. Twong tdac giita Donepezil va receptor 4EY7
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Hinh 4. Twong tdac giita 5h va receptor 4EY7
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3.3. Phin tich lién quan céu triic va hoat tinh

Két qua thir nghiém in vitro cho thiy, hoat tinh (rc ché AChE cua cac dan xuit tranilast phu thuc dang
ké vao ban chit va vi tri ciia nhom thé trén vong anthranilic acid. Trong s 9 din xuit khao sat, hop chat
5h mang nhom 4,5-dimethoxy thé hién hoat tinh manh nhét véi IC, = 21,64 + 1,03 uM, tiép theo la cac
dan xuat 5g (5-OH), 5i [3,5-(CHs)2] va 5f (5-CHs) v6i IC, lan luot 12 40,96 + 2,58; 44,17 = 2,45 va 45,51
+ 5,05 uM. Nguoc lai, cac dan xudt mang nhém hit dién tr manh nhu 4-F (5a), 4-Cl (5b), 5-Br (5d) va
5-F (5€) cho hoat tinh yéu hon dang ké (IC,,> 100 uM), trong khi dan xuét 4-NO: (5¢) chi dat hoat tinh
trung binh (IC,, = 95,29 + 3,75 uM). Xu hudng nay cho thay cac nhom thé cho dién tur (electron-donating
groups, EDGs) trén vong thom ¢ vai tro thuén lgi doi voi kha nang Gic ché AChE. Dac biét, sy hién dién
ctia hai nhém methoxy trong ciu trac 5h c6 thé 1am ting mét do electron cta hé n lién hop, ddng thoi cai
thién tinh than lipid cta phan tt, tir d6 ting cudng kha ning tuong tac véi ving hdc thom giau amino acid
thom cta AChE.

Két qua docking cho thay 5h c6 ai lyc lién két cao nhét trong day nghién ctru (11,2 keal/mol), gn tiém
can voi donepezil (-12,3 kcal/mol), dong thoi hinh thanh nhiéu lién két hydro véi cac amino acid quan
trong nhu THR83, TYR124, GLY 121 va HIS447 (Cheng et al., 2012). TYR124 va HIS447 lan luot thudc
ving peripheral anionic site (PAS) va catalytic active site (CAS) ciia AChE. Viéc hop chét 5h tuong tac
dong thoi voi ca hai viing nay cho thiy kha ning gan két kép (dual-site binding), twong tu cac chat e ché
AChE thé hé méi. Bén canh dé, cac tuong tac ky nudc voi TRP286, TYR341 va TYR72 gop phan 6n dinh
phuc hop ligand-enzyme va tdng cudng hoat tinh sinh hoc.

Céac dan xuit khic mang nhom thé cho dién tir tai vi tri C-5 nhu 5f (5-CH,) va 5g (5-OH) cho hoat tinh
cao hon céc dan xuat halogen tuong ting. Pac biét, nhom hydroxyl cua Sg hinh thanh nhiéu lién két hydro
v6i TYR341, TYR337, PHE338 va TYR124, gop phan lam ting ai lyc lién két (-10,4 kcal/mol) va hoat
tinh in vitro. Nguoc lai, cac din xuét halogen (5a, Sb, 5d va Se) thé hién hoat tinh thép hon, cho théy cac
tuong tac halogen hodc ky nudce don thuan chua du dé tao ra hiéu qua e ché manh. Dbi véi hop chat 5c,
mic du hinh thanh nhiéu lién két hydro voi GLY 121, GLY 122, SER203, TYR124 va ARG296, hoat tinh
chi & muc trung binh. Diéu nay c6 thé lién quan dén tuong tac bat loi véi HIS447 va tinh hat dién tir manh
ctia nhém nitro, lam giam d6 6n dinh cta phtrc hop ligand-enzyme.

Trong s6 céc hop chét khao sat, dan xuét Sh mang nhom 4,5-dimethoxy 1a cAu trac ti wu nhat, vira dat hoat
tinh in vitro cao nhat vira thé hién kha ning twong tac déng thoi v6i cac amino acid thudc ca PAS va CAS cua
AChE. Két qua nay goi y rang viéc tiép tuc thiét ké cac dan xuét tranilast chira nhiéu nhom alkoxy hodc hydroxy
trén nhan thom c6 thé 13 hudng phat trién tiém niang nhdm ning cao hoat tinh trc ché AChE trong twong lai.
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4. Két luan

9 dan xuét tranilast (5a-i) dd dugc danh gia hoat tinh trc ché acetylcholinesterase (AChE) bang cac
phuong phap in vitro va in silico. Két qua cho thay bbn hop chat 5f, 5g, 5h va 5i c¢6 hoat tinh ddng chi v,
trong d6 dan xuat 5h mang nhom 4,5-dimethoxy thé hién hoat tinh manh nhat véi IC,,=21,64+ 1,03 uM.
Két qua docking phan tir trén AChE (PDB ID: 4EY7) cho thay, cac hop chat khao sat c6 nang lugng lién
két tir -9,3 dén -11,2 kcal/mol. Dic biét, hop chit 5h c6 ai luc lién két tot nhat (-11,2 kcal/mol) va tuong
tac v6i nhiéu amino acid quan trong thudc ca ving CAS va PAS ciia enzym. Két qua docking pht hop véi
dir liéu thyc nghiém va goép phan giai thich hoat tinh ¢rc ché AChE ndi bat cua hop chat nay.

Phan tich mdi lién quan cAu trac - hoat tinh cho tha"iy cic nhom thé déy dién tir, dac biét 1a methoxy va
hydroxyl, ¢6 xu hudng lam ting hoat tinh (rc ché AChE. Nhin chung, din xut 5h 14 Gng vién tiém ning
cho dinh hudng phat trién cac chat tc ché AChE mdi, ddng thoi can dugce tiép tuc nghién ctru vé kha ning
vuot hang rao mau ndo, dong luc hoc phan tir va danh gid hi€u qua trén cac mo hinh sinh hoc phu hopm
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