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Panh gia hoat tinh rc ché acetylcholinesterase in silico clia
hoat chat tir Thach tung vay (Huperzia squarrosa Forst.)

H6 Thi Thach Thuy, V6 Thi Bich Ngoc, Ly Hong Hwong Ha, Pham Canh Em’
) Trwdng Bai hoc Quéc té Héng Bang

TOM TAT
Ddt vén dé: Huperzia squarrosa (ho Lycopodiaceae) la ngudn hop chét sinh hoc cé tiém néng bdo vé thén kinh,
ddic biét trong tdng cudng tri nhd. Muc tiéu: Nghién ciru sang loc cdc hop chét tir Huperzia squarrosa dé€ danh
gid khd ndng trc ché AChE, so sdnh di luc lién két va twong tdc phén tir véi Donepezil. Phirong phdp: Docking
phdn ti in silico dworc thuc hién trén 26 hop chét tir Huperzia squarrosa, phdn tich di luc lién két va cdc tuong
tdc (hydrogen, tinh dién, ky nwdc) so vdi donepezil. Két qua: Lycoposerramine U N-oxide (-10.4 kcal/mol), 8-
acetoxyfawcettimine (-10.2 kcal/mol), huperzin U, huperzinine N-oxide, 4-epilycopodine va 8,15-
dihydrohuperzine A (-10.1 kcal/mol) dé thé hién di luc lién két manh vdi AChE, du thép hon donepezil (-11.8
kcal/mol). Lycoposerramine U N-oxide tgo lién két hydrogen vdi TYR124 (2.58 A), TRP86 (2.79 A), n-cation vdi
TYR341 (3.81 A), va -0 v&i TYR337 (3.88 A). 8-Acetoxyfawcettimine hinh thanh lién két hydrogen vdi GLY121
(2.70 A), SER203 (2.43 A) va sdu tuong tdc r-alkyl (4.1-4.95 A). Huperzinine N-oxide thé hién twong tdc tinh
dién voi ASP74 (4.28 A) va ndm twong tdc ky nuwdrc (3.68-5.49 A). Cdc hop chét Huperzia nhdm muc tiéu vao
cdc géc chinh TRP86 va TYR337 tuong tw nhuw donepezil. Két luén: Lycoposerramine U N-oxide va 8-
acetoxyfawcettimine I cdc chét trc ché AChE trién vong, cdn nghién ctru thém in vitro va in vivo dé phat trién

liéu phdp Alzheimer.

Tirkhda: Huperzia squarrosa, in silico, anti-acetylcholinesterase

1. DAT VAN BE

Alzheimer dugc xem nhuw mét triéu chirng cldia qua
trinh 130 hod ma dac trung cla bénh la sy suy thoai
tri nhé va sy mat tri nhd toan bd xay ra khi bénh tién
trién. Nhirng nghién clru vé cin bénh d3 xac dinh
mai twong quan dang ké gitra su hién dién cla chat
trung gian dan truyén than kinh acetylcholin, vén
can cho viéc hinh thanh va lvu gitt tri nhé, vdi su
tién trién cla bénh Alzheimer. Acetylcholin ton tai
cang lau trong n3o thi cac t& bao ndo ¢ thé goinhac
tri nh& cang lau [1]. Ngay nay, mét trong nhitng
phuong phéap diéu tri hiéu qua la s&r dung cac chat
c6 tac dung (rc ché acetylcholinesterase (AChE) nhu
doneperzil, galantamin va rivastigmin.

Huperzin A duoc chiét xuat tir cdy Thach tung rang
da gay duoc rat nhiéu chi y béi cac cong dung cla
no trong diéu tri chirng bénh mat tri nhé [2 - 8]. Cac
nghién ciru khoa hoc hién dai d4 chi ra rang huperzin
A c6 kha ndng (rc ché enzym acetylcholinesterase [2,
3,7, 8], loai enzym quan trong trong qua trinh gay ra
bénh mat tri nhé. Huperzin A d3 duoc cdng nhan 13
mot loai thubc diéu tri mat tri nhd hiéu qua & Trung
Qudc va hién nay d3 duoc cuc quan ly thudc va thyc
phadm M§ (FDA) céng nhan la 1 loai thy'c phdm chirc
nang cho cac bénh nhan bj Alzheimer. Huperzin A da
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duogc chirtng minh bai nhiéu céng trinh nghién ctru
rang né cé thé [am tang kha ndng ghi nhé va lwu triy
théng tin clia ndo cling nhuw cai thién sy sa sut veé tri
tué cta cac bénh nhan & Trung Qudc. Huperzin A
cling cé kha nang bao vé khac nhu diéu chinh tién
chat S-amyloid protein, qua d6 chéng lai sy oxy hda,
sy ty chét cla té€ bao than kinh theo qud trinh
apoptosis, réi loan chirc nang cla ti thé va cé kha
nang chdng viém nhiém. Nhi*ng kha nang bao vé cac
té€ bao than kinh cha huperzin A d3 gitp ich rat nhiéu
cho cacbénh nhan Alzheimer[2-9].

Thach tung rang cd tén khoa hoc la Huperzia serrata
(Thunb. ex Murray) Trevis thuéc ho Thach tung
(Lycopodiaceae). Trong y hoc ¢6 truyén Trung Quéc,
Thach tung dwoc str dung dé diéu tri swng phu né tam
than phan liét. Theo cac tai liéu cd, Thach tung duoc
st dung trong dan gian & Viét Nam dung dé diéu tri
cac tdn thuong, ndn ra mau, tri, dinh nhot, viém da va
ran can. Cung v&i Huperzia serrata, cac thuc vat khac
thudc ho Lycopodiaceae cé thé chira hop chat
huperzin A nhu |a Huperzia crispata (Ching) Ching,
Huperzia miyoshiana (Makino) Ching va mét sé loai
khac. Trong khi dé & Viét Nam, mét s6 cdy thudc ho
Lycopodiaceae cling c6 thé 1a ngudn thuc vat cung
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cap cac hop chat ty nhién theo huwéng tac dung sinh
hoc cai thién tri nh& nhu Huperzia squarrosa (Forst.)
Trevis (Rau rong/ Thach tung vay) va Lycopodiella
cernua (L.) Pic. Serm. (Thach tung nghién) [10- 13].

Cac nghién ctru & Viét Nam vé Thach tung chd yéu
tap trung vao chiét xuat théng thudng va phan lap
cac hop chat thyc vat. Hon nita, rng dung céch tiép
can hién dai trong danh gid hoat tinh diéu tri
Alzheimer cla cao Thach tung vay con han ché &
Viét Nam va trén thé gidi. Nghién cru docking phan
t&r dé€ xac dinh cac hop chat tiém nang dé diéu tri
bénh Alzheimer tir 15 hgp chat trong Huperzia
squarrosa da dwoc thuc hién trén cac dich tac dung
khac nhau nhu AChE, butyrylcholinesterase
(BuChE), monoamine oxidase A (MAO A), enzyme
phan cat f-secretase (BACE 1) va thu thé N-methyl-
D-aspartate (NMDA) [10], tuy nhién co ché tac dong
(loai twong tac va vi tri acid amin tuong tac) cla cac
hoat chat Huperzia squarrosa trén AChE chua duoc
thé hién rd khi so sanh véi thudc d6i chiéu cling nhw
mot s6 hop chat tiém nang khac trong Huperzia
squarrosa chuwa dugc danh gia. Do d6, muc dich cla
nghién ctru 13 danh gia hoat tinh va co ché trc ché
acetylcholinesterase in silico cla cac hoat chat tir
cao chiét Thach tung vay (Huperzia squarrosa Forst.
- HS) & Viét Nam trong hd tro didu trj Alzheimer.

Bang 1. Thong s6 “grid box” cla dich tdc dung AChE

2. PHUO'NG PHAP NGHIEN CU'U

2.1. Chuan biligand

C4u truc cla cac thanh phan hoat chat cta cla
Thach tung vay (HS) dugc tai xudng tir co' s& dit liéu
PubChem clGia NLM (Thu vién Y khoa Quéc gia -
National Library of Medicine). C4u tric cla céc
ligand mé&i duoc v8 bang ChemBioDraw Ultra 19.
N3ng luvgng cla céc ligand nay duoc téi thiéu hda
bang phan mém ChemBio3D Ultra 19 [14, 15].

2.2. Chuan bi dich tacdung

C3u truc tinh thé cda dich tic dung acetyl-
cholinesterase (AChE, ID PDB: 7E3H) duoc lay tir
ngan hang dir liéu protein (rcsb.org). Tat ca cac
phan t& nwdc va ligand duoc loai bd khéi dich tac
dung[14, 15].Sau d9d, dich tac dung duoc thém vao
hydrogen phan cuc (only polar hydrogen) va dién
tich Kollman. Théng s6 hop ludi (grid box) dugc
thiét 1ap gdm kich thuwdc va toa d6 trung tdm dé
bao phd toan b vi tri tdc ddng clia AChE st dung
phan mém AutoDock Tools (Bang 1). Vi tri tdc ddng
cla AChE duorc xac dinh dua trén ligand dong két
tinh (donepezil) (Hinh 1). K& qua redocking cho
thay RMSD < 2 A gép phan xac nhan gid tri mo hinh
(Hinh 2). C4u truc, vi tri tdc déng va redocking trén
AChE dugcthéhién &@Hinh 1va 2.

o Kich thwérc (A) Trung tam (A)
bich tac dung
X y z X y z
AChE 30 30 30 -44.8497 9.50621 -81.3212

Hinh 1. C4u trdc va vi tri tdc déng ctia AChE
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Hinh 2. K&t qua redocking cta donepezil
ddng két tinh trén AChE (RMSD = 1.1032 A)

2.3. Docking phan tir

Céc ligand duoc gan két vai dich tac dung dé xac
dinh cac thong s6 |ap ghép bang phan mém
AutoDock Vina (trwong lwc AMBER) véi sy tro
gilp cla viéc 13p ghép ligand dua trén hop ludi
“grid box”. Viéc trinh bay bang hinh anh vé sy
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tuong tac gilra cac ligand va dich tdc dung duoc
thyc hién bang phan mém BIOVIA Discovery
Studio 2021 va PyMOL. Két qua twong tac vdicla
cac ligand sé& dwgc so sanh vai thudc déi chiéu
donepezil c6 co ché tdc ddng AChE. C3u tric cla
thudc d6ichiéu donepezil cho dich tdc dung AChE
dwocthéhién &@Hinh 3.

O

_0O

>0

N
Donepezil \_Q

Hinh 3. C4u tric thuéc d6i chiéu donepezil cho

3.KETQUA

3.1. Sang loc cac hgp chat hoat tinh trong Thach
tung vay

Dura trén cac nghién ctru phan lap, phan tich LC-MS va
th{r nghiém in vitro, 26 hoat chat (phytocompound)
ctia Thach tung vay dugc xac dinh cé tiém nang trong
diéu tri Alzheimer [5 - 13]. Alkaloid 1a nhém hop chéat
dac trwng cla Huperzia squarrosa, véi cac alkaloid
chinh nhu huperzine A, huperzine B, va lycopodine.
Huperzine A 1a hop chat dugc nghién ciru nhiéu nhat
do tiém nang trong diéu tri bénh Alzheimer. Ham
lwong alkaloid t8ng dao déng tir 0.5 - 2% (theo khdi
lwgng khd) tuy thudc vao dung moi va phuong phap
chiét xuat. Cac hop chat alkaloid nay dugc danh gia
twong tac véi hai thu thé AChE bang phuong phap
docking phan tlr. Danh sach hgp chat dugc trinh bay
& Bang 2 bao gdm cac alkaloid lycopodin, lycodin,
fawcettimin va nhdm cé cau tric khac tuong tu nhu
phlegmarin. Cau tric cac hoat chét tiém nang duoc

dich tac dung AChE thé hién @ Hinh 4 va 5.
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4-Epilycopodine

12-epilycodine N-oxide

Lycoflexine | ycoflexine N-oxide

Hinh 4. C4u tric cac hoat chat huperzine, huperzinine, lycopodine, lycoflexine cta Thach tung vay
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Hinh 5. C4u tric hoat chat fawcettimine, lycoposerramine, lycosquarosine,
phlegmariurine B cGa Thach tung vay

Bang 2. Hop chat hoat tinh tiém nang cho hoat tinh anti-Alzheimer cGa Thach tung vay

STT Hoat chat STT Hoat chat
1 Huperzine A 14 12-Epilycodine N-oxide
2 (-)-Huperzine A 15 Lycoflexine
3 8,15-dihydrohuperzine A 16 Lycoflexine N-oxide
4 Huperzine B 17 Fawcettidine
5 Huperzine C 18 Fawcettimine
6 Huperzine R 19 8-Acetoxyfawcettimine
7 Huperzine U 20 8-Hydroxyfawcettimine
8 Huperzine T 21 Lycoposerramine U
9 Huperzine W 22 Acetyllycoposerramine U
10 Huperzinine 23 Lycoposerramine U N-oxide
11 8,15-Dihydrohuperzinine 24 Lycosquarosine A
12 Huperzinine N-oxide 25 Phlegmariurine B
13 4-Epilycopodine 26 8-Hydroxyphlegmariurine B

3.2. Hoat tinh (rc ché acetylcholinesterase (AChE)
AChE 13 mét enzym quan trong trong hé than kinh,
chiu trach nhiém thdy phan acetylcholine (ACh) -
mdt chat dan truyén than kinh thiét y&u cho chirc
nang nhan thc. Trong bénh Alzheimer, rc ché
AChE la chién lwvgc diéu tri chinh nham ting nong
do ACh tai khe synapse, tlir d6 cai thién triéu chirng
suy giam nhan thirc. Ai lyc lién két clia cac hoat chat
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véi AChE dugc do bang nang luong tu do lién két
(AG, don vi kcal/mol). Day la mdt chisd quan trong
dé dadnh gid tiém nang (rc ché cla céc hoat chat nay.
Gia tri AG cang am (ttrc 1a cang nhd), &i luc lién két
cang cao, cho thdy kha ndng twong tdc manh hon
V@i vi tri tdc dong cla AChE. K&t qua nghién ctru d3
thé hién &iluc lién két cha 29 hgp chat, bao gdm céc
phytocompound va thuéc déi chi€éu nhu donepezil
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va rasagiline v&i AChE (Bang 3).

Cac hop chat cd éiluclién két vai AChE dao ddng tir
-8.2 kcal/mol (acetyllycoposerramine U) dén -11.9
kcal/mol (donepezil, dich tac dung). Trong dé, cac
hop chat nhu lycoposerramine U N-oxide (-10.4
kcal/mol), 8-acetoxyfawcettimine (-10.2
kcal/mol), huperzin U (-10.1 kcal/mol),
huperzinine N-oxide (-10.1 kcal/mol) va 4-
epilycopodine (-10.1 kcal/mol) thé hién &i lyc lién
két cao (> 7 kcal/mol), chi dirng sau donepezil (-
11.8 kcal/mol) va donepezil (ligand dong két tinh)
(-11.9 kcal/mol). Nhitng hop chat nay cho thay kha
nang lién két manh vdi vi tri xtc tac cha AChE, cé
thé tuwong ty hodc gan vai hiéu qua clia donepezil -
mot chat (rc ché AChE chuan dugc st dung 1am
sang. Dac biét, lycoposerramine U N-oxide va 8-
acetoxyfawcettimine n6i bat vdi ai luc vuot tréi so
v3i nhiéu hop chat huperzine khéc, cho thay tiém
nang trd thanh &ng vién thuéc mai. Cac hop chat
nay coé thé tuwong tac hiéu qua vdi cdc vung chinh
clia AChE nhu vi tri xic tac hodc vung ngoai bién
théng qua lién két hydrogen va twong tac ky nwéc.

Nhom hop chat huperzine va dan xuat

Cac dan xuat huperzine nhu huperzine B (-9.8
kcal/mol), huperzine R (-9.8 kcal/mol), huperzine T
(-9.8 kcal/mol), (-)-huperzine A (-9.5 kcal/mol),
huperzine A (-9.3 kcal/mol), huperzine C (-8.9
kcal/mol) va huperzine W (-8.3 kcal/mol) cho thay
ai lyc lién két tot nhung thap hon donepezil. Trong
s6 nay, huperzine B, Rva T ¢6 ai lwc cao hon so vdi
huperzine A, mét hgp chat d3 duoc nghién cliru
rong rai nh& khd ndng (rc ché AChE va tiém nang
bdo vé than kinh. Su khac biét vé ai lwc trong nhom
huperzine c6 thé lién quan dén cac sira déi ciu tric
hoéa hoc chang han nhu sy hién dién clia nhém N-
oxide hoac cac nhdm chirc khac, lam tang hoac
giam kha nang tuong tic véi cac vung lién két cla
AChE. Vi duy, huperzinine N-oxide (-10.1 kcal/mol)
c6 &i luc cao hon déng ké so vdi huperzinine (-9.5
kcal/mol) cho thdy nhém N-oxide cé thé tang
cuwongtuongtacvdienzym.

Bang 3. Ai lyc lién két ctia cac hoat chat trong Thach
tungvay trén AChE

Ai lwc lién

STT Phytocompound két AChE

(kcal/mol)
1 | Lycoposerramine U N-oxide -10.4
2 | 8-Acetoxyfawcettimine -10.2
3 | Huperzin U -10.1
4 | Huperzinine N-oxide -10.1
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Ai lyc lién

STT Phytocompound két AChE

(kcal/mol)
5 | 4-Epilycopodine -10.1
6 | 8,15-dihydrohuperzine A -9.8
7 | Huperzine B -9.8
8 | Huperzine R -9.8
9 | Huperzine T -9.8
10 | Lycoflexine N-oxide -9.8
11 | Lycoflexine -9.7
12 | Fawcettidine -9.6
13 | (-)-Huperzine A -9.5
14 | Huperzinine -9.5
15 | 12-Epilycodine N-oxide -9.4
16 | Phlegmariurine B -9.4
17 | 8-Hydroxyphlegmariurine B -9.4
18 | Huperzine A -9.3
19 | Fawcettimine -9.3
20 | 8-Hydroxyfawcettimine -9.3
21 | Lycosquarosine A -9.2
22 | Huperzine C -8.9
23 | 8,15-Dihydrohuperzinine -8.9
24 | Lycoposerramine U -8.7
25 | Huperzine W -8.3
26 | Acetyllycoposerramine U -8.2
27 | Doneperzil -11.8
28 | Donepezil (dich tac dung) -11.9
29 | Rasagiline -8.6

Hinh 6. Vi tri twong tac cha cac ligand tiém nang
trén AChE

Nhém hop chat lycoposerramine, lycoflexine va
fawcettimine
Cac hop chat nhu lycoposerramine U N-oxide (-10.4
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kcal/mol), lycoflexine N-oxide (-9.8 kcal/mol),
lycoflexine (-9.7 kcal/mol), fawcettidine (-9.6
kcal/mol), fawcettimine (-9.3 kcal/mol) va 8-
hydroxyfawcettimine (-9.3 kcal/mol) cling cho thay
ai lyc lién két dang ké. Dac biét, lycoposerramine U
N-oxide ndi bat vdi i luc cao nhat trong s6 cac hoat
chat thir nghiém, gan tuwong dwong véi cac dan xuat
huperzine t6t nhat. Tuy nhién, lycoposerramine U (-
8.7 kcal/mol) va acetyllycoposerramine U (-8.2
kcal/mol) c6 i lwc thap hon déng k&, cho thay su
acetyl héa hodc thiéu nhdm N-oxide cé thé lam
giam kha nang lién két. Tuwong tu, fawcettimine va
8-hydroxyfawcettimine cé i lyc twong duong
huperzine A nhung 8-acetoxyfawcettimine (-10.2
kcal/mol) lai vuot trdi cho thady nhdm acetoxy cé thé
caithién twong tac véi AChE.

So sanh vé&ithuéc ddi chiéu

Donepezil (-11.8 kcal/mol) va donepezil (dich tac
dung) (-11.9 kcal/mol) la cac hop chat cé &i luc lién
két cao nhat va d3 chirng minh tiém nang nhu chat
(rc ch€ AChE chuan trong diéu trj Alzheimer. Trong
khi d4, rasagiline (-8.6 kcal/mol) [a mét chat (e ché
monoamine oxidase B (MAO-B), cé &i lwc thap hon
dang ké vai AChE, diéu nay phu hop vdi co ché tac
déng chinh cta thudc nay khdng nham vao AChE.
Cachoat chat nhu lycoposerramine U N-oxide va 8-

acetoxyfawcettimine vdi di lwc gan vdi donepezil,
cho thdy tiém ndng canh tranh trong cic nghién
clru phat trién thudc, dac biét néu cac hoat chat
nay c6 thém céc dac tinh nhu kha nang chéng oxy
hoéa hodctuwongtiacvdicacmuctiéubénhly khac.

Tiém ning cta cac hoat chat HS

Cac hop chat nhu lycoposerramine U N-oxide, 8-
acetoxyfawcettimine va huperzin U cé ai lyc lién
két cao, cho thay ching la (rng vién tiém nang dé
phat trién thanh chat &rc ch€ AChE md&i. Nhitng hop
chat nay cé thé mang lai lgi ich twong tu hodc vuvot
tréi so vdi huperzine A, vén d3 dwoc nghién clru
rong rai nhd ngudn géc tu nhién va kha ndng xuyén
gua hang rao mau nao. Viéc kham pha cac hoat
chat thyc vat (phytocompound) cd &i lyc cao ciing
ma& ra co hdi phat trién cac liéu phap dwa trén hop
chat tw nhién, cé thé it gy tdc dung phu hon so vdi
cacthudctdéng hop.

Vi tri twong tdc cla cdac ligand tiém nang
(lycoposerramine U N-oxide, 8-acetoxyfawcettimine,
huperzin U, huperzinine N-oxide va 4-epilycopodine)
trén AChE duoc thé hién & Hinh 6.

Céc loai twong tac cu thé cha hoat chat tiém nang
va thu6c ddi chi€u véi AChE dugcthé hién & Bang 4
vaHinh7.

Bang 4. Twong tac cla hoat chat tiém nang va thudc d6i chi€u véi AChE

. Ailyc Po dai - .
Ligand (Kcal/mol) A) Kiéu Loai AA

2.58 | Hydrogen Hydrogen manh TYR124

3.81 Tinh dién n-Cation TYR341

Lycoposerramine U N-oxide -10.4

2.79 | Hydrogen n-Donor hydrogen TRP86

3.88 Ky nuéc -0 TYR337

2.70 | Hydrogen Hydrogen manh GLY121

2.43 | Hydrogen Hydrogen manh SER203

4.78 Ky nudc Tt-Alkyl PHE295

4.54 Ky nuéc Tt-Alkyl PHE297

8-Acetoxy -10.2 445 | Kynudc r-Alkyl TYR337

fawcettimine

4.85 Ky nuéc m-Alkyl PHE338

4.14 Ky nuwédc rt-Alkyl PHE338

4.81 Ky nuéc Tt-Alkyl TYR341

4.95 Ky nuéc m-Alkyl HIS447

] 2.02 | Hydrogen Hydrogen manh SER203

Huperzin U -10.1

2.40 | Hydrogen Hydrogen manh HIS447
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Ligand (Kgl'/‘-::o” D‘(T’A")'éi Kiéu Loai AA

3.36 Ky nuéc -0 TYR337

Huperzin U -10.1 3.39 Ky nuwéc -0 TYR341
4.68 Ky nuédc r-Alkyl PHE338

4.28 | Tinh dién Lwc hut ASP74

3.68 | Hydrogen Carbon-hydrogen ASP74

3.42 | Hydrogen Carbon-hydrogen TYR337

2.70 | Hydrogen n-Donor hydrogen TYR341
Huperzinine N-oxide -10.1 37 Ky mede o PHES38
3.68 Ky nuéc Tt-Alkyl TRP86

3.77 Ky nuéc Tt-Alkyl TRP86

5.49 Ky nuéc T-Alkyl TYR124

5.09 Ky nuwéc m-Alkyl PHE297

4.56 Ky nuéc r-Alkyl TYR337

2.16 | Hydrogen Hydrogen manh TYR124

3.60 | Hydrogen Carbon-hydrogen GLY121

4-Epilycopodine 101 3.45 Ky nudc -0 TRP86
4.07 Ky nuéc Tt-Alkyl TRP86
5.45 Ky nuéc Tt-Alkyl PHE338

4.80 Ky nuéc Tt-Alkyl HIS447

1.80 | Hydrogen Hydrogen manh PHE295

3.69 Ky nuéc -0 TRP286

4.25 Ky nuwéc -t Stacked TRP86

3.66 Ky nwérc ni-it Stacked TRP86

5.45 Ky nuwéc ni-it Stacked TRP286

4.12 Ky nuwéc -1t Stacked TRP286

Donepezi 118 5.06 Ky nuéc ni-it Stacked TYR341
5.47 Ky nuéc Ti-Tt Stacked HIS447

4.52 Ky nuéc T-Alkyl TYR72

5.10 Ky nuéc Tt-Alkyl TRP286

4.06 Ky nuéc Tt-Alkyl TRP286

5.16 Ky nuédc T-Alkyl TYR337
5.39 Ky nuédc T-Alkyl PHE338

4.98 Ky nuédc r-Alkyl TYR341

AA - acid amin, Twong tdc ky nudc (-, m-it stacked, amide-mt stacked, alkyl, rt-alkyl)
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4-Epilycopodine

Donepezil

Hinh 7. M6 hinh 2D va 3D vé sy tuong tic cla cac
hop chat tiém nang va Donepezil véi AChE

4.BAN LUAN
Lycoposerramine U N-oxide, 8-acetoxyfawcettimine,

huperzin U, huperzinine N-oxide va 4-epilycopodine
6 ai lyc lién két cao dao déng tir -10.1 dén -10.4
kcal/mol, tuy thdp hon donepezil (-11.8 kcal/mol)
nhung van thé hién tuwong tac manh véi vi tri tac
dong chia AChE. Lycoposerramine U N-oxide (-10.4
kcal/mol) hinh thanh ba lién két chinh gdm hai lién
két hydrogen manh véi TYR124 (2.58 A) va TRP86
(2.79 A, m-donor hydrogen) cting mot lién két tinh
dién m-cation v&i TYR341 (3.81 A), két hop vdi twong
tac ky nuwdc m-o tai TYR337 (3.88 A). 8-
acetoxyfawcettimine (-10.2 kcal/mol) tao hai lién két
hydrogen manh vé&i GLY121 (2.70 A) va SER203 (2.43
A) cung sau twong tac ky nudc m-Alkyl véi cac goc
PHE295, PHE297, TYR337, PHE338, TYR341 va
HIS447 (4.14 - 4.95 A), thé hién mang ludi twong tac
da dang va én dinh. Huperzin U va 4-epilycopodine (-
10.1 kcal/mol) cling hinh thanh céc lién két hydrogen
manh véi SER203 (2.02 A), HIS447 (2.40 A) hoic
TYR124 (2.16 A) va twong tac ky nwéc voi TRP86,
TYR337, PHE338 va HIS447. Huperzinine N-oxide

(-10.1 kcal/mol) n6i bat véi lién két tinh dién (luc

ISSN: 2615 - 9686

hut) tai ASP74 (4.28 A), hai lién két carbon-hydrogen
vGi ASP74 (3.68 A) va TYR337 (3.42 A), mot lién két -
donor hydrogen véi TYR341 (2.70 A) va nam tuwong
tac ky nuwdce véi TRP86, TYR124, PHE297, TYR337 va
PHE338 (3.68 - 5.49 A). Trong khi d6, donepezil tao
mot lién két hydrogen manh véi PHE295 (1.80 A) va
mudi mot tuong tac ky nudce chi yéu la r-rt Stacked
vOi TRP86, TRP286, TYR341, HIS447 va m-alkyl vai
TYR72, TRP286, TYR337, PHE338, TYR341 (4.06-5.47
R), cho thay sy 6n dinh vuot troi nho mang ludi
twong tic da dang. Cidc hop chat tir Huperzia
squarrosa tuy c6 &i luc thap hon nhwng van cho thay
tiém nang (rc ché AChE thdng qua sy da dang cla
lién két hydrogen, tinh dién va ky nwéc, dac biét vdi
cac gbc acid amin quan trong nhw TRP86, TYR337 va
TYR341 twong tuw nhu doneperzil.

So sanh vd&i nghién clu tuong ty, cdc hop chat
tiém nang nhat cda HS déu thé hién &i luc cao
khodng tir -10 dén -11 kcal/mol twong ty nghién
ciru hién tai [10], cho thdy kha ning tuong tac
manh v@i vi tri xtc tac cia AChE. Tuy nhién, sy khac
biét dang ké nam & ngudn gdc enzyme khi nghién
cru d3 cong bé sir dung md hinh tir cd dudi dién

Hong Bang International University Journal of Science
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(Tetronarce californica, PDB: 1EVE), von c6 ciu
tric twong déng nhwng khdng hoan toan giéng voi
enzyme ngudi, dan dén sy bién thién trong ai luc
lién két (pham vi -5.9 dén -10.9 kcal/mol v&i 15
hop chat) va hoat chat tiém nang nhat gém
lycoflexine N-oxide (-10.9 kcal/mol), huperzine B (-
10.2 kcal/mol) va phlegmariurine B (-10.2
kcal/mol), trong khi d6, nghién ctru hién tai thuc
hién trén enzyme ngudi (Homo sapiens, PDB:
7E3H) mangtinh lién quan lam sang cao hon va cac
hop chat nay chithé hién i lyclién két khodng -9.4
dén 9.8 kcal/mol.

Tém lai, so sanh v&i donepezil, cdc hgp chat ti
Huperzia squarrosa c6 @i lyc lién két thap hon
nhuwng van thé hién tiém nang dang k& nho céc
tuong tac da dang. Donepezil vwot tréi nhd mang
lwdi 11 twong tac ky nwdc, dac biét la caclién két -
1t Stacked v&i TRP86 va TRP286, cung mot lién két
hydrogen manh véi PHE295 (1.80 A), dam bao sw
6n dinh cao trong vj tri tdc déng cla AChE. Trong
khi d9, lycoposerramine U N-oxide va huperzinine
N-oxide tan dung céc lién két tinh dién (r-cation va
lwc hat) dé tdng cudng twong tac, con 8-
acetoxyfawcettimine va 4-epilycopodine dua vao
s6 lwong I&n twong tac ky nwdc rt-alkyl dé€ 6n dinh
phirc hop. Cac hop chat nay twong tdc manh véi
TRP86 va TYR337, hai géc acid amin quan trong

trong vi tri tdc dong cla AChE tuwong tu nhu
donepezil, d3 cho thay kha nang trc ché enzym b6
sung hodc thay thé. Nhirng phat hién nay nhan
manh tiém nang cha Huperzia squarrosa trong viéc
cung cap cac hop chat ty nhién dé phat trién liéu
phap diéu tribénh Alzheimer.

5. KET LUAN

Nghién clru d3 ti€n hanh sang loc cac hoat chat
trong cao chiét thach tung vay va xac dinh 26 hoat
chat cé tiém ning hoat tinh (rc ché AChE. Cac hop
chdt nhu lycoposerramine U N-oxide, 8-
acetoxyfawcettimine va huperzin U cé ai luc lién
két cao, cho thay cdc hop chat nay 13 rng vién tiém
nang dé phat trién thanh chat &c ché AChE mai.
Ngoai ra, cac hgp chat huperzinine N-oxide, 4-
epilycopodine va 8,15-dihydrohuperzine A ciling
thé hién &i lyc t6t (> 10 kcal/mol) vdi AChE. Nhitng
hop chat nay cé thé mang lai lgi ich twong ty hodc
vuot trdi so véi huperzine A, vén d3 dugc nghién
ctru rong rai nh& ngudn gdc ty nhién va kha nang
xuyén qua hang rao mdaundo.

LO1CAMON

Nghién clru nay dugc Truong Dai hoc Quéc té
H6ng Bang cap kinh phithuc hién dudi ma sé dé tai
GVTC18.42.
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Evaluation of in silico acetylcholinesterase inhibitory activity
of phytocompounds from Huperzia squarrosa Forst.

Ho Thi Thach Thuy, Vo Thi Bich Ngoc, Ly Hong Huong Ha, Pham Canh Em

ABSTRACT

Background: Huperzia squarrosa (Lycopodiaceae) is a valuable source of bioactive compounds with
potential neuroprotective effects for memory enhancement. Objectives: This study aimed to screen
bioactive compounds from Huperzia squarrosa for AChE inhibitory activity, evaluating their binding
affinities and molecular interactions compared to donepezil. Methods: In silico docking screened 26
compounds from Huperzia squarrosa for interactions with AChE, analyzing binding affinities and
interaction types (hydrogen bonds, electrostatic, hydrophobic) compared to donepezil. Results:
Lycoposerramine U N-oxide (-10.4 kcal/mol), 8-acetoxyfawcettimine (-10.2 kcal/mol), huperzin U,
huperzinine N-oxide, 4-epilycopodine, and 8,15-dihydrohuperzine A (-10.1 kcal/mol) showed robust
binding affinity against AChE, though less than donepezil (-11.8 kcal/mol). Lycoposerramine U N-oxide
formed hydrogen bonds with TYR124 (2.58 A) and TRP86 (2.79 A), a nt-cation interaction with TYR341 (3.81
A), and r-o with TYR337 (3.88 A). 8-Acetoxyfawcettimine exhibited hydrogen bonds with GLY121 (2.70 A)
and SER203 (2.43 A), and six m-alkyl interactions (4.1-4.95 A). Huperzinine N-oxide showed electrostatic
interaction with ASP74 (4.28 A) and five hydrophobic interactions (3.68-5.49 A). Huperzia compounds
targeted key residues TRP86 and TYR337, similar to donepezil. Conclusion: Lycoposerramine U N-oxide and
8-acetoxyfawcettimine are promising AChE inhibitors, warranting further in vitro and in vivo studies for
Alzheimer's therapy development.
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